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5 BACKGROUND OF FHE INVENTION

In many applications, an operator controls a remote image sensor via a
‘communication fink. Typical operator controlled applications are traffic control,
border control, search and rescue operations, land surveyé, police surveiilance,
etc. Operators may additionally request measurements of the remote tracked

10 object, such as motion parameter measurements and the like.

Reference is now made to Fig. 1, which illustrates a prior art
surveillanceftracking system 10, comprising a remote image-sensing unit 20 and a
control center 22, which are connected via a communication link 25.

Sensing unit 20 comprises a sensor communication unit 28, a remote

15 tracker 30, an image sensor 32, and a pointer controt unit 34. The methods of
operation for these elements are well known in the art. Sensing unit 20 locates
and tracks a sighted object, and transfers sensor data 24, such as image pictures,
track location, pointing data and the like, to control center 22. Sensor data 24
travels in the direction represented by arrow A.

20 Control center 22 comprises a control communication unit 36, a display
38 and a control stick 40. The methods of operation for these elements are also

well known in the art. Control center 22 provides control data 26, such as pointing



UNIT 55 ~ . i ~~ ~ 60 DI SPLAY CONTROL STATI ON CONTROL TRACKER 40 (57)
Abstract 56 (81) Designated States: AE, AL, AM AT, AU, AZ, BA, BE. BG
BR BY, CA, CH CN, CR CU CzZ, DE, DK, DM BE, ES, FI, G29y2¢¢
GV HR HU, Wpoomesss IN 1S, JP, KE, KG KP, KR KZ LC LigcThoRookss LT,
LU, LV, MA, MD, MG MK, MN, MV MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG

pai ent (G PR ey FEfcdiner B fmefls B Keefihe 0B BE "
es A rr ageckiho fi 2fzoofhad S R AN E e ieipr Rl by o By o
G a oM & O\I’Co%ur%atiomnk% isSléIOnr;I;z%tang )tc') sensing unit 20 and control
center 22 via sensor communication unit 28 and control communication unit 38,
5 respectively. Furthermore, communication link 25 transfers sensor data 24 and
control data 28, viar sensor communication unit 28 and control communication unit
36, respectively.

Generally, image sensor 32 surveys an object, and relays image pictures

(sensor data 24) to display 38, which displays the pictures for viewing by an
10 oberator 42,

If operator 42 decides that it is desirable to track the object, he sends via
stick 40 manual coarse pointing instructions (control data 26), .such as "move up", -
"move right", "zoom" and the like, to pointer control unit 34. Pointer control unit 34
acts upon these instructions, and directs image sensor 32 in the instructed‘

15 direction.

Operator 42 then sends via stick 40 centering instructions to pointer
control unit 34. Pointer control unit 34 directs image sensor 32 in the instructed
direction, thus céntering the object in the center of the field of view (FOV) of
display 38. Once the object as sensed by imaging sensor 32 is centered in the

20  FOV, operator 42 electronically sends via stick 40 locking instructions fo remote
tracker 30. Remotfe fracker 30 receives the instructions and attempts to lock onto

the object in the center of the FOV of display 38.
Once the object has been locked, remote tracker 30 takes over

command and generation of the tracking operation. Pointer control unit 34 ceases
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relative to sensing unit 20.

It is noted that there are various known in the art methods and apparatus
for identifying and tracking an object. Among these methods are center of gravity
identification, edge detection, correlation, and other known in the art methods.

In many applications, there is a considerable time delay between the
time when sensing unit 20 acquires an image picture of an object, to when the
image is displayed on display 38, and ﬁnai[y, to the receipt of the responding
instructions by sensing unit 20. Generally, the main factors contributing to the
delay are signal processing, image compression/decompression, andfor link
bandwidth limitations. Consequently, when taking into account the delayed
reaction time of the operator, the accumulated delayed time can from hundreds of
a second to several seconds.

| Due to the time delay, the location of the image as displayed on display
38 is generaliy not the current location of the object. The location dispiayed on the
screen is the location of the object before the transfer of the sensor data 24, (e.g. A
seconds ago). Additionally, by the time the pointer control unit 34 receives the
instructions (control data 26) additional time has lapsed, (e.g. an additional B
seconds). Subsequently, by the time image sensor 32 is instructed to locate the
object, the object may not longer be in the same location it was when the image

picture was taken over A + B seconds ago.
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29 July 2004calg\l?at%0a{n%ﬁg§k5prggslsl hlég% %g?'ggeated. As such, the effect is a continuous

10 feedback control loop with delay, a situation which is liable to suffer from
overshoots and instability.

The locking process is complicated even more by the human input in the
tracking loop. Human reactions and directions are less precise than, as an
example, cémputer or processor generated instructions. Humans do not furiction

15 well in feedback loops with time delay, such an example being the typical daily
experience of adjusting the temperature of hot water from a faucet with a slow
reaction time.

One solution to the time delay problem is to minimize the delay and/or
optimize the control circuitry bandwidth so that overshoots and oscillations are

20 minimized. Another solution is to use a prediction cursor which measures the
dynamics of the sensor, and calculates its predicted position at the time of receipt
of the lock instruction. Additionally, operators can be trained fo optimally estimate

the location of the object at time of execution of the lock instruction.



instructions, centering instructions, track commands, track corrections and
the like, to sensing unit 20. Control data 26 travels in the direction
represented by arrow B. Communi cation link 25 is connect abl4® {uy 2si ng
unit 20 and control center 22 via sensor communication unit 28 and control
comuni cation unit 36, 5 respectively. Furthernore, comunication |ink 25

transfers sensor data 24 and cmulARYISErZE INVERTIONENSOr comuni cati on
36

unit 28 and control conmmuni cation unit , respectively. Cenerally, inage
sensor 32'survey an, object, and rel ays inmage pictures (sensor data 24) to
di spl ay 38, which dil§giokiest ehibisgn¥entioads fooprovideumnpipvey apparatys foptracking 42,
| f operator 42 decides that it is desirable to track the object, he sends
via stick 402HHREENY edfaremolsanayinggblentst ructi ons (control data 26), such
as "nove up", "nmove right', "zoon' and the like, to pointer control unit
34. Pointer contrllacaerdanse withas fitg aspent of therdnvamtion otere dspravided tes

i mage sensor 32 in the instructed 15 direction, Operator 42 then sends via
stick 40 cent!&3cking apRaratust fob tracking poi ehjest withimimages,rihe tradkinPaippaietus
control unit 34 directs inmage sensor 32 in the instructed direction, thus
centering theCOprEEEd in the center of the field of view ( FOV) of display
38. Once the object as sensed by inmaging sensor 32 is centered in the 20

FOV. operator 42 éatdtidH,'Sbid eaifoldiash selectdah ABtdido!SHEYEL RS O

remote tracker-30. Renpte trac recelrves the Instructions an

attenpts to |f4¢knagd gnd%?e,?ajéggbpjé&ﬁ,{}g{rﬁg@@;a,% the FOV of display 38.

Once the object has been | o not e takes over conmand and
generation of the tracking operation. Pointer control unit 34 ceases 2 29
July 2004 WO 00/ #68@%5ingahit haxingswewnage sensor, said sensing unit captures a

series of images in a scene having at least one object over a period of
time, and tracks said object based on said object information, said sensing
unit being remotely located from and communicating with said control

station by means of a communication link,

wherein said sensing unit retains in memory and transmits said series

of images to said control station,

wherein said control station provides said object information to said

sensing unit, according to an earlier image from said series of images, and

wherein said sensing unit identifies and locates said object in said
earlier image using said object information, scans through subsequent
images of said series of images retained in memory, and locates said
object in each of said subsequent images, locates said object in a latest
available image and directs said image sensor according to the location of

said object in said latest available image.

5



to receive commands via stick 40 and instead commences to receive
instructions fromtracker 30. Upon receipt of the instructions, pointer
control unit 34 relays themto the i mage sensor 32. Inagenghgb@(gb tracks
t he novi ng object and keeps the object in the center of FOV of display 38,
even while the object noves 5 relative to sensing unit 20. It is noted
that there are various known in the art nmethods and apparatus for

identifying and tprafdthiilg, ANefRLEbrtioNoPE EAHESE nTRERRAB frﬁ?tﬁ)‘ﬁetiﬁélu@és.
ot her known in

gravity identification, edge detection, correlation, an

the art methoge. m_le@sﬁﬁéﬂyerﬁgpﬂ'hé%bﬁﬁﬁen{%% ndiFdés %P’l@éﬂ%bi@%?%iﬂéﬁcgel ay

between the 10 tinme when sensing unit acquires an 1 ure of an

obj ect, to whehledthatriiiRI Dbisct o haled cgd?yeési'e c8Y oot BLLILIARN Ybi )E/P the

recei pt of the responding instructions si ng ner a t he

mai n factors ganhpd/BréhjB& dhapbhe delay are signal processing, image
conpr essi on/ deconpr essi on, aﬁd/ or link bandwidth [imtations.

Consequent |y, when taking into account the delayed 15 reaction time of the
operator, the acdhfiensedingides Bieans fer rraviding dnagemaf bdscere tathessoadr t o
several seconds. Due to the tine delay, the |location of the inmage as

di spl ayed on ¥Rcksr apd the cpatrgleliagker. Theeentraldrasiter inctudes dmage protesshey
object. The location displayed on the screen is the |ocation of the object
bef ore the trg3Inefopiganesatiegdbe meaaummeliis. fromAtieo imagesdThagedntrol
Additionally, by the tinme the pointer control unit 34 receives the

i nstructi ons Meweend instaicions Jnclitis, tieo eabelbctee image) tessdectéd iagawith
additional B seconds). Subsequently, by the tine inmage sensor 32 is

i nstructed t contselanevenent inshjletions assueiatdy] thetewithy not | onger be in the sane
|l ocation it was when the inmage picture was taken over A + B seconds ago. 3

29 July 2004 WO QR£4&A831 movement instructions include, per a selected image, a set of

control movement instructions and a reference to a copy of the selected image to

which they apply.

In accordance with a second aspect of the invention, there is provided

a method for tracking an object with images comprising the steps of:

generating, by an image sensor in a sensor unit, a series of images in a

scene having at least one object, over a period of time;

transmitting said series of images from said sensing unit to a control.
station and retaining said series of images in a memory of said sensing unit,
said sensing unit being remotely located from and communicating with said

control station by means of a communication link;



PCTI 1 LOO/ 04065 Clearly, this tine delay conplicates the efforts to |ock
renote tracker 30 onto the object. Operator 42 has to accurately cal cul ate
and estimate the expected |ocation of the object at the tiZfUi¥édMe future
when the tracking instructions are to arrive at sensing unit 20. Only then
is pointing control 34 5 pointed to the calcul ated estimted | ocation, and
renote tracker 30 instructed to lock' and initiate tracking. If the
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experience ofUnifdj usting the tenperature of hot water froma faucet with a
slow reaction tinme. One solution to the tinme delay problemis to mnimze
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overshoots and oscillations are m zed.

prediction CUkrRAhatMH SPsAIE - e dynam cs of the sensor, and cal cul ates
its predicted pos?{ﬁﬁén Sat ?Egg'ﬁlrlr@ﬁof receipt of the lock instruction.

Additional ly, operators can be trained to optimally estimate the |ocation
of the object at SPhHangfhreygh skliseauent imeges otsaid setieuclimages retaigedin y 2004
SUWMMARY OF THE. | NVENTI ON :

said memory, and locating said object in each of said subsequent images, at said

sensing unit;
locating said object in a latest available image at said sensing unit; and

directing said image sensor according to the location of said object in said

latest available image.
The step of tracking including the steps of:
identifying the selected image from among the transmitted images,

identifying the selected object using the control movement instructions

T

identifying the selected object in a current image, and

Ga



The object of this invention is to provide inproved apparatus for tracking
and | ocking onto renpte noving objects. In accordance with a first aspect
of the invention, there is provided a tracking apparatUS'@&qugﬂgﬁ ng an

obj ect w t hiwoionagges, the tracking apparatus conprising: @ ceo/osss
station, said control station selects an object to be tracked in an inmage

and determ nes obj i nf or ,.on, _and a, sensing unit havin i mge
sensor, said s engé eﬁ@'&iﬂ%t &‘82%'%%50&"0&’ emepf insdru {P&'Wﬁég ewpc&% 2@‘?} é’”ﬁg'i}ti ng at
| east one object over a period of tinme, and tracks said object based on
sai d object i %W%ation, said sensing wunit being renotely |ocated from and
communi cating with said control station by means of a comunication |ink,
wherein said sensing unit retains in nenory and transmts said series of
images to said control station, wherein said control station provides said
object information to said sensing unit, according to an earlier inmge
fromsaid series of imges, and wherein said sensing unit identifies and

| ocates said object in said earlier imge using said object infornmation,
scans through subsequent inages of said series of inages retained in
menory, and |ocates said object in each of said subsequent inmages, |ocates
said object in a latest available inmage and directs said i nage sensor
according to the location of said object in said |atest available imge. 5
29 July 2004 Preferably, at |east a portion of the control novenent
instructions includes the neasurenents. The nmeasurenents includes at | east
obj ect dynam cs, object attributes, object paraneters, object speed,

obj ect accel eration, object



si ze and/ or object shape. The sensor includes neans for providing images of
the scene to the sensor tracker and the control tracker. TQ g géi

tracker includes image processing means for generating th fhent s
from the i nmawexouébbe control novenent instructions includecriRffyedsse! ect ed

i mage, the selected image with control novenent instructions assocl ated
therewith. The control novenent instructions include, thsr a sel ected i mage,

a set of control novenentBRIER PESCRIAHOMAFTHEPBAWINGS 0 a copy of the

selected inmage to which they apply. In accordance with a second aspect of

the invention, thererHeSrBsdny irﬂr@ﬁtlorﬁw%b%ﬁefs%odtérﬁcw A8 PRIrE ity Woh!"

i mages conprising the steps of: generating, an | mege sensor in‘a sensor

unit, a seriemeabildwiRg8stalist descRERSEtaREY | H(}?Jn?}nc G h%a@%gﬁ%ﬁ ’drémg{)su Dit

perlod of time; transmtting said series rrages roms sensin
to a control.i,sti@t.i on and retaining said series of inages in a nenory of
said sensing unit, said sensing unit being remotely located fromand

625 July 2004 Sel od ‘3'9*5%%32‘%‘.‘“%‘@"'9%‘*39?“ 82 PRA R8P b2 acked | n
Stat on obj 'eif?ge. ot Gt B ANheRall ERARD &Y (RRLBL A obihedRled 7L,
ard Sensing ORE 3G °f§§+°ﬁe§~*"5“ %Fe %‘E%ci %ﬁb@%ﬁ‘n@%‘tﬂ%ﬁ%@%ﬂ@é\r MR | er
thr ough subsequent 1 igciasisch SEERlRtE s ey aalg B lndifien A operative
in accordance with a preferred embodiment of the present invention; and
10 Fig. 3B is a schematic illustration of data flow constructed and operative

in accordance with an alternative preferred embodiment of the present invention.



said nenory, and l|locating said object in each of said subsequent inmages, at

.said sensing unit; locating said object in a |atest avail a&gﬁwfqa(%e at
said sensing unit; and directing said i mage sensor accordi (o) e

| ocation of waigdigls ect in said |atest avail able i mage. T%’rﬁfﬁ;@n&g )
tracking including the steps of: identifying the sel ected imge tTrom anong

the transmtted i nag ' tifving the sel ected object using the control
novenent instructi onﬁETAIgEﬁtd]E%@ﬁg’Tﬂﬂﬁl QB THE RRESE EdNVFNTégQ!urrent i mage,
and 6a WD 00/46985 29 July 2004 PCTI 1 LOO/ 00065 perform ng the control

movenent i nstruct i onefiichée laRReRadt %o FRE 2CHK E:rﬁ@fmtidnrﬁf%etra&ir@sy%wm{ 56004
WD 00/ 46985 PCTI | LOO 00065 , BRI EF DESCRI PTI ON OF THE DRAW N e present

i nvention wil¢oragustedes it apsratnd i@%@é&ﬁéﬁéeeglitﬁ‘)% ?réféhleé! éég@angpem%f g owi ng

detail ed description taken in conjunction wt e appen awi ngs in

which: 5 - Figesdntlifydhis® NSUbiG0 hrbiakd atédleglinf |%\;gléy guiﬁs%lyéwg'r{g et ed

system Fig. 2 is a schematic i stration o trac

and oper gt | Yiﬁsﬁ%bﬂ%%&ﬁ"é@ig%ni"étfch 4@;&%&5 §&ﬂro?ﬁ‘$a<§gt€§nblc8ﬁtré§%‘?o Bhig3 t

invention; Fig. 3A1s a sChematic ustratron o OW COons ed and

operative ;%ﬁﬁﬁ%ﬂﬁﬂé‘&%é‘ﬁl&c‘ﬁ iRstRICESR foSenREP RN 3b. Bystdhf 56" Sifhany

I nventi on;
provides improved fracking ability by supplying tracking instructions directly from

control tracker 60 to sensor remote tracker 30, and thus providing more exact
tracking/locking instructions than those experienced by prior art tracking systems.
10 Elements similar to syétem 10 are numbered similarly and have similar
functions, and will not be described further hereinbelow.
In a preferred embodiment, system 50 comprises an image sensing unit
70 and a control station 52, which are connected via a communication link 55.
Sensing unit 70 locates a desired object, and sends sensor data 24 to control
15 station 52. Controf station 52 sends control data 56 such as pointing and tracking
instructions to image sensing unit 70. Control data 56 travels in the direction
represented by arrow B.
Communication link 55 is connectable to sensing unit 70 and control
station 52 via sensor communication unit 28 and control communication unit 36,
20  respectively.
As opposed to prior art, control station 52 additionally comprises a
control tracker 60. In a preferred embodiment of tracking and locking, stick 40
transfers céarsé tracking instructions to pointing control 34 and contro! tracker 60

transfers direct fracking and locking instructions to sensor remote tracker 30.



10 Fig. 3B is a schematic illustration of data flow constructed and
operative in accordance with an alternative preferred eanf t he
present invention. 8 29 July 2004 WD 00/46985 PCT/1LOQ 00 . | LED
DESCRI PTI ON b oi7kdessPRESENT | NVENTI ON Ref erence is now made pbfdooosd: an
iIllustration of a tracking system 50, constructed and operative In

accordance with a p L TRAt 2 D i nsentjon. System 50
provi des a reduced Flﬁﬁgélﬁg)ﬁ%%eﬂg@&w&%'%ﬁﬁsésl%@E’?@iﬁ?%ﬂ%?g‘f@zrt r\i/ﬁ}[ LK
from stick 4G4 0ag4ki8GA : n ntras .
suppl i ed the 4c')cﬁ\aclﬂhst r Ec‘{} %Le_[sb?}_t' c')hi[’lg%? éscf %&b@??%@.iﬁgﬁuédg?ﬁwa?gjﬁsanal ly -
provi des i npr | S | racking ,instruc
directly f rorr':1p‘El Y%%née@%trg%f?gp ! g){iSggtg#E'%f&/‘?r%?pt%eqcfaﬁ‘ggioéoﬁzkeéfg :Fﬁgﬁ o
provi di ng nor a tr ! cki Lnstr I on an those,
o e art PR A8 B o it
nunber e im . : . nol !
further hgreicﬁﬁg?%w&?rn&garﬁrr@?r@ F@B‘laéﬁﬁﬁa?*ﬁ%ﬁlsg %'&f}f@ﬁ?@@n%@ﬁiﬁlﬁift@zdaci e
i mage sensing unit 70 and a.control station 52, ich are conn
conmuni cation i nk BHect "%ggﬁ’gf' [F_?WP°'Z§P%I’“§"&?"@§| tg r;&@??ﬁ&ﬂf;g’b};%ﬁéa,su?ggt fglnds
sensor data 24 to control 15 station , ntrol station ) . (
data 56 such ¥ABER PYRY lHH‘Ef ﬁrta(swtg_@" _ 1i(1ﬂ_s‘f"hﬁ'@t iﬂaﬁlsbt-‘v'ﬁf:g gﬂ%@ogglf%meum t
70. Control data 56 trayels in the direction represented by :
Communi cat i oesTFnesEY §ecoRRTBIer 45| Heanedsieansiangimiagiet seP0 emdisplaitoland
station 62 via sensor comunication unit 28 and control communication unit
36, 20 respdl®n GRimateane fpaferded tiorstisk 4arte fragkeni30o| Thetdirerbeal@ations
addi tionally conprises a control tracker 60. In a preferred embodi ment of
t r acki ng 1&nd of db&kiPRRpent dnveRtiomp are more effective because object dynamics are now

actually measured, as opposed to prior art operator estimations. Present invention

measurements are then fed into a mathematical predictor, as is widely known in

the art, which can accurately predict object location. In such a manner, system 50

is free of operator induced errors relfated to coarse eye/hand coordination.

15 Reference is now made to Fig. 3A, an exemplary illustration of the flow of

data images, generally designated | (sensor data 24), fo control station 52, and

specifically controf tracker 60. For purposes of clarity, only control tracker 60 and

remote tracker 30 are shown, however, control station 52 and sensing unit 70

comprises all other elements as shown in Fig. 2

20 It is noted that image I is taken at time T; (not shown in Fig. 3A) and
image I, is taken at tme T,, which is fater than time T;. Fig. 3A additionally
illustrates the flow of a tracking/iocking command image, generally designated Ci

(control data 56), to sensing unit 70, and specifically remote tracker 30..

10



transfers coarse tracking instructions to pointing control 34 and control
tracker 60 transfers direct tracking and | ooking instructions to sensor
renote tracker 30. 9 29 July 2004 WD 00/46985 PCT/ n, 00/ 069681420 %ner nor e,

sensi ng uni tw@@o4gr i ses a processor 62 and a nenory 64. Pé\gﬂ‘]%@gfl ly.
preferably, image sensor 32 transfers generally identical Irege ata to

renote tracker 30 a -&gﬂ; - ral,.t er 60 and
renote tracker 30 ogg a%e‘. rof‘n&téﬂtleﬁ ggﬁérgjgﬁ%:ujéﬁ%??fr%%Ftﬂaaﬁan%?%g?ans
fromS contr i rect an prio[ ar
tracki ng i ns?}*a%f{d?fé,%@Fwﬁ&’f*‘e"?%-”ﬁ%ﬁ%e?a@f?@gﬁis%ﬂﬁﬁ%%?rﬁraoqquv?:ﬁe waila e,
renote trackqr ISt axUs dvan Qve r1.0r t ste . Where
t he | ocking |EI § Bﬂ{gﬁ 1bth§ cgjgé’ima%eh ZSL ﬁﬁﬁg‘aﬂ%‘%ﬂ ?tr[:%a d“?%\f’mﬂ'f&? g:'d f fr:‘r ;)_ka
an i mage see | .and._.then estinma and transferre romsti
40 to tracke?h‘gge.igmi%gtﬁ?\'/é@? tl@g«'ﬁ}yi;ﬁq%ﬁgmg@ng%ﬁ]@c%r?ye tal'rﬁ%%end'm 08 are
' | ) measur ed, _as
opposed £ 5 prliSHeGA D5 S ar RSt 5o/ AlshonGanSing dbibyBrent s
are then fed.into.a mathenatica redictor, as is wdely known in the art,
o ch can accbiAERUYS Bhd HEBENG Fatk imtsn PARIO) SAICH? 6 v RSPy dRtEm 50
Is free of operatgr i nduced errors related to coarse eyethand coordinati on.
15 Reference ""89%8w made to Fig. 3A da_n (exerrpl aré ![I I gz; raz i on oI tlhe f1 ow
of data images, geperally designated | (sensor data , to contro _
station 52, and spB& ‘thﬁ‘im%d%‘gﬂi‘f"%s kipgledien sensedmhieq B6p dide edditionslipr i t v,
only control tracker 60 and renote tracker 30 are shown, however, control
station 52 af@tekinat e opntonzef object B8y ks eensed bytseasingl unitefRt, snewessframan i n
Fig. 220 It js noted that image If is taken at tinme T1 (not shown in Fig.
3A) and ' mag@taimade liiadaa Madilme T, which is later than time T1. Fig. 3A
additionally illustrates the flow of a tracking/locking command image,
general |y desi gnat eghergfore, in an preferred embodiment of the present invention, once a
decisjon has been made to lock onto or track object 66, control tracker 80 transfers
tracking/locking command image Cl, to remote tracker 30. Preferably command
image Cl, is an associated data image I, with the appropriate command attached,
15 e.g. command image Cl; is associated data image |1 with a lock command
attached. Thusly, control tracker 60 establishes a coordinated reference image
with remote tracker 30. Accordingly, both remote tracker 30 and control tracker 60
refer to the same image (data image 1) and the location of object 66 is known and
referenced from data image 4.
20 Thus, although at time T, sensing unit 70 is currently sensing the image
In,, UpON recéipt of command image Cl;, remote tracker 30 refers to image |1 and is
able to make positive identification.

in a preferred embodiment of the present invention, sensing unit 70

stores in memory 64 the past records of data images I. Upon receipt of command

1"



(control data 56), to sensing unit 70, and specifically renote tracker 30..
10 29 July 2004 WD 00/46985 PCT/ILOD 00065 As previously noted in prior
art, the transfer of sensor data 24 takes an extended anp@¥tJubi2G¥ine.
Hence, althowgbo/ssesssi ng unit 70 acquires a data image 11 pépdiodiogsl . -t he
data image 11 is not received at station 52 until time T, whichis the
relatively thmagane, dfERingto WhREt CEERIaRY invdYel 1, Ahcker RS GebichBd tildidh harge
In. As 5 ill ustargat ed in t%e exjgnpl ary si tnﬂ i (1)'npd|cr?rust'rat ecg ign Ia:t?gg? h3A,

al t hough sensjeRgrdd ineftbry 68 GRS Hbproplat gt ' it goNt r ol
station 52 is just recein\(/i rig dat gﬁ nggﬂ%é%ﬁﬂg p{&%ﬁtﬁ%’%@iﬁnﬁff?\%ﬁodﬁhﬁ&ﬁi mages
| include a s@ifs8HatoRLESt | Iyl | ¥ : tion
of object 66, asqsaet(r?lsygg'%byﬁgreﬂr?{salI H%%eﬁ%@gﬁé@!ﬁ@%gégg???% El%@n&g%bg:r!l ér?r%tge I,

to data i mag&nl s | THE"RE Rhéwn kﬂqth%e%é'ﬁﬁ%gﬁéé f{%etﬁ’ gg%%dﬁ%% %ep*oteeeggél%? g@t 66

i nventi on, once~a decl sl on has onto or trac

emt et r Sokeren e A HEleimab Flidi8h e o RETE IRk BBerod iR,
i mage 1, V\nthﬂéagﬁgg%o{o%ﬁéﬁa\%ecommnd attached, is e.g. command i mage C i

I S associ at ed hage th a |l ock command attached. Thusly, control
30. Accordi ngly, bolRPBHETE ErRE ERoks & g piGRtoy i by R qhleR (o
rof or onced 1 rRPRRD N RAEAGSS Bt o et aeln TRPRRE o6y RS TREn | 70
amote t rackere BbpLBoEE HivedeRmingh G S Pt el pos 1 ve

identification. In referred enbodi nent, of t he esent ipventjion,_ sensin
unit 70 ?Qel?erence is now made to ng. 38, an l[ustrat[%n ot an alternative g

preferred embodiment of the present invention. In Fig. 3B, control fracker 60
transfers a tracking/flocking command C, Command C, alternatively includes
instructions which refer to an image, rather than including an image. This
alternative embodiment requires less compression time the signal does not include
15 image compression.
Preferably, upon receipt of data image 11, control tracker 60 measures
the location of a object 66 in data image |4, and caiculates the dynamics of object
66, such as the x and y coordinates, velocity, acceleration and the like. Control
tracker 60 then predicts object location and transfers command C4 which includes
20  the calculated dynamics and predicted location of object 66. Tracker 30 then
utilizes the dynamics to ascertain the object location and improve lock accuracy.
This is in contrast to prior art, which predicts the location of sensing unit
20, however, does not predict the location of object 66. It is noted that since prior

art system 10 lacks control tracker 60, which receives and compiles data image |4,
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stores in nenory 64 the past records of data inmages 1. Upon receipt of
command 11 29 July 2004 WO 00/46985 PCT/LOO /00065 i mage ngJdifitﬁﬁri ng to
object 66 in data image |., tracker 30, searches through the “Trecords in
menory 64 fowotdbessgppropri ate image, and positively identifi-@g @RbREt 66
fromthat record. Renote tracker 30 identifies object 66 as designat e&l in
data image | | Ll 4 At i Je: enot e
racker 305 Than agsnet FOtToly, e oy tp PallRAS e b GEien I BB oF et T
tracki ng obj 66 from data' image to data inage. Alternatively, renote
tracker 30 utilizes processor 62 to facilitate quick browsing of the

| mages. Further al't afBdble) i aHBHEA fo LERENBLaR al ER Rl BHE waRS:

hi storical images in pre rmne X' rec "t

e Ao O B A g b S e
o et T, A o TR R TSRO Tl sl
L] o B sl TS bR | BT S BT o
G212 10 Hmahobb I o RO B8 bl €6 Sk B
TR LT A et IR 5

t he cal cul ated dynam cs and predicted | ocation of object 66. Tracker 30
then wutili Ze%sspﬁ@te ﬂ%éﬁﬁ"&@eﬁbsﬁ%rb%? sanmangd Cnasfeecio 3sseaigted fada tmagedr.ove
| ock accuracy, This is in contrast to prior art, which predicts the
| ocati on 8f sEWSi H§oUeH copmand Swelnes nof diciudeoan prags cemplectrackendl dnstif
object 66. It is noted that since prior o

able to refer to an image for better imager verification.

Hence, upon identification of object 66 in image Iy, remote tracker 30
utiizes the past dynamics of the object as measured and sent by the control
tracker 60, and via processor 62 calculates current estimate of the location of

15 object 68. Even if the lock is not perfect, control tracker 60 can correct the lock of
remote tracker 30 by sending minute correction instructions.

Thus, since contro! tracker 60 has the data image |1 to work from the
predication has fewer errors. Furthermore, control tracker 60, is able to accurately
measure the dynamics of the object, in the form of speed and acceleration in two

20  dimensions of the image.

In a preferred embodiment, since control tracker 60 is located in station
52, when the lock command is transferred, the lock takes place, at control tracker
60 with virtually no time delay. Control tracker 60 hence relatively immediately

refers to the collected sensor data 24, and performs the lock relatively
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art system 10 | acks control tracker 60, which receives and conpiles data
image 11, 12 29 July 2004 WD 00/46985 FCTI | LOJ 00065 SyStﬁ%ﬂﬁ @9495 not
include the facility to calculate the predicted | ocation of

Al temati vel wooom;gggddl tion to object |location and dynam cs cfzﬂfb%d?;ls tra.cker
60 al so neasures the inmage paraneters of object 66, such as size, shape,

color, 5 and jhfiRediatk®. SBASLr dMth %e&:tnmﬂﬁg efthd/f m%éaéé &%Pgém]r%n 1e, &hus

while renote tracker 3D carries ou Ki'ng

addi tional |y wdsferted Wk %iraat QhidhSis r‘e{ﬁﬂg%y p&grn%[a%er iftbqlh% Fo verify that

the intended object is in act objec nd C,

A Al
for better |?rtangdléfrm€g %‘?e?{"‘%ﬁéﬁsﬁé‘%ﬁ%ﬂ géntlflcatlon of object 66 |g
moacur od 3&3”‘32&%3"{?@'@% %ﬁp‘f%#lété%ebicbgfsoﬁ Sk 01 e et doaicie ghesent
cal ol 2t e CUaiRon DBy LB CE e s e S

tracker 30 by n nute co ectlo i nst ons. Thus, since control
tracker 60 hald Qt%ﬁgh%g?ghpﬁ%%e?{tﬁ?ﬁwﬁﬂ ign is g %%thﬁﬁ@dme&htbﬁolm f ewer
errors. Furthernore, control tracker 60, is able to accurately nmeasure the
dynam cs of the object, in the formof speed and acceleration in two 20

di nmensions of the inmage. In a preferred enbodi nent, since control tracker
60 is located in station 52, when the |ock command is transferred, the

| ock takes place, at control tracker 60 with virtually no tine del ay.
Control tracker 60 hence relatively i mediately
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refers to the collected sensor data 24, and perfornms the lock relatively 13
5 29 July 2004 WO 00/46985 PCT/ILOO 00065 inmediately. Sggsﬁ@jy%ig&a 56
containing either image data |in or command C. is transférr th data
which is relatively coincidental with the same tine as the decision to

| ock. This shortened delay tine thus sinplifies the efforts to | ook and
track the sighted imge fromthe contr @LAMS i on 52. It will be appreciated
by persons skilled in the art that the present invention is not limted by
what has been particularly shown and descri bed- herein above. Rather the

scope of the invem kraukirigsasteiratnsdorivadkiiyy & abjest MHoel. fhelthw ly
2004 CLAIMS 1. A tracki ngg F!‘zqibg]fpar at us fop%t rackji ng ar?%obj ect | #‘g;@g%%tﬁg

tracki ng appat@npfisingonpri sing: a control station, said control station
sel ects an object to be tracked in an inage and determ nes object

i nformation, and a_sensing .unit _Qavi n%] an_inmage sensor, said sensing unit
captures a series 24PN ion; faig copiplestation ?éeciﬁ angpigct émbe digcked inosrer a
period of tinmg, and tracks said object based on said object information,
sai d sensing IHA9E AW dstermingsabiset infosmationt andom and communi cating with said

control station by means of a comunication |Iink, wherein said sensing
unit retains in measensiggdnit RARSITHA nEGe Serkef,i B Snsilg BiCSphfes 8isdrigont r ol

station, wherein said control station provides said object Infornmation to
sai d sensing of images in a scene having at least one object over a period of time, and tracks
said object based on said object information, sald sensing unit being remotely
located from and communicating with said control station by means of a

communication link,

wherein said sensing unit retains in memory and transmits said series of

images to said control station,

wherein said control stétion provides said object information to said sensing
unit, according to an earlier image from said series of images, and

wherein said sensing unit identifies and locates said object in said earlier
image using said object information, scans through subsequent images of said
series of images retained in memory, and locates said object in each of‘ said
subsequent images, locates said object in a latest available image and directs said

image sensor according to the location of said object in said latest available image.

2. Apparatus according to claim 1, and wherein said object information
comprises at least one of the following: object location, object dynamics, object
attributes, object parameters, object speed, object acceleration, object size and

object shape.
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unit, according to an earlier inmage fromsaid series of images, and wherein
said sensing unit identifies and | ocates said object in said earlier imge
usi ng said object information, scans through subsequent i n#§elio?004ai d
series of images retained in nmenory, and | ocates said object in each of
said subsequent images, |ocates said object in‘a |latest avail able inmage
and directs said ,inage sensor. according to the | ocation of said object in
said | atest avail QBP@'%&%@@OFC&’?Q K g5 td andewhierginngpid copireli station instidemer ei n.
said object information . conprises at |east one of the follow ng: object

| ocation, objEAYHPRAGRENI BisABEL Tor Aaner#lince saidoppiest infarnatiere from aisiidct
speed, object, accel eration, object size and object shape. 15 29 July 2004
3. Appar at us NagsFdi ng to claim3, and wherein said control station

i ncl udes i nmage ercessi ng neans for generating said oilﬂqec.t i nformation
fromsaid i n%ges RPaTAis PeEQrdingclooflding ¢, takdc Wheiairs saish abjsict informationd
object informatjon includes per a selected inmage, said selected image with
obj ect infor rﬂﬁ?'%’ﬁs REfsBciedadtinadeviseid sslechgshimage svitic objedi inforation ai m
3, and wherein said object information includes per a selected imge, a
reference to 255eEptpddherewitd sel ected i mage with object information
associated therewith. 6. A nethod for tracking an object w thin inmges
conprising the stepRPrasatus agendingq elaim Byangdrwherein saidabisst infamatiareinslodesini t |
a series of inmages in a _ scene having at | east one object, over a period of
time; transniR¥Fih§elesled imeppea referencadesa ook shid selantéchinags with @bject
control station and retaining said series of inages in a nenory of said
sensi ng uni t ,infoggatipnassecialgd therewiei ng renotel y | ocated from and

conmuni cating with said

6. A method for tracking an object within images comprising the steps of:

generating, by an image sensor in a sensor unit, a series of images in a

scene having at least one object, over a period of time;

transmitting said series of images from said sensing unit to a control
station and retaining said series of images in a memory of said sensing unit,
said sensing unit being remotely located from and communicating with said

control station by means of a communication link:

selecting in said control station an object to be tracked in an earlier
image of said series of images and determining in said control station object

information of said object with respect to said earlier image;

transmitting said object information from said control station to said

sensing unit;
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control station by nmeans of a conmunication |ink; selecting in said control
station an object to be tracked in an earlier image of sag%nifr'es of

i mges and determining in said control station object inf ¥ 2P+ said
object with respect to said earlier image; transmtting said object
information fromsaid control station to said sensing unit; 16 29 July
2004 identifying and | ocating said object in said earlier imge using said
object information, at said sensing unit; scanning through subsequent
images of said series images retained in said nenory, and |ocating said
object in each of gniivingatieeating srigebjechin said earliet isagrusing saidiabjenti ng
said object in _a |atest available inmge at said sensing unit; and
directing sai Bfermajiensahsaii sersiog Unilg to the |ocation of said object in
said | atest avail able image. 16a

scanning through subsequent images of said series images retained in

said memory, and locating said object in each of said subsequent images, at

said sensing unit;
locating said object in a latest available image at said sensing unit; and

directing said image sensor according to the location of said object in

said latest available image.

16a





