. P ? JUN 20D6 WO 03/ 060416 PCT/ 1102/ 01030 -1 METHOD AND SYSTEM F%? GUI DI NG A
" REMOTE VEHI CLE VI A LAGGED COMMUNI CATI ON CHANNEL Field of the I|rké
_ present invention relates to the field of renotely controlling a vehicle
with the aid of inmaging neans. More particularly, the present invention is
di rect ed wo @obmihod and system for guiding a vehicle updemozbagged
communi cati on channel. Background of the Invention In order to facilitate
the reading of the description to follow, a nunber of terns and acronyns
are defined below. The term"camera" refers herein to a device, system or
facility that captures a 3D reality/object and transforms It to a series
of i mages. NowarIc‘Ias produm ng P‘e[ carried out

by a vari ety Lk LEera or a

o FOB GUIL N A R ik
video canera. The |ﬁ§ S ) @Nrm?zﬂ"ﬁg;@rres". The term
"vehicle" refers her é@]ﬁﬁw @ I's guided by an inner
gui dance sub-system Exanples for such veh| cles: a car, aircraft,
satellite, torpedg, m.ssile, ship, etc. The term"automatic guiding systent
refers hereiEu‘&FiMﬂéf&ﬂﬁ&g gui ding a vehicle towards a target object or
area. In ordgl, tQ.GakT v@ﬂ 10ntx%h&eQR€rﬁe' &6ld bb%eﬁﬁbél?' SrtRAE LS a

canera. |mges- apture by sai canera are conveyed to a control cent er
and pr esent exbhidle awith s:hb aaid oBymagmgdmlegns hidove paciieulady, M RIesgnl t ar get

Pg: 2{ | (r)ur;] ? {)elg%{gn (?Fh%ﬁ %(f gq ﬁén”%god sy%mci%gvgux&ng a V&ﬂél@()ﬁd&at on

lagged communication channel.

Background of the Invention

In order to facilitate the reading of the description to follow, a number of

terms and acronyms are defined below:

The term “camera” refers herein to a device, system or facility that
captures a 3D reality/object and transforms it to a._series of images.
Nowadays producing images from a 3D object can be carried out by a
variety of means, such as a radar signal, an infrared camera or a video

- camera. The images are referred to herein as “frames”.

The term “vehicle” refers herein to any type of object that is guided by
an inner guidance sub-system. Examples for such vehicles: a car,
aircraft, satellite, torpedo, missile, ship, etc.

The term “automatic guiding system” refers he;'ein to a system for
guiding a vehicle towards a target object or area. In order to carry out
this operation, the vehicle comprises a camera. Images captured by said
.camera are conveyed to a control center and presented on a display. By
guiding the vehicle, or marking a target point or area on a displayed
image, and by conveying the information relating to said marking of the

vehicle, the vehicle’s control mechanism (referred herein as “inner

WUiNo2806The




vehi cl e, the vehicle's control nechanisn1(referred herein as "'?per WO

03/ 060416 2 PCT/ 1102/ 01030 control |oop" or "inner guidance sub @éﬂ@mmw
directs the vehicle's steering systemto nove towards the target point.

The term "operator” refers herein to a human being or automatic means
(i.e., a qRwsarézed system) that nmakes the decisions agrii@:ifegg point or
area to guide the vehicle. Concerning nmanual operation, the pointing can
be carried out by a device (such as c‘gguter nouse, joystick, touch
screen, and so forth). Concerning autofatic neans, neither a display nor
poi nting device is required, since an automaton can nmanipul ate data

wi thout the internediation of a display or pointing nmean Gen raIIy in

vehi cl e gui dFeBtre}deent of itrnengpldaneh subrsyrtemry) et gyehic t he
vehicle to a ?@gﬁ conpressed in order to
reduce the ba%g%%ngtglgl%ﬁ%% 1?,%3& ranst%ﬁlrgés}'l c? i;SFl gs. 1, 2a, and 2b

schematically illustrate a typi cal syst em for rem)t ely quiding a vehicle
by a hunman OE‘gr ator, according e prior AE i he vehl cle.10: frames
captured by &BAEPEM]IORETALEEEE §% r?)‘? tp ac gnE of AULMRRYE |y a

sof twar e/ haf&\e@ég(ﬁg@e&ﬁgaeerﬁ@és ét@ $HAL ﬁmﬁﬁeé’ aéaagﬂs hi &fwhatto the

control cente ansm ss rom |c e to the control center
20 is referrpednt @r dreadbrgude "tﬁewe[tmqk"Comctermhg wanuebbperatiosy tRO: t he

transm ssion i s Jeceiv a ,recei.ver ressed b decorrpr essor 22
(general |y aPUBHP&a%y %&rfn‘%ﬁ'ﬁg ol B¥ofe ‘E‘?ceagﬂm?‘h S £ GOMRRLEL, MRy b aved on
di splay 23. M0F 08UA] Gcreen, and so forth). Concerning automatic means,

neither a display nor pointingrdevice is required, since an automaton can
manipulate data without the intermediation of a display or pointing

means.

Generally, in vehicle guiding systems that involve the transfer of images
from the vehicle to a control center, the image signal is compressed in

order to reduce the bandwidth required for transmission.

Figs. 1, 2a, and 2b schematically illustrate a typical system for remotely

guiding a vehicle by a human operator, according to the prior art.

At the vehicle 10: frames captured by camera 11 are compressed by a
compressoi' 12 (generally a software/hardware component) and
transmitted vié transmitter 13 to the control center 20. The
transmission from the vehicle to the control center 20 is referred to

herein as “Downlink™.

At the control center 20: the transmission is received by a receiver 21,
decompressed by decompressor 22 (generally a software/hardware

component) and the frames are displayed on display 23.




PCT/ 1102/ 01030 The operator 24 uses a pointing device 25 (such %§ﬁq,nnuse)
to mark on the screen 23 the target point to which the vehicl e *shetfd:ire
gui ded. The coordinates of the nmarked point are transmtted to the vehicle
via transmtter 26 of the renote control center. The transm ssion fromthe
control c&&losba@sthe vehicle is referred to herein as ptpiiedsiose Back at
the vehicle the receiver 14 receives the control commands. transmtted from
~the control center 20 and feeds them tg the inner guidance sub-system 15.
The inner gui dance sub-system 15 further conprises a tracker or a
navi gation system (or both) 151 and a steering system 152 which directs
the vehicle towards a certain point._ Conpressing and deg%npre si-ng of

t

i mages is caFig ERETHAT PhusasfePOIRSng daTieelY (Fuch AB AnROBIe) tALATEATf er r ed
~data, and t Qch%%'c{'ee {h%séal%%egtdoﬁﬂ:shogghm% tﬂ@%@w’e%ﬂfhﬂ 16 Buigedmmuy cati on

channel . The 'system descr In Fi and consists of two control
| oops: a. Theotdifetescohthe|mhvied, point viiectranbmittedani the yehicley yizem of t he

vehicle guides the vehigle to a defined target point. b. g&e uter control
| oop, whi ch EaRFRItEES2§ ﬁét%W?tﬁwoPFr&ﬁg?%tﬁf-?ghﬁt E@DS_ B FPIRHE t he upl i nk
transf er of gatay L L SAMASs AARKE ud Redelias vepliske. The outer | oop

consists of t W ng stages: a. e Sanpling stage of the vehicle, in
whi ch the camera captures the images; b. The Conpression stage of the

vehicle, in i.ch the franes_.are conpressed in . order. to I he anount
of data; c. % Bﬁmﬁﬁei KRClS, the TRepIYRR 5:% THEVED Fe('soggrao(ffcrqgndrrrégg%%e
transm tted ¢rQnshitfed ek Ghe COREDI ;cedfar030 (R4 fRdPGhein 62/tRd Gdfer '
guidance sub-system 15. The inner guidance sub-system 15 further
comprises a tracker or a navigation system (or both) 151 and a steering

system 152 which directs the vehicle towards a certain point.

Compressing and decompressing of images is carried out in order to
reduce the amount of the transferred data, and to suit the restrictions of

a narrow-bandwidth communication channel.

The system described in Figs. 1 and 2 consists of two control loops:
a. The inner control loop, on which the steering sub-system of the vehicle
guides the vehicle to a defined target peint.
| b. The outer control loop, .which comprises the downlink transfer to the
operator and the uplink transfer of data from the control center to the

vehicle.

The outer loop consists of the following stages: '
"~ a. The Sampling stage of the vehicle, in which the camera captures the
images;
b. The Compression stage of the vehicle, in which the frames are
compressed in order to reduce the amount of data;
c. The Downlink route, in which the compressed frames are transmitted to

the control center;




d. The Deconpression stage of the control center, in which the franes
received at the control center are deconpressed and displ ayed t & T e o008
operator on the display; e. The Pointing stage, at which the operator may
(but - need not) define a new target point; and f. The Uplink route, in

whi ch t he we®@iddidigt es of the new target point are sent pppmichgedehi cl e. The
i nner | oop at the vehicle adjusts the steering systemof the vehicle to
nmove towards the target point. If the %)gerator mar ks a new target point,

t hen: The coordinates of the new target point are transmtted fromthe
control center to the vehicle via the uplink; The inner | oop nechanism
adjusts the steering systemto the new target point _%gg]gtr}igavehi cleis
gui ded t ohaThe Dreampresgien §588hof ther omtrplfeeRfes Snnwi ® EAISY bet ween
“the tine an j i e t TR ' hg gde frane is
pr esent ed onﬁe?%gg%ia?p?%gw{atfﬁtﬁgyﬁre%tg corﬁq ?%ﬁ%gcéeﬁr?gédﬂ%égaﬁor reason for
this | ag mayopegatresachatdesplay;t h t he downl i nk bandw dth al |l ocated for

transferring the images. If the dwidth is not. wde e t he use of
conpr essi%n%@%&&&“ﬁ% %ewhl?’égﬁiﬁﬁéﬁ’.er, BdRay hﬁ‘?eguﬁéﬁ ol ve

ski ppi ng fraggs g hifdirectional estimation (referred to as B
frames in the cg%%?gggl:ﬁg’n%d{ andards such as |SO 13818-2 (MPERX2-video). The
| ag bet welen ThieeUpkipk wrowie, fim avhdch &nel codrdirdite ph{adnéw davgetspdipharent to both
techni ques. In, general,., video (or image) conpression produces bits at a
vari abl e rat%.“#?&h%?"eﬁlﬂeng Cl JUN 2006 these bits via a fixed bit-rate
channel requires buffering (at both ends of the channel), and thus results

i n additional |agging. i i ) .
The inner loop at the vehicle adjusts the steering system of the vehicle

to move towards the target point.

If the operator marks a new target point, then:

- The coordinates of the new target point are transmitted from the control
center to the vehicle via the uplink;

- The inner loop mechanism adjusts the steering system to the new target

point, and the vehicle is guided towards this target point.

Certain factors may cause a lag between the time an image is captured
by the camera and the time the same frame is presented on the display

at the remote control-center.

A major reason for this lag may be associated with the downlink
bandwidth allocated for transferring the images. If the bandwidth is not
wide enough, the use of compression techniques may be required. These
techniques may involve skipping frames or using bi-directional
estimation (referred to as B frames in the compression standards such
as ISO 13818-2 (MPEG2-video). The lag between the captured frame
and the displayed frame is inherent to both techniques. In general, video

(or image) compression producés bits at a variable rate. Transferring



Ther e may be other obstacles that contribute to the lag, for ex l e, when
t he communi cation path is made via relay stations, telephone |ithésUN 2006
-nodens, Internet protocols, and so forth. The |ag may appear in the

*downlink route, as well as in the uptink. -Due to this lag in displaying the

| mage at the control center, the operator cannot deal with up-to-date
di spl ayed i mages. Mreover, until the coordinates of the rarked point
reach the vehicle, additional lag is created, and the vehicle is no |onger

at the posimee@bﬁapamnﬁxémbitheteM@équbM@gaﬂmhta{&%f point. A
~ partial sol | n to_thi robl e resented in.the prior art, is the
expansi on nHERdtR Fﬁ “H‘ll‘h li2gpie8- rate.of transferred data
bet ween a vehlcle and a control center can be obtai ned. However, the
drawback of this solution is the exhausting of bandw dth resources. Due to
t he bandwi dEtrereemyi be iotiey, ohiitaeles dhat sextitivéadodhe lagodon evampléyr eover,

this soluti I es_only the ¢ £351Qn I but has no -
affect on of her cau{smgg&‘J1‘n§(%1ﬁ‘1 ggﬁl B0 emr&rsyofoses tﬁ&%ﬁ%’& ®and system
for gui di ndinesy elidenss, Intermet Ip&gigeds,cmﬂnsalﬂsﬂht meczhgﬁﬂejr,apid%hﬁhncorrpri ses
at the vehlstg%?i both .a arrera)g ger It is therefore an object
of the pre 1% ¥F \?Fd’éﬂéeﬁﬁ and systemfor remotely
guiding a vehicle via | agged communi cati on channel on which the control

per for mance is higher than that known in the prior- art under -the sane
condi ti ons Pwbrte clagi dn|digplaying she imnget ﬁémh&r%}‘@cﬁeltﬁert hhepresent

‘i nvention *BW“%F nm; mf% % G e
v conmuni catlto nlq{:hanne : ﬁr ans 85???];‘118{? magié}ég 01\'{‘} fro 't he
vehi cl e tothe soosim&@sotpfeﬁ:at warkahpoind readt tisd gelakle, hﬂdmctﬂni lagis
created, and the vehicle is no longer at the position:apparent to the

operator when marking the target point.

A partial solution to this problem, as presented in thé prior art, is the
expansion of the bandwidth. In this way, a higher rate of transferred
-data between a vehicle and a control center can be obtained. However,
the drawback of this solution is the exhausting of bandwidth resources.
Due to the baﬁdwidth restricﬁons,_ different solutions are required.

 Moreover, this solution, when applied, redueés only the compression lag,
but has no affect on other causes of the lag.

EP 606,173 discloses a method and system for guiding a'véhicle via a
lagged commumcatlon channel which compnses at the vehicle both a

camera and a 3-D i lmager :

It is therefore an object of the present invention to provide a method and
system for remotely guiding a vehicle via lagged communication |
channel, on which the control performance is higher than that known in
- the prior ert under the same conditio_ns.- More épeciﬁ_cally, ‘it is a
particular objecf of the present invention to provide compensations for

delays due to the lagged communication channel in transferring images




operat or. to the vehicle. 0 2JUN 2086 WD 03/ 060416 PCT/1102101030.6 It is
still another object of the present invention to enable an esse tﬁéiﬁfy%{’
real -time control -of-a vehicle in a | agged communi cati on channel,

particul arly when the bandw dth of tLhg channel connecting the vehi cle and
- the control center is narrow. It is still an object of the present

i hvention to performthe said vehicle guidance when the poi'nt to which the
vehicl e is guided is either static or noving. It is still an object of the
present . ent Rr Y ea@ t o] id obl e orrpact

si npl e, an ecoﬂrlfgrr:]v%:l% rr%nintgrl.’ tﬁ ép%g%tioec 3 Htg’gvséﬁ e’l§°ﬁ‘f

i nvention wpektathetothe wpedeent as the descri ptl on. proceeds. Summry of the
I nvention The present invention relates to a method for guiding froma
.renote control center a vehicle towards a target object, said renote
control center comunicating with the vehicle by nmeans of a | agged :
comuni cation ¢hannel, the nethod conprises the steps of: At the vehicle:
(a) Periodically capturl ng frame images by a camera,. assigning to each of
sai d ‘captured frames an associated unique tinme stanp, and saving within a
storage at the vehicle full frame data or partial franme data of captured
frames and their associated tinme stanps; (b) For’ a plurality of saved
frames, sending to the control center via the tagged communication channel
full frame data, partial frame data or L




a conbination thereof with the correspondi ng associated tinme stanp for - 7
each sent frame so that approxi mate or exact version of the sentl 7 usnNesgs
can be reconstructed and di splayed at the control center, At the control
center (c) Receiving said frame data and associated tine stanps,

‘sequent i akjoyosiee@St ructing frane i nmages from each sai dpgemtez/biobd and/ or
partial frane data, and displaying the reconstructed i mages on a displ ay;
(d) Upon narking by an operator at the;control center a point on a

speci fic displayed frame, sending coordinates indication relating to said
mar ked poi nt as appearing on said specific frame or on a reference frane
avai l able at the control center, :and the tine stanp associated with said
specific or. reference frane, as is the case, to the vehicle; At the

vehicle: (e :Regai i J; | dvadibcat kcki t he sent
frame tinme 3ta1§regﬁﬁ(a¥%0@%r\s/€dﬁg%t%g%%g?%%ﬁg%dgsaﬂlhﬁg%gitala%ré\ agfllral‘%ls fr éﬁrrgydti me stanp
as received, real-ticed icogtrehiaf povelticler imby daggedo cvmimutieatioon chaveely espondi ng

frame having a s time st at .t he vehicl e, . and using,an i e
processing ¥# E&?&WEP&%P%@M&M@%%%WBP%C grgth? Wghlr@gi d
periodical f e &R e Qr SPh PRI Nt or object coordinates fromthe said

frame towards the nost recently avail able captured franme, thereby finding
the -7a (g) coordinates of the same point or object as appearing in the

most - recent lﬂ: isas\{ﬁi .l:u? %ijeecg %P Ellljer Sldes]:arrl Qﬁe\;en@igxq to perform the said vehicle
guidance when the point to which the vehicle is guided is either static or

moving.

It is still an object of the present. invention to provide solutions to said

problems in a compact, simple, and economical manner.

Other objects and advantages of the invention will become apparent as

- the description proceeds.

Summary of the Invention
" The present invention relates to a method for guiding from a remote

control center a vehicle towards a target object, said remote control
‘center communicating with . the vehicle by means of a lagged
communication channel, the method comprises the steps of:
At the vehicle: _
(2) Periodically capturing frame images by a camera, assigning to
each of said captured frames an associated unique time stamp, and
~ saving within a storage at the vehicle full frame data or partial frame
data of captured frames and their associated time stamps;
(B) For a plurality of saved frames, sending to the control center via
* the lagged communication channel full frame data, partial frame data or

‘a combination thereof with the corresponding associated time stamp for




Providing the coordinates of the target point or object within the nost
recently available captured frame, as found, to an inner gui dandef JJ¥% 2
sub-system of the vehicle, for enabling it to track said object.
Preferably, each partial frame data represents an internediate frane and
each full franme data represents a reference frane. 'Preferably, at |east
one intérnediate frane i s produced b’eFV\Een any two reference frames.. WO

- 03/060416 8 JUN 208: PCT/1L02/ 01030 Preférably, each partial franme data
conprises a set of GWs (d obal - Mdtion Parameters) indicating the gl obal
change of aeaghvsemtiframoesedhat approxtmatewn ¢xackyvexsian ebthe gand\fromes r ef er ence
frame, as calculated using a GW (dobal Mtion Function). Preferably

r ef er ence feaanks reccastuwiadesstdisplayelat\tht conteolo@hbders bei ng sent to the
control center, and deconpressed at the control center. Preferably, at

| east one gRithetoklivblcengersent to the control center between any two
conpressed reference franes. Preferably, a sanme GW is used at the vehicle

and at ti@ contRRkikAP! Shid PrafHRs aklata ea@h sabetgste tinaMesthimpdl sp! ayed
after being deconpressed at the control center. Preferably, each

usi ng the SRR R RebRRPOSHAY falte RRied AR R oBid oSITOIARL (00 10
G opl ayed DRt damd BFte, 8 HRtaKnd 080 ROPnaRSER bR W Acnara |
act i_yaﬁ i ngdis%lgr\;/': to convert t he mar ked coordi nates to coordinates on a
previ ous | - : ;

(@ - Upon marking by an operator at the control c?.'nter a point on a
.speciﬁé displayed frame, sending coordinates indicaf:i‘on relating to said-
marked ‘ﬁoin‘t as hp_peal_'hig on said épeciﬁc frame 9;' on a reference frame
available at the control center, and the time stamp associated with said
spéciﬁc or reference frame, as is the case, to the vehicle;

Atthe :)_ehiéze; |

(e ,iié;:éiving said coordinates indication as marked and the sent frame
i:lme stamp; N .

63)] Given _-th'g coérdinates indic_:ation and frame time stamp as received,

i locating: said point or object. coordinates on a corresponding frame

' having a sé_uile Eime sj;aﬁap at"t}ie vghiclé, andusmg an image processing
procedure, tracing (209,409) afl a rate higher than said pei_id&ical frame

 capturing said point or object coordinates from the said frame towards

the most ‘:rec;.ently available ' captured frame, thereby finding the



reference frane, bef or e performng the fast forward tracing at the

vehicle. In one enbodiment of the invention, the activation of tihg jpackward
GW is carried out at the vehicle. WO 03/060416 9 PCT/ 1L02/ 01030 I n anot her

enbodi ment of the invention the activation of the backward GW is carried
~out at the control center. According to one enbodi nent of the invention,

~when the method is used for guiding Tae vehicle towards a static target,

only Gws of internediate and reference frames are saved at the vehicle.
In that case, the fast forward tracing of the object coordinates fromthe
reference doondimatenfritie saives puiat of ebjent &3/ appeaictabhetHerRby flkehfgme i s
carried out by-neans of cascade activating a GW at the vehicle] starting
fromthe objadbiblecgptdraniramaiand ref erence frame and appl ying the function
onall- or sone of newer saved frame GVWPs until determning said target

coordi nat@p to FabERling O hrAuSte0Bf tHE 14 % l")ﬁ&e&t&ﬁe‘t&h‘g&tﬁ frame.

Accor-di ng to anot her enbodl ment of the 1nv 8 is used

for guidin I full data f are
‘saved at tﬁg&é\}gﬁéglpﬂf ﬁ%ahgﬁﬁt&?gglée%/ ef ggtO&%‘ﬁw\ﬁ’rﬁn%ﬁﬁﬂl c’Fhe obj ect

-frame. Wher

coordi nate r h enence rds the nmost recently available
B L%m%f&é Hete. BV ”5 & tofzack, sqid abiects ot

captured frarre carrie forward obj ect

“traci ng ut|I|ty at t he vehicle, startlng fromthe target coordinates on a
- reference frarre and applying the utility onjall newer saved frames until

determ ni n%r coordi nates of the-target on the nost recently captured
e é'ah]é(t f8¢h grartink ﬁ%rﬂaﬁ%ﬁeplsesas@damantgmeﬂm@ ffaene ehi cl e

and each full frame data represents a raference frame.

‘Preferably, at least one intermediate frame is produced betv;veen any two

" reference frames.




towards a dynamc target, the fast forward object tracing utility at the
vehicle first identifies the marked object region on a referencd ¥ cigme:y
means of the coordinates as provided fromthe control center, and then
uses nmeans such as correlation for determning the region novenent in all
newer savegpbyeewe until determ ning the coordi nates of peffieb@aiedet. Dbeing
within said region, on the nost recently captured frame. 07 JUN 2Jflf WO
03/ 060416 PCT/ 1L02/01030 - 10 Preferaply, the said inner guidance
sub-systemis a system capable of tracking an object to a point, to a
“certain direction, or a conbination thereof.by neans of a navigation
sub-system a tracker sub-systemor a conbination thereof. Preferably, the
full frane data representing a reference frame conprises pixel

representati P&f%g%g{,g%cialﬁﬁ? Py ETEE£ BRIpisel N sdielebRNES (GIoARP | S

reconstructed a e control "center by using said pixel
r epr esent at i MotidatRarafeedre) midicatinipthe feldbal thange afat givéw biteomediabpr i ses at

| east one se}%r of GWs indicating.the gl obal change %f Qe reference frane
with respectiTaps Hithespesh o ameVions Feferense frames &3 & F‘s’/l,ta $hasIPga ence

frame is recopff ((obsthvdhon Fuspligyed at the control center by either using
said pixel representation data or by substituting one of said set, of GWs

i ndi cating the gl obal change of the reference frame with respect to a
previous refgrence. fr in.a GW, Brief Descripti : t jngs In
t he drawi ngsfr‘%r&g.ly ié%%&c%a{raé’&%e?ﬁ o A ?tug'{er a?%éaé btegog‘f’clz%;e ystem f or
remot el y andsent to the control center, and decompressed at the control center.

g N

Preferably, at least one set of GMPs is sent to the control center between

-

any two compressed reference frames.
Preferably, a same GMF is used at the vehicle and at the control center.

Preferably, each reference frame is displayed after being decompréssed

at the control center. “ "

Preferably, each intermediate frame is reconstructed and displayed at
the control centef, using the GMF and GMPs of same frame, as received,

and data relating to a previous reference frame.

Preferably, when the operator marks a target on a displayed . ,_,'
intermediate frame, the ﬁxethod further comprismg backward activating
a GMF to convert the marked coordinates to coordinates on a previous
reference frame, before performing the fast forward tracing at the

vehicle.

In one embodiment of the invention, the activation of the backward

~ GMF is carried out at the vehicle.




manual |y guiding a vehicle, according to the prior art; Fig. 2b shows the
structure of the inner guidance sub-system existing at the vellZlign Hig.
3 schematically illustrates a conpressed video signal, according to the
prior art; W 03/060416 PCT/1L02/01030 - 11 Figs. 4a, 4b, and 4c
schemat i cabd yswsbdigistrate three different nethods for teensicenioseng frames
at the outer control |oop, and displaying themat the control center,
~according to three enbodi nents of the gnvention; Fig. 5a schematically
illustrates a sequence of video franes taken by a canera nounted on a

"~ vehicle; Fig. 5b schematically illustrates the video franes of Fig. 5a, as

presented on the_operatqr's display, according.to, on odj nent of the

i nvention; Jg gnothsr P@@d@%ﬁq@f&%ﬁdpﬁ?ﬁt&n theg ’t"é‘r‘HOP(f% %GWR@F YL 1 enpt e

vehicle to athﬁfﬁda?ﬁL@BQFLtﬂﬂé%ohﬁ%@&ﬂﬁ%ﬂ”““”iCati0” channel , according to
nt of g.

one enbodi e e tnvention; and Fi 6b is a block diagramof a
system for guiding a renote vehicle to a dynamc target via a | agged

comruni cati on channel, accqrding to.. . another enhodi ment of .t.he i nvention.
Do o eq DeoAroping o sne Rtrgimeet i anranias: Tren Redreonss faed s
sequence of flagksiiAy P IRl Wi aRseuentaad | drgdl copyeTPgdof 0 t he

operator to provide the infornmati on needed to guide the vehicle. Wile
Vi ewi ng t hesmtémmeetbate aritereferencs framespreraaedaatiibg vebinleydn that odfiech t he

renot e vehicl,e sh db ui ded. refer to.a .sequence oOf »i es as
"vi deo sequeh“tee’?a,sggl r:af gﬁaﬁlélgr o gﬁebf)g*eﬁé@%%rdf%at?%gmr? ot%et_%fée]f%gonpass this
term Typi Cafrhihe tdwaeEBRCR oS rebértie avAitabld gaptabelifrafdd ¥idal-iis@eands bet ween
each adj acent frame, produces a "live" ) .

by means of cascade activating a GMF at the vehicle, starting from the

. object coordinates on a reference frame and applying the function on all

or some of newer saved frame GMPs until determining said target _

coordinates to target coordinates on the most recently captured frame.

According to another embodiment of the invention, when the method is
- used for guiding the vehicle towards a dynamic target, full data frames
are saved at the vehicle. In that case, the fast forwa;.rd tracing of the s
object coordinates from the reference frame towards the most recently
available captured frame is carried out by means of activating a fast
- forward object tracing utility at the vehicle, starting from the target
coordinates on a reference frame and applying the utility on all newer
saved frames until determining the coordiﬁates of the target on the most

recently captured frame. : .

When the method of the invention is used for guiding the vehicle
towards a dynamic target, the fast forward.object tracing utility at the
vehicle first identifies the marked object region on a reference frame by
means of the coordinates as provided from the control center, and then
-uses means such as correlation for determining the region movement in
éll newer saved frames until determining the coordinates of the target,

being within said region, on the most recently captured frame.




i mge. US 5,835, 147 describes a video signal conprising a sequence of
segnents, each containing one "reference" frame (being the firstd ¥ amegof
t he segnent) followed by one or nore "internediate"” frames. In order to
descri be vehicle novenent, a segnent of video signal including a reference
frame andwipéseamé i cal expressions descri bi ng the changecrigbemen any
- internediate frame and a corresponding reference frane, is WO 03/060416 -
12 PCT/1L02/ 01030 applied according_tg the present invention. It.should be
noted that the term "segnment” when used herein refers to one reference
. frame, and zero or nore consequent internediate franes follow ng said
“reference frane. For exanple, a global change between two franmes can be
expressed as: x'=&x(x,y); y' =Gy(x,y); wherein (x',y) are the coordinates
in-an inter i f . of: bRk nden ordi nat es
(x,y) in thg}%?éelggﬁént%g }&éﬁr‘éﬁe%a%ﬁéﬁcﬁ%ﬁy%&gn%éxg?gtce}yhﬁié&}ﬂ% g?nafter
referred to traskihpear gbjeblalto mopéinty toumeeTtent diesigon,bess acweimpingiaont gl obal "
change between first frame and,a copsequent fr nd it assumnes the
change at all eﬁ‘?ﬂ%r]f’(ysmﬁ??"n? aﬂ?@‘%‘ﬁﬁé‘“‘gﬁg@"}f aa&?ﬁa‘gé" ?‘i}ﬁf&’ﬁt%lﬁ.orﬁe amount
of data requigffni@osk ecaBst ruct said consequent frame fromsaid given:
first frame, 1s mninal. The term d obal Mtion Function (GW) refers
herein to a function describing the global notion occurring between a

reference fr a equent, fr .G ven g and the

G, the congtanhe thr RALRRR e PR R el e PR e A" 2

i nt er medi at epikgaiEPréstnticPRAtRIf WBE frame0 Préfoeablathetreferesdet i@t én t hat
reconstructed. and displayed at the control center by using said pixel

representation data.

Preferably, the full frame data further comprises at least one set of
GMPs indicating the global change of the reference frame with respect

to a previous reference frame.

Preferably, the reference frame is reconstructed and displayed at the
control center by either using said pixel representation data or by
- substituting one of said set of GMPs indicating the global change of the

reference frame with respect to a previous reference frame in a GMF.

 Brief Description of the Drawings

' In the drawings: |

- Figs. 1 and 2a schematically illustrate a typical syétem for remotely and
manually guiding a vehicle, according to the prior art;

- Fig. 2b shows the structure of the inner guidance sub-system, existing at
the vehicle.

- Fig. 3 schematically illustrates a compressed video signal, according to

" the prior art;



shoul d be displ ayed. -A sinple exanple of such a transformation is a shift
operation, i.e., the transformation is expressed by the functi dhg sjxk=a#X;
y' =b+y; where a and b are constants. Mre particularly, in this , exanple,
"the internediate frames are presented as the list of constants ai, bi,
a2, b2, agdesesrs an, bn. In this way, the anount of bitscraeuoied for
transmtting the video signal (i.e., the franmes) is significantly reduced.
The reference franmes can be conpr essg by conpression nethods known in the
art, and hence, further reduce the ambunt of data required for storing the

- WD 03/060416 - 13 PCT/1102/01030 video signal. It should be noted that as
an internediate frane reconstruc_t;ﬁ ﬁi/ t he %/_‘I_: assunes a &[ag |, uniform
novenment of Figs 4a; 4k, ppdds sshematcalis Hlysizate Qeo‘igémﬂtsms 45 3P%vi ous
reference fr (N rAHe bitdr dWhifloopSand dlOESiRPthasaouwy for
relative mv%%eﬁ%fte#tgﬁ%@%jaggttg vvlttrhdlg%\l t em?’rarre. Bbreover, It of course
does not accawniol temtenemwcomdingtot thredhembndiarants béthehouentitrs i ncl uded within
areal tinme_frame dque to,.the nmovenent with respect,.to the reference frane,
as such i-nF&-ma fowmaically "ﬁyﬁqr%f’ﬁl%Sﬁcy“e@ﬁﬂd’gé’?%?gﬁwsgﬁlé?%;gr%tion. The
areas of the,jd.ar 38 Snfd #Bckn which new information should be

included are therefore displayed in the internediate frame as bl ank areas.
- Other wel |-- Fip\ih sehbmatically flbrstratenthieevideafranns of Rgries @iesented

shift-rotate-zqQo b) th re general 6 par [ i form
(x' =ax+by +e_,°%/&fcrgpfg§/'?ﬂgf Svﬁ%ggy’ﬂ"g“ h%neg%ﬁcg@%%ﬁ%&f Irll:'et ,gé]{rte érence
i mage, X' ,.YFidrléx ishe biRrdhfahe st bikybien $acaididg@eematelvéhiieapd € and f

are the transtorm paraneters); (c) the 8 paranmeter perspective function;
etc. static target via lagged communication channel, according to one

embodiment of the invention; and
- Fig. 6b is a block diagram of a system for guiding a remote vehicle to a
dynamic target via a lagged communication channel, according to

another embodiment of the invention.

Detailed Description of Preferred Embodiments
The camera provides a sequence of frames a portion of which eventually

are présented to the operator to provide the information needed to guide
the vehicle. While viewing these frames, the operator may mark a new
target to which the remote vehicle should be guided. We refer to a
.sequence of ilﬂages as “video sequence”, even if the rate of images ié too
low to encompassrthis term. Typically, a sequence of frames having
about 40 milliseconds between each adjacent frame, produces a “live”

image.

US 5,835,147 describes a video signal comprising a sequence of
segments, each containing one “reference” frame (being the first frame
of the segment) followed by one or more “intermediate” frames. In order
. to describe “vehicle movement, a segment of video signal including a
reference frame and mathematical expressions describing the change

between any intermediate frame and a corresponding reference frame, 1s




The term A obal Mtion Paraneters (GW) refers herein to the set of
constants (paraneters) used by said GW for constructing the |m‘pgg§ﬁd~g@
frame fromthe reference frane. Thus, if FI and F2 are franes with great
simlarity, then GW(F1, GW) = F2. (the synbol represents good
appr oxi matw®@aososle term @ obal Mtion Cal cul ator (GVO) pephidssoBerein to a
function for calculating the GW fromtwo frames with great simlarity.
Thus, GMC(F1, F2, GW) = GW. Accordi_ngiztg t he present invention a choice of
~ the GW type should be nade a-priory, and a sane choi ce should be known '
~and applied both at the vehicle and at the control center site. If at any
specific time one of WD 03/060416 - 14 PCT/ /lﬁéob% Si etﬁ? ermnes to
use a differepplied\ecording e the PreseRs Ayeniiog; g‘h et’ﬁ%te t*Ad %b farty

informng it In L&%Pﬁé%?g'ﬁenaﬂge@hb&% NQfard th Q)n%dfgférehﬁé %!‘d(me tghd hat

change. Ther ore OW ng notation can be used 1, F2) denotes
cal cul ati ng tdre deMrotis ctrgsexabetr mteﬁnédlatﬁafxﬁmesaﬁoﬂomg eand lfetfemaf:EFZ

(equi val ent é“ GVC(F1, F2,GWwW) = Gw), and GQGWP(Fl) denotes applying the GW
to Fl using ¥AECGWP (eqw valent to GWF(FI1, GIVP) ~ F2). Thus applying an

i nverse transformwould be denoted by GW-'(Fl) (equival ent of
GW-1(F2,GW) ~ FI) and applying a cascade of transforns woul d be denoted
by GVPZ*GVPEQF&})ar(Lplqua\éMmitch@flg@ﬁ(V@VE(M fenmey cavibe) expressed st the sake

of brevity, th erm ) ref rred erein ct; o hat is
applied to the G\E )1 n" gﬁ]’?’ AEe OF&? hgoo?dﬁnﬁy%nt#on%# he frame
may be divi dﬁﬂeﬁneecﬁm feERERE a(wmﬁﬁameadceﬁ@mrﬁa&)themdran@heﬁ feyent GVF may

be used for each sub-frame (or_spati al
in the reference frame. The function G =[G,,G,], hereinafter referred to

as the “global motion function” describes only the “global” change
between a first frame and a consequent frame, and it assumes the
change at all points within the frame satisfy a same function. The
" amount of data required to reconstruct said consequent frame from said

given first frame, is minimal.

The term Global Motion Function (GMF) refers herein to a function
describing the global motion occurring between a reference frame and a
consequent frame. Given the reference frame and the GMF, the
consequent (intermediate) frame can be constructed. The said
intermediate frame is an approximation of the real time situation that

should be displayed.

A simple example of such a transformation is a shift operation, i.e., the
transformation is expressed by the functions x'=a+tx; y'=b+y; where a
and b are constants. More particularly, in this example, the
intermediate frames are presented as the list of constants ai,bi, az,bs,
as,bs,...,an,bn. In this way, the amount of bits required for transmitting
the video signal (i.e., the frames) is significantly reduced. The reference
frames can be compressed by éornpression methods known in the art,

and hence, further reduce the amount of data required for storing the



segnent). Thus, the termGW in that case, when used, may refer to a set

of several GWs. Fig. 3 schematically illustrates a conpressed \§ #g9y 005
rding to the prior art. A segnent conprises the update £ %

gl obal notion paraneters 52 to 55. As disclosed in US

5, 835, 147w twneod1ft er nedi ate franes are reconstructed upetgLobbpss ef erence

the gl obal notion paranmeters 52 to 55. Since the GWs reduce

- signal, acco
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BBectbSpitinG e trREn 8 ANBRver, # & dofirsetdtiel 3ot acddiing faxddwm refers
stanp”. Marked as F1, F2, F3, etc. The tinme difference

bet ween two ebjpetsehat fmeanwhileshpuldeby mgluded wighinhe sealtimp flamesdue ne

ession: The co ession,of t mak k fr . . Ih
n%‘ei ﬁ'é(ﬁ?nbe&%‘p PREC Pt Loodts B r%’SfA%"g’?“r? tffei’ieﬁ‘gfr_ta‘.I P
information is not available by conducting GMF transformation. The
areas of the intermediate frame in which new information should be

included are therefore displayed in the intermediate frame as blank

areas. Other well-known GMFs are, for example: (a) the 4 parameter

anes are
hi s

shift-rotate-zoom; (b) the more general 6 parameter affine transform

(x’=ax+by+e, y'=cx+dy+f where x,y are the coordinate in the reference
image, x*,y’ are the coordinates in the second image and a,b,c,d,e and f
are the transform parameters); (¢) the 8 parameter perspective function;

etc.

The term Global Motion Parameters (GMP) refers herein to the set of

constants (parameters) used by said GMF for constructing the

“intermediate frame from the reference frame. Thus, if F1 and F2 are

frames with great similarity, then GMF(F1,GMP) =~ F2. (the symbol ~

represents good approximation).

The term Global Motion Calculator (GMC) refers herein to a function
for calculating the GMP from two frames with great similarity. Thus,
GMC(F1,F2,GMF) = GMP. '

According to the present invention a choice of the GMF type should be
made a-priory, and a same choice should be known and applied both at

the vehicle and at the control center site. If at any specific time one of




- exanple, only the frames FI, F6, Fil, and F16 are presented to the inmage

"~ (or video) conpressor. Mreover, in this exanple, it is assumed 7 bat e
conpression tine is no nore than one tinme slice, so after frame Fl is
captured by the camera and stored in nenory at tine slice Ti, it is

al ready cevpozasems at tinme slice T2. GW cal cul ation: TieeTglobsaso motion
paraneters are marked as &, G3, 4, etc., wherein the index (2,3,4, etc.)
is the nunber of the frame to which yhe. GWP refers. The notation &(Fi, Fj)
refers to the global paranmeters of frame x, conputed fromthe reference

- frame Fi, and the consequent frame Fj. Each segnment conprises the data Fi,

G+, G+2, .G+3,....G+n, wherein n J h i,mal _n er. | pped .
frames, 4 i r?ltqsfff%e%f)lt%ps?ﬁ @Jﬁeﬁer@x@@ é,gsg?‘ﬁflg%%%ssﬁuﬂn%dgllgﬁg &rhe time
required forgheCah&t by HfobhithsGVOf tHe EHdtgh] AR@ allowitg iT06 adéptaitscdhe tine

slice so, for "exanple, at tine slice T3 it is possible to calculate

Q(Fl, F2), storthet Huarge. EhergfarerthedpHowingnnigtion eae ke vsed:an i nternal menory.
WO 03/060416 16 PCT/ R02/01030 Transm ssion: The transmitted information
fromthe vehicle to the control center. In this exanple, the GW is

cal cul ated aGNP(FIBY) dekétes fdalcubuiiy the GMP hsing AfereatedrgmeHlously, in
ot her enbodinents of the |[nvention sone of the G@iFga_y 3&5 be
transni tt ed, ansheuraehiames PR daewyalent ta GMQELRS, = Bk ake of

brevity, in & Le i o fiSind! cﬁm‘%‘?ﬁ' chMB (@fBvdibnt F6, FI1. ..
produces rou%ﬂ*@@?@ﬁ%g &r%ﬂn%g?t‘g? Its t}glggir%?%e fog.. exacl?ly 5 tinme
slices. Actual GMF(INEGMEper Faf. Thiusspphrioganddvetse transfirer wonjdrlessi on may
vary o1 N1 Gart Y Ol Bl) ARivalonl e YnaHLEY, BP9 AE Rk Tt 1
_ E applying - a cascade of transforms would be denoted by

GMP2*GMP1(F1) (equivalent of GMF(GMF(F1,GMP1),GMP2)~ F3).

For the sake of brevity, the term GMF is referred to herein as one
function that is applied to the whole frame. In an embodiment of this
invention the frame may be divided to sub-images (or spatial segments)
and a different GMF may be used for each sub-frame (or spatial
segment). Thus, the term GMP in that case, when used, may refer to a

“set of several GMPs.

_ Fig. 8 schematically illustrates a compressed video signal, according to
~ the prior art. A segment comprises the update frame 51, and the global

.- mofion .parameters 52 to 55. As disclosed in US 5,835,147, the
intermediate frames are reconstructed using the reference frame 51 and

fhe global motion parameters 52 to 55. Since the GMPs reduce the
amount of data of a video signal, the use of GMP can be useful for the
transfer of a video signal from a vehicle to a control center. The
bandwidth may be further reduced by omitting the transmission of the

. GMP for some frames. In this case, the decompressor may produce an

estimated GMP. For example, if the GMP of frame 53 is not transmitted,




exanpl e, by neans of buffers. This principle is applied routinely in video
conpr essi on schemes such as | SO 14496-2 (MPEG4 -video). It shoulfd7 Ggnnghed
that practically, due to the conpression nethods, the conpressed franes
mght differ in their size. Typically, the size of a data file

repr esent wgosmse@epr essed frane that conprises nore det act/sob/s103@Qr eat er
than the size of a file representing a same conpressed frane that
conprises fewer details. For conpresgiygn_nmethods using I, P and B franes
(e.g., 1SO 14496-2) the conpressed | frame is typically Iarger than a
conpressed P or B frame. Thus, the transferred stream of data per segnent

is not constant, and hence ifs tra stant.
Deconpr essi ot BXAREX C%ﬁ“-“&%%? ftr?}ﬂy %P’é’sgf ﬁg)Fé of @r“f(?r d at the
control centgpg s5ihe conpressed franes (|n this exanple, FlI, F6, FlIl.... )

~are deconpressed. In addition, the skipped frames are reconstructed by
appl ying the inverse gIobaI transformon the rel evant

L SnCe g SRl e B Phe LR b Bt L oo

PCT/I|02/OIOQQn&gé@h@@ﬁeuﬁ@ﬁﬁanﬁbh@ﬂ order to produce a reconstruction of

the frame F2. In this exanple, the duration of deconpressing a frame is
not greater than one time slot. Frames indicated by italic characters
denote reco &r&% d frames rather than source frames. Display: This

col umr |nd|c es a eac time slot the frane that is displayed at the
control cent®mdi sflsayreféareis taeawnslinst eﬁlalin!p”t M ssepengize, manbermne Fl

o oh has becn caplueth b LA SHAE8 T niong BEIGYed on the control

- Camera: The frame number of the captured frame. Assuming the sample
rate is constant, this column refers to the “time stamp”. Marked as F1,
F2, ¥3, etc. The time difference between fwo adjacent frames is referred
to in this example as “Time slice”.

- Compression: The comﬁfession of the marked frames. The frames are
-compressed using image compression methods known in the art. In this
example, only the frames F1, F'6, F11, and F16 are presented to the
image (or video) compressor. Moreover, in this example, it is assumed
that the compression time is no more than one time slice, so after frame
Flis captrxred by the camera and stored in memory at time slice T1, 1t 1s
already compressed at time slice T2. |

- - GMP calculation: The global motion parameters are marked as G2, G3,
G4, etc., wherein the index (2,3,4, etc.) is the number of the frame to
which the GMP refers. The notation Gx(Fi,Fj) refers to the global
parameters of frame x, computed from the reference frame Fi, and the
consequent frame Fj. Each segment comprises the data Fi, Git+l, Gi+2,
Gi+3,...,Gi+n, wherein n is the maximal number of skipped frames, 4 in
this example. In this example, it is assumed that the time required for

* calculating the GMP of one frame is no more than one time slice so, for
example, at time slice T3 it is possible to calculate G2(F1,F2), since both

F1 and F2 are already present in an internai memory.




slice T9. Mre particularly, in this exanple, the total lag is 8 franes,
i.e., at the tine stanp Fi was captured, the operator watches ﬂragmn
F(i-8). Later, in time slices T10, T11, T12, and T13, internedi ate franes
F2 to F5 respectlvely are displ ayed. The above exanpl e has been given for
the sake ofoby®wiity, and the details may vary from onepgystoemoz® anot her
In this exanple, the notation F1 refers to reconstructing the original
frame FI froma conpressed frane. Theqgotation Q(Fl) (or F2=GVF(Fl, &))
refers to reconstructing an approxi mation of frame F2 fromthe gl obal
notion paraneters & and the reference frane FI The reconstructed frames
wi |l be displayed on the operator s .dj spl ay, the above .exanpl e the

nunber of °s r&ﬁéﬂ“ﬁ?’é’%sﬁ% teapsEitted ,nhatlc{% “eféﬁpt’ cle| {9 t her
embodi ment  of, fihg c@ﬁﬁ;ge% n%lgye%aﬂp@@ th@rmyjtpaﬂaogtdumedsa\mtﬁqhtmte@d I'n such

an adaptive systemt ski ppe ranes I's not kept constant but
i s rather dyfeardvery ﬁ)anmd;dngeals notedepéviogshn inotheraempodinenbe ohthd ers. The

i dea of controlling syste ar ters accordin ancy i s not
new (see | SOH¥488 Og)&%n%\ ﬂ%teﬁgﬁﬁoﬁ?ﬁeﬁ?tép ¢ S&Hﬁﬁ@t@%“eﬁﬁﬁ | ment- of
the present ggzm;md?aqehg\g&%%%w PCT/ 1102/ 01030 - 18 invention can set
a threshold on the nunber of bits waiting to be transmtted in the output

buffer at the vehicle site. Only vvhen the nunber of bits in the buffer is

r i ng st i B5% SRSV aeb: R RRRe § Sckieh Aeftult IEAPRAET [l once

sub- syst em tfiaine Fl F6, Fii1.. produces roughly the same number ,of bits

transmitted for.exactly 5 time slices. Actually, the number of bits
produced due to the compression may vary significantly for each frame.
Usually, maintaining a conetant rate is preferable, and is performed, for
e.xample, by means of buffers. This princiﬁle is applied routinely in video
compression schemes such as ISO 14496-2 (MPEG4 — video).

It should be noted that practically, due to the compression methods, the
compressed frames might differ in their size. ’I‘ypically; the size of a data
file representing a compressed frame that comprises more details is
greater than the size of a file representing a same compressed frame
that comprises fewer details. For compression methods using I, P and B .
frames (e.g., ISO 14496-2) the compressed I frame is typically larger

) than a compressed P or B frame. Thus, the transferred stream of data
per. segment is not constant, and hence its transmission time is also not

constant.

- Decompression and GMP calculation: The decompression is
- performed at the control center. The compressed frames (in this
example, F1, F6, F11....) are decompressed. In addition, the skipped
frames are reconstructed by applying the inverse global transform on
the relevant reference-decompressed frame. For example, at time slice

T9, the transform with parameters G2 is applied to the decompressed




~ conprises an inner contrél |oop for guiding the vehicle towards a marked

target point. The target point may be static (for exanple, afiwdggimin
t he scenery) or dynamc (for exanple, another noving vehicle). This
section deals with the tracking of a static target point. An enbodi nent of

the preseRyohameehti on dealing with the tracking of a dypafuSzbfsget point
follows. Due to the |ag of the comrunication in the downlink channel (i.e.,

from the vehicle to the control centqﬁ)L at the time the operator marks on
a displayed frame an object to which the vehicle should be guided, the
vehicle may not be present in this place anynore. Mreover, due to the
uplink |ag, when the control instruction to the vehicle m@;oh ncapsul at es
this mark arraferegce frameF1 imerdesiip preducerperasapsieneionsof fhedrame é‘ﬁam y

further awaypfrom etxaggjr%gcfﬁte' @Lﬂ'aﬁgnt&%ecgﬁ%?hgs 0GR h 09 BBE ?’rezﬂéf been set.

Accor di ng totrhe pre Invention two al ternative enbodi nents can be used
in order to fher o@Retink SslabsFeche, indiabtadndyt himliopehaxtciers ocdeguwitele t he
vehicle to a static object. i s, shown hereinafter the two enbodinents
“differ by theecppetzustedh Mamegtathprithan sppzeedrakwar d* step is performed. In

the first emgpady .Wghfsh' €hhdicatBE 0540 tle 1SR GRNIaRle tRENEET. In the
second enbog?iﬁgkﬁgt I S g(?‘é%hi ghdsiarfor rreéﬁglt thpé vehi cl e.El VE\}D 03/ 660416

PCT/ | | 02/ 0108Bplay&@ at Fhe emtiehbentendinplayAt the vehicle a. Each frame is
mar ked by a "tinme stanmp”, such as a unique sequential nunber. In this way,
each franme can be identified both at the vehicle and at the

control - cent gk is ddmasididte@h t169BRahpRYBTrahE Fdashigh &he BeaS captueédr ence’
frames and all the other frames are designated as _ o

in time slice T1 is displayed on the control center display only in time

slice T9. More particularly, in this example, the total lag is 8 frames, i.e.,

at the time stamp Fi was captured, the operator watches frame F(i-8).

Later, in time slices T10, T11, T'12, and T13, intermediate frames F2 to

F5 respectively are displayed.

The above example has been given for the sake of brevity, and the

details may vary from one system to another.

In th.ié example, the notation FI refers to reconstructing the original
frame F1 from a compressed frame. The notation G2(FI) (or
F2=GMF(F1,G2)) refers to reconstructing an approximation of frame F2
from the global motion parameters G2 and the reference frame FI. The

reconstructed frames will be displayed on the operator’s display.

In the above example the number of skipped frames is constant (4 in
- this example). In another embodiment of the present invention, an
‘adaptive’ system is used. In such an adaptive system the number of
skipped frames is not kept constant but is rather dynamically changed
* depending on occupancy of the buffers. The idea of controlling system
parameters according to buffer occupancy is not new (see 1S014496-2).

A simple embodiment of the adaptive embodiment of the present




“internediate' franes. b.” The gl obal notion paraneters for each frane
(referenced to a previous "reference' franme) are conputed. Thestgy, Soahand
optionally the reference frames) are stored at the vehicle, along wt
their associated tinme stanps. Optionally, the full inmges with their
associ at egyd b3Ros16t aMPs may be stored at the vehicle. cpcfamppiRseed
reference franmes, and cal cul ated GWs representing internediate franes,
each - with its associated tine stanp, 1zL;)Lre sequentially sent to the control
center. At the control center d.Tlie fPames are displayed to the operator.
Ref erence franes are first deconpressed and then di spl ayed, and
internediate frames are reconstructed using a GW, given the correspondi ng
GWMPs of eachinventies medi a¢te af thyeshald doma the rmuaben of rhitsy maiegidorks er ence

frame. e. The oper.ator rks a rget poj.nt. f..A trage,b of the

mar ked poi nttr?§£$§??£- e ?‘btpgtt%é’?%r ta?%eéhecg?)]?ﬁ}en ]tt%'sﬁgfly gﬁ*s(e\garré}geobj ect on a
previ ous refgERBELOS hitdTh BAbhE 8 16Wer {Hi@ RMWHredhol@nhernext fralee poi nt has
been nmarked on a reference frame, the trace backward to a reference frane
i s of courseisset triecesefgrancedrame coordi nates of the marked object as
found on a reference frame and the reference frame associated tine stanp
are transmtted to the vehicle. At the vehicle: 07 JUN 2(r)6 WO 03/060416
PCT/ I 1 02/ 0108Rrking® sthtibloipet @ci@tvi ng of the marked coordinates and the

tinme sta of the reference frane,. and. having. stored at the vehjcle all
nor e recgﬁt ‘Brpsvehicle 1s equefpped with a inner g%ldsance sub-system {Bat

comprises an inner control loop for guiding the vehicle towards a marked
target point. The target point may be static (for example, a fixed point in
the scenery) or dynamic (for example, another moving vehicle). This
section deals with the tracking of a static target point. An embodiment
~ of the present invention dealing with thé tracking of a dynamic target

point follows,

Due to the lag of the communication in the downlink channel (i.e., from
the vehicle to the control center), at the time the opérator marks on a
displayed frame an object to which the vehicle should be guided, the
vehicle may not be present in this place anymore. Moreover, due to the
uplink lag, when the control instruction to the vehicle which
éncapsulates this mark arrives back at the vehicle, the vehicle is most
probably further away from the location of the. vehicle when the mark

has been set.

According to the present invention two alternative embodiments can be
used in order to overcome this obstacle, enabling the operator to guide
the vehicle to a static object. As is shown hereinafter the two
embodiments differ by the location in which the “trace backward” step is
. performed. In the first embodiment this step is performed at the control

center. In the second embodiment this step is performed at the vehicle.




until the currently captured frane, a forward tracing cal cul ati on which

I nvol ves cal cul ation of a plurality of GWs in which the stored m%hlafﬁ
sequentially substituted, to find the |ocation of the target point
appearing on the nost recently captured frane. This calculation is

per f or med waposiodGiic @s possi ble to catch up with the curregtieapd ur ed
frame. As this calculation is a relatively sinple calculation, it can be
generally performed within a short perlbod typically | ess than one tine
slice. i. The vehicle is instructed to nove towards the updated marked
coordinates on the current frame. As mentioned above, the vehicle has the

ability to nani Eul ate its steering systemin order to reach a defined

poi nt (as i bpgi -art). Moreover, the coordinates of the marked

obj ect are continuously updated W j; Qhé‘vélﬂﬁl .vehicle, when new frames are
e

captured, as long as no new target is marked. Second Enbodi nent: At the
vehi cl e a. afBadth fraaneis manked by abtirae "stamp”, stuehpds, asm'tqueaseqateutiahue

sequential nu this way, each fr rre can.b en th at the
vehicle and™&® P’hénca'ﬂﬁ FEY: GaFl frame ﬁa% Hﬁ ‘g&‘?&‘f#éﬁ% Q}Cg desi gnat ed
as referenggy ftrtﬁgec%n%ﬂcéﬁtlertnﬁa@&%ﬁ Eéxﬁ@ﬁﬁaxﬁé@ are URScARRCS as
“internediate’ franes. b. e global notion paraneters for each frame

(ref erenced ‘lrefeaemueévﬁ'amses a!ndf@ﬂ]ertbé othemmdyames srnplasignatectheg® GVWPs (and

optionally the refere,rlxgce frames) are stored at the vehicle, along with
their associ sp&gmedy %ffhs. WO 03/ 060416 - 21 PCT/ 1L02/ 01030

" b.The global motion parameters for each frame (referenced to a previous
‘reference’ frame) are computed. These GMPs (and optionally the
reference frames) are stored at the vehicle, along with their associated
time stamps. Optionally, the full images with their associated time
stamps may be stored at the vehicle. |

¢. Compressed reference frames, and calculated GMPs representing
intermediate frames, each with its associated time stamp, are
sequentially sent to the control center.

At the control center

d.The frames are displayed to the operator. Reference frames are first

" decompressed and then displayed, and intermediate frames are
reconstructed using a GMF, given the corresponding GMPs of each
intermediate frame and a corresponding previous reference frame.

e. The operator marks a target point.

f. A trace backward of the marked point is performed, to obtain the
coordinates of a same object on a previous reference frame avaﬂable at
the control center. If the point has been marked on a reference frame,
the trace backward to a reference frame is of course not necessary.

g. The coordinates of the marked object as found on a reference frame and
the reference frame associated time stamp are transmitted to the
vehicle.

At the vehicle: -




c. Conpressed reference franes, and cal cul ated GWs representing _
internmediate franes, each with its associated tine stanp, are {epggﬂtéﬁly
sent to the control center. At the control center: d. The franmes are

di spl ayed to the operator. Reference frames are first deconpressed and
then di sphayeghsapnd i nternedi ate franes are reconstrucpefnwsivng a GV,
given the corresponding GWs of each internediate frame and a

correspondi ng previous reference fran o € At the control center the
operator marks a target point on a displayed franme. The coordi nates of the
mar ked obj ect as found on the displayed frane and the franme tinme stanp are

transmtted to the vehicle. At the:vehicle: f. U@lon .recejvi n% f the marked
coor di nat esh-Bpentreeeivingeok thgpnasked aordinatas andnihertimesgtayn At Reor di nat es

are 1rst Ur AGeRARIA %n‘@él%%%&?e&ﬁyﬁge (&R IOk esBhiAIPs ¢ O obt ai n

t he coordi na of “a sarte on a previous reference frane available
at the vehi custilsheguirbetly shptueed Gafse, al forwhed paicitg drsulbtem whackked on a

neceseary.  guolyep RNl O b CARFER THIEHOE FOFA SIS FED at 1 on o
necessary. g ation o
a plurality s%e%ﬁyi BuMdtitGbed, Ne SR atle CMRatiBA € ofs Afide Riigat | poisiibst i t ut ed,

to find the location of the target point appearing on the nost recently -
captured frappearifig onctliec mastinsnently peptuwedeiame. fl3ds calcudsi Bs e to catch

up with th | d.f . hi | ion j | ati vel
STl e cal CRPHOTEN oF doan baosidhapaersh bl vaprls P sduled .2 06

typically | gasd nieealdd@isd i€e. relatity ¥ahplel @ldBatiost itusiebe t 0 nove
towards the updated marked_ coordinates on _the current frame. As nentioned
above, the vaemarpBy parformpd vethin a ghers nemefptiricadly; legs $ha PP& {38 st em i n
order to reaglrilcea defi ned o

i. The vehicle is instructed to move towards the updated marked
coordinates on the current frame. As mentioned above, the vehicle has
the ability to manipulate its steering system in order to reach a defined
point (as is known in the art). Moreover, the coordinates of the marked
object are continuously updated within the vehicle, when new frames

are captured, as long as no new target is marked.

Second Embodiment:
At the vehicle

a.Each frame is marked by a “time stamp”, such as a unique sequential
number. In this way, each frame can be identified both at the vehicle
and at the control-center. In addition, some frames are designated as
‘reference’ frames and all the other frames are designated as
‘intermediate’ frames.

b. The global motion parameters for each frame (referenced to a previous
‘reference’ frame) are computed. These GMPs (and optionally the
reference ﬁames) are stored at the vehicle, along with their associated

time stamps.




WD 03/ 060416 -22 PCT/ 1L02/ 01030 point (as is known in the art). Moreover,
the coordinates of the narked object are continuously updated v@?tjurﬂiw
vehicle, as new franes are captured, as long as no new target is markeu.
The tracing of a static target point fromthe frame on which it was marked

“to the curyemoshssigne is a matter of applying a cascade efrgEsio3pper ati ons
using the stored GWs. For exanple, with reference to figure 4a, suppose

that. at tine slice TIl a target poi was marked at coordinates (x,y). At
this time the displayed image is F3. "The coordinates (x,y) along with the
time stenp 3 are sent to the vehicle. Suppose that due to uplink lag, -
“the nmessage _conveying the tar(iget poi nt_and tine arrives _at the

t
vehi cl e si teCampresspd  seforerte g amesnhird Q"ﬂ@lﬂ%it S%@géurréﬁreﬁ?%ﬂ%gi s F15).
Now the vehi ﬁlstglé%é;c_ﬁatlet OrhhiB6° ddldf LAEO Cls PALRcideb @i  Qalrlp. albial can be

done in two race bac e target point fromthe frane on which
it was nmar kegeduentialie séuisto thefcenenc@nterane preceding it. In this exanple
the preceding reference frane is FI. Since F3 is an internediate franme it
is actually a warped version of the reference frame Fl: F3=QGQVF(F1, G3).
That neans that a pixel in |ocafRoh¥older¥dthin F3 is the same. as the
pi xel in Jlocation (u,v) in Fl where (x,y)=GW([u,v],G3). The |ocation of
the targetd.fbeframes nhe digflayshte the aperaten Reference | yames tage dsby t he

i nverse trapsformatiqgn: (u,y)= - Y 2.k tracing the
target point ?fif’mﬂrﬁsego ai‘—’%5.tﬁ%"ﬁ%plé%ghel[ﬁg@tﬁmﬁ?&ggﬁg ’Rg E’Pansf or ns
fromFl to FlRondtbudtbd Susand GMEDgfiveratke loopresp@iding NGHIHsr sfveact-6 and Fl |
between FI and F15 so the tracing wll _go ..
intermediate frame and a corresponding previous reference frame.
e.At the control center the operator marks a target point on a displayed
frame. The coordinates of the marked object as found on the displayed

frame and the frame time stamp are transmitted to the vehicle.

At the vehicle:

f. Upon receiving of the marked coordinates and the time stamp of the
frame, the marked point coordinates are first traced backward within
the saved frames at the vehicle to obtain the coordinates of a same
object on a previous reference frame available at the vehicle using the
stored GMPs. If the point has been marked on a reference frame, the
trace backward to a reference frame is of course not necessary.

g.A a forward tracing calculation which involves calculation of a plurality

" of GMFs in which the stored GMPs are sequentially substituted, to find
the location of the target point appearing on the most recently captured
frame. This calculation is performed as fast as possible to catch up with
the currently captured frame. As this calculation is a relatively simple
calculation, it can be generally performed within a short period, typically
less than one time slice.

h.The vehicle is instructed to move towards the updated marked
coordinates on the current frame. As mentioned above, the vehicle has

the ability to manipulate its steering system in order to reach a defined




fromFl to F6, to F11 to'F15. i.e. the target point which will be
presented to the inner loop is: (s,q)=GVW(GV(GW((u,v), ), dIQ7 g@ﬁ)zm@r
in a sinpler notation 0.7 JUN 2006 WD 03/060416 PCT/1102/01030 -23

[s,q] =GL5*Gl1*G6(u,Vv). Conmbining the |ast two steps together yields:

s, q] =GL5%® dslecdde6* G3- 1( X, y). Marking a dynam c target poirmto2Asssai d, there
are two types of photographed objects - static objects, such as buildings,
trees, roads, etc., and noving objectse for exanple, vehicles. To track a
nobi |l e (nmovi ng) object, the controlled vehicle has to be equipped with an
obj ect tracing uti I ity. The term"object tracing utility" refers herein to

a utility (soft nd/ or rd t hat n det e r edef i ned
obj ect (e.g.Pog %go}s Oﬂflkgtbe\é\ﬁ :Bhﬁ?eé’\')’?% ech %ffsw?ﬁl%e%% i deo

sequence) apgﬁé&sm%&ﬁt{ur@ﬁﬁy lﬁﬁialsétwﬁt}hﬁ thBeyehdle,| £neRek2@Bs aké aci ng an
object on a frame sequence IS a well-known subject in the art, and hence

t hi s subj ect cdrgursst, adﬂmgmr@dmmmlm@t iswspeked.  Sophi sticated trackers can
cope with a conplicated situation such as naneuvering of the tracked -
object as well as maneuvering of the tracking vehicle itself. A typical

obj ect trackiRg tyhdihi lof dTBYatitS tartet Pbirtefro@ntief fimud uasnnwmhrﬁl whon to
track an object between two franes. Sone ot her known | Lﬁf‘ are edge
det ection, chanyed tajtheceureH, fr@@atlﬁuaemé%?? af:tiphlﬁl%%lcii Rloﬁg; f1zzy | ogic,

and nore, or 88”? 0aL R0 4o @‘MP According to the present invention,
?% At u% é g ?rac g

the vehicle 'ng utility of some sort, \/\hlchlsapart
of the inner loop so t hat once the operator marks an Obj ect to be tracked,
the vehicle For example, with reference to figure 4a, suppose that at time slice T11

a target point was marked at coordinates (x,y). At this time the

displayed image is ¥3. The coordinates (x,y) along with the time stemp

‘3’ are sent to the vehicle. Suppose that due to uplink lag, the message

conveying the target point and time stamp arrives at the vehicle site at

ltime slot T16 (in which the last captured frame is F15). Now the vehicle

~ has to trace the target point from F3 to F15. That can be done in two

steps: '

1. Trace back the target point from the frame on which it was marked to
the last reference frame preceding it. In this example the preceding
reference frame is F1. Since F3 is an intermediate frame it is actually a
warped version of the reference frame F1: F3=GMF(#1,G3). That means
that a pixel in location (x,y) within F3 is the same as the pixel in
location (w,v) in F1 where (%,y)=GMF([u,v],G3). The location of the
target point in the reference frame can be easily restored by the inverse
transformation: (u,v)=GMF-1([x,y],G3).

2. Forward tracing the target point from F1 to F15. This is done merely by
cascading transforms from F1 to F15. In this example there are two
reference frames F6 and F11 between F1 and F15 so thé tracing will go
from F1 to F6, to F11 to F15. ie. the target point which will be
presented to the inner loop is:
(s,9)=GMF(GMF(GMF((u,v),G6),G11),G15), or, in a simpler notation



aut ononously tracks the object. Still, it is usually the task of the
operator to see that the tracking is maintained and to update orggh

t he tracki ng point when needed (e.g. if the vehicle approaches the tracked
obj ect, new details may becone apparent). To mark a target point or for
changi ng g odddeupper ator uses the outer |oop, which asps@inthzoiese 2 | agged

| oop. WO 03/ 060416 -24 PCTI 1L02/ 01030 Marking a dynam c target-point
suffers fromthe sane problens as desgribed above in the section "Marking
a static target-point” and, on top of it, it suffers from probl ens
stemming fromthe fact that the object to be tracked is noving. \Wen the
operator marks a poi nt di spl.ayed frane, not onl e tracking

on t he % t hat, the
vehicle is nbiala6lpHal B v)nCompbiningitheJast fre sten t9gethis W8t aken, but
al so the tragkad~obi *dﬁ*ﬁ A probably noved in an unpredictable
manner. By tﬁéﬁtgﬁé ?%% coé%?%?iinstruction to the vehicle (encapsul ating
this mark) arrives back to the vehicle, both the vehicle and the object to
be tracked may bhe e further away. Another difficulty arises when, in
attenpt to faeriRds paRictareet DalBL i cati on bandwi dth, one uses the system
described ab f.0L 60 %F}%@)@f' B&rﬁg@eﬁt&‘é&ﬁnﬁéﬁc% & gRdy one frane
of a video g%gan@h%her(rtgﬁgérege encebpra I'S aJphot ographj(;yg I mage, and the
others ('t heas bodingslita¢es, fosslspsty., and moang bbjentst foyrezamible, vebiciasage, on t he

deconpressed_vi deq signal, the "nmtipn" of stat,i bj ects | th, while
the "noti on"TBftrﬁ@%ial g‘“’%’b‘ﬁe&’?%@ ”Fl?ﬁtbyt e F?Ptﬁ(ﬁ'}?gr J"%F%s@%&ﬁg% t he
transfor mat i GASpEAPHARSADbEIRE trafingh ity OTha ke “thiect! tradlg wailidy'not

detail ed infornation about objects within the franmes, the result of
refers herein to a utility (software andfor hardware) that can detect

where a predefined object (e.g., an object marked on a previous frame of
the same ﬁdeo sequence) appears on a frame. As known to the skilled
person, tracing an object on a frame sequénce is a well-known subject in
the art, and hence this subject is not discussed further herein.
Sophisticated trackers can cope with a complicated situation such as
maneuvering of the tracked object as well as maneuvering of the
tracking vehicle itself. A typical object tracking ﬁtility may usea
criterion of maximum correlation to track an object between two
frames. Some other known techniques are edge detection, change
detection, feature extraction and tracking, fuzzy logic, and more, or a
combination thereof. According to the preseﬁt invention, the vehicle has
an object tracking ﬁtility of some sort, which is a part of the inner loop
s0 f;hat once the operator marks an object to be tracked, the vehicle
autonomously tracks the object. Still, it is usually the task of the
operator to see that the tracking is maintained and to update or change
the tracking point when needed (e.g. if the vehicle approaches the
tracked object, new details may become apparent). To mark a target
point or for changing i_t, the operator uses the outer loop, which as said

is a lagged loop.



mobi | e objects is "junpy” (The noving object appears to be “glued toit's
surroundi ngs when internediate franes are displayed and its |ocd?QJUN $ys
real |y updated only when reference franes are displayed). Fig. 5a '
schematically illustrates a sequence of video frames photographed by a
camera nmowg eghetdica vehicle. Fig. 5b schematically ill usérateesiobdhe vi deo
frames of Fig. 5a, as presented on the operator's display, according to
one enbodi ment of the- invention. WO 3/ 060416 - 25 PCTII1L02/01030 In Fig.
5b, the reference franes are enphasized, as may be seen in franes 101,
105, and 109, and the internediate frames are not enphasized. The object"

- 60 noves fromthe | eft upper corner do vvarg% as.is reflgﬁted i n the
capture franderkingragdynamicriareetpeint, sutigrs Wog thesame PRRbleMsaY| o i s

assumed. to bgels%hﬁéa Gbobd 4 thg%e&'icaﬁsﬂag&mgiaoeta%u@&rg ISoiffCand ont; Y =Y.

Hence, according to the conpression nmethod described above in which each
segnent cont wipnsf ify it stiffersrfoen foreblemasteramphgifrati the fatt thattthe wbigctit e f r anes,

t he position of the object 60 al a,.seqnent, i.e wit.hijn the reference
frame and th@ LBI"F_&W‘ 13 H’E“é‘?ﬂ%d%g%‘ Fli‘ea??Bgrait_gr RSt ﬁn]?‘:,'mgémi Shown in
Fig. 5b. Mor@spRitd BMRe, nbt ohlletHa®the ¢hackRpdifle i®hoRat fiinPl ect i s
reflected only wthin reference frames. The internediate franmes reflect

only a gl obawhizhdbgesivhén thsfene was takepr byt alss thetegcked ebfeelahes evol vi ng
fromthe novin

of .the vehicle. Ohjects W,thin internedat.e f S are
(i ol aced by"e Rrebabe R 5o, ShEEEatip ppkPt BICH i BITL T
previ OUfS ref ﬁn@f& gnéthadton tollIRrehele (edehpsulsAAR thi¥OHAIK) Airrides Phdcenent i s
roper for all static '
prop : to the vehicle, both the vehicle and the object to be tracked may be even

further away.

Another difficulty arises when, in atﬁempt to further reduce the
communication bandwidth, one uses the system described above of
reference and intermediate frames. Since only one frame of a video
segment (the reference frame) is a photographed image, and the others
(the intermediate frames) are transformations of this image, on the
decompressed video signal the “motion” of static objects is smooth, while
the “motion” of mobile objects is “jumpy”. In other words, since the
transformations express global information about the frames and not
detailed information about objects within the frames, the result of
mobile objects is “jﬁmpy” (The moving object appears to be glued’ to it's
surroundings when intermediate frames are displayed and its location is

really updated only when reference frames are displayed).

Fig. b5a schematically illustrates a sequence of video frames

photographed by a camera mounted on a vehicle.

Fig. 5b schematically illustrates the video frames of Fig. 5a, as
presented on the operator’s display, according to one embodiment of the

invention.



objects within the scene. However, for a noving object, as is object 60,
the real |ocation of the object is not. reflected in the interme@afm
frames, but is correctly shown only within the reference franes 101, %8%,
109, &etc. As is shown in Fig. 5b (which as said assunes no gl obal notion,
for the sakesmbsrbrevity) the location of the noving obpegiri®ioss S const ant
within the reference franes and the following internediate frames (for
exanple, within franes 101, 102, 103, gng 104), and is updated only at the
next reference frane (e.g., frane 105?. 0 7 JUN 206 WD 03/060416

PCT/1L02/ 01030 - 26 According to one enbodi nent of the .invention, in order
.to overcone these problens, a fast object-tracing utility is provided (at
the vehicle) and the follow ng steps are taken: a. Each frame is marked by

a "tinme stan' sa ' | I - N ' t he
~vehicl e, thgﬁbﬁgggﬁgng?ﬁg%h%gﬁ%zggééia*oﬁ g%Sngh%%q?ég?grgﬁgﬁﬁ; to the

| ast " ref er eftgriesf 10IE)L08S endonpdt ecthd The Intermsdiatee fetmesdiral oy with
their GWs and their_associated tinme stanp. c¢. The coordi nates of the point
as marked atempbagi#hittrol center, and the tinme stanp of the franme on which
the mark has been made are transmtted to the vehicle (in a same manner as
in the static target- point case). At the vehicle: d. Upon _receiving at the
vehi cl e t he Tae kibjlect 060 dinpregse froam dhehleft jupper stoangr dpwnmerds ffeidn which

(he ok M BeSngTRIS, LA%ROLM, I L o AL VSR R0 e
vehicle is assumed to be static, thus the transformation equations are
x'=x; y'=y. Hence, according to the compression method described above
in which each segment contains a reference ﬂ'ame and a plurality of
intermediate frames, the position of the object 60 along a segment, i.e.,
within the reference frame and the fo]lbwing intermediate frames is
constant, as is shown in Fig. 5b. More particularly, thg correct location

‘of a moving object is reflected only within reference frames. The
intermediate frames reflect only a global change with respect to a
previous reference frame, evolving from the moving of the vehicle.
Objects within intermediate frames are diéplaced by a same distance
with respect to their location within the previous reference frame.
Therefore, this same amount of displacement is proper for all static
objects within the scene. However, for a moving object, as is object 60,
the real location of -the object is not reflected in the intermediate frames,
but is correctly shown only within the reference frames 101, 105, 109,
etc. As is shown in Fig. 5b (which as said assumes no global motion, for
the sake of brevity) the location of the moving object 60° is constant
within the reference frames and the following intermediate frames (for
example, within frames 101, 102, 103, and 104), and is updated only at

. the next reference frame (e.g., frame 105).




..............

static target-point case). e.A tracing calculation is perforned to find the
| ocation of the point appearing on the nost recent franme. This Ealygnl fbd on
is perforned as fast as possible to catch up with the currently captured
frame. Then, the vehicle is instructed to nove towards the updated marked
coor.di nat ego oslsod1he current franme. As nentioned above, phemveliogs e has t he
ability to manipulate its steering systemin order to reach a defined
point. The tracing of a dynamc targ_et26p9i nt fromthe frane on which it was
marked to the current frame is done intw steps. The first step is
Identical to the corresponding step in the case of a static target point.

The second step nakes use of the fas bj.ect tracin tility to trace the
(17JUN 2006 HMSoudngetss 9Be Fﬁ@*?qu’@Q?lbfgége -thl%jlé‘cgr‘t‘Jfgi*ﬁgo‘?‘%ra%% stored in

the memory. §i.g tpirélﬁgﬁls%l fasf %ﬁ#@&h&hgqﬁ%}tﬂﬁ Brbiidled IHE L @@IBEI%?]US ed for

the static target point case, referrin I gure 4a: Suppose that at tinme
slice Tit a hnad ¢get foflowiig steps ae takdnat coordi nates (x,y). At this tine the
di spl ayed image is F3. The coordinates (x,y) along wth the tine stanp 3
are sent to the vehicle. Suppose that due to an uplink |ag, the nessage

conveyi ng Lhgsbiakgale ROMBEkANHy tal TBnS bBIHp” fahle/£5 idthdé Beutitefargdte at tine.
slice T16 (i1 n which the last captured franme is F15). Now the vehicle has

to trace thepoiat ¢ase).poi nt fromF3 to F15. That can be done in two steps:
AR ARG NE N S R
reference frgmhellgstFrefeminteeirhhe) aradbrhiited "dliedtemés aiestvted domgtual |y a
with their GMPs and their associated time stamp.
c.The coord.inaté‘s of the point as marked at fhe control center, and the
time stamp of the frame on which the mark has been made are
transmitted to the vehicle (in a same nianner as in the static target-

point case).

At the vehicle:

d. Upon receiving at the vehicle the marked coordinates and the time
stamp of the frame on which the mark has been made, the po:int'is first
virtually “marked” on the corresponding saved frame (same as in the
static target-point case).

e.A tracing calculation is performed to find the location of the point
appearing on the most recent frame. This calculation is performed as
fast as possible to catch up with the currently captured frame. Then, the
vehicle is instructed to move towards the updated marked coordinates
on the current frame. As mentioned above, the vehicle has the ability to

manipulate its steering system in order to reach a defined point.

The tracing of a dynamic target point from the frame on which it was
marked to the current frame is done in two steps. The first step is
identical to the corresponding step in the case of a static target point.

The second step makes use of the fast object tracing utility to trace the




war ped version of the reference frane Fl: F3=GVF(Fl,&). That neans that a
pixel ‘in location (x,y) in F3 is the same as the pixel in |ocati®p jubsgg
in Fl where (x,y)=GW([u,Vv],&). The location of the target point in t%
~reference frane can be easily restored by the inverse transfornation:

(u, v) =GVFwd dsrsdihs S3) - 2. Forward tracing the target obpggiiobtge FI to the
nost recent captured franme. The fast object-tracing utility is used to

performthis task. This wutility is jﬁgyvith t he sequence of franes fetched
fromnmenory starting fromF1l to the Fast captured frane. Since the fast
object-tracing utility can process the inconmng frames very fast it soon

exhausts the frames in nenory. After it process the |z¢ frame jn nmenory
it conveys totdectosdrgifrrames gprethin Fh%éwr@bjmlﬁﬁl%wgf%ﬁﬁiﬁlﬁ%p and the

| . " f th
a0, ) ad RS B DOARE DG i el (e

fast objectfihfraciagng utility is capable of tracing an object in a frane in
5 mlllseconds then at ting slice Ti6 it will trace .the ohject in franes

F1, F2, F3, F4, Pupmose tratatdtime shigp 1l targed Roiptway marged gf feorfinales o Wwo
03/ 060416 - @Hﬁlqg i er0d B0 BloG el ifaRed AP STRS obckinfates (13 a'fclri’g F14, F15

and F16 (whi ast tare or this tine sli ce) and provide
the obj ect cwithdhaaims stamp t $earerseat té tupyebdslet Hupbosesthatfduetesa t wo st eps

this step apEiilan (5 EirsaHe oDy AT BB e S | (i s
Thi e stop meg e peiReyOREIe RANARNBTTLS (Roma Wt ;?;%fﬁi:?ﬂ?ﬁ;% e
is F15). Now the vehicle has to trace the target pomt from F3 to F15.
That can be done in two steps:

1. Trace back the target. point from the frame on which it was marked to
the last reference frame preceding it. Ih this example the preceding
i'eference frame is F1. Since F3 is an intermediate frame it is actually a
warped version of the reference frame F1: F3=GMF(F1,G3). That means
that a pixel in location (x,y) in F3 is the same as the pixel in location
(u,v) in F1 where (x,y)=GMF([u,v},G3). The location of the target point in
the reference frame can be easily restored by the inverse transformation:
(u,v)=GMF-1([x,y],G3).

2. Forward tracing the target object from F1 to the most recent ca_ptured
frame. The fast object-tracing utility is used to perform this task. This
utility is fed with the sequence of frames fetched from memory starting
from F1 to the .last captured frame. Since the fast object-tracing utility
can process the incoming frames very fast it soon exhausts the frames in
memory. After it process the last frame in memory it conveys the
coordinate of the tracked object to the inner loop and the inner loop
continues tracking in a regular manner. For example: if the regular

" video rate is 25 frames/sec (40 milliseconds per frame) and the fast

* object-tracing utility is capable of tracing an object in a frame in 5
milliseconds, then at time slice T16 it will trace the object in frames |
F1,F2,F3,F4,F5,F6,F7 and F8, and in time slice T17 it will trace the



vehicle. As shown, the steps taken at the control center for guiding the
vehicle towards static or noving target points are identical. AHuuN
exists only at the vehicle, as follows: - In the "static' case the vehicle
can-only store GWws and it has to forward calculate the target coordi nates
up to thewaddoesiie f rame based on those GWs. However, pognsss®sd ask can

al so be perforned with full images, of course. - In the "dynamic' case the
vehicle has to store full video framege,and run a fast object-tracing
utility to trace the target fromthe Marked frane to the current frane.
Typically, assuming a video signal conprises dynam c obj ects, the nunber

of franmes to be stored at the vehicle should be at éﬂéit th nunber of
| agged fr ameebiat mﬁtﬂ@ﬁ}ﬂsf%mo'mé Eﬁ%b’-‘? Ft.Fdpamd d 36 Gyhagh 1 Sn‘glﬁlﬂé reduced,

e.g., by st O:{;\Ip@ ; ecf?&%ﬁﬁ%éxhgﬁis annlggﬁ' %Ld@cthggirxl’étc{ kbdrilinaieeeh 1 S capabl e

of tracing a ed se ue typica conpensati ng by
enlarglng t htheSaaeclopr ea) . WO 03/ 060416 -29 PCT/ |11 A2/ 01030 OF course, the
lag is not always constant. Hence, a security factor should be taken, '
i.e., the stored frames and associ ated G\NPs shoul d be greater than

anticipated. \l 4,8 ut : F'Ji hgs%s@%ﬁfjsﬁe 8lis tl(mﬁltfya?ttb Qﬁé 88 Qﬁbﬂﬁﬁ:ntaﬁ'geﬂ( ast’

obj ect-tracing, the ou | oop and regular' tracker of the
i nner | oop |1so1at timr::emrrm’nts;aregardmmd@s tshep tamlyt mdaoets thaycase plist one
tracer opera .nt di fferg}lyt nodes. In an enbodi nent of the present

i nventi on wh 36}‘? ig targel BRIt A i ng a

i. thls step is omitted if the marking happen to be on a reference frame and
il. thls step may be performed at the control center rather than at the
vehicle.

As shown, the steps taken at the control center for guiding the vehicle
towards static or moving target points are identical. A difference exists
only at the vehicle, as follows:

- In the ‘static’ case the vehicle can only store GMPs and it has to forward
calculate the target coordinates up to the current frarﬁe based on those
GMPs. However, the same task can also be performed with full images,
of course.

- In the ‘dynamic’ case the vehicle has to store full video frames and run a
.fast object-tracing utility to trace the target from the markéd frame to

the current frame.

Typically, assuming a video signal comprises dynamic objects, the
number of frames to be stored at the vehicle should be at least the
number of lagged frames in the system. The number of stored frames
may be reduced, e.g., by storing every other frame, if the tracing utility
used is capable of tracing an object in a diluted sequence (typically

compensating by enlarging the search area).




vehicle towards both a static or dynamc target point, it is the roll of
the operator to designate to the vehicle if he/shellt W shes tcﬁ?eﬂmrzgﬁ@ a
static or dynamic target point. Some al gorithnms nake use of skipping
frames (i.e., these franmes are not captured and processed at all) in order
to reduceyd@dsbage rate. Instead, the skipped franes agprobblosged i n" by a
noti on conpensated version of previous transmtted frames. Because the GW
of such frames is not calculated and Jransmtted, an estinmation of the GW
is used instead. For exanple, an esfi‘tated GW may be cal cul ated either by
extrapolating fromprevious transmtted GWs or by interpolating from
previous and subsequent transmtted GVWPs (using delay). Extrapol ation or

i nt er pol at i offweyrsecthedag ivmotoalwalyy constapid Henee. a RergHitY factomzhould ¢ er at ur e,

dynam ot ar ot SheR-er RS erote ters 1 b dRatndoRR BRAAa B e d B 10 2,

in a dilutedtivddigeigpsbegnce. The sane GWF is used at the vehicle and at the
control center. In a possible enbodinment of this invention either the
vehicle or the control center may wi sh to use sone other GW. In this case

the side t hagt %‘ul#lﬂg ﬁ&gﬁ Qﬁégﬁ&?%&mﬁqétueg 591@%9 cbidl-tradthgi ate the

change shoul e ot means of the tcommuni cations
channel ) whi etiliGVef thP, ous&eramj) ahémhélregularhtmkmof theavmrer dogp IStéhe change
shoul d be effected. A set (ﬁ/Fs may be stored n each side . e
transitional maéﬂ‘eﬁqg@onf?é’l‘%‘ffécf eIf Mg eéY‘Stt?Fée OHeé'a to be the

default one in Bwo gﬂfé afenbd@t i1s used upon startup of the system In that
case, when one si w shes to change the GW, it only

In an embodiment of the present invention which is capable of guiding a
vehicle towards both a static or dynamic target point, it is the roll of the
. operator to designate to the vehicle if he/she/it wishes to refer to a static

or dynamic target point.

Some algorithms make use of skipping frames (i.e., these frames are not
captured and processed at all) in order to reduce the fréme rate. Instead,
the skipped frames are “filled in” by a motion compensated version of
previous transmitted frames. Because the GMP of such frames is not
calculated and .transmitted, an estimation of the GMP is used instead.
For example, an estimated GMP may be calculated either by
extrapolating from previous transmitted GMPs or by interpolating from
previous and subsequent transmitted GMPs (using delay). Extrapolation
or interbolation may be carried out by methods well known in the
literature, such as linear weighing or Kalman filtering. In the case of
tracking a dynamic target-point the tracing utility should be able to

trace objects in a diluted video sequence.

The same GMF is used at the vehicle and at the control center. In a
possible enibodiment of this invention either the vehicle or the control

center may wish to use some other GMF. In this case the side that




has to send the index of the said GW and the tine stanp for effecting the
change. To increase the quality of the reconstruction and trackithp JuNhgggSVC
may divide the inmage into several parts (spatial segnents) and conpute
‘separate GWs for each part (optionaly based on" different GWs). In that
case it mwedoxmeey all the relevant data for reconstruetiremendo
back-tracking to the control center, i.e. the segments boundaries, the GW
used at each segment and the resultingyGWs. Fig. 6a is a block dlagran1of
a systemfor guiding a renote vehicle towards a static object via | agged
conmmuni cation channel, according to a preferred enbodi ment of the

invention. - At ste 1 th ra ogr.aphs ewfrom front of
the vehicl e inifgate. ¢ thy g‘@ége 1%*2"@&@@%‘3’@ g b'g E’QBt edeRg ?Jtlt gﬁ %ized
form ng imagg Txﬁﬁxhﬁﬁam%ﬁé %Béﬁ:lgel Qv}ﬁa%@ma&, u%é aﬁaswhen @8 & QhidP4, if the

frame is a reference frane, 1. e first frame of a segnent, then the
syst em pr ocetin® sﬁ:mm@bépe Mgewheuﬁlbeeﬂﬁ@tmdrwgeetldGMEm@S egtored | n st ep

105, the Gws are cal t ed. uUsSi he GVE nd stqQred i S e 103; -

At step 107, ' fREBFH ed PLsig B PF? ’%378 rg)the P%@mh its
associ at ed tjcni $5 HIRhe bRt oh®1kNEhcCORY £ 15 uBbA Upon \WEAGH OBE¥IE - 31

. PCT/ 1L02/01030 - At step 201, the transm ssion is received at the control

center; - At S}Sﬁ‘&!‘p Eozha’q ¢asit when phe side wisheawgehange the GiERt it 00dY er ence
frame) ;1 hel }Fa sen th%bfn ex %fj they saﬁ%‘r S lchegtﬁnhe tgﬁltpaft)@ ff@&t%?g 203.

O herw se,
the change.

'To increase the quality of the reconstruction and tracking, the-GMC may
~ divide the image into several parts (spatial segments}) and compute
separate GMPs for each part (optionaly based on’ different GMFs). In
that case it must convey all the relevant data for reconstruction and
back-tracking to the control center, i.e. the segments boundaries, the

GMF used at each segment and the résulting GMPs.

Fig. 6a is a block diagram of a system for gt.ud.mg a remote vehicle
' towards a static object via lagged communication channel, according to
a preferred embodiment of the invention.
- At step 101, the camera photographs a view from the front of the vehicle
10; B '
- At step 102, the images aré captured and digitized forming image files
- referred to herein as “frames”; , |
- At step 104, if the frame is a reference frame, i.e., the first frame of a
segment, then the system proceeds to step 106, wherein the image is
compressed.
- In step 105, the GMPs are calculated using the GMF, and stored in
storage 103;
- At step 107, the frame data (compressed frame and/or GMPs) along with

its associated time stamp is sent to the control station;




is an internediate frane, the frane is obtained by applying the GW with
of the GW at step 204. O course, there are nunerous ways to i(hHiJuat gog f
the data belongs to a reference frame or to an internediate franme, e.g.,
setting a flag in a data header of the information relating to each
transm tt ggb dsvpdeee - At step 205, the inage is displayedcomedotveni tor at
the control center; - At step. 206, the operator marks a target point on a
di splayed frame. Assuming that the trgcing backwards utility 219 is
installed at the wvehicle, he coordinates of the target point and the tine

stanp of the franme are transmtted to the vehicle (at step 207); - At
optional step 219' if the trace backwards ytility is not installed at the
vehicle, a Ht&te ¥ ithe fprsmisRon ﬁrrﬁé‘ﬂv"c‘)‘g?'b&@ QOHEIY"! FEPETr ssion. More

particul arl ue 4e o881 50 i€ 0L dhlRlRR: 6L ! JoBRRHL RATNEAE ki)l fiee . Pr OXI et e

ol der reference franke, and the resulting codrdinates, together with tine
stanp of saiftamefieobtzired bydecoareressing thd datacatistep AG3.\Rihierwise, if itAt st ep

208, the transm ssion from,t he ntyol statian is recei.ve t vehi cl e;
20N optiondb W sperBedate S Hge Fape iR Gt gt PR FMEy 1
i ndeed i nstgdhest e GheP \ée%it%i ©04a0F 3G MeD deodd tsmpRiukonapdto Mor e

particularly, the marked coordinates on the frame are traced backwards to
t he proxi natiadidateif ¥hef daterkdorgsatpea refepenoet fapmeay totgreintarmediabhj ect is

traced for d fromits.locatiaon wthi.n ai gl.qr ef f its
| ocation wi t'AFRe ﬁ-g-,ﬁs’étgnq %?@ﬁtm data hep a& Pgﬁlée, m%{/r?ﬂ%a&féog\x;%& aé gberi es

(cascade) ofedoNhrodreiticdlirpns; - At step 210, the steering inner guidance
sub-system of the vehicle is, 2[grovi ded with new coordinates to be guided
to. The ter Atstere?(hshoimagNs2oeE8aymy A FemLig at the control center;

- At step 206, the operator marks a target point on a displayed frame.

| Assuming that the tracing backwards utility 219 is installed ét the

vehicle, he coordinates of the target poiﬁt and the time stamp of the
frame are transmitted to the vehicle (at step 207);

- At optional step 219, if the trace backwards utility is not installed at fhe
vehicle, a trace backward is performed before the transmission. More
particularly, the marked coordinates are traced backwards to the
proximate older reference frame, and the resulting coordinates, together
with time stamp of said reference frame are transmitted to the vehicle.

- At step 208, the transmission from the control station is received at the
vehicle; | |

- At optional step 219, assuming that the trace backwards utility is indeed
installed at the vehicle, a trace backward is performed. More
particularly, the marked coordinates on the frame are traced backwards
to the proximate older reference frame.

- At step 209, the marked object is trabed forward from its location within
said reference frame to its location within the most recent captured
frame, by means of a series (cascade) of GMF calculations;

- At step 210, the steering inner guidance sub-system of the vehicle 1s
provided with new coordinates to be guided to. The term steering




PCTI 1 LO2/ 01030 -32 system shoul d be taken here in the broad sense as it may
al so include an inner tracking loop. - In any case, old frames by JORIREs
rel evant to the operation and their time stanp are discarded fromthe FIFO
storage. Fig. 6b is a block diagramof a systemfor guiding a renote

vehi cl e wayewedesng dynam c object via a | agged communi cagtmanzefnnel ,
according to an enbodi nent of the invention. - At step 301, the canera

phot ographs a view fromthe front of_ tjge vehicle 10; - - At step 302, the
i mages are captured and digitized formng image files also referred to
herein as franes; - At step 303, the full data of captured franes is stored
ina nmenory along _with their associatedgéime stanp; - ,At.step 304, if a

np;
frame is a romtenshauldbataken here 1 the hrpad senseasat By sQIGHAS AR  hen t he
rocedure pr 306, wherein the image is ‘conpressed.
C P R5EF Srackhe o8P . ‘o

O herw se, | an internediate franme, the procedure of the
syst em pr ocdndayteass todp fades nHenginretdventiPtof optenation padwhéis tivag cul at ed

(using a GW), and sjored ip stor 303; - At step 307, the frane data
(conpressed fRERAGS W&e‘%ﬂBWg&ﬁaﬁﬁq %gfagissoci ated time stamp is sent to
the control center 20 via the | agged channel; - At step 401, the

transm ssion is received at the control center; - At step 402, if it is the

first innge Big. #bsisgeeblock didaraaneb af sstem, for taidingaeremptovebided by
rane an i nRTEH oo TONBRE ATHED B dbplpERy ciramubicotPol tphdl TE 7L e
sai d recei vegectMing € as @eildiméMedfeha irtvention. .
- At step 301, the camera pﬁotdgraphs a view from the front of the vehicle
10;
- At step 302, the images are captured and digitized forming image files

also referred to herein as frames;

- At step 303, the full data of captured frames is stored in a memory along
with their associated time stamp;

- At step 304, if a frame is a reference frame, i.e., the first frame of a
segment, then the procedure proceeds to step 306, wherein the image is
cdmpressed. Otherwise, If the frame is an intermediate frame, the

- procedure of the system proceeds to step 305, wherein the GMP of the
frame is calculated (using a GMF), and ét'ored in storage 303;

- At step 307, the frame data {compressed frame or GMP) aiong with its
associated time stamp is sent to the control center 20 via the lagged
channel;

- At step 401, the transmission is received at the control center; _

- At step 402, if it is the first image of a ségment (reference frame), the
frame is obtained by decompressing the data at step 403. Otherwise,_ ifit
is an intermediate frame, an image frame is obtained by applying the
reverse GMF 404 with said received GMP. Of course, there are
numerous ways to indicate if the data belongs to a reference frame or to
an intermediate frame, e.g., setting a flag in a data header of the

information relating to each transmitted frame;




nunerous ways to indicate if the data belongs to a reference frane or to
an internediate frame, e.g., setting a flag in a data header of @hgJun 2005
information relating to each transmtted frane; WO 03/060416 - 33
PCT/ 11 A2/ 01030 - At step 405, the inage, whether being a reference frane or

an internpologdsenérane, is displayed on a nonitor; - At pstam4fdee the
operator marks a target point on a displayed frame. Assum ng that the
‘tracing backwards utility 419 is inst %I3I ed at the vehicle, he coordinates
of the target point and the tinme stanp of the displayed frane are
transmtted to the vehicle at step 407; - At optional step 419" if the
trace backwards utility 419 is not installed at _the vehicle, a trace
backwar d i s Afestal A98, athe; pRagenthsthere helng rorisfarenes, dramanehi &% on. Mre

particul arl yintg}ﬁeﬂgfekﬁgmgpﬁrcﬁéﬂiﬁe Sorfs Sadrfi@eed backwards to the proxinate

ol der referencé frane, and the resulting coofrdinates, together with tine
stanmp of saiAxt step et0B)cke fopansionmearks raansrget tpedintt on tahdispddyied| frafnegai n, step
407). - At step 408, the transmssiqQn i s recei v%ggat he vghi cle;

- At
optional st effSsmingathatnthey tiagms Pagkwards upltlyk dd? g ipsialiety 2 &P¢ ndeed
installed at vé}ﬁﬁe,\/ ﬁgicﬁbﬁﬁné’teg r(ﬁctﬁe%fm&n{ SinBefeOtifRdsta¥ 6f the

the ma e C on

particul arly, r oordi nat es he frane are traced backwards to
t he proxi mat éisplaged frapieaetrensmisied tothawvekickpat4dep 40he nmar ked object is

raced orvard e LSS I LTk oS R Pot  Baghs el rence,
fast object {HAdHiAE, NMlitkddel Wackwatd i$ pEiFoddfd at RBe ThEEHI Shténbeforgui dance
sub-systemof the vehicle is provided with the coordinates resulting from
step 409, t othizetrgnéntisgdiono More particularly, the -marked coordinates are traced
backwards to the proximate older reference frame, and the resulting
coordinates, together with time stamp of said reference frame are
transmitted to the vehicle (again, step 407).
- At step 408, the transmission is received at the vehicle;
- At optional step 419, assuming that the trace backwards utility is indeed
installed at the vehicle, a trace backward is performed. More
particularly, the marked coordinates on the frame are fraced backwards
to the proximate older reference frame.
- At step 409, the marked object is traced forward in a fast manner from
its location within said reference frame to its location within the most
recent captured frame, by means of a fast object tracking utility;
- At step 410, the steering inner guidance sub-system of the vehicle is
provided with the coordinates resulting from step 409, to be guided to.
The term steering system should be taken here in the broad sense as it
may also include an inner tracking loop.

- In any case, old frames no longer relevant to the operation and their time

stamp are discarded from the FIFO storage 303.

It should be noted that several problems may exist in the system as

disclosed, as follows:




The term steering system should be taken here in the broad sense as it nmay
al so include an inner tracking loop. - In any case, old franes b}y UgROREs
rel evant to the operation and their time stanp are discarded fromthe FIFO
storage 303. It should be noted that several problens nmay exist in the

syst em aswglizaedpsed, as follows: e 7 JUN 2006 WO 03/ 06p&if.063b4d LO2/ 01030
- 34 1. The GVF, when applied to a reference frane, produces an
intermediate franme containing blank.ageas with-no i nf ormati on. These bl ank
ar eas originate fromthe fact that the internediate frame may contain

'new parts of the scenery that were not visible to the camera when the

reference fr ken d t hus gannot, be recqnstruct lying the
F to thel Tﬁepﬁi’e‘”ﬁﬁ‘%ﬁ@p lon bk apfe Py frme Rgures S LOATBNEBRor 2t o at
the control lgxteecron%ﬁﬁ?g BEnkOQfe%.ﬁtWi(tHrnoaﬂJf@ﬁﬁﬁ)ioﬂ“ Thise Wlahk a¥Bas t hat

until the coordinates of said marking are transferred to the vehicle and
transf or med d¢rigivetr Gtomathestaich thamtherms‘y‘crmeﬂm@nfrhylecmpf ORI ‘B¢ are found

to be out of said.frame. Fi 4b and cl.os s of the
i nvention i np%ﬁ? o tiﬁ enﬁﬁ:}g&;a%clzvserﬁrréo rglgltlf’??/éa tcﬁugggat %3%(%% extent .
The obj eCt  OfefdrdBeeRbRGiWERMakeh driddthusdBahSotle Hsmitiytad by Bppkamy I ol

center franes that are nost updated in their point of view, wth a m ninal
| ag, al t hougthet(Edy tﬁﬁl}eﬂ"?f@r% fpiraek areas. In the embodi ment of Fig. 4b:

~In tinme st T9 the, r 5% E gg[{p [ rdyd val to
t he contr O?m@lé%é?aya gesq]?, c%%geo }atpﬁﬁége%'e uri ‘Ll%te?fer IL%%Q serves a
basi.s for pesdjernorant fieal atichihah ifearae rﬂram; uatil fthe cbbmhnﬂiemmﬁtsaubt i on
marking are transferred to the vehicle and transformed to coordinates in

the most currently captured frame, are found to be out of said frame.

Figs. 4b and 4c disclose two embodiments. of the invention in which said

drawbacks are resolved, at least fo some extent.

The object of the embodiment of Fig. 4b is to display at the control
center frames that are most updated in their point“. of view, with a

minimal lag, although they may include blank areas.

In the embodiment of Fig. 4b:
- In time stamp'TQ the reference frame FI1, which completes its arrival to

the control center at time T7 and decompressed during time T8, serves

as a basis for pérformi.ng the calculations required for the reconstruction
of frame F8 by using GMP G6 which has just arrived. |

- In time T10, frame F6 is displayed. It should be noted that at time T10

- the reference frame X6 is not yet available at the control center (this can

be seen in the column TRANSMISSION)., Thus, although a better

" reconstruction of F6 can be obtained at a latter time by decompressing

the reference frame F6, a maybe poorer reconstruction of F6 is obtained

by transforming older reference frame (F1) using the latest GMP. To

distinguish between the two possible reconstructions of a frame, the



of frame F6 by using GW G6 which has just arrived. In tinme T10, frame F6
is displayed. It should be noted that at tinme T10 the referencd}?gnnm

is not yet available at the control center (this can be seen in the co um
TRANSM SSI ON). Thus, although a better reconstruction of F6 can be
obt ai ned &0 @&ds@tig er tine by deconpressing the referenperiigomsfo6, a maybe
poorer reconstruction of F6 is obtained by transform ng ol der reference
frame (FI) using the |atest GW. To % stingui sh between the two possible
reconstructions of a frame, the WD 03 860416 - 35 PCT/ 11 A2/ 01030
reconstruction obtai ned by deconpressing a conpressed frame has been

denoted. by bold |taI|cfont§Eb(eg F6) and the reco truci1 of a frane
usi ng GVF ortesoRerestioncebt OB’é’é?FSH%gn%tc%’HPWS? € PBRHOEe % e. 9. F6).
- Then, int T éﬁﬁy 9 are
5|n1larly d|dl a?%h&b%ﬁiﬁéﬁ6ﬂ¥n§ hﬁ%%ﬁ é?gﬁ%%% ranéﬁéglaﬁ%aﬁ%g{ng

avai |l abl e atu:hhg GMHBt om0k refeener frans Hec begr desedd andaliadedteregre, the

i ntermedi ate_frame F10 (F10=GlO*G56(Fl)) is calculated. - In time T14, the
i nt er medi at ek ame F10 is di spl ayed, while at the sane tinme Fll= GlL1(F6)

is cal cul al qghen! {n SRl P1 DG MABEERd nﬁbrm@alhmﬁ%ésm Fehaagrgard rane F6 is

now avail abl'e at the control center for di splay, it is still not displayed
as it is an siplibtlyfdispeyednt ai ni ng the point of view of tine slice T6,
while the alread a fra sshvvnfr ective, of
tine slice %‘@%":f%;q h@? ¥e§§§e e emy%a%hgbla%%\r@gfcfggﬁépﬂ i s

prepared at éem& s&. Ageompreksed, lajmsm?ﬂl@m&@ thandtdrbfedistecrime s Fll F12,
and F13, which a
(FlO GlO*GG(Fl)) is calculated.

- In time T14, the intermediate frame F10 is displayed, while at the same
time F11= G11(F6) is calculated. It should be noted that, although the
reference frame F6 is now available at thé control center for display, it is
still not displayed as it is an “old” frame containing the point of view of
time slce T6, while the already displayed frame F9 is shown from a
newer perspective, of time slice T9. For that reason, F10 is displayed,
and the frame F11 is prepared at this stage. '

- In times T15, T16, and T17, the frames F11, F12, and F13, which are
based on the information of F6, moved correspondingly to the points of
views F11, F12, and F13 are displayed.

- In time T18, the operation is similar to that of time T13.

It should be noted that the embodiment of Fig. 4b is advantageous with
respect to the embodiment of Fig. 4a, in that the perspective is more
updated. More particularly, for example, while in the embodiment of
Fig. 4a the perspective of F6 is displayed only when the reference frame
F6 is available for display, i.e., in time T14, in the embodiment of Fig.
4b, the perspective of F6 is-displayed in time T10. However, while in the
embodiment of Fig. 4a all the reference frames, when displayed, are

clear of blank areas, the frames of the embodiment of Fig. 4b may




based on the information of F6, noved correspondingly to the points of
views FlIl, F12, and F13 are displayed. - In time T18, the oper at@ pQunsy
simlar to that of tine T13. It should be noted that the enbodi nent of Fig.
4b i s advantageous with respect to the enbodinment of Fig. 4a, in that the
per specti wep é36id6 € updated. More particularly, for exaopu@zowisl e in the
enbodi nent of Fig. 4a the perspective of F6 is displayed only when the
reference frane F6 is available for_dgsplay, i.e., intime Tl4, in the
enbodi nent of Fig. 4b, the perspective of F6 is displayed in tinme T10.
However, while in the enbodinent of Fig. 4a all the reference franes, when

di-spl ayed, are, clear, of blan eas, the franes. of - the enbadi nent of Fig.
4b may 07 JURCHYS t@@%ﬁ?%oﬁﬁ%l%’%aW/@?@é@m a@Q{aYieHcﬁrﬁ B Hk areas, as
all the frangginhi P& iienl ayed are franes on which a GW is applied.

The object of the enbodinent of Fig. 4c is to display frames that contain
m ni mum bl ank areas, although the delay in displaying themis

consi der abl In .the odi.nent of Ri.g., 4c:, -.. f ' ‘ayed at
‘the control %%%PWGW@ IP?‘@%"HF%- ?ce]rsetpéiﬁ%gay 3?%3‘3%&&%%% F6, are
avai | abl e atpihignfiRNbla@k GesHseralthodgh ttheeddlag, id hHsplefibpethems iane Fl is
al ready available (it was deconpressed in tinme T8), and the reference
frame F6 is wassleprldesed. In tinme T14, the reference frane Fl is displayed.
Si mul taneously, F2 is calculated. F2 is so prepared as to include m ni num

bl ank areas. More particularly, F2 is a mxture of two portions: the first
i s the referBig® embodiment of Fig. 4c:

- No frames are displayed at the control center until the first two reference
frames, F1 and F6, are available at the control center.

- In time T13, the reference frame F1 is already available (Gt was

' decompressed in time T8), and the refereﬁce frame F6 is decompressed.

- In time T14, the reference frame F1 is displayed. Simultaneously, F2 is
calculated. F2 is so prepared as to include minimum blank areas. More
particularly, F2 is a mixture of two portions: the first is the reference
frame F1 brought to the perspective of F2 (i.e., the camera view at time
T2) by means of the operation G2(F1), and the second portion is the
reference frame F6 brought to the perspective of F2 by means of the
operation G2*G61(F6). The said second portion fills most of the blank
areas produced in the frame resulting from the first portion.

- In time T15, F2 as calculated in T14_, is displayed. Simultaneously, F8 is
calculated. F'8, in similarity to frame F2, is so prepared as to preclude
blank areas. More particularly, F3 is again a combination .Of two
portions: the first being the reference frame F1 brought to the
perspective of F3 (i.e., the camera view at time T3) by means of the
operation G3(F1), and the second portion is the reference frame ¥6
brought to the perspective of F3 by means of the operation G3*G6™(F6).
The said second portion fills the black areas produced in the frame’

resulting from the said first portion. F3 is displayed in time 16.




frame FI brought to the perspective of F2 (i.e., the canera view at tine
T2) by means of the operation &Q(Fl), and the second portion is RPgUN 256
reference frane F6 brought to the perspective of F2 by neans of the '
operation &*G5"1(F6). The said second portion fills nbst of the bl ank
areas produseshedfict he franme resulting fromthe first poptrmmzelidoti ne T15,
F2 as calculated in T14, is displayed. Simultaneously, FS is <calculated.
F3, in simlarity to frame F2, is so_pgmepared as to preclude blank areas.
More particularly, F3 is again a conbination of two portions: the first
being the reference frame Fl. brought to the perspective of F3 (i.e., the

canera view at ti T3). pby neans of th ratj on .G3(F an he second
portion i s'-tf%e aPQ;%’ ‘T’r%léﬁfa\rﬁﬁénpﬁpmﬁ#%ﬁﬁﬁﬁgﬂiﬁyﬁ e Hgfeé;p:tﬁ 5 o F3 by -
means. of theawgfj@gwaﬁ*ﬁmﬁﬁ% a sﬁﬁﬁ?ﬁi{&n%?%%”ﬁz,p&id Fenbit kA s the

bl ack areas pro n the frame' resulting fromthe said first portion.
F3-is di spl afiedr ¢carrdspoedibg.pedipedtikksy006 WO 03/ 060416 PCT/ 1102/ 01030 -37 F4,

o O R SRR e e ) s b ¢

correspondi ngvfiRihiPectiimeesto. I n tine Tls, the third reference frame F11 is
deconpressed, and is available at tinme T19. In time T19, the reference
frame F6 islditbpe AYBothessioseramriraimn Fohe damplbowidment of Fig. 4c, the

di spl ayed franes contain mninmum bl ank areas. Each internediate frane is a
conbi nation of two portions calculated by two separate GW cal cul ati ons.
I't shoul d beAsnabrd, hake patodimadihtyofoRsy. at, thedisphiyparitimes costailef i ned as a

primary minimum blank areas. Each intermediate frame is a combination of two
portions calculated by two separate GMF calculations. It should be
- noted that preferably one of the two portions is defined as a primary
portion. The second portion is calculated-only to fill black areas in the
first. The primary portion is preferably the one for which the calculated
‘frame portion is closer to a reference frame. More particularly, in the
calculation of F5, the portion resulting from G5(F1) is defined as the
secondary portion, and the portion resulting from the calculation '

G5+ G611 (F6) is defined as the primary portion, as the calculated frame |

F5 is closer to the reference frame F6 than to the reference frame #1,
and therefore this portion results in smaller blank areas (which are then
filled by the secondary portion). The embodiment of Fig. 4c is
advantageous in that it contains minimum blank areas. Its drawback is
that the delay between the capture of a frame at the vehicle until its
display at the control center is the largest of the three embodiments of
Figs. 4a, 4b, and 4c. For example, while in the embodiment of Fig. 4a the
frame F6 is displayed in time T14, and in the embodiment of Fig. 4b the
frame F6 is displayed in time T10, in the embodiment of Fig. 4c frame
F6 ig displayed in time T19.




portion. The second portlon S cal culated only to fill black areas in the
first. The primary portion is preferably the one for which the dh?dﬂmagmj
frame portion is closer to a reference frame. Mre particularly, in the
calculation of F5, the portion resulting fromG5(F1) is defined as the
secondary wmeddeone and the portion resulting fromthe cattmoabioon Go*

G6' (F6) is defined as the primary portion, as the calculated frame F5 is
closer to the reference frame F6 thapggo_the reference frane F1, and
therefore this portion results in smaller blank areas (which are then
filled by the secondary portion). The enmbodi ment of Fig. 4c is

advant ageous_.i n tﬁlat It contains mninmmblank areas. Its drawback is that
the del ay beB&RgERlBRteStanture of a frame at the vehicle until its display

at the contrplLl.¢eRh Blie sitdige | argest of the three enbodi nents of Figs. 4a,
4b, and 4c. For exanple, ile in the enbodiment of Fig. 4a the frame F6

i s di spl ayedThreet Eypes Tat4 lagsnerd Andlhded vnder ribet testm Frlpnnpd laEd a%rane F6 is
di spl ayed i Ne gl nme T10, in the enbodi ment of Fig. 4c frane F6 is displayed
in time T19.90°75JUN 2006 WO 03/060416 PCT/ 1102/ 01030 -38 General notes:

‘Delays in ahfréls%m;@zmn?m@eag Yp6secdf tHea@onREed of ehal degstider (d.ge term
"channel |ag", lows: a. Transm ssion nedia |la betvveen the front. end

of the t ranswﬂetléii) é@dgthe frant epRaf thgdrechizer.r Shis of laghmayebei ver. This
kind of |ag L%eg Efagl Pquf aﬁ)&%%etr gw’vﬁ&%ng%ﬁﬁﬁ% S LeR 1@%3{)9:‘511 kB Potigt c. and is

typical to b6t ownl
uplink and downlink.

b. Signal “protection” lag (or “message integrity lag”) which is associated
with forward error correcting codes and/or spread spectrum techniques.
This type of lag is also typical to both ﬁplink and downlink. Since the
method disclosed herein treats the first two types of delays in the same
way, we refer to this kind of lag as “delivery lag’;.

c. Compression/decompression lag: If the channel between the remote
vehicle and the operator has a rnarrow bandwidth, the video sequence
must be compressed prior to its transmission. An inherent feature of
data compression is the lag, which can stem from various reasons, of
which the significant ones are:

- The delivery of varying bit rate data (compressed video) through
c‘dnstant rate channel reqﬁires buffers that are not allowed to overflow
or underflow, at both ends of the channel. As ‘known to the skilled
person, a compressed video signal has large variations of bit rate
(between frames, dependent on the type I, P or B, and within the
-frames depending 0117 the visual activity spatial distribution), and
hence, substantial buffering is required.

- Compression of the B frames requires a “future” frame. Thus, when B
frames are used, the compressor has to wait until the next P or I frame

is compressed before the intermediate B frames are compressed. This




b. Signal "protection" lag (or "nessage integrity lag") which is associated
with forward error correcting codes and/ or spread spectrum t echrd! §iJ&a. 2005
"This type of lag is also typical to both uplink and downlink. Since the

met hod di scl osed herein treats the first two types of delays in the sane
way, we r&feeesdsoiié his kind of lag as "delivery lag". c.PCTAL02/01030

Conpr essi on/ deconpression lag: If the channel between the renote vehicle
~and the operator has a narrow bandwi dig, _the video sequence nust be
conpressed prior to its transm ssion. An inherent feature of data
conpression is the lag, which can stemfrom various reasons, of which the

significant ones are:. The del.ivery of, varying.,.bjt te da onpr essed
vi deo) throquPec?#é?]é‘ﬁt 15 H@caﬁh Neft ﬁk"qéPW u@#‘%r é“s?shéﬁpgﬁeo ot al |l owed
to overflow gpippEIRLibre@iolRbihgnds of the channel. As known to the
skilled person, a conpressed video signal has large variations of bit rate
(bet ween franbsadditioantiert can atshdetampeperatoP delayBlueatodtheititne i takes fr anes

dependi ng on the visual activity.spatial. distribution and hence,
subst antial b WETAYTE e?‘%’&lﬁer%{f.a%le ?’é%@f"'%’htrBffmﬁfBa%&f rames requires a

"future" franme. Thus, when B frames are used, the conpressor has to wait
until the next P or | frane is conpressed before the internedjate B franes
are conpr essBue inthiced lyg Detadidiyiie theyehick'y congra logomey he vigweskdray i s
typical only of the gown'l ?ng 61&*91%1 uses MPEG or MPEG |i ke conpression

met hod) . | n REHTTBR P REPETYAR"51 so be an operator delay due to the tine
it takes the operator to examne a franme and issue a control command. The
i nduced lag_instability in_the vehicle!s control |oop mayy be viewed as

- Uplink lag: The available frame for display at the operator site i1s not an
up-to-date- frame, but a lagged one. Hence, the steering operations
carried out by the operator are based on lagged information, which is a

situation prone to instability.

- Downlink lag: Control commands are interpreted at the vehicle site when

‘the vehicle is no longer at the position referred to by these commands.

Region Of Interest mode of operation

In a constant channel bit rate reducing the frame size increases the
| video quality -andjor the frame rate. In a preferred embodiment of the
invention, the frame. size is not fixed but selectable by the operator. In
very low bandwidth conditions, the operator may prefer to receive only a
portion of the field of view of the camera, but at higher quality and/or
higher refresh rate (that is, fewer skipped frames). This may be known

as an ROI (Region of Interest) operation.

The effect of the segment size

The number of frames of a segment affects the performance of a system
for guiding a remote vehicle. For example, as mentioned above, only

reference frames are real captured images, while the intermediate




conprising two sub-probléns: - Uplink |lag: The available frame for display
at the operator site is not an up-to-date - frane, but a Iagge@p%ﬂ_m
Hence, the steering operations carried out by the operator are based on

| agged i nformation, which is a situation prone to instability. - Downlink
| ag: Control conmmands are. interpreted at the vehicle site when the vehicle
~i1s no longer at the position ref erred® o by these commands. Regi on O

- Interest node ofoperation In a constant channel bit rate reducing the franme
size increases the video quality and/or the frane rate. In a preferred
enbodi nent fmenare ispiusdlyi Gansiopmationawl the zefarenceofrapiose s, mel ect abl e

- by the oper i Yel.0 G C i k0 erator,may prefer
to recei ve°§$ﬁ9§/ %Lpgg\r{%oﬁeo&rpﬁfe& %I:fg%%e OE?&:Vi éehv?/ %&eﬁ%ggc%ﬁﬁea,mb%t at

hi gher qualdisappear defordi gleenexie refestndeafiandd, hainnos, bé awen bli fiaed franes) .
This may be known- .as Regi on of Interest) operatign. The effect of
t he segnenfPS; r'ﬂgen%gg?ﬁ(bqn%aﬁ%sf%feaﬁes@@nﬁ%ﬂba%ﬂfr‘%l FWE fer f or mance
of a syst egmtuhtion Guitdi didréast YHRt:RuMBEF 6f Erankdd ofcX 2XPIRNtASIJHNJroned above,
only reference frames are real captured inmages, while the internediate 9 0
“40° f r anes thisesaiution Wil cawser Gddifionislag sinee ropre cdrta fmuskshe Thus, an
obj ect thaj.gaLatgat he canera's frame‘after the reference frame, "and

di sappears before the next reference frame, cannot be seen by the

operator. One of the options to decrease the probability of such a
situation is to decrease the nunber of franes of a segnent. However, this
solution will cause additional |ag, since nore data nust be




transmtted. JUN 2006 P 7 JUN 2M5 - 41 CLAIMS 1. A nethod for guiding
froma remote control center a vehicle (io) towards a target objEZUUNSRYS
renote control center conmunicating with the vehicle by nean of a- | agged
comruni cati on channel, conprising. At the vehicle. i) Periodically :
~capturing frane i mages by a canera (101, 301), assigning to each of said
captured franmes an associ ated 'uni quetki-ne stanp, and saving within a
~storage (103, 303) at the vehicle full frame data or partial franme data of
captured frames and their associated tine stanps; ii) For a plurality of

saved franSH,AEMSi ng to the control center (20) via the |agged
full .frame

‘comuni,cat j on ,channel data, partial frane gdata or a.

combi nat | o%n??%lpgg r%utdﬁuq #8%8#&“:5%%’??@{%?&%?&? Etbr?é towasdy for each
sent frameastuigetiobjet) @uidTaemots @B M8EE eSmAfudiffing QPith| s can be
reconstructed and displ aged at the control center. At the control center.,

Ciii). Recel¢isly bpmeang ol # lagged sommpningtionshenaels oonpristhe:i me st anps,

- sequentially reconstructing frane i mages fromeach said sent full and for
partial franme data, and displaying the reconstructed i mages on a display;
i1v) Upon nd# kkapeliglean operator at the control cgnter (20) a point on a.

marked pdf ni? SRSt Ay B RARY Py # fraee GPIIO. SFuFRECe frame.
~avai | abl e attotdwhasfsaidtaytenéd frantedath Besdcidted 8hajie time stamp, and '
saving within a storage (103, 303) at the vg;_hi_cle full frame dats or
partial frame ‘data of ceptured frames and their associated time
stémpsf; .
ii) For a plurality of saved frames, sending to the ¢ontrol center (2-0) via
 the lagged communication channel full frame de;ta, partial frame data
or a comb_ination thereof with the corresponding associated time
stamp for each sent frame so that approximate or exact version of the

sent frames can be reconstructed and displayed at the contro} center.

At the control center: ‘
. iii) . Reeeiving (201, 401) said frame data and assoc:itit;ad time stamps,
s sequentially reconstructiné‘ frame images from each said sent full
and/or partialfmtxie data, and displaying the reconstructed images on‘
‘a display; '
iv) Upon marking by an operator at the control center (20) a point on a
specific displayed frame, sending coordinates indication relating to
said .marked point as appearing on said specific frame or on a
refe;'ence frame available at the contrel center, and the time stamp
associated with said specific or reference franie, as is the case, to the
vehicle; ' |

At the vehicle:



associated with said specific or reference frame, as is the case, to the
-vehicle; At the vehicle: - 42 v) Receiving (208, 408) said coordHj panesgs
indication as marked and the sent frame tinme stanp; vi) Gven the
-coordinates indication and frame tine stanp as received, |ocating said
poi.nt or object coordinates on a previously saved "corresponding franme
having a sane tinme stanp, and using'aﬁ iImage processing procedure, tracing
- (209,409) at a rate higher than said peri-odical frame capturing said point
~or object coordinates fromthe said frame towards the nost recently -

avai | abl @ caftegeiadng (30, 408 maid wpordinatesgndivationcasdnaked wfd the same

. point or objegt L0g.in the nost recently avail able captured
“frame; and Pr ovtlg'lgﬁag- %a‘%%‘% di nates of the target point or object within

the nostv) ec&iveyy theavbabihatesaptliontidn sadréramis tHee Bthmp GstiedefR, gui dance
sub system (;10 410) @ t he vehiﬁl e, (10), for enabling it to track said
object. 2. ATEFREd SR HOFh Pt §PIech FReLe Sr OPn 2o REVIPUSi saved ane data

represents aborsi it Euind havEe A da8aClintd ithniy AU H842 LEAREIEN! S 2 ’
e

reference frame. 3. A nethod accordi nE to claim?2 wherein at St one
i nt er medi at ePFICRRENESProgediinge dERGHRE (REA 48AY at\w ratef bigheretfsameid 4. A

~met-hod accor éﬁgdjfcglﬁlﬂér};g%‘ b 848 p ;| al rﬁge. data c rises a-
set of G4 oba? Mtion Igar aneters i n%ll cg‘?%né)p?(ﬁ%écglcoo{))a a%aﬁg’%&%‘ @? a given
frame with reaigeftame tewsrdyithes masteresentlyf avaitablascaptatedl|fadgd, usi ng a
G obal Mdtio tgon. 5. A nethod. accarding to claim 2, wherein reference
frames are cgﬁgg@’gsﬁ‘%ﬂg the coor&}%ates of g:ne %ame pomt or object as :

appearing in the most recently available captured frame; and

vii)  Providing the coordinates of the target point or object within the most

recently available captured frame, as found, to an inner guidance sub-

system (210,410) of the vehicle (10), for enabling it to track said

:obj_eét. -

2. A method according to claim 1, wherein each partial frame déta
represents an intermediate frame and each full frame data represents a
reference frame. '

3. A method according to claim 2 wherein at least one intermediate frame is
produced between any two reference frames. _

4. A method according to claim 2, wherein each partial frame data
-comprises a set of Global Motion Pararnéters indif.ating the global -
change of a given_ frame with respect to a previous reference frame, as
calculated using a Global Motion Function. '

5. A method according to claim 2, wherein reference frames are compressed
at the vehicle before being sent to the control center, and decompressed
at the control center. |

6. A method according to claim 5 wherein at least one set of Global Motion
Parameters is sent to the control center bei:ween any two compressed

reference frames.



‘at the vehicle before being sent to the control center, and deconpressed
at the control center. 6. A nethod according to claim 5 wher ei ngy . % QASE:

one set of G obal Mtion Paraneters is sent to the control center "bet#een
-any two conpressed reference frames. - 43 7. A method according to claim4

wherein a sane d obal Mti-on Function is used at the vehicle and-at the

control center. 8. A nethod accordi ng48o claim 7 wherein each reference
frame is displayed after being deconpressed at the control center..' 9. A
nmet hod according to claim7 wherein each internediate frame is displayed

at the 'éonﬁrmbtlud‘lamortﬁhgd:o-clsa'utiwdieiréhg Bsdine GbbADMotIdn AP USi Ng
‘the d obal sane frane, as received, and data relating

Par ter f
to a previ ou§dr c];fnt g@??&ﬁ@% th) cogtrakgeRtRr- accor di ng to claim9, wherein,

when t hg openethud ﬁ@:bk&ngmfcﬁlﬂﬁ?vﬂ{éréndéa%ﬁlﬂé‘in%}w ‘sg, ’EP , the
met hod furEﬂt}t conpri sing backward activating a G oba t unction to
~convert th WI@WH%&?@St%@@MPMG on a previous reference.

frame, def t&féﬁf c h ehi net hod
accor dlérzg ?{)%(1:? al m %‘!&%ﬁ ein the q‘f}}ae&% %fén?féﬁﬁﬂl\g'iﬂnedsobal
Moti on Funclispayed earbheeetonubladenwne afﬁ'h'l @lcﬁvaﬁﬁg & mEbhad MetenRdi ng to

claim 10, er n the acti Va?ﬂq@,l ackward { obal Mdtion Function is
carried out uﬁ Phe EBNEr ot ecehf °nA AERmsteracelosameg fragnel aism 4, for

gui ding_t heetethéd; sind diardiatinglod bfeviddf rentbBLGld only Gobal Mbtion
Paramet ers. of internediate franes are saved at the veh| cle. 14. A met hod

“accor dtthg 4 omethadraterdige fickuiph 8, twhereity when theobperator eonrldi aat es from
L the. refer Qﬂ%@tf lo@TEg 1 W@l&ﬁe& rﬁtéﬂﬁédlﬁﬁcqgﬁhx\é the method further

comprising backward actwatmg a Global Motion Function to convert the
marked coordmates to coordinates on a previous reference frame, before
performing the tracing at thg vehicle,

11. A method according to claim 10, wherein the activation of the backward
Global Motion Ezni:tion is carried out at the vehicle.

12. A method according to claim 10, wherein the activation of the backward
Global Motion Function is carried out at the control center. -

13. A method according to claim 4, for. gmdmg the vehicle towards a static

: target wherein only Global Moticn Parameters of intermediate frames
are saved at the vehicle. '

14. A method accord_.x.ng ‘to claim 10, wherein the traciﬁg of the of)ject
coordinates from the. reference ﬁ-aﬁ;e towards the most recently
available captured frame is can-ied out by means of cascade activating a
Glebal Motion Function at the vehicle, starting from the object
coordinates on a reference frame and applying the function on all newer
saved frame Global Motion Parameters until determining said target

' coordinates to target coordinates on the most recently captured frar;le.

15. A method according to claim 4, for guiding the vehicle towards a dynamic

target, wherein full data frames are saved at the vehicle.



avail abl e captured frame is carried out by neans of cascade activating a
A obal Modtion Function at the vehicle, starting fromthe object 7 Jun 205
coordi nates on a reference frane and applying the function on all newer
saved frame d obal Mtion Paranmeters until determ ning said target
coordinates to target coordinates on the nost recently captured frane. 15.
A nethod according to claim4, for g‘uf*ﬁli"ng the vehicle towards a dynam c
target, wherein full data frames are saved at the vehicle. [a - 44 16- A
met hod according to claim15, wherein the tracing of the object

coor di ¥t ed mresiod hacoordingetec elfimn b, t whereis thve travdtg rafcéind | objectvai | abl e

captured fr .| arg 1 ed t ng, of tivati at rate _hi gher than
sai d per.i O(ﬁ%g}e?lbgﬁ%% (%dpﬁu}igﬁgrgﬁmg%ge ARG JOVREYRt VTS o8k ¥erentlyeni cl e,
starting fravailabée taptgedd frearelisnaireiedwutdy REEAE BE Bctiv a®hdrataPpl yi ng

the -utility.on all newer sayed,.frames until determning the coordinates of
t he target )iﬂﬁﬂ?’hg‘%‘é"t’ PEEGAIq ame apturing agabject fracipgratiisy atdber di ng t o

claim16, WaRi@bNstalbn®F&ifithle! BEEDYcriiidatds 8h o p&}pré&%' %SL/EJ hhg!

identifies the marked object region on a reference frane nmeans of the
coor di nat e@pplyipgothedutility om allenewen sotedcimmes, ustil determinisg theor r el ati on

for ~determpi ' t in_sh pnewer.sa frames until
determ ni ngcg‘% e %%grogﬁéa?%gg@ﬁtqﬁgn%oasrgglj-%‘ie,n éﬁaﬁamv?n&te%?lﬁ’%ai d region, on
the nokt réaeeitiof axaptding do tlednmel6, wherein tiné bbjdcneeiny aglity a¢ltRem 1 - .

an obj oct | PEERIe SriepteS RS uikea ook EpioR ont YeleEones HARMORYL het ool by
mean' s of andiis GoiteOibosdiRntatSAE Brovided HREK Be &Mé&:ﬁ]g}ﬁn £GP nati on
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"7 thereof. 19. A nethod accaor di ng to claiml wherein‘th rame data
_ representi B§eHeo Biee detepmining the) regiongpqegme newersavedt a of the

frare. frames until determining the coordinates of the target, being within said
region, on the most recently capturéd frame. -

18. A method according to claim 1 wherein the ;aid inner guidance sub-
system is a system capable of tracking an object to a point, to a certain
direction, or a combination thereof by means of a navigation sub-system,
a tracker sub-system or a combination thereof.

19. A method according to claim 1 wherein the full frame data representing a

_ refgrence frame comprises pixel representstion data of the frame.
20, A method according to claim 19 wherein the full frame data further
~ comprises at least one set of Global Motion Parameters indicating the
global change of the reference frame with respect to a previous reference

_ frame. | _ o _ ,

21. A method acbording to claim 19 wherein the reference frame is
reconstructed and displayed at the control center by using said pixel
représentatiun data. |

22 A method according to claim 20 wherein the reference frame is
- reconstructed and displayed at the control center by either using said
.pixel representation data or by substituting one of said set of Global



20. A nethod according to claim19 wherein the full frame data further
conprises at | east one set of G obal Mtion Paraneters indicati r&;?'dlw- 2008
gl obal change of the reference frane with respect to a previous reference
frame. 21. A nethod according to claim19 wherein the reference frame is
reconstructed and displayed at the control center by using said pixel
representation data. 22. A nethod acdérding to claim20 wherein the
. ref'erence frane is reconstructed and displayed at the control center by
“either using said pixel representation data or .by substituting one of said
set of G oMltiondBaldvéters Raticithie tle ighthial ahimg: bhehatabadnehaage of the
reference frane wth respect to a previous reference frame in a d obal
Mot i on Fun¥ttingigspect to & RrevIgya ratezenen Mgmede @ Glokpl MgtioneFuneHenoperat or i s

a corpgt el aRAho® bR AL Blaifh 8 Whe b RAe QBBFALL s a%m@ﬁ@&md according

to claim1;, wherein the G obal Mtion-Paranmeters are used to construct
franes as systemaethérahanra hymanperatory ol center, to produce frames with

m ni  dal %&3 c@ téﬁmd coy dj .0 | g P)ﬁﬁr eyl _a_reconstruction
of a g']arr% %th ade r% 90r € Ha gﬁgr%ftg‘??ﬁig’h’h o6 Pardmetors |
are used to construct frames as soon as they arrive the control center, to o
produce frames with minimum delay. '
25. A method according to claim 1, wherein a reconstruction of a frame is

based on more than one reference frame.




