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VEH CLE VI A LAGGED COVMUNI CATI ON CHANNEL Field of the Invention The
present iwoastos@nerel ates to the field of renotely controlPdmgoroiosehi cl e
with the aid of inmaging neans. More particularly, the present invention is
directed to a nethod and system for guiding a vehicle under |agged

communi cati on channel. Background of the Tnvention In order to facilitate
the reading of the description to follow, a nunber of terns and acronyns

are defined below The term"canmera" refers herein to a device, system or
facility that MEZHQDeAND SYSEEM WB@E&DIMM@IMM series

of i mages. Nowadays _pr.oduci ng e[ 02 z QB bj,.ect be carried out
by a variety of mnmears ek 4D HM, e _ﬁné_ﬁél ] camera or a
video canera. The images are referred to herein as "franmes". The term

"vehicle" refers herein to any type of object that is guided by an inner
gui dance subprRIatsfMth&ErRYRhEDd or such vehicles: a car, aircraft,
satellite, torpedo, mssile, ship, etc. The term "autonatic guiding systent
refers her eiThd gpraseyts isvertion @Eﬁf@is n 4&hecheld of tremataly gontong ébj ect or

area. In order .to carry out his operation, .the vehicle c ri ses
canera. | mg@“@ép‘?ﬁ?‘eé‘%?@&%dma@}‘ﬁéf%% MBFR/Q%QC Clgrgr, 358»[1?1‘8?91& nt er
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poi nt or area on a di splayed 1 nage, an y conveying the information

relating to 1§g'g@ld o ugicetioh lkhankehi cl e, the vehicle's control nmechani sm
(referred herern as "inner WO 03/060416 PCT/1L02/01030 - 2

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_rein 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



control |oop" or "inner guidance sub-systent) directs the vehicle's
steering systemto nove towards the target point. The term "operator"”

ref ers heweiog/osm@i@ human being or automatic neans (i.e., paTADOMIDIN | zed
systen) that nmakes the decisions as to what point or area to guide the
vehi cl e. Concerning manual operation, the pointing can be carried out by a
devi ce (such as conputer nouse, joystick, touch screen, and so forth).
Concerni ng automatic nmeans, neither a display nor pointing device is
required, since an automaton can rmanipul ate data wthout the

i nt er nedi at i contybol dogps mirafinarerpghidange swimayste@aediaetty, thenvehipled e

gui ding systens .that involve the trgn fer of inages fromthe vehicle to a
control centePETIRESYFIREYE TAYFAL ™AL %@ﬁ%%@&’&@o order to reduce the
bandwi dth required for transm ssion. Figs. 1, 2a, and 2b schematically
illustrate a typical systemfor renotely guiding a vehicle by a hunman

operator, acTle def@ tOpehftdx™i oéfeds therdin tbea Vilmahe bélig for asetonetipd ur ed by
canera 11 are conpressed by a  conpressor 12 (generally a software/ hardware
conponent) amndans flamsaicomartorized sustom)tthet makessthededsions@s toawhat 20.

The transm ssion from{he Vc?hiﬁl e th? th? cont r.ol centeL 20 18 referred to
herein as " DR iORKareapto gide 4 ahicle, Copcorping paanial, oberation, the

recei ved by g i , 0 d 4eyicde rgss atdrdsiiisal |y a
sof t war e/ har@mléﬁgg g%ﬁnp%%ecgfeggng@% ;bé’s%r g?ryélscgar&gﬁgi §|§3I g{/néiél on di sgl ay 23.
WD 03/ 06041606t¢H, LORICB16&Ren; .ahdllse fopth)at dforbérniegs amtpmiatici nmpadsyi ce 25

(such as a nouse) to mark on the screen 23 the target point to which the
vehi cl e shouteithrr ydispéay nenpoindHE deviee issTasiuitade SHifeKA aBEARtoRy @n

transmtted to the veli el e uba, LANSILLLEN20,0b L USIEP' & F8HtL

center.
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
compressor 12 (generally a software/hardware component) and
transmitted via 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.



control center to the vehicle is referred to herein as "Uplink". Back at
the vehicle the receiver 14 receives the control commands transmtted from
t he cont rwio Beni4eé 20 and feeds themto the inner gui dan@eTaut/Eyst em 15.
The inner guidance sub-system 15 further conprises a tracker or a

navi gati on system (or both) 151 and a_sgeering system 152 which directs
the vehicle towards a certain point. Conpressing and deconpressi ng of
images is carried out in order to reduce the anount of the transferred
data, and to suit the restrictions of a narrow bandw dth conmunjcation
channel . Th&'lsysperatoe84niseed poinfingsdevicead (Judpasiasmouse) towmark ey of

| oops: a. The inner control |oop, .on ] t he steerin ub- sys of the
vehicl e guitBBSCreR %Eﬁ‘%F%r&eﬁpau&etpi‘%lﬁ\gﬂ%t%ﬁgv@cmﬂﬁishppﬁ%ge“gHéa/eéjlut € control
| oop, whi Chc§8 MRhhessS o¥ *k%ed%[%ﬁk b %ngf'eertr% sthitBed AREERE WelBAE e uplink
transfer of QA From t hacontrol tenter to e vehicle. The outer |oop
consi sts of t+Aesthihé 06T thlea@asoteontig ceat@. ITHe tisageisfiohfeometliecl e, in
whi ch the canera captures the inmages; b. The Conpressjon stage of the

vehi cl e, i n cohtroh cehterftodhe yehiade icafprred deherpinoagid¥pliski educe the anount

of data; c. The Downlink route, in which the conpressed franes are
transmtted to the control center; W 03/060416 PCT/I1L02/01030 - 4 d.

The Deconpr 4aioSHad Geblclt 'he" p08difbr AN rEleivéd! tHB! EInthAIC chinilitRds

recei ved at e control center are deconpressed and di splayed to the

oper at or on tihgsEitsed a¥omethel kenflol rienbgr 20agad feedwhihem tthethepémmeéror nay
(but need not) define a new target point; and
guidance sub-system 15. e 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 point.

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
1mages;

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;



f. The Uplink route, in which the coordinates of the new target point are
sent to the vehicle. The inner | oop at the vehicle adjusts the steering
syst em of wolms/os@hé cl e to nove towards the target point. [PCTIIh&/@p&r at or
marks a new target point, then: The coordi nates of the new target point are
transmtted fromthe control center tosthe vehicle via the uplink; The

i nner | oop nmechani sm adjusts the steering systemto the new target point,
and the vehicle is guided towards this target point. Certain factors nmay
cause a | ag between the tinme an inmage is captured by the canera and the

ti me the dsaFee f Pacranpresgions ebaged obrtheneontireb capterating whi¢hs fheeframes

control-center.. A.mgjar reason for this |lag my be as igted.with the
downl i nk  b&RERIVEE @aﬁp%eawa%?{% %’FF‘sfiEF‘%T‘Hﬁé/Stsﬁg ‘fﬂfﬁﬁ?ﬁa?’?‘i \t@ﬂe andwi dt h
is not wde epalgh. E}féedigﬁﬁ of conpression techni ques may be required.
These techn'rpques may 1 nvo vg’ski ppi ng frames or using bi-directional

esti mati en ThefRuintidigt stage, Bt fwldok shenopdrat@omaye@sitoneet aot)jadeinswch as

| SO 13818-2 (MPER2-video). The |ag between the captured frane and the
di spl ayed f mevetarget peinteandt o both techni ques. In general, video (or

' ol duces bits at .| apl te. T j
03) 060416, PER? (0earB 68l T g Bed¥nds o Biopt APRLEREEREY
requires buffetkbend @%hf&ﬁi.h ends of the channel), and thus results in

addi tional lagging. There may be ot her obstacles that contribute to the
| ag, for exanple, when the communication path is nmade via relay stations,

tel ephone 'Ilines, nodens, Internet protocols, and so forth. The |ag may
appear in tHe oy loar %%ﬁweye}agl%ﬁp%ﬁi%swmgpmﬁﬁm ?ﬁ%het 8eet?1ﬁfes lag in
di sl ayi ng 86 | TGS, flasdhe apRk Ringent er. the

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 produces bits at a variable rate. Transferring



operator cannot deal w th up-to-date displayed i mages. Modreover, until the
coordi nates of the marked point reach the vehicle, additional lag is

creat ed, wod3tb&iyehicle is no | onger at the position appacantLoyaoihe
operat or when nmarking the target point. A partial solution to this problem
as presented in the prior art, is the_ gxpansion 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 bandwi dth resources. Due to the bandw dth restrictiops,

di fferent sdhaes¢ bits vaea fisedibiternte canaehraquires kulfering (ahbothhendsell i ed,
reduces only.the compressipn | a but no, af fect on other causes of the
lag. It is thecBespe aﬁngﬁﬁ}s}&w%‘fﬁs{Wea%cggégﬁfla}%ﬁﬁti on to provide a nethod
and systemfor renotely guiding a vehicle via | agged conmuni cati on
channel, on which the control performance is higher than that known in the
prior art urfledret haysbewthenadbsiaetes. thdir@mnspibaité itoatteylag, tfor exampdey ti cul ar
obj ect of the present invention to gr ovi de_ conpensations for _del ays due to
the | agged ovhenurfheacommunsatien patht lsamade Vit gelan géations,oialephonieehi cl e

veni cle. vOIRSPORUaR TS, Dirtnss SR Bo bl ITHR LADRIS Mpge 8"0r e

present inveRbiRRvlithlePGleeadvBSEN! {1l hplinkeal -time control of a vehicle

in a lagged communication channel, particularly when the bandw dth of the
channel connecting the vehicle and the control center is narrow It is
still an object of the_present invention . to performthe idvehicle

gui dance vvh_é?uuQ He plaisniag dnmﬁi%alflﬁé Véﬁhil{’ﬂa@ei at g‘ihedéﬂnfrz?éiepﬁ?r’ €atic or
MOViNg. 1 i %efhlor! caltho? Uedf Wwith dif'fo-Bh25G3b1dyR4CThA LY. MoRoO¥, el Ut OnS
the coordinates of the marked point reach the vehicle, additional lag 1s
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 the 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 bandwidth restrictions, different solutions are required.
Moreover, this solution, when applied, reduces only the compression lag,

but has no affect on other causes of the lag.

It is therefore an object of the present invention to provide a method and
system for remotely guiding a vehicle via lagged communicafion
channel, on which the control performance is higher than that known in
the prior art under the same conditions. More specifically, it is a
particular object of the present invention to provide compensations for
delays due to the lagged communication channel in transferring images
from the vehicle to its remote operator, and control signals from the

operator to the vehicle.



problens in a conpact, sinple, and econom cal manner. O her objects and
advant ages of the invention will beconme apparent as the description

pr oceeds. wBusmes4ye of the I nvention The present invention rPeTaLes010® a

met hod for guiding froma renote control center a vehicle towards a target
obj ect, said rempte control center caongunicating with the vehicle by nmeans
of a lagged comrunication channel, the nmethod conprises the steps of: At'
the vehicle: (a) Periodically capturing frane i mages by a camera, assigning
to each of said captured frames an associ ated uni que tine stanp, and
saving wthin a storage at the vehicle full frame data or partial frane

dat f tured, . . t hej iated t.i t ; b) F
ol U al 1ty britdsotll FatRgs oolssh af Hf PEEEHG BERRYGT ' ERCEE 1 Ao Pagged
communi cat i G, £ RANICl il of ' ATFetdalEdin PA" Hgtbd ! ERuHALAIGE dRuGRIDI nati on

thereof with f’iﬁe corresponal ng associ at ed tlg%é stanp for WD 03/060416
PCT/ | LO2/ 01G33ticulardpevheae the baadwidth bhéhe ahpnoal codreectingettecvelielesi on of
the sent frames can be reconstructed and displayed at the control center;
At the cont rasid encantreloenteisSingmeWsai d frame data and associated tine
stanps, sequentially reconstructing frame inmages fromeach said sent full
and/or partial frame data, and displaying the reconstructed i nages on a

di splay; - ()1t BABIMBLKINECUL B BRAEAL Shvatitioneo GRRoral tEEBARY véhiely nt on a
speci fic di splaye ramg, sending coordinates indication relating to said
mar ked poi ntgidanagpediennheqisttadwhpactlie veliicknis mrided imerthérstatueof r ame
avail able at the control center, and the tinme stanp associated with said
speci fic or PeY@€ence frane, as is the case, to the vehicle;

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:

(a) 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



At the vehicle: (e) Receiving said coordinates indication as marked and the
sent frane tine stanp; (f) G ven the coordinates indication and frane tine
stanp as weagiovade fast forward tracing said point or objpeatiLex@psh nat es
fromthe said frane towards the nost recently avail able captured frane,
thereby finding the coordinates of thegsane point or object as appearing
in the nost recently available captured franme; and (g) Providing the
coordi nates of the target point or object within the npst recently

avai | abl e captured franme, as found, to an inner guidance sub-system of the
vehi cl e, foreashaent fame socthat Appreximategreanact pergion Hb|the sept ragmes i al
frame data represents an infernediate fra and .each full frane data
represents é%%?%ﬂ&@trfﬁct\?ftan%pi?%ﬁ @t,{%cqngggltcegﬁgr,i nt er nedi ate frane

i s produced between any two reference franmes. WD 03/060416 PCT/1L02/ 01030
-8 Preferably, each partial frame data conprises a set of GWs (d obal
Motion Paranmeters) indicating the global change of a given internediate

frame with respect to a previous reference frame, as calculated using a
GW (d obal ’ﬁemnﬁtﬂwﬁﬂ@ﬁ). Preferably reference franes are conpressed at

the vehi cl fore beir t 1o th tral { regsed at
he contrdp) dErvares e Rl bt el G8PlRed AR Spadipl PERRIRIANG"T 0

control C?ntr‘aeﬁox%fth\f@c?ﬂg RAhe! WRaEBFAR SO Qhed @Ree fulRm@/orPpatwaBbly, a
same GWF is used at the vehicle and at the control center. Preferably,

each r ef er erfeembrdate, hsd disylhgipedhaf teeondsenctgd deamep oass display; t he control

center. Preferabby, each_internediate frane_.is reconstructed and displ ayed
at d) pon marking by an operator at the control center a point on a

specific displayed frame, sending coordinates indication relating to said
marked point as appearing on said specific frame or on a reference frame
available at the control center, and the time stamp associated with said
specific or reference frame, as is the case, to the vehicle;

At the vehicle:

(e) Receiving said coordinates indication as marked and the sent frame
time stamp;

(f) Given the coordinates indication and frame time stamp as received, fast
forward tracing said point or object coordinates from the said frame
towards the most recently available captured frame, thereby finding the
coordinates of the same point or object as appearing in the most recently
available captured frame; and

(g Providing the coordinates of the target point or object within the
most recently available captured frame, as found, to an inner guidance

sub-system of the vehicie, for enabling it to track said object.

Preferably, each partial frame data represents an intermediate frame

and each full frame data represents a reference frame.

Preferably, at least one intermediate frame is produced between any two

reference frames.



the control center, using the GWw and GWs of sane frane, as received, and
data relating to a previous reference frane. Preferably, when the operator
mar ks a twogstoe@me a di spl ayed internediate frame, the netleadLéurivier

conpri sing backward activating a GW to convert the marked coordinates to
coordinates on a previous reference frgne, before performng the fast
forward tracing at the vehicle. In one enbodi nent of the invention, the
activation of the backward GW is carried out at the vehicle. WO 03/ 060416
PCT/1L02/ 01030 -9 In another enbodi nent of the invention the activation of
t he backward GWF is carried out at the control center. According to one

nmbodi t he. i i L th t hod . d, f i dj t
vehicl ot ondPHIEbLT o3AGH PAFHEN FrAGhF AABFOTOpTISe Aofslett PR (PIPRFLr ence
frames are Sﬁ)‘ﬁgn@%&%t}égﬁhﬁ atin® thR&lobASGangett of Gvbnfiftididiibtaci ng of

t he obj ect coordinates e reference frane towards the nost recently
avai | abl e capimeedithr BssBettstcarprecibusutefereycerérnne Ofs cakadatedardingat i ng a
GW at the vehicle, starting_fromthe object coordinates on a reference
frame and afpMF (globabMatinat Functéen)al | or some of newer saved frame GWPs
until determ ning said target coordinates to target coordinates on the
nost recently captured frame. According to another enbodi nent of the

i nvention, "f‘i%@er’fa{%ﬁ Wethoflcd Framisesrd BSmpridbaditifir valitl! efos\Bedsy a

dynam c target, data franes are saved at the vehicle. In that case,
the fast forssatdothacomgobéentbhr ammbfemmpessell attlescdntooh canger.ef er ence
frame towards the nost recently available captured frame is carried out by
means of activating a fast forward object tracing utility at the vehicle,

starting frqm bhe,targsh, o8 Ui GREY s e Lo HEN Sshtk bPUERLEP BoRRBY T NO t he

utility on
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 decompressed

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 fnethod further comprising 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

GMTF is carried out at the vehicle.



saved frames until determ ning the coordinates of the target on the nost
recently captured frane. Wen the nethod of the invention is used for

gui di ng twe omsmbi4eé e towards a dynam c target, the fast f@ecwavLec/abjoect
tracing utility at the vehicle first identifies the marked object region
on a reference frame by neans of the cgordinates as provided fromthe
control center, and then uses neans such as correlation for determning
the region novenent in all newer saved franes until determ ning the
coordinates of the target, being within said region, on the nost recently
captured fr dmeanitbed 2hilsedtenPof/theGavenie0 the atdivabionf off s hackwardsai d

I nner gui dange sub-systemis system capabl e of tracking an object to a
point, to a(gMFf%fiCi‘i‘rH‘ieFlé’é‘ttiaérf,%e(FPném?ﬁ%'eﬁat ion thereof-by means of a
navi gati on sub-system a tracker sub-systemor a conbination thereof.

Preferably, the full frame data representing a reference frame conprises

pi xel repremb?dihgrtodﬂieaexﬁboaimeeﬂﬁm invehtivapwhent the metleokicesdd ane is
reconstructed and di splayed at the control center by usiggésai d pi xel

represent at ifon guiding Pthé evebide tdweardgl la fstatis darget; upnbier GMIprekes at

| east one set , of s indigating.the global ch e of .the . rgference frane
with res pectmtﬁ{r@?ﬁ%@e%‘gﬂgéf%?‘?rféﬁws%rﬁﬁéy eéﬁgggpé’ﬁ}’%ﬁemﬁ}%fc&sghce
frame is regenstr Lspl dJne Lol RS Ble BY¥feBbh&Er USiNg
sai d pixel &glgrfeagg%g‘??ﬁq{ig?ggo@y%e %ﬁgb%cgt?otoﬁf&l@%ggébne of seai dese-t. of GWPs
i ndi cati ng tfaemel tohalrds blae asostiretdretly aehableceanptupett frantd is esmpick outo a
previous reference frame in a GW. Brief Descriptiqon of the Drawings In
the draw ngdy miegas of capendeaaciivatieg acaME at|thgstehigle, staryisgdaemsiha em f or
remotely andobject 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 forward tracing of the
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 coordinates 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
all newer saved frames until determining the coordinates of the target,

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



manual |y 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 schematwoaBloyo4iié | ustrates a conpressed video signal, aceerdLexpid® the
prior art; WD 03/060416 PCT/1L02/01030 - 11 - Figs. 4a, 4b, and 4c
schematically illustrate three differenty nethods for transferring frames
at the outer control |oop, and displaying themat the control center,
according to three enbodi nents of the invention; - Fig. 5a schematically
illustrates a sequence of video frames taken by a canmera nounted on a
vehicle; - Fig. 5b schenatically illustrates the video franes of Fig. 5a,

as presente n erator's dis cor to one enbodiyent of the
i nventi on; ci’re%rgrbneaﬁf saldpinner a é%nsg Sgsgf‘s@t%én? FXFteé%F&PﬁBﬁE ﬁem)t e
ehicle to Cy Oégpg&{] c h e ng to
\c/)nel enbodi %en(?&{lk tx% nveerél)lt ?o%(?ﬂa’n 8 h %jtrlbgﬂgﬁb@%cﬁkb%r?gg%g{#ﬂof ga

system for ghegdofbyarmicam®tef v ahvigjationasub- sybjémmactﬁaakgESubmysmm agged
comuni cation channel, according to another enbodi nent of the invention.

Det ai | ed mwmlpnabnndhemf erred Enbodi nents The canera provides a
sequence of frames a portion of which eventually are presented to the
operator to provide the information needed to guide the vehicle. Wile

view ng t he%ﬁ’rei"éx%ﬁﬁ dthtef}ﬁu%ﬁﬁét &arta%ysrég%lém% £ S¥ferbRéIfhnicocodipiked he
renmote vehicle sho be guided. We refer to a sequence of inmages as

"vi deo sequeig€ 'repeyemtafionhlvntaaf eheframmgésafembﬂp,cthel nmfenenceﬁmmgmss this
term Typically, a sequence_of_ franmes havin about m.lli segonds bet ween
each adj aceﬁ'@0¢frséﬁ‘é0tegr%)@@lc@§Plé‘Ye1ilQfebhe CHR %@1 center bY using'sai 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 system 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;



US 5, 835, 147 descri bes a video signal conprising a sequence of segnents,
each containing one "reference" frane (being the first franme of the
segnent) Wolsovsds by one or nore "internediate" frames. | rcarmer010300
descri be vehicle novenment, a segnent of video signal including a reference
franme and mathematical expressions descyi bing the change between any

I nternmedi ate frame and a correspondi ng reference franme, is WO 03/060416
PCT/1L02/ 01030 - 12 applied according to the present invention. It should

be noted that the term "segnent” when used herein refers to one ref erence
frame, and Figsr dapdbpomd ¢oschepaticalin idvsteatethreer diffezentomeshpdsy ferai d

expr eosed adranstemtap frames gt eg o Engial o B SroaFe thhE EobkGl nat es
in an interggrdi; ?tcgn{erra o?&nd% %e b&ﬂoﬁﬁn%ﬁﬁé"ff Cgﬂéait&vgﬁﬁoﬁhe coor di nat es

(x,y) in t e rer erence rarre unct1on |, hereinafter

referred toFig@asd Beéhergatibdly mrxstmte‘sumcsteqﬁ aticedof eiddoefraardsytaken Bylaobal
change between a first frane and a consequent frame, and it assunes the
change at aICIanmranngumetdﬂmat\r@blqle,arre satisfy a sane function. The anpunt

of data re recon |d cons nt fr om sai ven
first frarre g%rﬁcg‘refﬁﬁt ?f Blb%w(f?g%?%weﬁ?ﬁ? £ 0$1 ,(%e%e%ﬂe

herein to a jy Uﬂfééﬁ}at&%a{ PAMCE ”%%’@he %H{B&Hm‘éﬁ%f fh@gl@%men a
reference franme a cons quent G ven the reference frane and the
GWF, the - cBhisesBnh Hlodk dra@dnabea §yrseérﬁ foagudingon stmote eehicltéo sai d

I nternmedi ate frame is an approximation of the real tinme sifuation that
shoul d be dl%@tlangeh vianpghegadk Ao mugicainm channghs AGERHENSNLY O1E shi ft

oper ation, elgl t he tf ﬁnsfor tlondr s expressed by the functions x' =a+x;
ddiment of the invention; an
y' =b+y; mher ’

- 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 presented 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 irrrages as “video sequence”, even if the rate of images 1s too
low to encompass this 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, is



and b are constants. Mre particularly, in this , exanple, the

internediate franes are presented as the list of constants ai, bi, a2, b2,

a3, b3, ...warn3bso4ién this way, the anmount of bits requiredPCarLoz@nsni tting
the video signal (i.e., the franmes) is significantly reduced. The reference
frames can be conpressed by conpressi ongrethods known in the art, and
hence, further reduce the anobunt of data required for storing the WD

03/ 060416 PCT/1L02/01030 - 13 video signal. It should be noted that as an
internmediate frame reconstructed by the GV assunes a gl obal, uniform
novenent of sgipliedt fceofdiagetopthenpressnt Hinventient Itt shqudi rhes ngtedathstetheous -
reference frane, its agcuracy i% ki m.ted,, as it does not account for

rel ati ve noJEREntyesmALL o‘B}‘%’Et‘és AT ¢ Frdens, bhQne VERLRRSASE ITRMEy AN ¢ 5o
does not acc@ihlo! forl SinsOSH! ribHAbafiREMAMLE Bl 38id RefeieRG Wi LD 1
areal time Trameé due to e novenent wth respect to the reference frane,
as such infrpsmation i s not avail able by conducting GW transfornmation. The
areas of the internediate frame in which new information should be

i ncluded are therefore displayed in the internediate frame as bl ank areas.

O her wel | - wn GWEs are, .for, exanple: (a) t 4 paraneter )

shi ft - r ot at eXoBFRAMP atglgbﬁgpléaﬁgggpgvye%l ﬁ‘é{?zﬁ%ﬁﬂs C&ant}e%gxﬂegﬁ%? 8Pm

(x' =ax+by+e, y5zexpHdy Lcwgf XeMehg (e FoRki 13 echdtdiutes ehiRr ance

i mge, X' ,y'x a(r}’é&ésﬁ’e goory |’r§1,§t es ?n thte( gye)gond i rragecand a,b,c,d, e and f

are the transtesmediatafraints sf a point ihthSsqmeait draspdresecdinaded (nxt i on;

etc. The term 3 obal Mtion Paraneters (GNP% refers herein to, the set of

constants (partieeedrence feamey Thaifunetiom (o [Goksd r beralpattengeferradetaredi at e

frame fromthe reference frame. Thus, if F1 and F2 are frames with great

simlarity, ashéheClgiobal antjorruncting” sgessoibes replye shatslgbald change

approxi mat| Obne)tiaveen 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+x; 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,be,
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 compression methods known in the art,

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



The term d obal Mtion Cal culator (GVMC) refers herein to a function for
calculating the Gw fromtw franes with great simlarity. Thus,

GVC( F1, F2wGMB664163VP. According to the present invention &carhoixEosf the
GW type should be nmde a-priory, and a sanme choi ce should be known and
applied both at the vehicle and at thegontrol center site. If at any
specific tine one of WO 03/060416 PCT/1L02/01030 - 14 sites determnes to
use a different GW, it should transmt a signal to the other party
informng it of the change, and allowing it to adapt itself to t hat
change. Therdflee esignab bl Ehewldg heotnotednthatin ase aIseWterr@Ah@ framegenot es

cal cul ating the cefrarre rrent fra

(equi val ent %€6° ﬁﬁfaégékﬁ)é GHEFIMER & gﬂﬁyﬁ? BEROPEYCASP ffr%l the GWF
to F1 using n

I nver se tran&]??F%ﬁg%m den egﬁéto%l@g@%o%e@gdg\%%gﬁfﬁlgﬂ@gt@

GVF- 1( F2, GVRicchkacyas linsitpd,y asdt aloeasmadeccofint fanykbrtie woovethdnd/sdefiot ed by

GVPZ*GVPl(Fl) (equi val ent of GVF(GVF(F1, GW1), Gw2) F3). For the sake of
brevity, theohjestsmvardmn the @ﬁ@pe 0¥y VAR rib OF colirsgriioes Mok Acront ioR e

applied to t e frane. n odi pent . of. .t.hi s t frarre
may be di vi e‘\flgg%bﬂb e }ﬁﬂf 83 g@'gf 8?"1%@%%&?}&}‘ a %%ﬂ\{&% 1JF‘%ere GME may
be used for mﬁa%ﬁesqﬁoééﬁ@ﬁt (RUESPREbEt t8 CYAB N ferdhdeS . frhhR, t 88 NyEdW i n

t hat case, en used, may refer to a set of several GWws. Flg 3

schemat i cal | infordnhatson asenotaavaﬂab]esbyecbomddenngl GMF | trapsforiatignt dThe he
prior art. A segrrent conpri ses the updat e me 51, and the I_%I OB& not i on
par amet ers 5aress afsthendniermadaateqt Iiaﬁ“UQlW . ngy, infagmatigpe R% frames

o eeons e S L BRI, T Abaible sthabals Bk
areas. Other well-known GMFs are, for example. (a) the 4 parameter
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); (c) 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 éymbol ~

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



anount of data of a video signal, the use of GW can be useful for the
transfer of a video signal froma vehicle to a control center. The

bandw dt hwoeng/ob@1é urt her reduced by omitting the transm s®caniLefomwse GVP
for sone frames. In this case, the deconpressor nmay produce an estimted
GW. For exanple, if the GW of frame 33 is not transmtted, WO 03/060416
PCT/1L02/ 01030 - 15 a proper estimation of it nmay be produced fromthe
GW of frames 52 and 54. Fig. 4a provides a typical case describing sone

of the cases and problens that the present invention solyes. ,Thti col ums
are: Tine: Altes desewmings toousssa different GME, it/shaudd drapemit g signal to

ti t f nber . .Var. T1, T2, 03, etc,.... - e Th
Frane numberthgoth bRl AP PRdhe Becher dklofhiit to adBPiale (10
thi s col um et Shifled Morbiol, HeABROwiMBRbAMlicHScdilbe uEBd: F3, etc. The

time difference betweén two adjacent franes is referred to in this exanple
as "Tinme slice". - Conpression: The conpression of the marked franes. The

frames are conpressed using i nage co essi nmet hods, known, i n t t. |
this exanpl@Mr%E&thhéi@Oégfe@k%}a%gptﬁﬂiel ,aNﬁdum}s %?i%r%cés%ﬁfql?d oa{ he "
i mage (or vid conpr.ssor reQver, Jn ' it A S d that
!thegcogrpre\s“sr’ﬁngﬁ%‘ﬁrﬁﬁ ifgarﬂg %R’ngﬁélﬁengnté QMNQ?E‘F@;&@E); %I?IP?F glkrielae F1 i 2
captured by dNEp@EEASABS a%:hl?,f:igg %1@ ORIPRY Pt ubinpetts) GOEP [équivialdrit

al ready conpressed at tine s - GW cal culation: The gl obal notion
par anet ers apeGMFKETL,GMRR> K3). Thes, applying awéneirae transforteswquddes, etc.)

I's the nunber of the fra i ch fhe ' not at j.on (Fi,F)
refers to t Ifengtesbdry ‘émrﬁ'rlv@%e)r %WVF%@FG@S@%QM?amﬁ ?Pé:i)r@f’g( ence
frame Fi, ana%ﬂ)bi%g ~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. 3 schematically illustrates a compressed video signal, according to
the prior art. A segment comprises the update frame 51, and the global
motion parameters 52 to 55. As disclosed in US 5,835,147, the
intermediate frames are reconstructed using the reference frame 51 and
the 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,



consequent frame Fj. Each segnment conprises the data Fi, G +1, G +2,
G+3,...,G+n, wherein n is the maxi mal nunber of skipped franes, 4 in

t hi s exanpbas/obii¢ his exanple, it is assuned that the tinmecraned/oiesh for
calculating the GW of one frame is no nore than one tine slice so, for
exanple, at time slice T3 it is possiblgto calculate G(F1, F2), since both
FI and F2 are already present in an internal nenory. WO 03/060416

PCT/1L02/ 01030 16 Transmission: The transmtted information fromthe
vehicle to the control center. In this exanple, the GW_is cal cul ated and
transmitted a peppavestimatigreot iunay e nmdéwggrfmm&}ﬁ GMP pf frmes 52

enbodi nents of éhe I nvention sone of the GWs may not be transmtted, but
r at her estim @ at the receiver site. For the sake of brevity, in this
exanple it is also assuned that each frane F1, F6, F11... produces roughly
t he sanme nunber of bits  transmtted for . exactly 5 tinme slices. Actually,
t he nunmber dFigbidhpropideductypidilease deswikingporsesifidheragey ang pgoblents cant | y
for each frane. _Usually, maintaining a constant rate is preferable, and is
perforned, fibat theprpiest ipyenidemsolyeSpuffers. This principle is applied
routinely in video conpression schenmes such as |SO 14496-2 (MPEXA - _
video). It should be noted that practically, due to the conpression

met hods, therheemprassed:frames mght differ in their size. Typically, the
size of a data file representing a conpressed frame that conprises nore
details is. Himeat eAlsbhanfarhel steeaof “Bini¢ | stanept.efenséquerdidamymbepr essed

B franes ( gebntisoihe prve et MERedS8a ) THam T typrcally | arger

(han . OGPt el M b ORAL St eiobuile P

constant.  rate is constant, this column refers to the “time stamp”. Marked as F1,
F2, F3, etc. The time difference between two adjacent frames is referred
to in this example as “Time slice”.
Compression: The compression of the marked frames. The frames are
compressed using image compression methods known in the art. In this
example, only the frames F1, F6, 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
Filis captﬁred by the camera and stored in memory at time slice T1, it is
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, Gi+1, 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 internal memory.



Deconpressi on and GW cal cul ati on: The deconpression is performed at the
control center. The conpressed franes (in this exanple, Fl1, F6, F1l....)
are deconwoassedic | n addition, the skipped franes are reeomaLouadsd by
applying the inverse global transformon the rel evant
reference-deconpressed franme. For exanplge, at tine slice T9, the transform
wWth paraneters & is applied to the deconpressed WO 03/ 060416

PCT/1L02/ 01030 - 17 reference frane F1 in order to produce a
reconstruction of the frame F2. In this exanple, the duration of

deconpr essi Tyansfniasion:sThet tngnemited irformationt fnom dhet velmclande thedi cat ed

by TR e et aclers Senote econt et tomes olherd hen dase,
di spl ayed atgf Q@eﬁg?}&xﬁéhﬁﬁgta@r n&te@PbR¥io ' th gﬁ{@n&hf)_@&ﬁﬂeﬂt@_ $thine

exanple, a franme s been captured’ Tntine slice T1 is displayed
on the cont rabewiesh esorde Sef alhe0GIMPS Nmisiyn®ot Sbé CerahSmiblede Ipetr trathsrar 'y, in
this exanple, the total lag is 8 franes, i.e., at the tine stanp Fi was

capt ured, t estiopatedtasrthgaectizer sitene F(i-8). Later, in tine slices TI10,
T11, T12, -and T13, internediate frames F2 to F5 respectively are
di spl ayed. The above exanpl e has been given for the sake of brevity, and

the detail spypBy, &RkNe ldrURHS, T ThMek@mAOtDSE -alsd) slsBhme @M Gacht he
notation FI refers to reconstfucting the original frame F1 froma

conpressed fframe. FihePgpt Blion @@d&tds (roughh2tHeF(skindG2)ymbef eofs bits
reconstructing an ag{groxi mation of frame F2 fromthe gl obal m)é‘i on
paramet ers Gransmiitted fosf exaaibe 5 tine ficesTHctuallyotber prmhers PHALS wi |l be

di spl ayed on the operator:s display, ln_the above . .ex I r of

ki ppot 1 aedResE BHE R HHE Bl Sian Rak T TR AR e pUEh IR o o

the present GaYAR, I ARint8thing a constant rate is preferable, and is performed, for
example, by means of buffers. This principle 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. Typically, 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 1is
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



“adaptive' systemis used. In such an adaptive systemthe nunber of

ski pped franes is not kept constant but is rather dynam cally changed
dependi ngworsoeupancy of the buffers. The idea of controlpiciTngozysicem
paraneters according to buffer occupancy is not new (see |1S014496-2). A
si npl e enbodi ment of the adaptive enbodisent of the present WO 03/060416
PCT/1L02/ 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
when the nunber of bits in the buffer is lower than the threshold, the
next frame rteferente frarhe Fi inedrder e @roduseea rreandtrestionselhecramesER. poi nt

The vehicle_.s equipped with a i nner i dance sub-system.that _conpri ses an
i nner cont r o 'Flb‘gpe’ggﬁ‘&@uit}@ﬁ _ﬁlé;‘r?ﬁgn\fgﬁ CPERIGHR Es? 2T HEP Q@&Ott%'reﬁg T point.
The target &?&ggt oTRY thfie SLRE] Frabfis %a{Ha'tﬁli Cl?;é ;itégﬁi él?ér’&tctér@ dehstescenery)

or dynam c ( exanpl e, anot her noving ve section deals with

t he tracki ngeednstrattetlifeamas gethepahah.sodncefraatisoent  of the present

i nvention dealing with the tracking of a dynamc target point follows. Due
to the | ag Display:cEhiricphann omdieptencatdenph | timecBlotngre (rame thators the
vehicle to the control. center t the.tinme the operator marks on a

di spl ayed fr ﬁ%laé{ﬁ&&gjtbﬁtc%%‘%‘?‘gﬁrF%Fé’l%hi cl e shoul d be guided, the
vehicl e may not be present in this place anynore. Mreover, due to the
uplink Iag, when the control instruction to the vehicle which encapsul ates
this mark arAd iederhasstrated inethiebiamele, tshfrawehFt lvhick hasdieenmapbatsdy
further away fromthe |ocatjion of the vehicle when the mark  has been set.

Accor di ng t dnt Hmepslaese Rt isrliepleyed anntheacoRirabcenier Iy socHf%e used
in order to s?i\ég r’lcéj. Iﬁoztehxl)asrtﬁz%ﬁrﬁc,l i%’ t}EQ glnglar'nrf)ge,ttﬁ% tgpaqugé oL 8tf9argg§,q.ee., '

at the time stamp Fi was captured, the operator watches frame F(i-8).
Later, in time slices T10, T11, T12, 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 this example, the notation F1 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 FI1. 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



the vehicle to a static object. As is shown hereinafter the two

enbodi nents differ by the location in which the "trace backward"” step is
per f or medwoloa/otdaes f i r st enbodi ment this step i s perfornedpratr/iLézicsnt r ol
center. In the second enbodinment this step is perforned at the vehicle. WO
03/060416 PCT/1L02/01030 - 19 First ﬁ odiment: At the vehicle a. Each
frame is marked by a "tine stanp", such®S a unique sequential nunber. In
this way, each frame can be identified both at the vehicle and at the .
control-center. In addition, some franmes are designated as "reference’
frames and dhberitien atdrerset ranhseshodd dasitheahathkses of ibite watingt 9 bfer anes.
b. The gl obal notion_ paraneters for each frame (referen eqq to, a previous
“reference' trangraitted dncthe ouéput prdies afvbhe (‘éﬁ%ﬁdﬁpﬂt%-né y Vhen erence

frames) are stored ..t he yehi .along.wih i oGl at '

stanps. Opt irﬁﬁgif" ‘?ry?ta%’ﬁﬁ 1?&#’%#%%@5 6}%9?'& t}fl?‘l’i itp% ra%&%sch@@e@eta#%& fré{r{agfrps may
be stored atigkhetorsdhGeferefice Hamg.essed reference frames, and cal cul ated
GWs representing i1ntermediate frames, each with its associated tine
stanp, are sequentially sent to the control center. At the control center
d. The frames are displayed to the operator. Reference franes are first
deconpr essed CLrgClONand i nter medi ate frames are reconstructed

usi ng a GV, ieerhi e %@dim%%zﬂ%egﬁﬁaﬂcgggﬁ%? ale fame and a

A i NE |

rat.\ Qe

: V. l@ei éﬁ
correspondi ng previous Feférence frame. e®oper at or s a target

point. f. Adbhifiesclankintidd @htid@odipfok @tididigthel vehieleftowards atroaxkeidai n t he
coordi nates of "a sane object on a previous reference frane avail abl e at
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 the 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 operator 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
encapsulates 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 1s
performed. In the first embodiment this step is performed at the control

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



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
coor di natwe oafo6t4e mar ked object as found on a reference fPcameoznado t he
reference frame associated tine stanp are transmtted to the vehicle. At
the vehicle: WO 03/060416 PCT/ | LOZ/OlQ?,TQ) - 20 h.Upon receiving of the

mar ked coordinates and the tinme stanp of the reference frane, and having
stored at the vehicle all nore recent GWs wuntil the currently captured
frane, a forward tracing cal culation which involves calculation of a
plurality offigNEEmbodinenti t he stored GWs are sequentially substituted,
to find the, location of the target, point,.appearing on the nost recently
captured frane. This calcul ation i<¥ t@sﬁ’%’rﬁz"gd as fast as possible to catch

up with the euh ey i&ad egdby far‘acﬁﬁﬁs?ﬁp Y §u€ﬁl§1‘é\‘lj\% t‘i‘ﬁiﬁﬂe Is8q@eni@hpt i vely

sinpl e cal culation, 1t can genera rforne a short period,
typical ly | aagmbBanNmookist wa®, eath ¢eame .cahhbe Y@dmtified ibdth net thectelicleo nove
towards the updated marked coordinates on the current frame. As_nentioned
above, the \aatd et dheacontroleceaiser. i ny additioanisomefeames aze cdasignptedsdsem i n
order to reach, a defined oin ks known i.n the art) ; Mreover,  the
coor di nat es B&ef‘?ﬁ?enﬁ W@éﬂego?)?éc%ﬁ;rt@ecéﬁ?’?ﬁum?fg uptfat deFERedn d5he

vehi cl e, whe £ captured, as long as no new target is marked.
Second Enbodl{hnt%ﬁl\tﬁ:e%g‘taﬁgn\?éeﬁi cle a. Each franme is marked by a "tine

stanp”, sublTlas giobadirfottons gananictets forwnehr frahte {(eferenesd teachreviame can be
identified both at the vehicle and at the control-center. In addition,
sonme franes ‘aeference’ oframed age 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.

c. 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 available 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:



“reference' frames and all the other frames are designated as
“internediate' franes. b. The gl obal notion paraneters for each frane

(ref erencwo wBos@1previ ous reference' frane) are conput edCTIhexEoBVPs (and
optionally the reference frames) are stored at the vehicle, along with
their associated tinme stanps. WO 03/06Q416 PCT/1L02/01030 - 21 c.
Conpressed reference franmes, and cal culated GWs representing internediate
frames, each with its associated tinme stanp, are sequentially sent to the
control center. At the control center: d,The frames are displayed to the
oper at or. Reépermeeeivingrof theempirked cogrdinatnscanddthentimenstampsefl Hged, and
I nternedi ate franmes _,are reconstructed,usi a , ;giLven the c spondi ng
GWPs of eacHei¢renEs fraine: and PEVPE RiPT d@grtggsvﬁbﬁ%ﬁépﬁ}oﬁirSElesntrQWSence
frame. e. At r r | Whi a

di spl ayed #%%Fﬁe?ﬁgﬁggg&gm%@f%&? ’e@ttr;%me éc&)%jcglc @fgg%ag%%dﬁgh&?he

di spl ayed finaoReanrdlduletids afre pluraityted GMIsantwhichntihietstaradoGMIRs axhi cl e.

At the vehicle: f. Upon receiving of the marked coordinates and the tine
stanp of thesequentigllyt subptituied, psi find odhreli laeatden apk ther dargetad®inbackwar d

within the saved.franes, at_the vehicle to o I n_thewcoordi a sane
obj ect. on s THRAATIE SPorRs omeR: rrasi paptufit b S AbRER & D

st or ed GVPS'péxffox?ﬁ'@d RQi Akt RASpREMLe NRY &REh O avitE!tleeAG@ehtlg@ipthi®l trace
backward to ‘a reference frang is of course not necessary. g.A a forward
traci ng cal cithafel oks thisctalculadioness aatetatiatlyosinufle acadtulasions yt cah @VFs in
which the stored GWs are sequential]y substjtuted, to find the location
of the targegenssaly nesfemechyldnnisehopispeniesd dypigallyalesgtbgn one time

slice.

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 frames) are stored at the vehicle, along with their associated

time stamps.



frame. This calculation is perfornmed as fast as possible to catch up with
the currently captured frane. As this calculation is a relatively sinple
cal cul at iwn,03i0604¢@n be generally performed within a short pogniedioloypi cal |y
| ess than one tine slice. h.The vehicle is instructed to nove towards the
updat ed marked coordinates on the currgnt frane. As nentioned above, the
vehicle has the ability to manipulate 1ts steering systemin order to
reach a defined WD 03/060416 PCT/I1L02/01030 -22 point (as is known in the
art). Moreover, the coordinates of the marked object are continuously
updat ed wi thComphesseéhirefezences fremesr aapd anlsulatggt (GMEs aePreedtie no new

target is marked. The tracing of .a static target. point. fromthe frame on
which it wadhieRRedEats o e Utef"éﬁt “flflénétsi sas%ogg%%rrtwe an}ﬂrﬁp’ngarf cascade
of GWs op ' ' BEe St A60.cAEs. For exanple, with reference to
figure 4a, gggg%gggapg;s@%@ t?rre sﬂjccee T1|s | a target point was marked at
coordinates (x,y). At this tine the displayed image is F3. The coordi nates
(x,y) along with the tine stenp 3 are sent to the vehicle. Suppose that

due to uplink | ag, the nessage zébmﬂe%ﬁﬂﬁrg’ltcwef-ar get point and time stanp
arrives at ;the vehicle site at .tj slot T16 (. which.the |ast tured
frame i s Fi5 .el‘ffﬂﬂl?%ér@e 'ngaé'edhgcg%?% 9PELALOT &{ée??léﬁnﬁgtfrﬁg}eﬁt%?er (f)i% 3to
F15. That C%&Eﬁlﬁ@%d’ Ny A0 théd CBfspldyed! " 368 Didgkrrhb@iaté" GRIME! e from
the frame on 1ch it was marked to™ the'last reference frame preceding it.
In this exangkenithectedeasitigng GMFergivee theacerrespdidingi GMPFfi gachn
internediate frane_it is actually a warped version of thg reference franme
FI : F3=GVF( Antazpedirtmiramannd a jearespopiing Praviousckafermeefamevi thin F3 is
El'ﬂg fgggi i g;@%?ﬁ? %Igr)l(terlol 'cgntelrot%%t 619e'}a£611‘ r\Qaer aFlcar\gggrp%irge( oﬁ)a:%uﬂadv 1, &).

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 fraced backward witﬁin
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



target point in the reference frame can be easily restored by the inverse
transformation: (u,v)=GvF-"'([x,y],G&). 2. Forward tracing the target point
fromFl twoRBBesTHi s is done merel y by cascadi ng transf omrea/iLonimsl to
F15. In this exanple there are two reference franes F6 and F11 between F1
and F15 so the tracing will go fromFlhd4q F6, to F11 to F15. i.e. the
target point which will be presented to the inner loop is:

(s, q)=GVF(GW(GW((u, V), &), Gll) 615) or, in a si rrpl er notation WO

03/ 060416 PCT/1L02/01030 - ~GL5* GL1* G6(u,V ni ng the | ast
two steps tqg:enhéas id kholwn ln[téleqf}rihl ﬂtﬂweeﬁ%k@cth%tes |V§rt‘3Pri§a ey nani ¢
target point sai d, there ret hot ogr aphed_o ClSar static
obj ect s, (ﬂp Jectsalsy, POrHm Mﬁg@m Bﬁ‘g f’%?ﬂ% %%QFWQBJ%EH € for
exampl ¢, velyy Bhfifed, aldoh aglﬁoqléwleaﬁg%tema&ga obj ect, the control | ed
vehlcle has t e “equipped with an object tracing ut|I|ty The term
"object tracing utili ty refers herein to a utili ty (softvvare and/ or

hardware) that can detect where a gredefl ned obj g. n. ob ect
marked on a 'Bh@\trwggwfaﬁest@tw argets pornty fromy theg é‘ﬁb‘é)onaﬁ’g’é $ frane.

As known to th il ersan n ceis a
wel |- known SBEFe to the et dramk i AR R A hindls Tesdfil f‘fﬁmd
further her & atioARkid GRlQdrdd @8kRES can cope wth a conpl i cat ed
situation su as nmaneuvering of the tracked object as well as naneuvering

of the tracking vehicle |tself A typical object tracking utility may use

a criterion of maxi mrum corr atlon o track an obj t betvveen tﬁf)l franes.
Sone ot her k]?:ﬁfmﬁxéléélﬁal HB{"‘eéfH DHPPASH ¥eature

Aecording o (REERY el W%%én .*%%” aBGufafes Rkt i

displayed image is F3. 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
time 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 (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 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. i.e. the target point which will be
presented to the inner loop 1s:

(s,9=GMF(GMF(GMF((u,v),G6),G11),G15), or, in a simpler notation



an object tracking utility of sone sort, which is a part of the inner |oop
so that once the operator marks an object to be tracked, the vehicle

aut ononmouwioy3tos@aeks the object. Still, it is usually the tragkLafo1bdve
operator to see that the tracking is maintained and to update or change
the tracking point when needed (e.g. ifodhe vehicle approaches the tracked
obj ect, new details may becone apparentZ). To mark a target point or for
changing it, the operator uses the outer |oop, which as said is a |agged

| oop. WO 03/060416 PCT/1L02/01030 -24 Marking a dynam c tayget-point
suffers frorsuleG3aelptGo(wws Gembiringr theethskblove steps Hegedher iyégldsvar ki ng

a static target-poLpt" n_top of it, it suffers from problens

st enm ng frdgaqé‘h@%aégltg@g?@'gﬁ@"%j ect to be tracked is noving. Wen the

operator marks a point on the displayed frane, not only that the tracking:
vehicle is not at the point in which it was when the frane was taken, but

al so the tradiekingtd gﬁﬁaﬂﬁa@ta@spo@' obably noved in an unpredictable

manner. By the time the control instruction to the vehicle (encapsulating
this mark) aAs saidstherelarettavo tywes oh phrtographed phiscteehstatic eerteniicdhj ect to
be tracked may, he.,even further away. ;Another .difficulty _anrlises. n, in
attenpt to fat#/}? @ngé’dqé‘és’trﬂﬁgs’c%ﬁnéﬁfiéﬁ?mg iR @f ﬁ,xgs}%e’u‘ge}sl\é‘?%e system
described abpyqrQlic o ShOKiR) (acRiih) BbRLAPEA I BrbiclERS veBlcE dia@Nty 1ne frane
of a video segnent (the reference frame) is a photographed inage, and the
others (thequippsdmedilate dbjertesiciagentilityn fer tarti tolsect trahing utlge, on the
deconpressed video signal the "notion" of static objects is snooth, while

the "noti on'refgrsnberein tobpeetility dsoftwaps andfer berdvaypr trat samdetere

ST or T o X 8Pt 1101 A A JE o AR}
the same video sequence) appears on a frame. As known to the skilled
person, tracing an object on a frame sequence 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 utility 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 present invention, the vehicle has
an object tracking utility of some sort, which is a part of the inner loop
so that 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 it, the operator uses the outer loop, which as said

is a lagged loop.



nobi l e objects is "junpy" (The noving object appears to be "glued to it's
surroundi ngs when internediate franes are displayed and its location is
real |y updatsodceméy when reference frames are di splayed). PETgLOB®@030
schematically illustrates a sequence of video frames photographed by a
camera nounted on a vehicle. Fig. 5b schjematically illustrates the video
frames of Fig. 5a, as presented on the operator's display, according to
one enbodi ment of the invention. WD 03/060416 PCT/1L02/01030 - 25 1In
Fig. 5b, the reference frames are enphasi zed, as may be seen in frames
101, 105, addatkieg andynami¢ rtavgetentint suffessdyony shectame proklame s The

obj ect 60 noyes from.the |ef.t upper ner do rds as,is. .reflected in
the capture 4%53?}%%3&‘00#?91? é}f S&g’ront ﬁlg[ragg_}&g B}Agpé\%ﬁptr%rgﬁ'p?mtthéamﬁ@ﬁi cle is
assuned to I i | , 5Becty’ =Y.
Hence, acco&gpf\%qﬁ’c}%? e@g%%?@g%%ﬁ%%&ﬁ%&&%gﬁ%;@%&%ﬂ ?Br% c?\/\ﬁ);jie((::h each
segment conttgi Be ratkédriensevingnWiand the pdperatirt ynadks ianpeintednathe f r anes,
the position of the object 60 al %ggéa segnent, i.e within the reference

frane and t iispleyedframei notepnlydihat dhe tzasldng yehidads ant at 4be poIafidan i n
Fig. 5b. Mor rticularly,, .t correct . ocati,o i;Ng..o0hj.ect IS
rla? | ect ed or?’f'e@jo ‘H’Wéfu? be’\ért@ﬁgga’ﬂea%%. a%%‘itrﬁqé? %ﬁ%ﬁ%\é:drogﬂ%@ e lacft
only a gl Ob%o&hg?%m& Hﬁﬁgggﬁphnt AnPreEGYIOUSahRELT BRCEd B, Vol Vi ng

it
from the noving e’ ve Objects wthin internediate franmes are

di spl aced byoatsdnBstdustiands theivehide $gemipstiatime thisl maak) arrivés badk t he
previous reference frane. Therefore, this sanme apount of displacenent is

proper for dplthetvehicle, boshethesvelicle and pae ebieakto bpieadied Mgy be ¢8R ng

obj ect, as Irfs tg{oﬁject 60, the real location of the object is not. reflected
in the interftEt®E ¥ anes,

Another difficulty arises when, in attempt 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 “jumpy” (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. 5a 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.



but is correctly shown only within the reference franmes 101, 105, 1009,

etc. As is shown in Fig. 5b (which as said assunes no gl obal notion, for

t he sake wh d3remitéy) the | ocation of the noving object 60'PATaLecnNstaNt
within the reference franes and the following internediate franes (for
exanple, within franmes 101, 102, 103, apmd_104), and is updated only at the
next reference frane (e.g., frame 105). WO 03/060416 PCT/IL02/01030 26
Accordi ng to one enbodi nent of the invention, in order to overcone these
probl ens, a fast object-tracing utility is provided (at the vehicle) and
the follow ng steps are taken: a. Each franme is marked by a "tine stanp”
(sane as in thg,_ stati tarPet- p?i nt case). b, At ‘iirhe vehiclIPe, t he gl obal
moti on par afBt 8% Por they JRIGTERGR [13RES ALA IRPLAY 26 the 2P JLRY - PEFEFR Tl
frame) are e Theyef r S e r ] ' d their
associ at ed ??érgé{ggétg%’. '1?5,T%xgﬁcégs?,dia§{£é§%0?£ﬁ%gne§§%%{ %@%r%ﬁ%@nt he
control centgiphafiged.he tine stanp of the frame on which the mark has been
made are transmtted to the vehicle (in a same nmanner as in the static
target- point case). At the vehicle: d. Upon receiving at the vehicle the

mar ked coordi,nates ang .the ting stanp the frane on, which &h rk has
been made, '?]h'ée pﬁ’gﬁl‘?ﬁt E’Q f"}orv§?n§\9fnr ttﬁﬁl Ik{%"ﬁ%?%ed’or%‘?{t &%%?rrdésgén i ng
saved franme i | ge L D@ SR of 8irfplikide) the

cal cul ati on r@@%%i ﬁoﬁrﬁnﬂé}dé#guﬂé%%h%%e(sﬁlgg?ﬁg%‘og}thtg%e pgi n?ﬁpéplp%ari ng on
t he nost reGehiclé iamsultddstc bk ahiit, thus sheerdmsfomdation domtions gmssi bl e

to catch up with the currently captured frame. Then thg v%hi cle is
i nstructed to=xveyt Beacasachedingdarthe compeegsionongtied described above

in which each segment contains a reference frame and a plurality of
intermediate frames, the position of the object 60 along a segment, i.e.,
within the reference frame and the following 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 diSplaced 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).



on the current frame. As nentioned above, the vehicle has the ability to
mani pul ate its steering systemin order to reach a defined point. The

traci ng ovoasmynaéi c target point fromthe franme on whi chpcta/mesoi10sear ked to
the current frane is done in two steps. The first step is identical to the
corresponding step in the case of a stajdc target point. The second step
makes use of the fast object tracing utility to trace the WD 03/060416
PCT/1L02/ 01030 - 27 object using frames stored in the nmenory. This issue
will be clarified using the sane exanple used for the static target point
case, refer rAcmgrdmg fd gueeermbodBueniooé thRanvantionydnserdes tol pvercogieget

poi nt was nmat ked at, .coordi ate t tine | ayed J mage i s
F3. The coor ﬁ%lg)ggbl(e;pa])a Jeé/& tItrﬁzllnﬁe tt"\tlﬁbl%ﬂjﬁ%deg (ag tgg Vé%tlcq?o t he
vehicle. Suppop d nk lag, the nessage conveying the
target poi nt an t@%wq#g%&%iﬁﬁégghat the vehicle at tine slice T16 (in
which the last captured frane is F15). Now the vehicle has to trace the
target point fromF3 to F15. That can be done in two steps: ;1. Trace back
t he tar geta. Bainframeis merkeddie acitimpistampt (famenas ke dhe statie bargesy

reference frane E%Se eding it. In this exanple the preceding reference
frame is Fl p%p 3 is an internediate frame it is actually a warped

version ofyt thfa rél alFﬂiotlgﬁﬁﬁﬁFejce@for e-g&ﬁtfrﬁﬁféné‘refetrbﬁ&e@ pi xel

|nlocat|on x e sanme as the pixel inlocation (u,v) in Fl1
where (X,Y) :tﬁ‘ﬂﬁ(e[lasﬁ/]reﬁ})encél’ Heame} até compiitddeThafigaheparastored aldng
reference frame can be easily restored by the inverse transformation:
(u, v) =GVF- 1(¥ithytheizaGMPEs apd their fsepciat 1’tnﬁ’e5tﬁﬁﬂbet object fromFl-to-the

nmost recent,.captured .fra The_f ast ob tracin qu dto

per f orm t H a‘éer‘%?ﬁlt gptpfallfci}n§ &5 @&r P?tt 3 S%‘gtrﬁfnééhi ?larr%ge f et ched

from menory $har kidiflp of the frame on which the mark has been made are
transmitted to the vehicle (in a same manner 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 point 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



fromFl to the |l ast captured frane. Since the fast object-tracing utility
can process the incomng franmes very fast it soon exhausts the franmes in
menory. AVD@B/0sd41@rocess the last frame in nmenory it conveyI/ILép1030
coordinate of the tracked object to the inner |oop and the inner |oop
continues tracking in a regular manner.osFor exanple: if the regular video
rate is 25 frames/sec (40 m | 1iseconds “per frane) and the fast
object-tracing utility is capable of tracing an object in a frane in 5
mlliseconds, then at tine slice T16 it will trace the object in franes

F1, F2, F3, F4 obfecka)sig ramps stened imthe memorge Thiy issuewwill he glagifiede WO
03/ 060416 PCT/1L02/ 01030 é a % in fr rres F96F 0 F11 Elz F13, F14, F15
and F16 (vvhﬂk?hng ¢ FRE LA &ptss dar Fheiaticd rgﬁt’ig 10 GBS TR ISR br ovi de

t he obj ect r&ates to the inner loop. As the first of these two steps
is identical 86 the case of static target point, the comments regarding

this step amipposé $Rat at tinee eheeTafl a thrgatrpointavgematiedtat coandingtes . this
step is omtted if the marking happen to be_on a reference fragns¥ and ii.

this step rm(y,ymeAwmsmmd:hat spleyedimese iz E8t eFhe eaqrdinates i,

vehi cl e. e aken a trol cent g the
vehicl e toMEﬁmﬂgt é‘?‘?c’g FPprm%lﬂa s[egﬁégtt a’leﬁfcéea MPPG g%ttf‘ flggkg(#fference
exists only, d thRsathh® vehicle
can only storpgﬁ(g\/lgs aﬁrgé ErF1sagét %JS%\%? c?hec&i %Eﬁaptozﬁ?tﬁe t ar get cig%r di nat es
up to the cuirigs aftrthﬁﬁzebaﬂédtmnné IsheeTlel‘éﬁsW}hdmﬁheﬂasttda@tsmcbfram can

al so be perfornmed with full ima

es, of course. - nami case the
vehicl e has is Fli)oNew ghe vehile asattetragadhe tqrget Palé%t fg‘BP’eé‘t?' %or gé?

utility to t,ﬁ%&ecane agrrlglertltgvggggthe mar ked frame to-

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) 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 captured
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



the current franme. Typically, assum ng a video signal conprises dynam c
objects, the nunber of franmes to be stored at the vehicle should be at

| east t heworambeme of | agged franes in the system The nunpen/mé2/avsx ed
frames nmay be reduced, e.g., by storing every other franme, if the tracing
utility wused is capable of tracing an fgpject in a diluted sequence
(typically conpensating by enlarging the search area). W 03/060416
PCT/1L02/ 01030 - 29 O course, the lag is not always constant. Hence, a
security factor should be taken, i.e., the stored frames and associ at ed

GWPs shoul d dbgeagrindrames P91 G MLLA 13 Fea,F14,FihemddF be (whichdstthatlasthe
distinction between,a "fast'  object-traci utility.of the oguter |oop and
the " regul araptureddams FOFI‘T@? ﬁﬂ%“i" S]rl@)@pari‘ggéiowaﬁttb%rObbefthfz(?ﬂVﬁHPg‘?‘?cté’: t he
two tracers tgggﬁggrlo% t one tracer operating in tw different nodes. In an
enbodi nent of "the preséent invention which is capable of guiding a vehicle

towards both a static or dynamc target point, it is the roll of the
operator to designate to the vehicle if he/she/it wi shes to refer to a

static or dmahe dinshrofdhepoitwo. stepadsadgnticahte thalcased Hatisidasgetng

frames (i.e., .these franmes are not.. capt.ured and processed,at all) 4n order
to reduce t R¥%®ra r"é’f‘é‘.ne?%str@%?fdmgh §k§tﬁﬁeﬁp¥’fyar‘?§.§° i eth“?iclalsgdoﬁ n" by a

not i on Com%@@ﬁ\é&&mﬁ%mﬂ%@w ous transmtted frames. Because the GW

of such fra ated”and transmtted, an estimation of the GW
i s used iinstidadtep sasmitxahifithe marldagilmmiped G2 omy referente flamedost t her by
extrapol ating fromprevious transmtted GWs or bé i nterpolati n% from

pr evi ousiianthis ufepqment be rearimned: @t aes congioh geataraystherxthath@latheon  or

i nterpol ati on, gy be carried out by nethods well known in the

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 frame 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).



literature, such as |linear weighing or Kalman filtering. In the case of
tracking a dynamc target-point the tracing utility should be able to
trace objwotes/osmi@ dil uted vi deo sequence. The sane GV | Cagee/@bv3ot he
vehicle and at the control center. In a possible enbodinent of this
invention either the vehicle or the conddol center may W sh to use sone
other GW. In this case the side that 03/ 060416 PCT/I1L02/01030 - 30
initiate the change should notify the other side (by neans of the

comuni cati ons channel) which GW to use and when (i.e._on which tine
stanmp) the cBfcgmersshihd kighie neftfadwayd comstent. Ben@yvrssenayitydagtossbguld n each

side (i.e transitional, affine erspective, .etg. of. .tthe GVEs is set
Lo be the ddtatakeTone-ithe stppeel Gagnesan Pés%%*&ﬁlféMg%]g%‘?‘%@pbeoﬁ%aﬁ%r
system Int ‘ n one side wishes to change the GW, it only has
to send the %%éle%?%@p?%g?said GW and the tine stanp for effecting the

change. To increase the quality of the reconstruction and tracking, the GMC
may divide the image into several parts (spatial segments) and conpute
separate GVP¢ flmulddwhnpted tb@btthﬁrtgst}nm&,twwéwee@li& BstnebigsEtnacing,  t hat
case it nust convey all %he rel‘ev€2£ecjata far r cons{ uction

d.
back- t r acki gty Phthe gHEFHI00PeHR ; i?eeg.'ul?’hetrg fit ¢ %b’%‘%faﬁ’lggsl_,s The GW
used at eac %%@&g?d%tcoﬁo&itegge:rﬁ%%vﬁ gﬁhc@@ﬁlaagbg juiPond tihcBl gfgré%iﬁ?r am of

a systemforguiding a renote ve towar a“static object via Tagged
comuni cat i o ShRATRrenBf@dedl Ng to a preferred enbodi ment of the
invention. - At step 101, the canera photographs a view fromthe front of
the vehicle 10; - At step 102, the imges are captured and digitized

formng | maglen ;1|1 Ie?n odirexl]ce%Q: ro?%hg %rgggn%ligvgﬁtiox]; LWANER 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 frame 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 embodiment of this invention either the vehicle or the control

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



- At step 104, if the frane is a reference frane, i.e., the first frame of
a segnent, then the system proceeds to step 106, wherein the inmage is
conpr essewo 03/0bodiet ep 105, the GWPs are cal cul at ed usi ng tPloa/1GMA)102Nd
stored in storage 103; - At step 107, the frane data (conpressed frane
and/or GWs) along with its associateddine stanp is sent to the control
station; WO 03/060416 PCT/1L02/01030 - 31 - At step 201, the transm ssion
is received at the control center; - At step 202, if it is the first inage
of a segnent (reference frarrezl, the franme is_obtained by deconpressing the
data at stepnitirde Cheechinge shpuld not¥yathe mthewesifet @y means ohethe ane is

obt ai ned by appl ying.the i th.of at step 204, O _ course, there
are numer ouSoREHENY tmlnﬁo‘??f\,"{‘g}xhe\fﬂl f”li‘t‘%é %&ﬁa%s@n@’%&t‘ghﬁn ﬁé?e?gn‘g@@% ane or
to an inter ' I ti I ' aitoRig t he

I nf or mat i on%k%&?%&sttg%gggﬁgts }rlgt?ll?n%s % th%&]g ?a‘?r%elt% fEMg%ee}BQ %g (t)ﬁa I mage

i s di spl ayednanch ¢188i(i.orraisitibrak aiffine| paepeetive,-etdl). Onemf2he, GMits

operator marks a target point on a displayed frane. Assuming th t he
traci ng bacKesetiso e thet gefanit ore i.asthe pre that ihused appr| startyp i nat es

f th i d. the ti f. f . h
Cen oo (ot SysBnotn et thte, qullth hE"RaglithEs 0 PRUERE e LM bARF L0 e
utility is nols {sddd bsdifded BetheV SIHCGRIF ankir theetiRRACKk WA fdrSefftingy med

before the transmssion. More particularly, the marked coordi nates are
traced backwhedhahget he proximate ol der reference frame, and the resulting
coordi nates, together wth tine stanp of said reference frane are .
transmtted to the vehicle. - At step 208, the transm ssion fromthe

control st at,fé) {]ncirgasree eei (\qll?a it%ftofttﬁg regc')erpsit?&c%ion 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 guiding 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;

- At step 102, the images are 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;



- At optional step 219, assuming that the trace backwards utility is indeed
installed at the vehicle, a trace backward is perfornmed. Mre

parti cul awloy3/obdaes mar ked coordi nates on the frane are tra®eed/hexdkesr ds to
the proximate ol der reference frame. - At step 209, the marked object is
traced forward fromits location withirg, said reference frame to its

| ocation within the nost recent capturec} frame, by means of a series
(cascade) of GW calculations; - At step 210, the steering inner guidance
sub-system of the vehicle is provided with new coordinates to be guided
to. The ter#t stae20hghedrasyroasipnsispereived 2t ¢he gontroBoentest em shoul d be

taken here in the broag. sense as it nma I I ncl ' Ki
aop. - 11 ARFYERIDZ & if T HreLTo TORGET % SPEDARL HRCRS® dbaPsbi B and
fj.he' rtine fﬁéﬁgﬁs%Bfai%a%fd&’e%gngfreéeih?%hgl ath 3t 2649803 FOther®se,Sf & bl ock
i agram of a systemtor guiding renole vehicle towards a dynam c object
via a | aggeds eoimmteiraridiate fhame)ehe frameoisdobtgined dy apglgihigrtine GVIER he

invention. - At step 301, the canmera photographs a view fromthe front of
t he vehi cl e with; of- the GMBpaBetep 2Aé Oiugasseridera mrgraymernd "AYS Yed

formng image .files, also. referred to herein as franes;_- . 03, the
full data o&‘éﬁ‘ﬁf%r‘%&h? a&%g’efos“ggtfi?r%cfe §reqe O3 8" ﬁ\?m{etrﬁgetﬂ%%

: . _ . ) g
associ at ed Fﬁgﬁleste%”.,psettin ta ALERN30datd hedddr GMihel iBfGm &£fieH eslagidy e,
i.e., the first frame of segnent, then the procedure proceeds to step

306, wher ei reacheransgitted fravoerpr essed. Qtherwise, If the franme is an
I nternmedi ate franme, the procedure of the system proceeds {o step 305,

wher ei n t heAGRFRRZ0% He imagedsWSRIayed PRERIORHSK a4 the eRSrol eRieEt ored i n

storage 303A’c 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 point 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 ﬁhe
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 is

provided with new coordinates to be guided to. The term steering



- At step 307, the frame data (conpressed frane or GW) along with its
associated tinme stanp is sent to the control center 20 via the |agged
channel ; woAB/oet4e® 401, the transmi ssion is received at treTanodeiodo center;
- At step 402, if it is the first imge of a segnent (reference frane), the
frame is obtained by deconpressing the ghata at step 403. O herwise, if it
is an internediate frane, an inmage franme is obtai ned by applying the
reverse GV 404 with said received GW. O course, there are nunerous ways
to indicate if the data belongs to a reference frame or to an internediate
frame, e.g. systemishguld be sgkémharejiay thenerpadrsepse aiat may alsparclyfde @@ at i ng
to each transmtted, fr . WD 03/060416 PCT/I1L02/01030 =-33 - At step 405,
the i mage, WRABERERCEMGPOR reference frame or an internediate frame, is

di spl ayed Oﬂ} ggg‘gaké,z&ga frabs %qunéﬁg&velémt%QE@tdﬂeré@BK%n@ fhdi:98ineP0i Nt on

a di spl ayed sum ng t hat tracing backwards utility 419 is

instal l ed atsthh® ancedisedreledfeomabied D eoraget he target point and the tine
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 vehigle, ,a.tra agkward i s perfornmgd at .t ont.r before
the transni s9fobP f\ﬁ)laegg’ﬁgt gW%’F’I )9? % ﬁ%slcﬁg}”& d g&%‘%‘?‘ i %a{bensl&!aer g&ﬁhtrcgé(’:ed
backwar ds t qqtheqor gXidPalenie! d8fedteWRd €ACEadded CoorMnidiidie Sehdrinivg,

coordi nates, together wwth time” stanp of said reference franme are

transm tted dceotding tehincdrabdigeernt, ofshe pndétjon.- At step 408, the

transm ssion is received at the vehicle;, - At optiqQnal step 419, assum ng
that the trAtestemaRhathescampra photoagraplyeadievizeom thejirgpt o the ¥ fee, a
trace backward is perforned. More particularly, the marked coordi nates on
the frame are’traced backwards

- 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 1s
cempressed. 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 stored in storage 303;

- At step 307, the frame data (compressed frame or GMP) along 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 segment (reference frame), the
frame is obtained by decompressing the data at step 403. Otherwise, if it
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;



to the proximate ol der reference frame. - At step 409, the nmarked object is
traced forward in a fast manner from its location wthin said reference
frame to woasloewaé i on within the nost recent captured fra@/ILioin®ans of a
fast object tracking utility; - At step 410, the steering inner guidance
sub-system of the vehicle is provided g4 th the coordinates resulting from
step 409, to be guided to. The termsteering system should be taken here
in the broad sense as it nay also include an inner tracking |oop. - In any
case, old frames no longer relevant to the operation and their tinme stanp
are discar-dAtl stepm4(ie EhéOrsegs, agthetbs: bainghaulréfdyenemt rdmehar fdver al

problens may exist_in fhe systemas . disclosed, as follows: WO 03/060416
PCT/ | LOZ/OlGB@erm%ai‘?% @/@Sﬁﬁéﬁ’# %BIW%‘EF%?% a reference frane, produces

o e AR e BTROIALELN GBI BR800, LELAL IR M These

bl ank areas  OfI act t rmedi at'e Tranme may

contai n " neVAgsul@inleS tRAt the Seemer Badliedrdde teilitot 419 Skbingtdlted e timrer a
when the reference frame was taken and thus cannot be reconstructed by

appl yi ng t heh@ip, he ¢doedinsttes ofidheftaaget pRintTand ctheatimse stampsofi thenvhi ch an
operator at fhe control center mar an. object (or an.area) within a
frame, that, yed frame 38¢ §f %(eatos%ed"éh’ré?la(tﬁée%gget ransferred to the
vehi cl e andtrap: 5C; ' ' t redits ed
{rams, are PhoRaopal BBb Lo 0P PRE R Backarly BT AR Bl

enmbodi ment s dk ddificlieN wetitac® backRwald & peafodmedr atvblae ksntrob certeal edfdre at
| east to -some extent. The object of the enbodinment of Fig. 4b is to display
at the cont rtbie transmassion.aieze wazticwlaslyrdbe mpukedgoerdingies argdratedf vi ew,

with a m nibr;% vs!a%g’s t%l 1?8 lf)%gxitﬁae% &%%rir%?ér%%%e rgrrrlllé, Unthe 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 traced 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:



In the enbodi nent of Fig. 4b: - In tine stanp T9 the reference frane F1,
whi ch conpletes its arrival to the control center at time T7 and

deconpr eswed3demieng time T8, serves as a basis for perforairngozdieso

cal cul ations required for the reconstruction of franme F6 by using GW &
which has just arrived. - In time T10, f4ane F6 is displayed. It should be
noted that at time T10 the reference franme F6 is not yet available at the
control center (this can be seen in the columm TRANSM SSI ON). Thus,

al though a better reconstruction of F6 can be obtained at. a latjer tinme by

deconpr essi.riEhe OMFr whenecapidd tme referencerfipiee, Rroduces aBdntamRAAEh of F6
i btained , by t f i I d f f F i : t est
VP, To. | di SR AR ERP R B RO I 6-0F Bl PRTOHE: Theld SR Afead Sne.
the VO 03/ 06418 ECHOLLQRL Q%Qt39nat' 132 intefmBASte Ush N2t &irtath byew’

deconpr essi ng conpressed tfrane has been denoted by bold italic fonts
(e.g. F6) anshrtdefr@rorséndrgt tloat afera hotamisiblesitagtheMeanrera wherrgrce frane
has been denoted by italic fonts (e.g. F6). - Then, in times T1l to T13,
the i nt er nedieferente fnrare WRS tREen M dhuscannet beireeonstaneisdyeapplying, i ne

T13, the refer ranme 6, now being avail able at the control center, is
g:lecorrpressecf, em{ﬂﬁ}?&q‘?ﬁe&ce\lflﬁ%‘?%termm ate frame F10 (F10=GlO*G5(F1))
is calcul a%].eﬁher‘e thBy Heisdd 4n WIEh i SpdFaddrddettie asrbilénter arkbayed,
while at the sane %'I me F11= GlL1(F6) i's calculated. It should be noted

that, althoudfedth@r arefeeanedtiinaadrime] sthagwatihithabdoerdinatés of said ol
center for display, it is still not displayed as,it is an "old" frane

cont ai ni ng tMerigagmredransigyresto ?heﬁéeq’éq?lﬁéélﬁ@?nﬁfﬂm@dttﬁew&r&@éa?ﬁ H spl ayed
frame F9 Is § ho%?gt{)c{t%%n%%ly %gWrea%gﬁg?HeVEMnaftotBJrglltsJ)f &fd FmbEOr that

reason, F10

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

drawbacks are resolved, at least to 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 T9 the reference frame F1, which completes its arrival to
the control center at time T7 and decompressed during time T8, serves
as a basis for performing the calculations required for the reconstruction
of frame F6 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 F6 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



and the frame F11 is prepared at this stage. - In tines T15, T16, and T17,
the frames F11, F12, and F13, which are based on the information of F6,
noved corwespondiagly to the points of views Fl11l, F12, amdTHL®/@EDZ

di splayed. - In time T18, the operation is simlar to that of time T13. It
shoul d be noted that the enbodiment of 44 g. 4b is advantageous with
respect to the enbodinent of Fig. 4a, in that the perspective is nore
updated. More particularly, for exanple, while in the enbodi nent of Fig.
4a the perspective of F6 is displayed only when the reference frane F6 is
avai | abl e f aecolissphaiion bbined byt degeniprassing at ¢rmprassad feamedtasppegn  4b,

t he perspectjve of FG is .displayed in tiJe . However, .whil.e jn_the
enbodi ment cdenPF‘ﬁ{ “bﬁg’oé‘ﬁ itqlpetqrts eFeegrcEG} P%a;if' e refRenstapEtipn P84 ﬁ&fr}se cl ear
of bl ank ar e ' o, | : 60416
PCT/ | LO2/ OIS%SHg t(ﬂggf 5?%?8@%‘9% aﬁlﬁgg{gg@ %\g ‘g‘?‘@ttg %e&?%%mn%s%s?%gare

di spl ayed arpg)frames on which a GW is applied. The object of the

enbodi rent of Fig. 4c is to display frames that contain _m ni pum bl ank
areas, al t-hThegh, théinded 3} 1ito Fildpths intgrmedinteframessi deFamnd Fohaxene
enbodi ment of Fi 4c: . - frames are displayed at the control center
until the fisll’%‘ﬁlag%dlrsg}aé’re nce frames, F1 and F6, are available at the

cont {0l - cent Pims 18, thi%ekiInct hElIe) 906 LEIATRy b A HRAtnmum | abl ¢

(it was deconpressed | ine 18), and the reference frane IS
deconpr essedenter, s tde@®m ptdsseldhandefuatiesresorier ahe ikferinsediase framee F10
Simul taneously, F2 is calculated. F2 is so prepared as to include m ninum

bl ank ar eas.(FWBrFe10p&@&(Ftlliacalulgtedi s a mixture of two portions: the first
s the refefence. ofrape, EL brouaht, 40,1 S SRSHAJE hilEht bhe Samd N

time F11= G11(F6) is calculated. It should be noted that, although the

reference frame F6 is now available at the control center for display, it is

still not displayed as it is an “o0ld” frame containing the point of view of

time slice 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



T2) by nmeans of the operation &(Fl), and the second portion is the
reference frame F6 brought to the perspective of F2 by neans of the
oper at i onwQGaB3@6041¢ F6) . The said second portion fills nost peft/iLéxoibicank
areas produced in the frane resulting fromthe first portion. - In tine
T15, P2 as calculated in T14, is di spla%eql. Si mul taneously, F3 is
calculated. F3, in simlarity to franme F2, is so prepared as to preclude
bl ank 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 dagwde blankazeasiasealithe fpmeswbids argdisplp@daatedfamssmom | and
the second p r.tiion is_the reference frane F6 brought to the perspective of
F3 by means r?eG"c}’EEﬂ%f‘PBﬁe *@-1(F6). The said second portion fills
t he bl ack areas produced in the frame resulting fromthe said first
portion. F3 is displayed in tinme 16. WO 03/060416 PCT/1L02/01030 -37 - F4,
and F5, whi cthewslsjecosf gspantodighentdifsiigayeds o dispep frihiesaththtbRitainar e
prepared and displayed in a simlar manner as _F2, and F3, _but .in their
cor r espondi ngingenapedlanke sareas althonghrithe deday hin qlisplegingchemale F11 is
deconpressed, a i available at tinme T19. - In tine T19, the reference
frame F6 is°89§@1%5§ : As shown, in the enbodi ment of Fig. 4c, the
di spl ayed frames contain mninmm bl ank areas. Each internediate frame is a
conbi nation of two portions calculated by two separate GW cal cul ati ons.
It shoul d bdn theteadbbsdiatentredfBpadbd:y one of the two portions is defined as a
primary portion. The secqond portion is calculated only to fil)] black areas
in the fi-r%‘p.frm@swﬁﬁiﬁfr&lawf N&lhep%ntﬁ%%}t%wtﬁﬁgeé%ét WP TRSTERCE he
calculated frane rti iS..cl t n ane. Mre

>f,raﬁnﬁs,t gangg?% uaﬁ"e av?a%l%‘b}e ?_.%ale{ %Inec'fgl (%:itélr

particul arl ation o e portionresulting from G5(F1)
i s defined s #ihR T13, the reference frame F1 is already available (it was

decompressed in time T8), and the reference 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, F3 is
calculated. F3, 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 F6
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.



secondary portion, and the portion resulting fromthe calculation® G *
-1 (F6) is defined as the primary portion, as the calculated frame F5 is
cl oser towphes@fiierence frane F6 than to the reference fr aaiEb2o0103nd
therefore this portion results in snmaller blank areas (which are then
filled by the secondary portion). The_egbodi ment of Fig. 4c is

advantageous in that it contains mninum bl ank 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 enbodinents of Figs. 4a,

4b, and 4c. FEpandeﬁrpWh;c}Mmd conraspdrslinglyodispiavedon Himges T47 amel TﬁBarre F6 -
i spl ayed | e HEDRIRS 3 EHEISRoR AERFLGH TRRBIeh S 2rEnd Ao RApl ayed
intim T19. 030 - 38 Gener al notes: Delays in
t he system }Qge&%pg’%ﬁa&iggs g%{,?%cl uded under the term "channel |ag",

as fol | owsIn &imér TNg)rithsi tHirde@ferehag fheineedn 1t isedbcmprmdd,ofanﬂhs
transmtter (e.g. antenna) and the front end of the receiver. This kind
of lag may tas'all@blsebltme TéPays, packet switching routing, etc. and is

typical to kaddo | i nk n protection"” lag (or
"nessage i'nfrég‘r’?‘? @R aé‘e)r N gaxggg‘flisaﬁgﬁlayﬁlth forward error correcting

codes and/ or spread spectrumtechnl gques. This type of lag is also typical
to both uplink and downlink. Since the nethod disclosed herein treats the
fi rst two tyA;@%h@Wndehadﬁs émbbienaaimef Figy4c, wherdbplayed frhimeskéomdanf | ag as
“delivery lag". c. Conpression/deconpression |lag: |If the channel, B between
the renpte mitimum biaakereaspbach srtermedints Frame s areammbingtiop e tdeo

sequence 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+G6(F6) is defined as the primary portion, as the calculated frame

F5 is closer to the reference frame F6 than to the reference frame F1,
and therefore this portion results in smaller blank areas (which are then
filled by the secondary portion). The embodiment of Fig. 4c 1is
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 F86 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 is displayed in time T19.



must be conpressed prior to its transm ssion. An inherent feature of data
conpression is the lag, which can stem from various reasons, of which the
signi fi cawbD dnmesii@are: - The delivery of varying bit rate daraL¢xangr essed
vi deo) through constant rate channel requires buffers that are not all owed
to overflow or underflow, at both ends;of the channel. As known to the
skilled person, a conpressed video signal has large variations of bit rate
(between franes, dependent on the type I, P or B, and within the franes
depending on the visual activity spatial distribution), and hence,

subst anti al Genfidral notes:s required. - Conpression of the B franes requires a

"future" fr . Thus, when B franes are used, the conpressor has to wait
until the nﬁ&ﬁ—éﬁ“—l‘—ﬂiﬁ%ﬁas the is conpressed before the internmediate B franes
are_ conpr eSSﬁ%? Th 604160 Gdld LOIORO term3FchhdRE Mgrdedy IS
typical only oF <t e&%ﬁ?ﬁg :%that uses NPE%Lor I\%EG Ici ke corrpgr essi on

met hod) . In fgdewki on, there can al so be an operator delay due to the tine

it takes the operator to examne a frame and issue a control command. The
i nduced | sy Tregtsabissionymiedia heg betesnethe fomtrand pHthe frapssaittard®edh as

i Si t b: I - - Uplink,lag: Th i | abl f di spl ay
at The oper diengn] Btk eip. oS Peeeve 2R B ol 1985007 e °
Hence, the Séa%%ééln"k%r \%’Iﬁéﬁt Pg&get SPRERRE fttidy, dtee aﬁﬁefsaﬁﬁ){icsﬁrt% baged on

| agged i nformati o Ssituation prone to instability. - Downlink

| ag: Cont r oluslosirandslosndinlnt er preted at the vehicle site when the vehicle
is no longer at the position referred to by these conmands. Region O
I nterest node of operation In a constant channel bit rate reducing the

frame si Zeb.i§z?grn%?s‘%§'o}eggon * 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 uplink 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 narrow 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
constant rate channel requires 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 on. 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



video quality and/or the frame rate. In a preferred enbodi nent of the
invention, the frame size is not fixed but selectable by the operator. In
very | ow wardws@tier conditi ons, the operator may prefer topPcaaelv@osnly a
portion of the field of view of the canera, but at higher quality and/or
hi gher refresh rate (that is, fewer skiéﬁigd franmes). This may be known as
an RO (Region of Interest) operation. e effect of the segnent size The
nunber of franmes of a segnment affects the performance of a system for
guiding a renote vehicle. For exanple, as nentioned above, onl reference
frames are regipecaptdetayd is nypes] adiy| of the dowmlimkedithat uses 080416
PCT/1L02/ 01030 40 franes are actuglly transformations of the reference
franes. Thus,W@Gdﬁ%ﬁmeloéﬁ@ﬁ?%he canera's frane after the reference
frame, and S IS 0 f ) anat; en by
% s @@1%%{1, ttﬁglte (Eateh 5136 aext o énlfa%re&(?lﬁg cftfé”@a%ll%%@ it Pk

the operator. € options to decrease pro 1Tty of such a

situation is {i{fp SREEEASH &enideOREnt ahid dRe Déoretrsle@mmandHovwever, this
solution will cause additional lag, since nore data nust be transmtted.

Whi | e sone enbodi nents of the invention have been described by way of
illustratio it wll be.a rent. that the inveption can he carri.ed into
practice w ?F\h"‘rrﬁﬁi}\i%&?tg ilﬁé){%%k}}fé’,lnxfglrei"&ﬁ"i@ﬁé CQHE‘"O_; DEYREVICTRd & th  the
use of nuner i enhs ‘ternative solutions that are within the
scope of percg(&)*?psﬁ%%%&?‘lgﬁbzpt bé&g%'t, wi t hout departing fromthe spirit of
the invention or exceeding the scope of the clains. WO 03/060416
PCT/1L02/ 01030 - 41 CLAIMS ) L
- Uplink lag: The available frame for display at the operator site is 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 and/or 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



1. Anethod for guiding froma renote control center a vehicle towards a
target object, said renote control center conmunicating with the vehicle
by neans wb w/ob@gged comruni cati on channel, conpri sing: Atdieoyvahscl e: i)
Periodically capturing franme i mages by a canera, assigning to each of said
captured franes an associ ated uni que giﬁa_starrp, and saving wthin a
storage at the vehicle full frame data or partial frane data of captured
frames and their associated tine stanps; ii) For a plurality of saved
frames, sending to the control center via the 1agged comunication channel
full frame datmes et acthallyamendfrmadionsofciebrefarénne frasasofThais; a1 he
correspondi ng . assqci ated ti stanp, for ea%:_fgﬁéeﬂt frame so, t hat

f

appr oxi mat e Biedxat ¢Riess dheosampra’s drpme & FefERence STARE #%d and
di spl d at,.th t ter.,. At L0l Lo i id
rame data S iRt it TheC heyt reldi8ntd Taie, RRAEE be ceeRU6FHed 280

i mages fromgrehiorai Onsestt the!l bptidith @ @sirbasd ther prebalality ofnsudhi #pl ayi ng
the reconstructed i nages on a £Sp| ay; iv) Upon marking by an operator at
the control siertem i poidecresseathespamiber ofdiramieayafda fsegments Havavgr,

coordi nates |ndication relating to,,.sai rked point as,appearing on said
specific fr O?O?BHOQ WrlJe]f Ef eaqdrliﬁ’ég]a&gﬁ abP alflof(ﬁed%tgintmgft Ehter,
and the ti AR ssociated with said specific or reference frane, as is
t he case, {Tgtr% %‘%‘i cle; At the vehicle: v) Receiving said coordinates

i ndi cation as marked and the sent frame tinme stanp; WO 03/060416
PCT/1L02/ 01030 42 vi) Gven the coordinates indication and_frane t}'_ e

stanp as recWhiledome embodiments of the invention have been described by way o
illustration, it will be apparent that the invention can be carried into
practice with many modifications, variations and adaptations, and with
the use of numerous equivalents or alternative solutions that are within

the scope of persons skilled in the art, without departing from the spirit

of the invention or exceeding the scope of the claims.



fast forward tracing said point or object coordinates fromthe said frane
towards the nost recently avail able captured frame, thereby finding the
coor di natwe 03focishe sane point or object as appearing in tPeT/IERG1030eCcent |y
avai l abl e captured frame; and vii) Providing the coordi nates of the target
point or object within the nbpst recentd;y_available captured frane, as
found, to an inner guidance sub- systemof the vehicle, for enabling it to
track said object. 2. A nethod according to claiml, wherein each parti al
frame data represents an internediate franme and each full frame data
represents a reference frame. 3. A nethod according to claim2 wherein at
| east one iqiﬁégﬁﬁéate frame is produced between any two reference franes.
4. A met hod ng to claim2, wherein each partial frame data

compri sqs axsgb.iofq %\fpgu* gcf%ﬂnng rbRRtE |ceﬁﬁlol %Qﬁf&‘ea Qfeicl it QArls 3&”9 with

respect to ‘a previous nce franme, as calculated using a :

met hod accortgtgat dlest, 8hid PZemuteedositrol meﬁmmmﬁm&rmm@mﬂcdimvdmshﬁ at
the vehicle before being sent to the control center, and deconpressed at
the control hyemeens ofa lagged poramutentéthehamnel, gomPEISIREr ei n at | east one
set of GWs is sent to the control center between any two conpressed
reference frames. 7. A nethod. according to claim4 wherein a sane GW is
used at theAtVﬁzQ'Jész »j@nd at the control center. 8. A method according to
claim?7 wherein each reference franme is displayed after being deconpressed
at the con)r olPeeisttietlly aptiirireg fracheimragedi bng atoansdra), asigning & eadnch
internmediate frane is dlspl ayed at the control center after activating a
GWF, using t heéa@veaptyieds fisends apeassagated sinjawe tHng ﬁéf‘%@r@‘gﬁ?ﬂﬂ‘g&o a

previous reference afst&rarxege MRRA3/2098 b8 Bahb 'd4eh 91 93Qtial frame data of

captured frames and their associated time stamps;

ii) For a plurality of saved frames, sending to the control center via the
lagged commuhication channel full frame data, partial frame data or
a combination 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 control center.

At the control center
ili) Receiving said frame data and associated time stamps, sequentially
reconstructing frame images from each said sent full and/or partial
frame data, and displaying the reconstructed images on a display;
iv) Upon marking by an operator at the control center a point on a
specific displayed frame, sending coordinates indicatioﬁ relating to
said marked point as appearing on said specific frame or on a
reference frame available at the control center, and the time stamp
associated with said specific or reference frame, as is the case, to the
vehicle;
At the vehicle:
v)  Receiving said coordinates indication as marked and the sent frame

time stamp;



-43 10. A nethod according to claim.9, wherein, when the operator marks a
target on a displayed internediate frane, the nethod further conprising
backwar d wotmmetiieng a GV to convert the marked coordi natre3/ILe/@osx di nat es
on a previous reference frame, before performng the fast forward tracing
at the vehicle. 11. A nethod according 4o_claim 10, wherein the activation
of the backward GWF is carried out at the vehicle. 12. A nethod according
to claim 10, wherein the activation of the backward GW is carried out at
the' control center. 13. A nethod according to claim4, for guiding the
vehi cl e t ¥ar dsiven shet ¢aprdinatgeindigatipni and frameNmecttan) 85 HegeNed f r anes
are saved at the ,vehicle. 14. A. pethaod accordi ng to c¢laiin 10,; wWh in the
fast forward Ry zati"fc1 f’i"f‘é’m%ﬁ]aédgt%oggto%ioﬁ’é?cgsmgfglrﬂat%ﬁ% ff]%lpe?}éen gf rane
towards the v [redCAheedhedbyoy nmeans
of cascade a(r:r? ?%rg%?c‘;?gfétgwcgvh% gdt()lst@1 %Jg&vrgﬁjftgﬁgﬁgg%?%&r%&g r%m t he obj é??t

coor di nat es offiralingfthe eoerlinhtesnsl thedaapppyinn @rtobgedtascd prearong &l thenewer
saved frame GWs until = determ ning sajd target. coordinates to target

coor di nat es omesteepertly avatahle ¢ardupdidrame; @afe. 15. A method according to

claim4, f.aqr i di the vehi.cle t rds_a.dynam . rein full
data frang¥ a erogaéﬁlg% tgf’ c?ﬂlédl{}%ﬁ%sc&g%elé?ge& %@ﬁﬂég op e%égﬁlh}%lv@% I@Pgﬁ m 15,
wherei n the fggtefipy WosdableaGipdarad frhhfe, a9b@Rd, ORH dhilat £sidahedstbe
reference frame towards the nost recently available captured franme is
carried out byyseansf the aehiclatfomenablirestt toftoadasaidoiljjectt tracing utility
at the vehicle, starting fromthe target coordinates on a reference frane
and applying the utility on all newer saved frames until determ ning the

coor di naé.esAOfmétP}]l%dt %rcgo%tleQ £CbeCl£r1{?I§ t 1, rv@ﬁ&%ﬂx Ye&@Pt b'éleﬁialf tHthe data
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 GMPs indicating the global change of a given frame
with respect to a previous reference frame, as calculated using a GMF.

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 GMPs is sent to
the control center between any two compressed reference frames.

7. A method according to claim 4 wherein a same GMF is used at the
vehicle and at the control center.

8. A method according to claim 7 wherein each reference frame is displayed
after being decompressed at the control center.

9. A method according to claim 7 wherein each intermediate frame is
displayed at the control center after activating a GMF, using the GMPs
of same frame, as received, and data relating to a previous reference

frame.



17. A method according to claim 16, wherein the fast forward object tracing
utility at the vehicle first identifies the marked object region on a WO
03/ 060416wB@3/0614d2/ 01030 -44 reference frane by neans of PCrdLeoan® nat es
as provided fromthe control center, and then uses correlation for

determ ning the region novenent in allggewer saved frames until

determ ning the coordinates of the target, being within said region, on
the nost recently captured frane. 18. A nmethod according to claim1 wherein
t he said i nner guidance sub- systemis a system capable of trackjng an

obj ect 1@ aApoiethod tascordingt b glalpn Pe VRGN, oWhenc B ORSTRIOE TREKSS by

nmeans of a navigation sub-system. .a tracker,sub-syste C | nation
thereof. 19.'28¢ tHbd &ac SP%YF@ tlgt%rlné‘?cﬁ?%% y\ﬂg%ﬁ’n t?lﬁe%gf of%f rgﬁnjgh%:ta,
representingg, Igﬁggr YRR WA B cERARES S GIME! theRHASEM! Ahieormdlied Of the
frame. 20. A netho according to claim19 wherein the full franme data

further corpbrdiaatet toeasbrdinataetomfa GyReiousli referenget Heamepbedforshange of
the reference frame with respect to a previous, reference frane. 21. A
met hod accorrfirfymisgdbgifpstitpriveed dracipgat the ¥ebicle frame is reconstructed

and di sp] ayed at, the control center.b I | d: pi.xel I on
Gata, 2o Ammehad SRESHEl EET Tp R P oL DR RERMAL PO
reconstruct qgnvgng dirsicdaadtadhetvidhigentrol center by either using said
pi xel representation data or by substituting one of said set of GWPs

i ndi cati2ig Ahmethabatcorfimmgto ofalinh#0,rwheredndbefactivation of thespadkwansl a
previous reference frame in a GV é@ A nmet hod according to claim1l
wher ei n t he GNET 1 @vTied outcnthg iR gen®st em rat her than a human

operatofs 24 RiR] HegARELLE I8 &, $hRkllding Bl FilclNEuffs £btatised to

const r uct oon ey arriv control center, to produce
frames with target, wherein only GMPs of intermediate frames are saved at the

vehicle.

14. A method according to claim 10, wherein the fast forward tracing of the

object coordinates from the reference frame towards the most rlecently
available captured frame is carried out 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 newer saved frame GMPs until
determining said target coordinates to target coordinates on the most
recently captured frame. |
15. A method according to claim 4, for guiding the vehicle towards a dynamic
target, wherein full data frames are saved at the vehicle. |
16. A method according to claim 15, wherein the fast forward tracing of the
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 coordinates of the target on the most
recently captured frame.
17. A method according to claim 16, wherein the fast forward object tracing

utility at the vehicle first identifies the marked object region on a



m ni mum del ay. 25. A method according to claim1, wherein a reconstruction
of a frane is based on nore than one reference frane.
WO 03/060416 . PCT/IL02/01030
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reference frame by means of the coordinates as provided from the control
center, and then uses correlation for determining the region movement
in all newer saved frames until determining the coordinates of the
target, b-eing within said region, on the most recently captured frame.

18. A method according to claim 1 whereih the said 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
reference frame comprises pixel representation data of the frame.

20. A method according to claim 19 wherein 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.

21. A method according to claim 19 wherein the reference frame is
reconstructed and displayed at the control center by using said pixel
representation 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 GMPs
indicating the global change of the reference frame with respect to a
previous reference frame in a GMF.

23. A method according to claim 1 wherein the operator is a computerized
system rather than a human operator.

24. A method according to claim 1, wherein the GMPs are used to construct
frames as soon as they arrive the control center, to 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.



