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(57) Abstract

A tracking apparatus including a sensor tracker and a control tracker (60). The sensor tracker is connected to a sensor which senses a
scene having at least one obJect therein, the sensor tracker provides sensor movement instructions to the sensor, enabling it track a selected
object. The control tracker is located remotely from and communicates with the sensor tracker. Additionally, the control tracker takes
measurements regarding the selected object and provides tracking instructions to the sensor tracker. The sensor tracker then utilizes the
tracking instructions to adjust the sensor movement instructions, when necessary,
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The present invention relates to fracking systems in general, and to

delayed tracking systems in particular.
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
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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 fracker 30 takes over

command and generation of the tracking operation. Pointer control unit 34 ceases



tracking instructions to adjust the sensor novenment instructions, when
necessary, 24 A-, |iJ 29 July 2004 WO 00/46985 PCT/1L00/ 00065 DELAYED
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In many applications, there is a considerable time delay between the
10 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
15 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
20  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.



wel |l known in the art. Control center 22 provides control data 26, such as
pointing 1 29 July 2004 WO 00/46985 PCT/1LOO 00065 instructions,

centering instructions, track commnds, track corrections @%V/Ued04 ke, to
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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.



Once the object has been | ocked, renote tracker 30 takes over command and
generation of the tracking operation. Pointer control unit 34 ceases 2 29
July 2004 WD 00/ 46985 PCT/|LOQ 00065 to recei ve commands AW 2Q0¢ 40 and
i nstead comrences to receive instructions fromtracker 30. Upon receipt of
the instructions, pointer control unit 34 relays themto the inage sensor
32. Image sensor 32 tracks th ] ] ps the object in the
center of FOV of display 38, g%/l‘mmvﬁhm?qght-ﬁgég)@?gﬁ-mngves 5 relative to
sensing unit 20. It _is noted that there are various known in the art

met hods and appar at J§€ qoisct phis invsntieg istrdprovidelimptpvad apbpwtus fontracking hese
nmet hods are center of gravit identification, edge detection, correlation,
and ot her kno®! Ippkiagantgremaieimeag objactsany applications, there is a

consi derable tinme del ay between the 10 tinme when sensing unit 20 acquires
an i mage pi ct ur e 19 agaerdAscecyith tas fivgt caspent of ithmdpvensionj thereyie provided spl ay
38, and finally, to the receipt of the responding instructions by sensing
uni t 20. Gendfaghing apprralisi fer trackiog encehiestiwithin iages, tthe tradidhgappamties gnal
processi ng, image conpression/deconpression, and/or |ink bandw dth
limtations. @MY ENIENt1y, when taking into account the del ayed 15 reaction
time of the operator, the accunul ated del ayed tinme can from hundreds of . a
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as displayed on-display 38 1's generally not the curre |'0ca he

obj ect. The 'éﬁ:ﬁﬁéé’é‘a%ﬂélt@r)‘rﬁﬁeé’Bb@?{iﬂnf@ﬁﬁ&?@h,;&o&he | ocation of the object

before the transfer of the sensor 20 seconds ago).
Additionally, by the time the pointer control unit 34 receives the
i nstructions (coft Fensig@tRitegviag@n indaeg senaer, Isaid sepsing, urit cgptuses a
additional B . . .
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



seconds). Subsequently, by the time imge sensor 32 is instructed to |ocate
the object, the object may not |onger be in the sane location it was when
the image picture was taken over A + B seconds ago. 3 29 ﬂ%%'&%ﬂ% WO

00/ 46985 PCTI1L00/ 04065 Clearly, this tine delay conplicates the efforts
to lock renpte tracker 30 onto the object. Operator 42 has to accurately
calcul ate and estimate the expected |ocation of the object at the tinme in

the future when tF”l@feIré@?,kétﬂéastid”'ip“érﬁ@ﬁbf HEScatfu®i ﬁfbv@fg@“ggﬁsﬁﬂ?@?‘gﬁﬁﬂ@?w”

20. Only then is pointing control 34 5 pointed to t I mat ed
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estimate, calculate and | oCk process has'to be re such,

effect is a Qg}ggg,ﬁwgp%-é&s?,gsg_back control loop with delay, a situation
which is liable to suffjer rom overshoots and instability. The | ocking

process is conplicated even nore by the human input in the tracking |oop.
Human reactions JAE sAnsetinPlydes Fraanp dyrpyidion dmagesiof thascane taetharmeneor
conput er or processor generat ed instructions, Humans do not function 15

wel | in feeddERaker epgdhaiicentreli treckesl Be cenftdl trackex ishides imiagg proeessimg cal
daily experience of adjusting the tenperature of hot water froma faucet
with a slow Meassifen asnesatimpdheoneaswrementshirom the dehggspTbkl esntrsl t 0
mnimze the delay and/or optimze the control circuitry bandw dth so that
over shoot s arfiovtaent| instruptionaiinclude, per a selected image, the selected image with

control movement insfructions associated therewith.

The control 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;



20 mnimzed. Another solution is to use a prediction cursor which neasures
the dynam cs of the sensor, and calculates its predicted position at the
time of receipt of the lock instruction. Additionally, op@PaZ0¢an be
trained to optimally estimate the |location of the object at tine of
execution of the lock instruction. 4 29 July 2004 SUMVARY OF THE | NVENTI ON
The object of this invention is to provide inproved apparatus for tracking
and 1 ocking ont o sEming iRYIdLbrRel S6lisn ahBoRE 8 3 RGEKYA hiaRehiib fnARpect
of the invention, there is provided a tracking apparatus Tor trackihg an
obj ect w t hi nat : t i p L ot sing.. @ ntrol.
station, sai doﬁ:gﬁfwre (SS;Ien%?:?fi gﬁ&{%ﬁggg S Hg%e?@g]ﬁ%. t'ﬂggéfg;a CE&%%[kg%%Phi E%’g? mage

d determ ne i i pf.ar i QL i NQ,: uni aving an
22nsor, sai d @gﬁgaﬁgﬁ%?%ﬂca d&?@? rgg‘g%cgrt(ﬁggﬁo(‘lfy*%d@@gei n a scene having at
| east one object over a period of tinme, and tracks said object based on
sai d obj ect i nf ortiasmiting said@birshinfergation fromberid gonteotstation tb saidtsedsihgom and
comuni cating with said control station by means of a comunication |ink,
wherein said Wiasing unit retains in nenory and transmits said series of
images to said control station, wherein said control station provides said

. . . e . . . ‘ ar o
rom sai d seri s o Yagafd IS8R Bl uplcol R BlnteBebiiERl] ek ang
| ocat es sai d ;| j i ¢ j§r inmage using said object infornation,
scans thr ougr:m?h gﬁeoc?ﬁgﬁéaig’%ﬁgih@’ said series of images retained in

d locates said

rerory.,  an scanning through subsequent images of said series of 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.
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,

identifying the selected object in a current image, and

Ga



object in each of said subsequent inmages, |ocates said object in a | atest
avai l abl e image and directs said i nage sensor according to the | ocation of
said object in said |atest available inage. 5 29 July 200425P%%6%¥H1y, at
| east a portworomdsss he control novenent instructions incl ugessLdo/dsuss

measurenents. The neasurenents includes at |east object dynamcs, object

attributes, objec r oﬁject speed, object . accel eration, object

si ze and/ or obj eéer@ﬁ@w&%@o@rg gye E‘FW@@C%%E’“?({PSW%%dﬁ‘%@”f"ﬁ}étges of
the scene to the sensor tracker and the control tracker. The control
tracker inclu %gq'wage processing neans for generating the measurenents
fromthe images. The control novenent instructions include, per a selected
i mge, the selected image with control novenent instructions associ ated
therewith. The control novenment instructions include, per a selected imge,
a set of control novenent instructions and a reference to a copy of the
selected inmage to which they apply. In accordance with a second aspect of
the invention, there is provided a method for tracking an object with

i mages conprising the steps of: generating, by an inage sensor in a sensor
unit, a series of images in a scene having at | east 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 imges in a nenory of
said sensing unit, said sensing unit being renotely |ocated from and
comuni cating with said control station by nmeans of a comunication |ink;
6 ,



29 July 2004 selecting in said control station an object to be tracked in
an earlier image of said series of inmages and determ ning jsd] L@)z’a'g(gqcontrol
station object information of said object with respect to A ier

i mage; transwotobieygs sai d obj ect information from said cont rpipaseabdsdn t O
said sensing unit; identifying and |locating said object in said earlier

i mge using said object information, at said sensing unit; scanning

t hrough subsequent i mages BRIERPESCRIREHONOF THED MNG$ed in said
menory, and |ocating said object in each of said subsequent inmages, at said

sensing unit; |ocatimhe gasdht HYeRSdn Wil b8 UrdbRtdodHid At &atk | %“{"&ﬁ@- Pon of

sensing unit; and directing said image sensor according to

sai d_obj ect | megaidhind abq aURibAM BickaSNFaor AR 1A abddAkl BB udi no

the steps of: identifying the selected image’ from anong ransm
i mages, identijfilg the selected object using the control novenent
instructions, identifying the selected object in a current inage, and 6a

WO 00/ 46985 29 July .0|4isasg: hhﬁ@mé&%%éOf)%éé‘ggé%ﬂ%@i?@i)%gzl nmovenent

instructions with respect t he curren
Fig. 2 is a schematic illustration of a tracking system constructed and

operative in accordance with a preferred embodiment of the present invention:
Fig. 3A is a schematic illustration of data flow constructed and operative
in accordance with a preferred embodiment of the present in\}ention; 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.



WO 00/ 46985 PCTI I LOO 00065 , BRI EF DESCRI PTI ON OF THE DRAW NGS The present
.invention will be understood and appreciated nore fully frg& %ﬁ540| | ow ng
detail ed description taken in conjunction with the appende djr in

which: 5 - FRv9.00¢o8s a schematic illustration of a prior arﬂc*rhﬂﬁ;ﬁ)h&ﬁ?g )
system Fig. 2 is a schematic illustration of a tracking system constructed

and operative in ac Lth a preferred enbodi nent of the present
invention; Fig. 3A i jjoédégﬁgﬁéGRm]ﬁgth%frH&'P%ESEHFéNVEWQBnst ructed and
operative in accordance with a preferred enbodi ment of the present
invention; and 10 FiRbferdRed b rowsRRBEH Fy. 2l by BLSAHA LIS trakdidy dyshh 50

constructed and operative in accordance wth an alternative preferred

mbodi ment of sand of i ,
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and operative in accordance"wth a preferre present
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i nstructi ons dir.ect ocal racke
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tracker 30. System y provides 1nprove

oot & 1 Packay OYBEs HREfolHEeBhite ShRCE: Xuhall 1BORhS Rk R gy o "
Elements of ni{are| SA0R% QT RCHEAE Fenl PO o P G5 RIPUARE iR P
functions, and Wddd8hg REnAEERE {.ht%ﬁ(?hgs'éret)JBSFien%eerd%y%?%l' aittracking 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 coarse tracking instructions to pointing control 34 and contro! tracker 60

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



In a preferred enbodi nent, system 50 conprises an inmage sensing unit 70
and a control station 52, which are connected via a commni%akkdgp%)ﬁ I nk 55.
Sensing unit 70 | ocates a desired object, and sends sensor “da 4to
control 15 swabiamsss2, Control station 52 sends control da?g’r/!i_:’&oiﬁbh%? as.
poi nting and tracking instructions to image sensing unit 70. Control data

56 l's i he di | 1 . N ' | i nk 55
s connectabl e 1o Sooml i EI00M osrifesy hiton e PAME e oot

i cati a4 l; | | |t 36 2 ectively.
Ao opposed o pr oot brERRD aGT ERAR G2, RintPl.caigpi e BaC e

I ' f tracki d | ocki ng, |
ok 40 v s Byremdil el pliapffio EPRETINGRRS oL, o RRorattioffoeisRBhandaa and
Censor. remot e kepoD e IR shomedish) Msb kI oS0Es.

Furt hernore, sepnsi.ng,unit 70 conprises a processor 62 and a nenory 64.
Addi t i onaFI y °|85 _?’é'ra%ﬁ?{}’f& ?rﬁéﬁ@egjg'ﬁgtcﬂ”dﬁe&%ﬁ@f’é’ﬁ ior gd Hasking psiridinns.cal
i mage data to r_ermnbe tr.aszke& 30_and to control tracker 60. Hence, control
tracker 60 and renbDfECkinSiUCHONSOD Gaptigl frapken 0 thdemaiadrasken30 ismusefilcki ng
instructions fromS control, tracker 60 are nore direct and precise than
prior art tr&O¥PREIP nQYSTLREPLRE syglerectO. | wheteudhe Jasking oRstrustiorsol wereacker
60 to renote jracker, 30, is a useful advantage over prior art system 10,
where the | olEiSigINadshy the: praratonas gleaneddiom madimmget srenope display 38s agt eaned
froman i mage seen on display 38, and then estimated and transferred from
stick 40 to thebREimaied angragsfered from) stigk 40ite tracken 36F Theddliscbealnationsent i on
are nore effective because object dynani cs are now

10 of the present invention 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
speciﬁcaliy control tracker 60. For purposes of clarity, ohly 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 |, is taken at time T,, which is later than time Tq. 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..
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actual Iy measured, as opposed to prior art operator estimations. Present

I nvention neasurenents are then fed into a mathemati cal pred| ctor, as is
widely known in the art, which can accurately predict obj &/ uhoeQ4i on. 1'n
such a mannewo of¥sgem 50 is free of operator induced erro ﬁﬁwuggi to.
coarse eyet hand coordination. 15 Reference I's now made to a

|1 ral y. | nated |

Caencor Hata 24yt ASEretiodsiPnoteltih Biar 41 WEREES of S e %o%éjf%ﬁ?@packer
o chown | haEhdel it bime? %4%%"%&“&1@# e@%rgsi@% oS B iedee a1

h I s 0 aken at
Cine 71 (not rbame e ftd ooty B porratev i nieletatthe LiMitnestor whigh i | <
{rack ES?POEEH%&T%W flasRa 3 45 sdhyinge RIS aiuigst ogte edkoh. e a
56 t 0, and.specific no rac 10 29 July
5004 o B0/ Lv@%g%@a&?n%rmﬁg%wn%mﬁgn Fn aealﬁwgmeaa;gw Tohe
b though Sfenisﬁ%é%n%?ta% “SEpio e o b Pl SIAIPRLA 15 et Tosmdhgataat a
I mage 11 is not received at statlon 52 until time T, whichis the
relatively t HE2gg time as when sensing unit 70 :IS ach| rldng dgta |g12\ge
I As 5 illustrate n.th ex | ary situation illustrated in Fig.
alnt hough !sengfn[:;aunﬁ I"ﬂfed tﬁétang'?}?9¢ﬁ1'gn°‘ﬁ¢%la§éﬂ%ﬁ4f§31%ﬁt@§ ||fnﬁgddltl®nallktontrol
station 52 is #@Z@ receivirig data inmage |I,. It is noted that data |mages

| include a $¥ B]eel?FatGE' of) gbjecd %@ﬁtﬁeﬁﬁ%ﬂ by sensingdinithél, roones foarat i on

of object 66, as sensed ){ sensi ng, unit 70, noves from 10 data image I,
to data |1?ragé’a gimage Iy 1o data image |,

Therefore, 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 receipt 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
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Therefore, in an preferred enbodi nent of the present invention, once a
deci si on has been nmade to |l ock onto or track object 66, control tracker 60
transfers tracking/locking comand image Cin to renpte t29akiket0040.
Preferably owoomdsdss i mage Cl, is an associated data i mage gerathoddboéshe
appropriate conmand attached, is e.g. command inmage Ci is associated data

image |, Wt hinfagbdSik refomng A6l objabt G- nafhta Hage IY,htraféR&t 3(5?'595&?\%‘?&0 the

establishes a coordinated reference image W th renote tracker 30.

Accordingly, Reblsiehtory 62%she §B?@Bﬁat§%’é%éf?lan ;p%@ﬂﬁ@%%%ntiﬁéfﬁe% ?gt he

sane i mge (data inmage 11) and the 1ocation obj ect I's kno

referenced T rihdRiterebiRICRbmoteRadk S0 REARSY MR 65! EPdbrRfllP I gad ! ¢ 70
is currently sensing the inage n., upon receipt o corkma I mage 1,
te t Kk ;

e 2ot S huh TPS o TreTRERBATERAABAL FhdBrsg.

it 70 t ' ta .l .
ecei pt of conomecr o af redE f3Rleh 35 ebug midh £ o REE Buk ﬁﬁ@%;

f [ )j 66 | [ ., t ker 30, hes th h t
;gcg;:jlsnignt %%’%&@F@o#a?ﬁ?@pbrggfi ate i ;rgge,erand pggﬂ ?vglsy [ Bgﬁ?i fi eg
object 66 fromthat

) 30 id | fi | e 66,
designated in data pllgﬁﬁ-%g{'%{ éﬁg’?‘% %@E}Eﬁmbﬁ"ﬁes Itpﬁ‘gc%tﬁl?‘# ggf‘ﬁg‘f@%‘? sql”@gs
LR S 0, o ks WA
Al i vel ] Kk 3 tili 6 facilitat [
br owsi g of . {E MENA5BLMeBEF FherPoePiied Kl gl % Tocie 802 ieker 30 1 eaf's”

hr h the historigal inages in predetermnned | s of x_records at a
Ei rrngg 10 'S Rce?erence % now rrPade to Elrg 38, ar* l‘MHs)tralt?t:}n of an alternative

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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10 Reference is now nade to Fig. 3B, an illustration of an alternative
preferred enbodi nent of the present invention. In Fig. 3B, é@oﬂ{lfﬂﬁ 4tracker
60 transfers a tracking/locking command C. Conmand C' alterna |veq_y

i ncl udes i nwbrowgdegons which refer to an i nage, rather tha!}cirﬁﬁdoﬁéﬁtisg‘g an

i mage. This alternative enbodi nent requires |ess ](c:orrpresm on tinme the f
si gnal does | ' ; ' ’ , ejpt o
data i mage 11T oS0 o8} POCaTRg e T 18 Talotc T e Elel ipcdB of BBLE
data image 1llgs and cal cul ates the dynanmics of object 66, such as the' X
and y coordinates, velocity, acceleration and the like. Control tracker 60

nen pred ot obl echul RGP, 3B LA ATBAREACEAMIEAN) Bt hobhglles, 20
hen 11§ 258 Lag OAIGRLTRe e 6o A LESHRR] 85 ybRRLen AC LRtV
LT, SR O F gk i
00/ 46085 FCTI (4T é@&%g‘esﬂ‘z?%ﬁ'f‘fi@a@g?“ﬂo@ri“n'él onAYY ?%!‘éifPif?f_ﬁ?f/f%thE_ |
o obi ect | 0aEBROTE B AREELD RS el e ieRdsd OGA} Basholinsi 68 the
ano i et udes. those. EULRS UBBAIRY, oRRRPNE: CrTRIG WS &Hotebce  oagRer 5D
[ age. par ametSHEoPRIGEIAR v 8161 95 SHAATH CorRIE PEApoOBRIEG Aia Haget act

object 66. Further alternatively. command C,  also includes reference to an
J 10 Thus although command a:. does not include an image, remote tracker 30 is still

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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associ ated data imge 11, such as conmand Cn refers to associ ated data
image li, 10 Thus although comm and C, does not include 'nﬁﬂ?, r enot e
tracker 30 is still able to refer to an imge for better ié%%%% 4
verificati orwobleseg, upon identification of object 66ir1ip@ﬂﬁ¢%h%gennle
tracker 30 wutilizes the past dynam cs of the object as nmeasured and sent
by the contr ginmédiaekeSehshr GiS 58! Gk ﬁ‘%g ha i
estimate of the location of 1b obfgwgﬁﬁgg%ﬁeéhll gﬁﬁggﬁbéﬁﬁPﬁmﬁ%@q%éﬁfect,
control trackginsBreclPRits Y=L Ghidhh [J : ker 30.by sepding
SRMEROIE Yl Shich R [SRAlEIR g BRBlF ME ooyt &

m nute correction I nstructions. 1 hce €O K e data

' : ' j has f . er. , ,

Lgﬁ??oﬁlt ackaeel! QBT mB e frey Jrmerit é'@“fﬁ%%%&ﬁ?éh% 3 Rt
ntrol i Rlicd

Cmnge. 10 a st ars eEsAIRass B AEERENTRRT SR Acker 60 i< Tocaicd in

tati 2, when t d.i.s trans .. the lock takes place, at
Control tPacker 60 R SRR Y PPRETGKIES toctie of (heiafecPreBs thonce

per for e 1 he A0 & ot e 6Bty Ay ceitssterisoin apskdsoptied beieioooss
[ di ly. 56 ining.eith [ d | i d C
o Cranst or RV RATALTE SAAPCH (R TR i Bered e SRR Blhe. San

tinme as the decision to |ock. This shortened delay tine thus sinplifies
the efforts to look and track the sighted imge fromthe control station
52. It wll be appreciated by persons skilled in the art that the present

invention is not limted by what has been particul arly- shown and descri bed-
herein '
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above. Rather the scope of the invention is defined by the clainms which
follow 14 29 July 2004 CLAIMS 1. A tracking apparatus for&%n@fK%#ﬁ an

obj ect imges, the tracking apparatus conprising: a contr Y2110n, said
control station selects an object to be tracked in an inage and determ nes
object information, and a sensing unit having an i mage sensor, said sensing
unit captures a series of inages in aQlddM& having at | east one object
over a period of tinme, and tracks said object based on said object

i nformation, said sensing unit being renotely |ocated from and

communi cat i ng1wi t A tsadishgCapparus SratFddkihgah BBjRESInRiges, theQParkM japitub 1 Nk,

wherein said sensing unit retains in nenory and transmts sal ries of

i mages to sai dompnging! station, wherein said control station provides said
object information to said sensing unit, according to an earlier inmge
fromsaid series of i n&gei, . and _\F/jherei n said sensing unit identifies and

| ocat es sai d obj ecf PRI F@fions spid ontrol siglion ssleris anicbieshie be tiagkest imaan on,
scans t hrough, subse%u nt images of said series of inmages retained in
nenory, and | GEHESD étmé@!eqwf%@ﬂo%ﬁngai d subsequent inmges, |ocates
said object in a |latest available inmage and directs said inmage sensor

according to the | acahsionunit haahdlaRthagd sérsobaiaf éé?fisﬁf@turﬁtvﬁg'tﬂ@é 8 dofiBge. 2.

Apparatus according to claim1, and wherein said object information _
conprises at ofciasigesireaabohdRadiny b@l@a@%n@@bjé&todeﬁ?%@ééﬂéﬂ1of(?ime?%hfi G4RRdN Cs,
object attributes, object paraneters, object speed, object acceleration,
obj ect size asuld objHcebhséd@RCsaid 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 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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15 29 July 2004 3. Apparatus according to claim3, and wherein said control
station includes inage processing neans for generating said object
information fromsaid inmages. 4. Apparatus according to clZ%44y32004nd
wherein said object information includes per a selected image, said
selected image with object informati on associated therewith. 5. Apparatus
according to glaim3 nd wherein said object information includes per a
sel ect ed i nage, a%@?'@ﬁ@n@@of % IR 68 ot andi whayeinesaid copiielgetation: Incidpect
information associated therewith. 6. A nethod for tracking an object within
i mages conpri S1HRF PRECESSHs Msens {9g anerating spiyl abieckhnfernatienfrdm saidensor
unit, a series of images in a scene having at |east one object, over a
period of ti 8@ Pansmi tti ng said series of images fromsaid sensing unit
to a control  station and retaining said series of images in a nenory of
sai d sensing fini t, APRAAHIS BRITARIUN Elaiseid ndewbekly saist abjest informatien
communicating wth said control station by neans of a communi cation |ink;
sel ecting in '§\é\1L@e§0?ﬁrr6I39§?%¥?ijdﬁ‘3@ﬁ' &Bjdkselectedhémageonitit objech infarmatiorer
i mage of said serjes of imges and determning in said control station
obj ect i nf or#sPrigieddherewitiy obj ect with respect to said earlier image;
transmtting said object information fromsaid control station to said
sensi ng unit;216 28PRARYS aceuding énelpimy3.apdavhersio saidiabjpct nfamatipreintiudes sai d
earlier image using said object -

per a selected image, a reference to a copy of said selected image with object

information associated therewith.

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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information, at said sensing unit; scanning through subsequent images of
said series images retained in said nmenory, and | ocating said object in

each of said subsequent inmges, at said sensing unit; |ocati d obj ect
in a latest available image at said sensing unit; and directing said inmge
sensor according to the location of said object in said |atest available

I mge. 16a

identifying and locating said object in said earlier image using said object

information, at said sensing unit;

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.
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