1 SYSTEM AND METHOD FOR TRACKI NG A LEAD OBJECT FI ELD OF THE | NVENTI ON
[1]. The present invention relates to an inmagi ng systemfor vehicles.
More Sparticularly, it relates to an imagi ng systemfor tracking the
direction of novenent of a first object gﬁth respect to a second

obj ect. BACKGROUND OF THE | NVENTI ON [2] Vehicle convoys are wi dely
used for a vast variety of applications In 10 mlitary applications,
vehi cl e convoys argylgp fv?é‘ﬁ?ép%ﬁs?ﬁh N%Arl?é PPHBIE 10

renote operation areas. nvoys 0 | pper s are so use |n t he
construction industry to carry material back and forth from wor k
sites for commercial purposes. 15[003] N ght convoy operations in the
mlitary are typically used for sensitive operations where the convoy
may be passing through a dangegqespZ9ngHE INVENTI@NDanger zone. The
conditions in such operations are usually marked with limted
visibility as the vehicles are required to be tactical in their
movenent . Ty QalTihg, pregent tyentien dalates & ol imaging sysiens fippeehicles. More

Gevi cos ¢1 EBEMHURY RIRER: € arodiport ePRIRVR tedkihbe) Begion of

limted visinidJdniantiol aclirevelyjesippith ¢adien o aisecbAd lob to use
| mgi ng, sensors, or hom ng systens. 25 [005] U. S at ent No.

5,249,128 di scloses a nmethod and system for range detection using a
passive infrared sensing d%’AéﬁGﬁ@@N@b@ﬁﬂgqﬂt ﬂﬁﬁdﬁ’t ermning a
region on a noving object egi on

[002] Vehicle convoys are widely used for a vast variety of applications. In

10 military applications, vehicle convoys are used to transport resources or re-
supplies to remote operation areas. Convoys of tipper trucks are also used in
the construction industry to carry material back and forth from work sites for

commercial purposes.

15 [003] Night convoy operations in the military are typically used for sensitive
operations where the convoy may be passing through a dangerous zone or is
in a danger zone. The conditions in such operations are usually marked with
limited visibility as the vehicles are required to be tactical in their movement.
Typically, such operations are vulnerable to sniper aftacks, ambush from

20  roadside bombs, or improvised explosive devices (IEDs) from insurgents.

f004] To circumvent the problem of limited visibility in convoy applications, it is

known to use imaging, sensors, or homing systems.

25 [005] U.S. Patent No. 5,249,128 discloses a method and system for range
detection using a passive infrared sensing device. The method includes
determining a region on a moving object, such as an automobile, the region
having a size characteristic of the object. The next step is to characterize the
region by a plurality of feature points and sense the energy emitting from these

30 feature points. The distance between the sensing device and the moving



having a size characteristic of the object. The next step is to
characterize the region by a plurality of feature points and sense
the energy emtting fromthese 30 feature points. The distance

bet ween the sensing device and the nDV|§g 2 obj ect can be

cal cul ated. The nethod and system howe provi des only for

cal culating the distance between a first and a second novi ng obj ect

and is dependent u the % to ma changes if r. i
moversnt - SPRIRA0 S caiehtd g he ofaBRUE BEER. Loy BB IS S er
ni ght vi si @;alddﬁaur@emebamcaep@etwme first emdli & i gRbhanmbeipgnebjedy aheris
judging distance froman object to detect relative positions of
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object. An inage of the relative positions of the markers is created
within a field of view Inmages of the markers are viewed 10 through a
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pair may be novi ng and/ or unnmanned. The net ri ses the steps
20 of enit thegistarms isdrased %éﬁmgttne raameertreag% patuthecpesmarned line on

aut ormat | cal I]fug fee\Let?CtsT'@%gsa}sg su h é\%ir lis! Hgéw %'éﬁ]?ntl r?M'Fet(?mer?%[ng lower

makes use 5 P hcandesce anps

di odes ( LEDehucié tcobhsurenst thleaesﬂe:dveldele is erﬁainta\hﬁecchnthrnethetﬁafé d@am
in dangerous territory. 25 [008] U S, Patent No. 6,759,949 discl oses
an i mgi ng F$yHEBrihectYSiemians Rehpevideca M@y 1 Hgck andrefftmate thggpath of

camer a g Sgr?éfé%ld%? véﬂ%léﬁ ¥ oGRHPIheFi(E BE Glefy, adapt ed Tor detecting

t her mal I on an UCI ng an I nage signal indicative of the
tenperature of the surroundl ng objects. A d| gital signal processor

receives t T(?OJ/']mi?g Srivagtré%l IgLTtﬂlca%relCN Veidos‘?BEE{‘fz%s dlscﬁote?srrpaenr aatuL{omatlc
homing system, operable between pairs of objects. One or both of the objects

in the pair may be moving and/or unmanned. The method comprises the steps

20  of emitting light of at least two different frequencies and automatically detecting

the emitted light. Such a system however, makes use of light sources such as
incandescent lamps, light emitting diocdes (LEDs), light pipes, laser diodes, etc,

which are not tactical in dangerous territory.

25 [008] U.S. Patent No. 6,759,949 discloses an imaging system for a motor
vehicle comprising a far infra-red camera disposed at the front end of a vehicle
adapted for detecting thermal radiation and producing an image signal
indicative of the temperature of the surrounding objects. A digital signal
processor receives the image signal and selectively enhances the temperature

30 resolution based upon the relative temperature distribution of the image signal,

which is proportional to the temperature of objects emitting in the infrared



30resol uti on based upon the relative tenperature distribution of the
| mage signal, which is proportional to the tenperature of objects
emtting in the infrared 3 region. The system however, does not
provi de for tracking and estinmating the path of a | eader vehicle.
[9] There is, therefore, a need for an ifaging systemthat is able to
track 5and estimate the path of a lead vehicle in low visibility

condi ti ons. reg%iéﬂ] Wﬁ?@gﬁé%%%&%ﬁﬂ(@géﬁde%y 1r§8§ng %%Ses(ﬁfnaﬁng dhe

know edge in I's spe ron s 1ncl 0 explain e cont ext

t he i nventi gath bf a $dwidrdehizie.be taken as an adni ssion that any of the
material fornms a part of the state of the 10 art or the common

general knowl edge in the relevant art on or before the priority date
of the discl r Clial rej t: t; r
repr osent at o ag Teh 1o B nBed At 2R RIGETRI L To@f, Ukt 3 GUATHE fok
i nf or mat b on aadadtiatdte the patheofapigadoshiclamdodoeisibiliy condisibns.ut e any

adm ssion as to the correctness of the date or contents of these
docunents. 15 OBJECTS OF THE INVENTION [11] It is an object of the
present i nvemd]oRMyO dREEESIBRE of do@IméMas tdesvitiat aé‘étbabFYkrﬁjmbﬂgé 3he this
t he di sadvantages and shortcom ngs of the prior art. 20[012] IT is

al so an obj épecificatigreisiinsloded &» explapT the entaxt ofithgiimeprdipst dhshiard not be

= bl ur ot ty GRS pbrBsp ERERaR Ay 25 e rittin bR BT RdhFi g of the
obj ect; 1@nda@t seniké NBnHAYHCFerRstapkaBwicigeeirdiisPosRIann ait 8RCEMBefore the
obj ect, priority date of the disclosure and claims herein. All statements as to the date
or representation as to the contents of these documents is based on the
information available to the applicant and does not constitute any admission as

to the correctness of the date or contents of these documents.

OBJECTS OF THE INVENTION

[011] It is an object of the present invention to overcome, or at least

substantially ameliorate, the disadvantages and shortcomings of the prior art.

20 [012] it is also an object of the invention to provide an imaging system for
tracking the direction of movement of a first object, comprising
a plurality of marker devices adapted to be disposed on the first
object; and
a sensing device adapted to be disposed on a second object,
25 wherein the sensing device is adapted for detecting the relative
positions of the plurality of marker devices on the first object.

[013] It is a further object of the invention to provide an imaging system for
tracking the direction of movement of a first object, comprising
30 a plurality of marker devices adapted to be disposed on the first

object; and



25wherein the sensing device is adapted for detecting the relative
positions of the plurality of marker devices on the first object.
[013] It is a further object of the invention to provide an i mging
system for tracking the direction of nmovement of a first object,
conprising 30a plurality of marker devi tes adapted to be di sposed on
the first object; and 4 a sensing device adapted to be di sposed on a

d obj g i d d df
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on the first objeciyharsinf®e befdhgdanicd W@gﬁi(ﬂﬁeé hf@r Rt&dtinge the relative
positions of the plurality of marker devices. 14] It is a yet

further objesitions of e plwality pbmatr&erptﬂwmoaﬁwe CRIPCE A5l da ﬁ%mmg an
tracking t 'ﬂﬁggér ﬁ{( err%“aatRfe 632-:\& rlfsf tﬂ% pfuorékﬂg%g rﬁQ&SFgev;EQ rising

a plurality eV|ces I Spose e first
obj ect;s5and 10a sensing devi ce adapted to be disposed on a second
obj ect, rein the sensing device is adapted for detect|£§

the rel ati %WJO&'?@OY% figfthemebigeiRTdhe dyvestionde inspvide ANCBRCHE Byiem
s o) SR ettt IRl ol IR SRRy, o L
t he marker devi cesaoplutdiéy iofragarker devices adapted to be disposed on the first
object; and
10 a sensing device adapted to be disposed on a second object,
wherein the sensing device is adapted for detecting the relative
positions of the plurality of marker devices on the first object and forming an
image of the relative positions of the plurality of marker devices, and
wherein the relative positions of the marker devices on the image
15 allows the rotation of the first object about its own axis to be determined such

that the path of the first object can be tracked.

[015] It is a yet further object of the invention to provide a method for tracking
the direction of movement of a first object, comprising the steps of:

20 receiving images of relative positions of a plurality of marker devices
adapted for being disposed on the first object, said images being captured from
a sensing device adapted for being disposed on a second object;

obtaining from the images parameters based on the relative

positions of the plurality of marker devices; and

25 processing the parameters to obtain the distance, bearing, and
rotation of the first object with respect to the second object such that the
direction of movement of the first object with respect 1o the second object can

be determined.

30 [018] Itis a yet further object of the invention to provide a method for tracking
the direction of movement of a first object, relevant to a second object, which

method comprises:



15allows the rotation of the first object about its own axis to be
determ ned such that the path of the first object can be tracked.

[15] It is a yet further object of the invention to provide a nethod
for tracking the direction of novenent of. a first object, conprising
the steps of: 20receiving i mages of rel a15i ve positions of a plurality
of marker devices adapted for being disposed on the first object,

sai d i mages being c fr | deyi r, bei.ng

di sposed on a secongghgﬁrag@tg; sfﬂ??a"i’s Sr%aémo@? afe\rﬁél'tﬁ% 33 (ré)%ﬁfo?‘ %egfn%g@g%lty of
par anet er s Inasidr davitbedispbatd ve thedirstiakisctof the plurality of marker
devi ces; and 25processing the paraneters to obtain the distance,
bearing, and rot ati SRCGHNONRAIR i SGRAIBH) BN GC¥iHLiBPPRRY B Becssrond
obj ect suchphak- the direction of novement of the first object with
respect to the second object can be determined. 30[016] It is a yet
further 8bject of theovidingritiagesttmsedoyatesad sigrabalinf @displaatki ng t he
di rection of m)vemeni)gof. a first, object, rel evani%to a_second,obj

j ect
whi ch et hod conpri $E52N from the " imades, HAAG© rﬁnQF§e efgar H?%gfe?aﬂve
rel ative pogiokiti@Rs of thetpRrAIitRbF narRér dafikey; Hfhavi ces di sposed on the
first object; receiving said signals in a sensing device di sposed on
the second obj ect; processing the parameters to obtain the distance, bearing, and

rotation of the first object with respect to the second object such that the
10 direction of movement of the first object with respect to the second object can

be determined.

[017] Other objects and advantages of the present invention will become more
apparent from the description below.
15

SUMMARY OF THE INVENTION

[018] According to the present invention, an imaging system for tracking the
direction of movement of a first object comprises a plurality of marker devices
adapted fo be disposed on the first object and a sensing device adapted to be
20 disposed on a second object. The sensing device detects the relative positions
of the plurality of marker devices on the first object and forms an image of the
relative positions of the plurality of marker devices. The relative positions of the
marker devices on the image allow the rotation of the first object about its own
axis to be determined such that the direction of movement of the first object can
25  be tracked.

[019] The first object comprises a plurality, that is, at least one or two or more,
marker devices. Preferably there are at least four marker devices, spaced
apart from each other at substantially equal distances. For example, if there

30 are four marker devices, they would form a square or a diamond. A



5provi di ng i mages based upon said signals in a display;

obtaining fromthe i mages paraneters based on the rel ative positions
of the plurality of marker devices; and processing the
paranmeters to obtain the distance, bearing, and rotation of the first
object with respect to the second objepp such that the 10 direction
of novenment of the first object with respect to the second object can

be determ ned, 1 Qt her ohjects and advant ages, of, t present, .
Covent on AiPFasLEbh e BecBleE Rt R B e S S el dRe BfSE bpyices
SUMVARY OF aéiimd MvENBh@he rédiBand6tpiedirsidijectt he present invention, an
i magi ng systemfor tracking the direction of novenent of a first

obj ect conprises a plurality of marker devices adapted to be di sposed

L rzéz bjlﬁ%g?é?grrgd se%\gdd?&eﬂ?y?ﬁe ki E\Odipﬁai o@é&ﬁz‘?@%it‘%g
a second object. sénsing devi ce detects e relafive positions o
t he pl usal idpgratfvehprdoaneded teshensdéuing idsiticaab) Thé dintall pratcesaihg unit
i mage of t\f;)g) relative positions of the %I urali t¥ of marker dﬁvi ces.
The rel ati PO13B3Sia!i 8RS & PREAMEIEIFOMNECERISh ARG WitiaRee,
rotation of fi i b ik i .13

that the dinfenPon opeRonanciie Bt dHicRt ok B8 BHPEERRE ffe
[ 19] The fisestndlopiExt. dbepdramstersphcudé ihoyizontahtlistanceain ruwalker ongxels

two or nore, marker devices. Prefera t her re at least four .
v ker o HES0SoR hee ek Febiogt BATRY o\HHEraRISGIS, dheTunpe ohupirels
di stanggs. Hedked&X HPharkdfddhese 30 are four nmarker devices, they
woul d forma square or a dianmond. A substantially square

configuration is preferred. Preferably the nmarker devices are nounted
o L he e by i by B ' Rty o EREP LGSR E AR b
energy. At least one of the plurality of marker devices comprises a conductive
plate, a temperature controller, and a power controller module. The conductive
15 plate maintains a temperature difference between the temperature of the first
object and the conductive plate such that the sensing device can detect the
marker devices on the first object. Preferably the temperature difference is at
least 10°C.

20 [022] The temperature controller regulates the temperature of the conductive
plate by heating or cooling the conductive plate such that a temperature
difference between the temperature of the first object and the conductive plate

is maintained.

25 [023] A typical application of the invention may be a situation where the leader
vehicle is manned or inhabited and the follower vehicle is unmanned or

uninhabited. However, either vehicle can be manned or unmanned.

[024] According to the invention, a method for tracking the direction of

30 movement of a first object comprises the steps of:



5 operatively connected to the sensing device. The digital processing
unit obtains at |east one paraneter fromthe image for determ ning
the di stance, bearing, or rotation of the first object about its own
axis with respect to the second object. The paraneters include

hori zontal distance in nunber of pixels between the marker devices
and/or vertical distance in nunber of pixels 10 between the marker

devices. [21] P r-apl; : : i .

devices emt inf ?géeg\gﬂgr@rag{/gs (%{ r&%@g\get %)ﬁggﬁ? Qz{fﬁ%ﬂ'ﬁ‘%ﬁ%ﬁ %\KSMFKE?S

devi ces corrpll:iiaﬁm f@édmmhsl' atg ve t}p%ﬁtsi,otg‘edteam)idlriatagee caphired fren, a sedsing

power contr% er The conductive éS pl ate maintains a

t enper at ur e HV*FP@%QME% IR PSRSEPA R of the first object
dth ducti - i ' -

an e conauctl het éﬁ?Qro?rHOE frﬁé’%gé Erﬁr%?ﬁé't%ﬁ‘)ﬁ/agﬁ% bR%hE 3812868 ZJ%%ltﬁoH@ of

mar ker devices on t irst obje efera t enper at ur

di fferenBe ile plurdlénef meOKer dvides22] The tenperature controll er

regul ates the tenperature, of the conductive . plate b eat.in r .
cool i ng the condBTIrETR IE@ATRAAL? ChAIa /e Pisiaile. drrTay aRadotation of
bet ween thetﬁeempﬁr@%iememh fdapebt 1S the@BhdapiebN8uEP HHHC e/ |iRLAS® of
is maintained. 25[0 3; A tgpl cal application of the invention may be

a si tuati onmavementhel |thadaist vetieel eviils reapedidtorthenkagrnedied cae be
fol | oner veg%&j fhi. unmanned or uni nhabited. However, either vehicle
can be mann 5 udr'ranned. 7 receiving i mages of relative
positiong of a plurality of marker devices adapted for di sposing on
the first object, said imges ca?tured froma sensjng device adapted
for disposi %ni%ogéc%ﬂ@%me@ép, the invention, @bﬂfﬁﬁﬂ'ﬁﬁgeﬁf%fphé’apﬁﬁ@éhe

par anet ers t ; | eﬂﬁ)(%d. j : arality of
mar ker devi ces?‘gn%?]d J?Fépcfﬁ%hé%iﬁg?’cﬁ;g t é[td;;%ﬁ?r@%%gé%orﬂ%ﬁ%'n t he

di stance, beari ng gadlityobtfmiaderafevides ddapted dbjbecdispoddd ires pattern on the
t he second Pgée E%E'U(:h that the direction of novenent of the first

obj ect with' QE ' to the second object can be determned. 10 [25]

I'n one egbodi meng Qnsidif dbkE Hdfled 38 HTBBpHSE YRl £ BebBhd WhAE Pas to

the location and direction of novenent of a first object conprises:

a pluralityvie g kearkeedevisesadhpt sehsing isevities pegdoperativpatot detecbrihe

the first OPé;Et‘f\}g positions of the plurality of marker devices on the first object; and a
processor coupled to the sensing device to form an image of the relative
positions of the plurality of marker devices and to determine the direction of

20  movement of the first object.

[026] In another embodiment of an imaging system of the invention, the

plurality of marker devices comprises at least four marker devices.

25 [027] In another embodiment of an imaging system of the invention, each of

the marker devices is spaced apart from each other.

[028] In another embodiment of an imaging system of the invention, the
distances between each of the marker devices are substantially equal.
30



15a sensing device adapted to be di sposed on a second object so as to
vi ew the marker devices, the sensing device being operative to detect
the relative positions of the plurality of marker devices on the
first object; and a processor coupled tg t he sensing device to form
an image of the relative positions of tRHe plurality of marker devices
and to determne the direction of 20 novenent of the first object.

[26] In an r i t_,of .an | nmagj system Q he. L,nv iQn, t
plurality i@%ﬂﬁ?ﬁoﬂ@%ﬁ%&bo&w&pt @séﬁgm%&l‘q %y(?{ﬁ’% nifr Eﬂer %ﬁge?ﬂ?@gs tns
25 [027] | mavret devicestrdidretigedS inad subBGINfgIs ¥ qlie ednflgueationy avith ene
each of the marker devices is spaced apart fromeach other. [028] In
anot her entokaEAEVIeE IMAAEMERYINGG system of the invention, the

di stances between each of the marker devices are substantially equal.
8 [029] In another enbodi nent of an imagi ng system of the invention,
t he mar Ber [0B8]i d¢emnatleragmibodiattnt of arsinisding tsiyelany of duairerention, a digital
configuration, with or%e_ mar ker_\%evi ce in eacg’éé:orne,r. 3%030] lqn )
anot her entP6RGFRSHIS SPILR GRAIGIYRYY SPENeriesk 1 e SRUBING; SRvice Whgiainthe
processi Ng Ahd tvel negt t SRS IC
wherein thg'bgtlagi %@Iceggggeggli?n%btﬁﬁﬁ %gblt%glsfnga aéﬁﬁeast z'%;gg?%ﬁe?g?g?r?r%
t he i nage fdeterdeniagnihridigtanhe, teatiagoer, rdvation of) thefirst atbigdtaaboat itshewn

first obj ect.ab&Ht its fPe axis with respect to the second object. 10
[031] I'n aRStn&HD EerRsst BHICORA R ng system of the invention,

t he pangneters include horizontal distance in nunber of pixels
bet ween the marker devices. 15[032] In another enbodi nent of an

i mgi ng syd@%th on anhenesmadiment ied parimaging systam uefe theerifvandion, the
di stance i %a?%gferrs ﬂ{citﬁ)dé(ﬁbﬁzcﬁ'%%g@ntcgefn %%eerr oq?)Yﬁe%Between the marker

devices.

15 [032] In another embodiment of an imaging system of the invention, the
parameters include vertical distance in number of pixels between the marker

devices.

[033] In another embodiment of an imaging system of the invention, the

20  plurality of marker devices emits infrared energy.

[034] In another embodiment of an imaging system of the invention, at least
one of the plurality of marker devices comprises a conductive plate, a
temperature controller, and a power controller module.

25
[035] In another embodiment of an imaging system of the invention, the
conductive plate maintains a temperature difference between the temperature
of the first object and the conductive plate such that the sensing device can
detect the marker devices on the first object.

30
[036] In another embodiment of an imaging system of the invention, the

temperature difference is in the range of from about 10° to 50°C.



[33] In anot her enbodi nent of an inmagi ng system of the invention, the
20plurality of marker devices emts infrared energy. [34] In another
enbodi nent of an imagi ng system of the invention, at |east one of the
plurality of marker devices conprises a $onductive plate, a
tenperature controller, and a power controller nodule. [35] In
anot her enbodi nent of an imagi ng system of the invention, the

conducti ve e j i.n di n. .
Compor at ur el ¢ DB Safbob B, B P (RGIE SUERaP Hret el ihitgp. the
t he sensi ngtatepératureacoririliee trefblatemitike temperatere of théecdridustivelyjlatet by

9 [37] In Enot, her enbodi nent of an i nmaging system of the inventjon,
the tenper ab&BRNG &t §01INEr thee goNduEive: REte sushr Bl ra temperure difference

conductive Béﬁ\!"def'efrf%é'e@rﬁ af?fre0810|tf’15'9fittsli‘eot§9&dléﬁhi Yﬁg&ﬁ@gﬁ%&)iﬁ@atis

a tenperature erence between the tenperature of ect
and t he Tonohaittainedpl ate is 5maintained. [38] |In another enbodi nent
of an imagi ng systemof the invention, each of the first object and
t he second object is an unmanned or manned vehicle. 10[039] In

anot her enbggh JEHi ; ! O ;
devi ces ar e@ggwagﬁéth%gt?nt ed I@%nfﬁitaﬁggirgggﬁ%%g%@ﬁg Frﬁlé?@ggfggtéggﬁ of

[ 40] | n anothedirstobjedi arhtheo$econd ohigilig asygtreanndd ohmannedivehos. t he
relative positions of the nmarker devices on the imge allows the
rotation of the 15first object about its own axis to be determ ned

such theg tfosoli reehbeierobmbparnEnt opfart hRabingsbystehedds #@n ibention, the
tracked. [41] In another enbodinment of the invention, an i ma@g’; n?
system f or IR dRyicaseargi reaviebly wPURSEcere e wiar gngiof She Gt @dfect.
conpri ses:
[040] In another embodiment of an imaging system of the invention, the
relative positions of the marker devices on the image allows the rotation of the
15  first object about its own axis to be determined such that the direction of

movement of the first object can be tracked.

[041] In énother embodiment of the invention, an imaging system for tracking
the direction of movement of a first object comprises:
20 a plurality of marker devices adapted to be disposed on the first object;
and
a sensing device adapted to be disposed on a second object,
wherein the sensing device is adapted for detecting the relative positions
of the plurality of marker devices on the first object and forming an image of the

25  relative positions of the plurality of marker devices.

[042] In another embodiment of the invention, a method for tracking the
direction of movement of a first object comprises the steps of:

receiving images of relative positions of a plurality of marker devices

30 adapted for disposing on the first object, said images captured from a sensing

device adapted for disposing on a second object;



20a plurality of marker devices adapted to be disposed on the first
object; and a sensing device adapted to be di sposed on a second

obj ect, wherein the sensing device is adapted for detecting the
relative positions of the plurality of marker devices on the
first object and form ng an i mage of the’ 25relative positions of the
plurality of marker devices. [42] In another enbodi nent of the

i nvention, a nmethod for. tracking the direction of enent. of a.first

obj ect conpr i seSraiang, s ¢ Mdabe BaldrhBlie RBsRY o HHE KBRS ngion

posi tions afie pluphlity @f hiarkef déacdeer devi ces 30adapted for di sposing on

the first object, said imges captured froma sensi n% devi ce adapted
§

for disposing oRrecessisnihiedirametersio obtain the gistanas. hgaring andretation of
v Bou 4T ol Yyt rdsbcl 8k o BB bLREP oGl i ekt o

mar ker devi ces; e ng t
di stance, besvdmentand thet fitdtoobjett tvith frespiéctoly eibe wetdnd estjectt cbn be
the second object such that the direction of 5 novenent of the first
obj ect wit KHE¥BPERY. t 0 the second object can be deternined. [043] In
anot her enbodi ment of a nethod the invention, the plurality of marker
devices includes at |east four marker devices. 10

[043] In another embodiment of a method the invention, the plurality of marker

devices includes at least four marker devices.

[044] In another embodiment of a method of the invention, the plurality of

marker devices are each spaced apart from each other.

[045] In another embodiment of a method of the invention, the plurality of
15 marker devices are arranged in a substantially square configuration, with one

device located in each corner.

[046] In another embodiment of a method of the invention, the parameters
include the horizontal distance in number of pixels of the marker devices.

20
[0471 In another embodiment of a method of the invention, the parameters

include the vertical distance in number of pixels of the marker devices.

[048] In another embodiment of a method of the invention, a method for
25  tracking the direction of movement of a first object, relevant to a second object,
comprises:
generating signals regarding relative positions of a plurality of marker
devices disposed on the first object;
receiving said signals in a sensing device disposed on the second object;
30 providing images based upon said signals in a display;
obtaining from the images parameters based on the relative positions of

the plurality of marker devices; and



[44] In another enbodi ment of a nmethod of the invention, the
plurality of marker devices are each spaced apart from each other.
[45] I n anot her enbodi nent of a nmethod of the invention, the
plurality of 15marker devices are arran ,P in a substantially square
configuration, with one device located in each corner. [46] In
anot her enbodi nent of a nmethod of the invention, the paraneters

i ncl ude the hori - di i i f r .
dovi ces. 20 | LarP s RerPaapie R Sl ek iRl LEREn I rotgtion
t he par anet ef $hé ficdt ustgedtheitly eespamlto dhetswooadi sbjettndiesh tfat phaeliectibn of
t he mar ker devi ces. L48%_ I n anot her enbodi ment of a nethod of the

i nvention, AMEMRIY PbrinesiirshcRPigEt Ml depieesti &h the sBcRNfEMbIgst gan be
first obj eCHetérﬁ"iir‘:r'é/@nt to a second object, conprises:

generating signals regarding relative positions of a plurality of

mar ker dgvi ces di sposed on the first object; receiving

o 7 o TR S BPREPR) PGPSR0 TSR ements
obt ai ni ng f AR feRAILEBRGRSTRARGBH ﬁ’fdﬁ:al?@@QﬁltﬂB shecificltdhl Mﬁtﬁé)%!ptﬁ!ié‘élﬁan,

of the plurality of marker devices; and ~ processing the
par anet er s inglid@ualiynor helletitivelynead dwapr af, combinatiens odangftwoher mors tof

object with_res t he second objec uch that.the direction of
movenent. of SEeBT-spepighls B IRARrPeL A oM, bttt Diaders; als Pbalopee
det er m n@d. hérein which have known equivalents in the art to which this invention relates,

such known equivalents are deemed to be incorporated herein as if individually
set forth.

BRIEF DESCRIPTION OF DRAWINGS

15 [050] In order that the invention may be better understood and put into
practical effect, reference will now be made to the accompanying drawings, in

which:

[051] Figure 1 is a schematic representation of the present invention in use in

20  aleader-follower object situation according to a preferred embodiment;

[052] Figure 2 is a rear view of the leader object according to a preferred

embodiment of the present invention;

25 [053] Figure 3 is a cross-sectional view of a marker device according to a

preferred embodiment of the present invention;

[054] Figure 4a is a perspective view of a sensing device according to a
preferred embodiment of the present invention;
30



[049] This invention may al so be said broadly to consist in the
parts, elenents and features referred to or indicated in the
specification of the application, individually or collectively, and
any or all conbinations of any two or npre of said parts, elenents or
features, and where specific integers ar%e mentioned 10 herein which
have known equival ents in the art to which this invention rel ates,

such known i Ient are d be i ncorporated herein if ..
o doan (PR ER b M seRsiRtefaaranh 008 SalidiieetSife apftadsording
order that tg aq)refewe@térﬁﬁomrﬁefh@b@sehﬂmﬁeﬁﬁmd and put into

practical effect, reference will now be made to the acconpanying
drawi ngs, in whi ch [51] Figure 1 is a schematic represent ation

oi tuat i on S, ERAEES MRS ihe BelBol Alifion HieS)Rn Rl BF betegmiping
rear Vvigw @le Uimmwcwan@@l antl thcedtrd le@dteﬁ odjet efier respeetrito digrisiownet
the present invention; 25[053] Figure 3 is a cross-sectional view of

a marker depiestaseesing [z Pfﬁfﬁrrﬁﬁ’ @F@Q@Beéh%fotﬂﬁr%ﬁﬁergfm‘{%'oﬁr esent
invention; [054] Figure 4a is a perspective view of a sensing device
according to a preferred enbodi nrent of the present invention; 12

[ 55] Fi gur @058 Figuae & lzearebiresportjnaimate af dhgippaitiopraddbs shardgendietices
according to_a ferred enbodi nent of the present invention; [ 56]
Figure 5 il E@PF%ges the geometric rel ationships involved in
determy@gi ng 5the distance, bearing, and tilt of the |eader object
with respect to the foll ower object according to a preferred

enbodi ment [@i8]t Figyse ek éma planeiewasf; the field of view of the sensing device with

respect to the tilt of the leader vehicle about its central axis; and

[059] Figure 8 is a corresponding image view of the same tilt of the leader

15  vehicle about its central axis in Figure 7.

DETAILED DESCRIPTION OF THE INVENTION

[060] The present invention will now be described in detail in connection with
preferred embodiments with reference to the accompanying drawings.

20
[061] The present invention provides for an imaging system operating
between at least a first object and a second object, comprising a plurality of
marker devices disposed on the first object, and a sensing device 22 to detect
an image of the marker devices, where the sensing device is disposed on the

25  second object, and wherein the second object can track and estimate the path
of the first object. Examples of the objects are, for example, ground vehicles,
watercraft, aircraft, space craft, self-propelled objects, etc and in which both
objects may be different. The respective objects may be manned or unmanned
in any combination.

30



[57] Figure 6 is a corresponding i mage of the position of the marker
devices in Figure 5; 10 [58] Figure 7 is a plan view of the field of
view of the sensing device with respect to the tilt of the | eader
vehi cl e about its central axis; and [59] Figure 8 is a
correspondi ng i mage vi ew of the same tilt3 of the |eader 15vehicle
about its central axis in Figure 7. DETAILED DESCRI PTI ON OF THE

detail in cUSRorIGENEE EemRIE R RRalblon DT U MErSIREFRPERHI Oy ofihe

acconpanyi ngar@lareaw mgsmmiﬁ) witdéigln The groemdnwehmwmoommraw gaselfitg iana
i magi ng system gperating between at |east_a first object and a second
obj ect, conSPESiRg déreﬁT'err' A 2lpngra pefees 1devl ke yehicksybakindonr fhﬁgfoilower

first objeclenap 80 S8NShABoLE R A7 iAo §?§t8§2edg ® pPserfSpvention,

mar ker deV|ces Wher et ensi ng ice secon
obj ect, &nd mﬂhﬁjmg A sdnsirgpdevice GBj end aosaaplay.ﬁndit MrastSMreg ﬁbﬂc@&&hs

of theflrst obj ec of t for exa rou
vehi cl es, warapP %0( dgﬁ:ﬁﬁ?'ﬁ’?’t’e RGS t?é‘sc‘%’ Feaso,gppepm@ﬁ}gqq g%‘"%ﬁ C‘P%%e
etc and in yBhiel RPHBNOUeHESIcEBYr RERRIL, fﬁT e@ensﬂ&dé?@@eﬁ F{é;ﬁ be a far-

obj ects may be manned or unmanned in any conbi nat i'on.
Figure 1 isirdrasetieandra (Fipk esbatrasl iomgoig aaqmeea & }oe@-\emmfmad etdctro-
t he present vention where cles 10,

ravel g, PRUS TEiselY (ST aciiBnl RI0S A, & ani-ofds Yiiigble viewing

vehi cl ejpehigadice for the fuepbser deedtitplgegeétatey @?ﬂa@@ﬁ et [Bad8r vehicle.
i magi ng system of the J)resent invention, 5 including a sensing device

22, and a dﬁbgﬂ@@dqrm fllowey vebisies 19 e are alsprequipperpitacanamyasicetion

r eI ative po e C I
front, or tﬁﬂeéa{ eader v% %T@H@%Qhﬁ%&@?tgﬁﬁaﬁ@? 'ﬁﬁh%?mo?féﬂo
fa][ i nf (rj ar Fdommm‘n@at(dﬁ R)lew@es*. h&y nallow rr&genwtuoarn@rra ang intrtrceavier other
infrare eectrootlc [ system a night vision device, or an

ot her sui t aBPEMATEGRIRY 99 gﬂ‘ge%§| &S $hpwn e F gg%{lﬁo‘g&%mmagtcggw geans 15 26
enerated s

Veni o e 107 58 EpE0 pEBIaLERRAR 1Y & BLtp B Ioeic PO adl S b | M yenicies
Such communil@a2®.on neans 12, 26 nmay be in the formof radio

communi cation devices to allow interaction or an interface for other
comuni cati on devices. As shown in Figure 1, conmunication neans 12,

26 15 are Em?t gdnking @éﬂé@wtméwb@ Sieuhe 9nlt%afrbﬁneﬁa éfGﬁféefoIBWér
foll oner vehicles 10, . [63] Sensing device 22 may be nounted on

the front eHehigle 2he H%lth@wrpm efl mapdendmge, Seevipingpos 8scuwity purposes,
mai nt enfﬁceseﬁﬁﬁé“océ\f?c% 29" m ?/Cﬂé'r%xr]owéw/oagﬁchable from the body of follower

vehicle 20.

[064] The display unit (not shown) is adapted for communication with sensing
device 22 via a digital processing unit 24 and may be disposed within follower
25  vehicle 20 in a suitable position. The display unit will be understood by a
person skilled in the art as a screen or any other means capable of displaying
relevant information to an operator and will therefore not be elaborated. The
display unit may be located above the steering wheel inside the passenger
compartment of the vehicle and is disposed in such a manner that the vehicle
30  operator is not severely limited in his or her field of view. The display unit may
also be integrated with any other communication device, for example, a video

monitor, that may provide visual data to the operator. The display unit displays



20 sensing device 22 may be renovably detachable fromthe body of
foll ower vehicle 20. [64] The display unit (not shown) is adapted
for comrunication with sensing device 22 via a digital processing
unit 24 and may be disposed within follower 25 vehicle 20 in a
suitabl e position. The display unit w 114 be under st ood by a person
skilled in the art as a screen or any other neans capabl e of

di splaying el evant information to a erator and. will, therefore not
be el abor afsaPomssel Gyt el SPPoudidl AB%H'amt bdRalinioged ©
wheel insi g t/BRICRASEEREET of MRV NRAlcI® R0t Reanfiijfal ifatitibA Whishased
in such a manner that the vehicle 30 operator is not severely limted

in his or Helude egdisingeehearing oditilof isadeniveniel 18l so be int egrat ed
wi th any ot her conmunication device, for exanple, a video nonitor,
that may provide visual data to the operator. The display unit

di spl ays @b3]haitererese the graptdsspdranplitessranfetéizeofstrsdiggaldsrocessing
and comruni cates to the vehicle operator of follower vehicle 20

meani ngf ul U2 ey R TaRsBIteRaya T e B GRiiog; Istestace, O displry, U in @
tilt of le 6%"@*&5\866’, fb -exﬁﬂrgﬁé]a &ﬁ{d‘é&gtﬁzﬂ'néfaati M8y %W&@ét%%aﬁp_tﬂ%

parameters 0 Igital processing unit y be transmtted via a
conmuni cat inay beirecdsasewberedotiowet eghicaia0 imayder empeendédcat i on, for
exanpl e, a ground control station or a base station. This nmay be in

cases where follower vehicle 20 nmay be unmanned. 10[066] A plurality,

that isp mies)t PapILPNRy, Othafils, InS&@! theWnePbr BRISRE tHEVHLRRIH’SG dBlcde16
di sposed on | eader vehi'cle 10. Preferably, marker devices 16 are

di sposed i may handisposerhion eager hehidad 0. | fretsfrallygmarker degicgs ofb are

mmy be mudreasn 4 A @aRRehidt W 1 ThE ST ot o Hebh L YR P Sedng
rear end olelieade? ofeblioher vahickd 20AIMakeadeviekY, 16T He bedpioutest 0 a
may be adapted for connection to the rear _end of |eader vehicle 1

) f 0.
The out put “%Q%iﬁgsbrﬁﬁb@ﬁ h@ﬁ@é?t%mrd@é‘n%’h%ﬁ ”B)%_"%an‘ﬁ'éq’ i%l'%a%rt\f%h‘de
that igscapgblg aﬁ%\l;?%é%?'d\é@i@e?ﬁﬁ m&{ P Bhd1tdd f &ﬁme&@cﬂ tc;r% rear
allow for tactical novénent when T n use,”a marKer device s
pr ef er abl y eadeftibadergatdclatids $hgmalisuttdignalafemaotartiet deviabs d Bbyushkee

ene or not visjiple. . tg the hu eye.. The si | generated froma
oy kot _devREPRBbRSYiGh dnet SPaDe SHERG RSt Blor SIS d6¥i6 2P0
radi ation. [68] In use, sensing device 22 detects thernmal radiation

on follower vehicle
[067] To allow for tactical movement when in use, a marker device 16 is

20 preferably one that generates signals that are not detectable by the enemy or
not visible to the human eye. The signal generated from a marker device 16 is

preferably in the form of thermal or infrared radiation.

[068] In use, sensing device 22 detects thermatl radiation on follower vehicle
25 20 from marker devices 16 and produces an image signal indicative of the
temperature or temperatures of marker devices 16. Digital processing unit 24
receives the image signal and maps the signal into a display signal in which
marker devices 16 are evident to the operator on a display unit. The display
unit may display the output parameters where the operator may adjust the
30 position of follower vehicle 20 in a manner to maintain convoy distance. In
instances where leader vehicle 10 is out of the line of sight of sensing device

22 of follower ve'hicle 20, the imaging system will display output parameters



25 20 from marker devices 16 and produces an inmage signal indicative
of the tenperature or tenperatures of nmarker devices 16. Digital
processing unit 24 receives the image signal and nmaps the signal into
a display signal in which marker devices 16 are evident to the
operator on a display unit. The display1 it may display the output
parameters where the operator may adjust the 30 position of follomer

vehicl e 20 O_ mai_nt.ajn di,st.an Ln i nst

wher e Ieade#%%ﬁiﬂa eﬂi%tth% 08&{8t8f 0{ ﬁ%‘ VV e"%*f""&g (ﬁa%‘eﬂ ?H@\B? (t]%e
22 of follopeth vehésde éhicleheo i tiagigagh s:mawynp@shiondl mr@ypgmcmatrlg the
paraneters 15 that will enable the operator of follower vehicle

to track anéist¥iGembearingeanshiith opfeadssyehiclenpovid b@odtsn@lay@game suthey of

eader “veni Srgg dif Pofioaling shE A 4066 oBRBGHIR eGEs VRhFID go wil be
estimatifhg thedapadhindndhardgiasbeioan of | eader vehicle 10 will be

S5explained in further detail below [069] Figure 2 represents a rear
end view of |eader vehicle 10 and the arrangenent of marker devices

16 in a prefug %F}}?‘?Hgoﬂ r@Blt:lf% sefts EGehP\RRE LR JYBIRSREr AR |&§ST§6&H%( %he

arranged in a er such at they are spaced apart 10 from eac
ot her. It isrrpngémenedf Maakeraieulmﬂﬁﬁmarpmﬁaﬂmi enhodmesntasfeéhasedention.

Preferably, e d| osed on the outer perineter, of a nountin
br acket 1% Nﬁﬁﬁ'@%}/’ 8(58 e N ) WFF% HBJ%BE%QY@%%P“&S@&‘%@”
| eader Mehi gb &8eh /Eﬁhéﬁ' | it RepRx@frad nest Belcast fblr h%ri?élef:!@%é@é @réh@ed.

mar ker devices 16 are spaced substantially symetrically and
equi di st ant Pieferadiy, dhey aont Hisposgd endihstaiieepéninetss diet mosntieg dinacdet 15.

about 3001 51 Bl SSBLBGARHAR, oo TuBh TRt e sk et sl .
that al |l ow sengil hg @Iﬁyam@dw@w des @féfeﬁéﬂte gt IMarkeRdiRIEsCEB atd spheed
al so possible. An equilateral triangle is an _exanple of another

useful conf fﬁwawam sypopetrisplinand reéiwctl&ta@ﬁy e eaq:hl giqar. Ve @s@gcmx)
20 are ffq“bé SrPed B %a?lf’éil#é‘\fi‘éeé"’ﬁ]fi 'fl%n‘?’éagﬁ%tﬁé’iyg Qrg?éréb&p §nge

during the night or 1n areas mted Visi 1S
t hat they aofefromtamagidog Memtamt@ﬂs JBy0 m’mmﬁdmrmtwmﬁLmt;emtmﬂguratlons that

Accordingly,, such mark r de 16, in active or_passivye node
are not vi sftsvk SEBSING §9éjet%‘3 aﬁ@’ﬁ'}%ma{ 'E?ra‘iei‘ﬁ‘%?c"‘t g lso possible.
attention. Zp éq@nﬂéﬂeréﬁ'tﬂaﬁ@e?rs bRARLERRIE Bf én?fht%ﬁ%séﬁ%bﬁ‘(’@ﬁraﬁbﬁw of an

active marker device 16 ih an enbodinent o e present™ I nvention.
Mar ker device 16 may al so be a passive infrared emtting Ilght

Sour oo BBl A8 SRR RRbTE Rl BB et RN RS bt
while on the move, particularly during the night or in areas of limited visibility, it
is important that they are not easily detected by enemies or insurgents.
Accordingly, such marker devices 16, when in active or passive mode, are not
visible to the naked eye, so as not to attract undue attention.

25
[071] Figure 3 represents a cross-sectional view of an active marker device 16
in an embodiment of the present invention. Marker device 16 may also be a
passive infrared emitting light source. In a preferred embodiment of the
present invention, marker device 16 utilizes active infrared emitting light
30 sources, for example, a thermal energy emitting device. Examples of passive

marker devices include thermal plates, color markers, LEDs, etc.



30 sources, for exanple, a thermal energy emtting device. Exanples
of passive marker devices include thermal plates, color markers,
LEDs, etc. 16 [72] Marker device 16 includes a housing 33, a
conductive plate 38 for heating and cooling, a tenperature controller
32, and a power controller nodule 34. Edth of the narker devices 16
may be powered by a vehicle source or an external power source,

as
represente r source,36. 5 Marker deviges 16 all gw sensi
vl co- 22 {07 HeREATRES REVIch: 1B, b6 ERS: By HIRA cio 7 JrAURAY Ao Ge TP T
16 and to @chamytHed aRANAGO0Ta embetdtadeiconabils! 8220 4P AR BentrdIRr
di stance, bearing, and tiTt of |ead vehicle 10. 73] In use, a

mar ker devineduie ey Eachhehthkel roarked sleyitedep@ maandpeupowerdtk by1a vehicle
envi ronnment al conditiaon tﬁ'Pal | ow t he sensi n%éde\{%%% t o accuratel Yag
det ect t he SPHE &l aéh@r"é%}”@ PrEd F-Onmt e TR MdewYe BOWET OIS 0
exanpl es wigdrkeheicRtest 96NBIVAl scfRig [dedire apeid eelect athed irfRIMBE T @iaye
| ess than 20 C, the marker device 1 ma%gibe programmed to heat the

conduct i ve epritee fromn eumarkaiadevicr 16 anseicmelipw the apesaten ok &lloyeyi ahicds
is increas i . i ent

t enper atur%gébq{eﬁ%ﬁggmmggté E%eééog Q?é@%g‘?{b v@ﬁ?tlggﬁl\%ﬁ%ﬁge pur pose of
heating and cooling the conductive plate 38 of marker device 16 is to

mai ntain a_te rature difference between the tenperature of. | eader

vehicle 10 [%??gp ’P\é‘s‘?v_rﬁ g ser %‘é‘?’@} LN P%Heﬁﬁﬂﬁr%%é H@B_@‘PQ@BQ i'@?“fh%

advant age %vﬁ@rﬁ&%ﬁfd&%‘%n@ki@h@, gﬁaﬂcﬂv khe s@ﬁéihﬁedé’(ﬁééfd aleYafsy #@téét th&
t 0 e ay ." The

enhance the erna I mages di splayed on t di sp uni t
t enper at ur éhelnfl ezreangy dipittad efnomnetide markdn dewca01§.oFomekampte, when the

tenperature) and co ctive plate 38 will enable sensin ice 22 .to
hotbet o SuTORmRBR BN P 5T SodantS emBPRILE BREMAT L5 R AP
radi ation eQ¥eet® maRhKafrodRimed k8. hd=drthefdonguetite Bt !RYs@dh tHR the
thermal images on the display unit, the tenperature difference

bet ween | ed@leperziuncedf tbeanankel devigablteist incwmased 4o & WMpaTatwre ftghari than
glngh(raei’g t ﬁgﬁ’éﬂtﬁgbggﬂerﬁe’t@ﬁ'{pe@tﬁm or th[aéfﬁhp%?%% Q%f%%sdglo Ufeﬁi%l ! 0. 3%he
guire enperature diTrerence between [edder

vehi cl e 10 pansbseopidiedtingeamd abelirkfthes comdurtiae Neate3EB of chapkavediice tibas
conductive plate from over heati_ng. 17 !75] Figure 4a is a close u
view of a &eA¥ENgaeRReEiuiedifeinee geBipR Emeatatye qfleagsre le
i nventi on. i i { : r ; i

of o compi dCelth e RREEE A ENHIARTaERBHRT G 58, L ShataBk of
f or capt ur icngdsétiyeaplateoB8iindbesadtivermarkee teviE?, 18 ieite enhantodne therfsl

22%2?@2? iﬁ’%ﬁ&%%\%%%gfeadﬁ' Son( H%t d%%?aquhnlft.or'fhg ttgmpae?aetu\pé tcji]ffé)rtengé between
leader vehicle 10 {or ambient temperature) and conductive plate 38 will enable
sensing device 22 to detect and to therefore display clearly and accurately the
thermal radiation from each marker device 16. For efficient display of the
thermal images on the display unit, the temperature difference between leader

25 vehicle 10 (or ambient temperature) and conductive plate 38 should be at least

10°C.

[074] Temperature controller 32 ensures that the required temperature
difference between leader vehicle 10 and conductive plate 38 is maintained

30 and prevents the conductive plate from overheating.



[ 76] Figure 4b represents a digital processing unit 24 for

conmuni cating the inmage signals from sensing device 22 to the display
unit. Digital processing 10 unit 24 includes a power nodule 46, a
processi ng conmputer 43 for processing t 1%lmages or signal, and a
plurality of input-output (1/0O ports (42, 44, 45, 47, 48) for
comuni cating with other devices. The I/O ports may be adapted for

connecti on ey ces uch as, the dis a uni_t vice 22.. 0r
other wi rol [T IR 24T o Tty LB TRYT S PR Bl Tyt eded o PErefec
base st ati oembblimEri’ bf lﬁhegtpr@seﬁmtnﬁv@ﬂldd | $ehsitlg @8vieé zmﬂwd‘lu@ésiaqfharge
vi ew of sensing device 22 and narker devices 16 when they are wthi

the field ofouvpled dsvige (rQQIa}oga@ﬁmnﬁmgamﬁgetabwé@-szmcww@r (@MOS)

shows a vie el t

dovi ces 16 SRACPHIRAFRETIRERARHAGG SHHES Y id ohe A IR ot boarc
met hod of dé&Beramdi ag irkmjtdostmmcmedmar(nng siawn}t ifot plerffdie |wilitdeother
vehicle will be explained hereinafter. [79] In use, the display unit
will di spl afouarHeRigeee’%rs to the operator on 25 the current
status of follower vehicle 20. The paraneters displayed may be the

di stance, bearing, and tilt of |eader vehicle 10 with respect to

fol | ower veHl7d]eFRure At tepugdertta digial prypcassingwinitl 24 &dwecammiusicaling the
i mge of marker device the rame rs g{aﬁja ed 'II.ivethe .
operator a SR SAEA TOBLSRUR G EILrE I uilbr R tRIGREPEsing
fol | owerp vebhgloa Reludesa pBRBEMJdIA 48“9%&@55%’@'&:@H;Rﬁé\4 43 for processing
30efficiency or requirenents of the m ssion. For exanple fol | ower

vehi cl e 20 thestmagaemeasianal dinst apbeably aisnpeieutput (163 D@ﬁ@lé‘ﬂ? VR4, &7,

10, e 9 Bt olh e bl h SBAAe > PRSIOKRld RehEfh ghef for

occasi ons whéfné@peto debtices &sukh &s tn@tduspltatmumtt ha@nfsmg de@tf:e 252 Vcbrewmer
or line of sight of follower vehicle 20. In this case,

t he
unit will i W@S&ttﬁman@aﬂom H@V@ﬁérf%&’iﬁ@n%'ﬂ'ﬁfrtﬂ IMREss t@efhbé%;%s'@djof‘hat
cont act}gvlth | eader vehicle 10 has been | ost.

[077] Figure & is an illustration of the field of view of sensing device 22 and
marker devices 16 when they are within the field of view or line of sight of
sensing device 22. Figure 6 shows a view of the corresponding image with
respect to marker devices 16 and from the view of sensing device 22.

20
[078] The method of determining the distance, bearing, and tilt of the leader

vehicle will be explained hereinafter.

[079] In use, the display unit will display various parameters to the operator on
25  the current status of follower vehicle 20. The parameters displayed may be the
distance, bearing, and filt of leader vehicle 10 with respect to follower vehicle
20. Although the display unit will have a visual image of marker devices 16, the
parameters displayed will give the operator a quantifiable output which allows
the operator to control follower vehicle 20 in a manner that supports operational
30 efficiency or requirements of the mission. For example, if follower vehicle 20

must maintain a distance of 15 meters from leader vehicle 10, the display unit



[81] Wth reference again to Figure 5, the horizontal field of view
62 (Hfov) is 10 the field of view of sensing device 22. This is
represented by sensing device 22 and the two |ines projecting at an
angle fromthe sensing device. The field of view 62 of sensing device
22 is dependent on the specifications of8sensing device 22 and is
generally fixed. The field of view 62 may be in the range of from

bout 25 to .ab 4 ., A dotted I|]j 0 _projecti f .
Censi ng. L5cti] APt 57 BESRIY IiEeh T tlsol aghal HalGei BORUaRaRT uEhicl

of view 62.qgTypically, this calculation is half of the horizontal
field of view [82] The horizontal |ine 64 disposed in front of
sensi ng device 22 represents the image wi dth resolution of sensing

devi ce 22. i ewdth resolution 20 (Wixel).4s defined. as.the
nurber of P8 STESF REAORS RESSHE WG Brest VREe B TRt g pbcor
resol ut son vigw @r NiRedentighn of hellcvrecidHiglatagmn |@fthi%eé§se)9h@l@1$m@)62ﬁet will
Typical imge width resolution of sensing devices rg;ge from about

100 to aboufnswiats|yalest thenopg@iorsehinlipyed aahide 2D thgiteandactanith derpter
of the mar K/%F\H:‘Fee.‘(b%%ﬁ q]eggg/b%pl n the field of view at a given nonent
a

in time. The norizon i stance 66 between two of the marker
devices 16 on the inage itself is determned and is known as the

hori zontal distance of two horizontal narker devices 65 (HorDpixel)..
This di st arﬁ%@s I @Uﬁ%a GRS @Q%N%{']:t&urE[Eaé?e mezaﬁﬁaﬁﬁﬁldoqu\ﬂ%\ﬂﬁ @ﬁO{/h@
two marker i p i al ; i) S

pr edet (l,lrsm r’glﬂ%?ﬁb{f;ﬁgf g‘%t ua: §ﬁg§?€|§%§l!’§lé |'stﬂamn%é§%éﬁ??—%¢[%g%§é ) I%q 'dt%h”é;e
two mar ker 22eamd e tveo fihes grgjectingeaban aegletrant the sanding ddeicecekhe field
mount ed on the | eader object,. . 1 084] To, obtain the dist.ance .

Dot veon oo B3 s Havich 24 Rodepaielt s the! octRbBRS B sepsing

bet ween t hejeh/Rll %hdqgig%?krﬁ?/dﬁ%élﬁ TRadrild @PivREY 62t ey a0iretHel rangevisf
(A 69 of two marker devices 16 fromthe sensing device is first

obt ai ned. Tigen @bglik28ftovahmmt 48) degrees. ndalsiieddinent@dypissting Aom Isensing
| i e . ' 6] f . f

SoPati dhshdViskr 2 tebrBre e nE B oY kaE PofitanBr Dok VKA N TYBRALY.

field of vitewcakulddion ik hafid taeabazoftaviiew of Hevef two mar ker devi ces

16 is obtained by the follow ng cal cul ati on:
[082] The horizontal line 64 disposed in front of sensing device 22 represents
the image width resolution of sensing device 22. The image width resolution
20 (Wpie) is defined as the number of pixels lying on the width of the image. The
image width resolufion is dependent on the specification of sensing device 22.
Typical image width resolution of sensing devices range from about 100 to
about 500 pixels. In use, sensing device 22 captures an image of the marker
devices 16 within the field of view at a given moment in time. The horizontal
25 distance 66 between two of the marker devices 16 on the image itself is
determined and is known as the horizontal distance of two horizontal marker

devices 65 (HorDpixel). This distance is measured in pixels.

[083] The actual distance of the two marker devices 16 measured horizontally
30 66 (HorDaewa) is predetermined. The actual horizontal distance 66 (HorDagtue)
of the two marker devices is the distance 66 between the marker devices

mounted on the leader object.



10 A= (Hm X HorDp J &BANy- pi xel [85] Once the angle of view (A)
of two marker devices is obtained, the distance between the sensing
devi ce and the marker devices can be obtained by the foll ow ng

cal cul ation: 15Di stance = Hpactual /A [%6] To minimze errors from
t he cal cul ati ons, the above cal cul ati ons %ar e repeat ed nunerous tines
to obtain the average distance obtained. The cal cul ations are
typically repeated fromtwo to four tines. 20 [087] The imaging
system al so all ows the operator to know the bearing of the |eader

obj ect W t h[08#3pFotolitaintthe die@sicehatweenandkeneeniced 18 ahba&cheingouerice
object. The bearing 61 neasures the given position of the |eader

obj ect wi t h22ekpedhetdsienee thatyverprthgbiodewvernobiedyi anch thavileader rolieehe the
The bearing [ ' it central . o«
TS e naaBe| 7 JBNSHY 80 P BERES, ik RTRGH g selEERIbAL o s
oper at or5 of obtaéndd| Mheeanghdjof cliew ANEIeisveeatinedf inl deyveesohgeahe angle of
according to, o nents. _For e i

' | i cal i le, if
Che_di spl ay V6 GG Al Y Markekdavieny 1805 0T MeUpe &l I rofiphone between
under st ood {py Frﬂ§%@%5@1t ﬁa‘so‘luh%tn Bﬁearllc?ffﬁi@rhowibﬁﬁl fletd to‘fas)féblaé%"gll-i{o@\,,\gi?e

direction 30 degrees wth respect to the central axis of th

obj ect. 20an{i88pf Mew Héar v dwof mianeerl dadees ol dstobvibinedr &y piet fallowing
the foll ower velh'%.cl_e is determ ned and conputed by the digital
processi ng GAPHAUMPt h reference to Figure 6, the bearing is
represented as a function of the relationship with the 5 horizontal

field ofg view 62 (Hfov). As ne@ +gHR(XeHeVD fxeF)}Wp:J?L?” zontal field of
view i s dependent on the specification of t'he sensi ng device. This is
therefore a known value. To determ ne the bearing, the pixel
deviation 63 fromthe inage centre is required. Figure 6 shows a

et er m ned 15k ROFF P AHER, BRIaWAe) RS Sppfier UAILOEAE dRANEE, ke
measur ed i ndidtagroessetwEka the sehsieviaticoantirtben harkerr degies ez Ibe obtdihed

deviation of the _end of th rker device in nunber of pixels from
the centre W%n%@‘ﬁpmwlqﬁéﬁs’é‘rger pi xel deviation fromthe i mage
centre is used for the calculation of the bearing 61 since it

represergs the novenent of the npjd@hcdevHEE fjom the centre of the
i mge. The calculation of the bearing is 15therefore as foll ows:

[086] To minimize errors from the calculations, the above calculations are
repeated numerous times to obtain the average distance obtained. The

calculations are typically repeated from two fo four times.

20 [087] The imaging system also allows the operator to know the bearing of the
leader object with respect to the sensing device 22 mounied on the follower
object. The bearing 61 measures the given position of the leader object with
respect to the follower object at a given point in time. The bearing 61 is
measured in degrees with respect to the central axis of the follower object. In

25  use, the bearing 61 allows the operator of the follower object to maneuver the
follower object according to operational or tactical requirements. For example,
if the display unit displays the bearing as 30 degrees, it will be understood by
the operator that the leader object is travelling in a direction 30 degrees with

respect to the central axis of the follower object.



Bearing = [Pixel Deviation fromthe i mge center/(Wixed2)J X
(HfO0,12) [89] The inmaging systemcan also determne the tilt or the
rotation of the | eader object about the central axis of the | eader
object. In operation, due to the lowvisibility to satisfy tactical
novenent, it may not be possible for t ) 20 operator to regain convoy
path of |eader vehicle 10, even w thout use of the inmaging system
However, the display unit wll be able to display the |ast known tilt
readi ng of | eader vehicle 10 before | eader vehicle 10 is conpletely
out of thefagyl dref bahmyy of tiwensidey dﬂfj’é’dt%ﬁﬂ??esp'@%‘? tJ; apé fsmaver Vadidle is
reading or readings of Ieader vehicle 10 will provide the operator

wi th a goodefgrovagd landy comptitast bVetaaedlgxt@lhpmces&togl @nit.r Y8 | refryenee 4o

convoy pat hOFRe P ellhe s BTt £ 4R n kBaT e e, AP R MF dhe
provi des t merigpstaatield of vfebhe62gHE@MBRsvmbhﬂbr%cﬁ@ab@defafﬁeaﬂﬁlzmtal field of
regai ni ng convoy path when |eader vehicle is .not within the field of

vi ew of t h¥eyeisierenssit @ thespecifigafiongé the sensieg dlavigeal Tligds thrrefore
operator of, vehi i

pat h al ong V\%‘l th}’)ﬁ’l e?e\?%lrt\%gﬁ 'qei ggé%tﬁg.p%{bﬁd%g@ﬁB\b\h%n% ah%‘r?mage
vehi cl e 10 cestrenstrieguireel driglirer Beshaks ensiticgl dettedéméZthrd)Lhw thé image

reading allo t erator of foll r ve le 2 er,m'ne t
| eader vehiceNgo A PG e Eee 5t SOUBIPIe: oy hajhr 15 RPN el of
accuratg degeanfnioMdRBr&e M dddredy! ?heopl%l d &8RN N@M'tﬁé‘?mja e C-Q?]'tr% is

is particularly useful and advantageous 1 n cases where | eader vehicle
10 has veeithkel ceviation &f @1& eofi tsfeﬂi@l ngirkl@vdeeCQanﬂumbEE o@\m!xa}@ﬁroctm ghe
20 or rrarkerfi fgﬁs 16 a nger Eg {, f b¥ sensi n% ﬁ d
22. The calEUN&d"dfS MapRe | ar?"'s’ REPLFREPTRY r&%ﬂ?ﬁ HR30F Kefle 4 use
10 [91] Frgumre (?aibﬁlﬁh@ﬁej‘lttﬁeaaé%irm@ 81 emcef it trBprdsentdtf mavewert of the
sensing device 22 with resgect to the tilt 72 of |eader vehicle 10

about its &earkearedigedromn.t ﬁlc@.ﬁ‘ir@ & broiage. cldrer @@fﬁéﬁbpﬁgﬁ thﬁgﬁl@&ﬂﬂ@vﬁ
of the a 1 ader vehicle 10 about its central axis 70 in
- "Mhadretdys A Blighé

Flgure reference to Figure 7, |eader vehicle 10 is
making a right turn. At a given nonent in tine, the inmaging systemis
abl e to detect tBearing F [PixafDédatien fuaini tﬁeeiniéyezbenteﬂWEpf;&ﬁ’ﬂj]r)éeroJZ)
axis 70. A corresponding inmage of the sane tilt of Ieader vehicle 10
is shown i

i 8. As d 6 t 20
| cader et 168 Piadio (HelTh G PG P EBREe, i 315 Rflor of the
hori zont al iehaﬁatram@ctt&iqusae tceﬂtraﬂéi@erofetﬁw Ié@éer* @b}@éﬂbﬁ’f oﬁéreﬁb?ﬁeﬂﬁe K13

(HorDon') shown on the inmage will appear to be snuller. e vertical
di stance bé&RGw@n \ﬁ%lbﬂdé/r TQiéﬁtl%fé!sta%C&"rmﬁMWﬂ?@ﬂf ot npaw & beveeswble) forghe

s al sgpuseloliol e cCALGUALOTAN diNEabdy LeriBR%h eyl SARELRLe of the

vertic ween ees di'spose

on | eader wahgiagesydeins dHdwesed g iddpigy amit Wil peedisieetondiypthy THee last
tilt of the | eader vehicle is therefore calculated as follows: Tilt =

Inv cos 11KPPHP; lWarapding phdeadar vehide 10pejors dpadertghislet (i completely

out of the field of view of sensing device 22. The last known tilt reading or
readings of leader vehicle 10 will provide the operator with a good probability

25 that leader vehicle 10 is travelling in a specified direction which allows follower
vehicle 20 fo regain the convoy path. The tilt reading displayed on the display
unit therefore provides the operator of the follower vehicle an advantage in
regaining convoy path when leader vehicle is not within the field of view of the
sensing device.

30



22 imagi ng system when the | eader object is no longer within the
field of view of the sensing device. The alert systemwarns the
operator that convoy contact has been broken and to regai n convoy
contact as soon as possible. The Ieaderjgﬁject is to sl ow down or
stop before regaining contact. 5[094] 1t“should be appreciated that
the invention herein is applicable to a convoy conprising nore than

two vehicl eﬁoéq] RSt ?ea*aﬁ‘f aHES\%ge[hﬁ o?P—:Irg or q‘?ﬁg‘{lé{w&avghﬂé%ﬁ)rt aégr[mine

foll ower vehic or a OWer "ve cou unct 1 on as"a

vehicle for tl'&ndn’@arorf ol thevexth \atdriccivhichvbadér eshitld 1I01|stmd§\ﬁntjumﬁbk3@nwa§n
a | eader veﬂeiq% f or anot her follower vehicle, and so on.

Al though th F Ny Ras ibelbe TRlF HinvigWoRnsenting dsvicendd Thﬁ’ %Jﬁé@adlﬁg
concei ved t%LatSEepa %topéiaﬂlbﬁ/@}v Elleoﬁ E@Héﬁ%m‘ﬁ{@%t E%r Jehidig 10 is

recogni zed t fures can e scope
i nvent i of, m’almg asieﬁhdunrntmr abeighi m'rmebaﬂahoaadmeatdei@rdae fmbmti‘re bextralends A0

but is to be t.he scope of 1 t he d clains so as
to embrace Qﬁye q]] I@qlﬁ va %@ﬁtisd@ﬂ éﬁ@%@%}fﬂ@(@g&ma?%&ls In cases
" Conpri ses/ GpERs icdded veMRRNM ¢ Bad v’e@réd‘bﬁrt %&htfdf%%h‘sf?@ deilcl)é@fﬁ Bf tflower

specify the presence of stated features, iIntegers
conponent s beliclE02@ oematier qlﬂ\e@ﬂajaj@ amm;bmrﬂmwab@dw sensing evice 22.

ther eof . 2518 s ah R TATE Rer R BRRETT Pl acki ng t he
| ocati opgand direction of novenent of a first object, conprising:
[091] Figure 7 represents a plan view of the field of view of sensing device 22
with respect {o the tilt 72 of leader vehicle 10 about its central axis 70. Figure 8
shows a corresponding image view of the same {ilt 72 of leader vehicle 10
about its central axis 70 in Figure 7.
15
[092] With reference to Figure 7, leader vehicle 10 is making a right turn. At a
given moment in time, the imaging system is able to detect the tilt 72 of leader
vehicle 10 about its central axis 70. A corresponding image of the same {ilt of
leader vehicle 10 is shown in Figure 8. As marker devices 16 on the left side of
20 leader vehicle 10 are further away from sensing device 22, the horizontal
distance between the marker devices in number of pixels 65 (HorDgixel) shown
on the image will appear to be smaller. The vertical distance between marker
devices 16 in number of pixels (VerDgiwe) 75 is also used in the calculation of
the {ilt reading. The actual vertical distance, VerD.ga between the marker
25 devices disposed on leader vehicle 10 is a fixed variable and is predetermined.

The tilt of the leader vehicle is therefore calculated as follows:

Tilt = Inv cos [(HorDyxet X VerDquyay) / (VerDpixe X HorDacyar)]

[093] Another advantageous feature according to a preferred embodiment of

30 the present invention is the alert or alarm system (not shown) provided by the



a plurality of marker devices adapted to be disposed in a pattern on
the 5first object; a sensing device adapted to be di sposed on
a second object so as to view the nmarker devices, the sensing device
bei ng operative to detect the relativedfositions of the plurality of
mar ker devices on the first object; an % processor coupled to the
sensing device to forman inmage of the relative 10positions of the
plurality of marker devices and to determ ne the directjon.af .
overent  of NEHESr SR e feader SBGEL IR (bRer Wit (8 gl of viswy of
of the narlges sdp¥hgafewd. t TReidBESyald®Warhens epatatentiadt dohQol icoptact
obj ect about its own axis to be determ ned such that the direction of
nmovenent ofhastieen hrokepndde reaainimenyeycratRct 85 sopn apnRossiRlgi e leader

system acc i 0.,Cl 3] rein. t l i of marker devices
conpri ses g#)ﬂ%cggssﬁo §I(§‘ﬁ’rado$ﬁ}l re%gg%lf@gslj_éﬁaﬁur’iﬂ 8‘@1_,4[5 e i magi ng system
accordi g @04 & ghduldWweraipteciatl ¢iatt the Mekeon Herdevicapplicatdoaoed

apart fromeach other, 4. The i mafqi ng system according to claim3,
wher ei n t hECBYRY £REEYISING W baentvyd Vehiclemokerbigesi cBneyfeader vehicle

subst ant i al |,y Eual tgvozér PordfollbIRg k/@ﬂi(:?é? bF g‘f@ﬁc‘é@%ﬁﬁ}lﬁcl% AobleBfuftton as

wherein the nmarker devices are arranged fn a s al Iy square
confi gur at iadeader véhioleeforankérerdelivwer vehielec vhicr neuld i6.thihre funclignrag a

system accordjn o claiml, further conprising a digital
Soor oceas: IRAUEN BRI ANOHISy IR AThES SBnsi g devi ce,
wher ei ppt he digital processing unit obtains at |east a parameter from

the inmage for determ ning the
[095] Although the invention has been herein shown and described in what is

conceived to be the most practical and preferred embodiment, it is recognized
that departures can be made within the scope of the invention, which is not to
be limited to the details described herein but is to be accorded the full scope of
15 the appended claims so as to embrace any and all equivalent devices and

apparatus.

[096] ‘Comprises/comprising when used in this specification is taken to
specify the presence of stated features, integers, steps or components but
20 does not preclude the presence or addition of one or more other features,

integers, steps, components or groups thereof.

25



24 di stance, bearing ,or rotation of the first object about its own
axis with respect to the second object. 7. The inmaging system
according to claim®6, wherein the paraneters 5include horizontal

di stance i n nunber of pixels between thgpgarker devices. 8. The

i magi ng system according to claim®6, whérein the paraneters include
vertical distance in nunber of pixels between the marker devices.
109. The inag@ggnﬁqﬁ$en1according to claiml1, wherein the plurality of
mar ker devi ces emt infrared energy. 10. The inmaging system

according tg claim.3, wherein the at least one.of the pluyrali of

mar ke devi dee {APLIBEE sivPaL BT et e FEBRaAn dFedlisPeshgPament
15control | epf 3 AR BRIVEIMERSRGO! | er nodule.  11. The imaging system
according to claim é wherein the conductive plate maintains a

t enperat ure di f f @ridwedtynel Wederdeyicesnsanied te befdispased insa petipecen the
and the onﬁ]%gé'éveg .pl ate such that the sensing device can detect the
mar ker devi ) FI the first object. 12. The inmagi ng system

accordi ng to cl ahrsehking\ievieé radapeed emper dibposedlbhf£6e066d odjatt doeasto
10C. 2513. The inmagi ng system according to claim1l, wherein the
t enper at ur eview the marker devices, the sensing device being operative to detect the
relative positions of the plurality of marker devices on the first object; and a
processor coupled to the sensing device to form an image of the relative
10 positions of the plurality of marker devices and to determine the direction of
movement of the first object,
wherein the relative positions of the marker devices on the image allows
the rotation of the first object about its own axis to be determined such that the

direction of movement of the first object can be tracked.

2. The imaging system according to claim 1, wherein the plurality of marker

devices comprises at least four marker devices.

3. The imaging system according to claim 1, wherein each of the marker

20 devices is spaced apart from each other.

4. The imaging system according to claim 3, wherein the distances

between each of the marker devices are substantially equal.

25 5. The imaging system according to claim 3, wherein the marker devices
are arranged in a substantially square configuration, with one marker device in

each corner.

0. The imaging system according to claim 1, further comprising a digital
30  processing unit operatively connected to the sensing device, wherein the digital

processing unit obtains at least a parameter from the image for determining the



controller regulates the tenperature of the conductive plate by
heating or cooling the conductive plate such that a tenperature

di fference between the tenperature of the first object and the
conductive plate is maintained. 25 15. The imagi ng system accordi ng
to claim1, wherein the marker devices 4fte renmovably nmounted on the
rear end of the first object. 16. The imagi ng system according to

Che Mg SEE R 8 R8Tt HaS o2 B0 o5 Y 6 Sl
to be det ergiesesdteionjBat the direction of novement of the first

object can be tracked. ~ 17. An imaging systemfor tracking the
direction of novenent of a first 100bject, conprising: a plurality of

sensi ng device dugpgaobf BEErRERERAN & Celh ' WL i Bhufnetene
sensi ngsdevndhede Boaganaedstante dehesibienor pixels isdtaeeviahg osdrkeptsvidénf
the plurality of nmarker devices on the first object and form ng an

i mpage of the relative positions of the plurality of marker devices.
8. The imaging system according to claim 6, wherein the parameters

include vertical distance in number of pixels between the marker devices.

10 9. The imaging system according to claim 1, wherein the plurality of marker

devices emit infrared energy.

10.  The imaging system according to claim 3, wherein the at least one of the
plurality of marker devices further comprises a conductive plate, a temperature

15  controller, and a power controlier module.

11.  The imaging system according to claim 3, wherein the conductive plate
maintains a temperature difference between the temperature of the first object
and the conductive plate such that the sensing device can detect the marker

20 devices on the first object.

12.  The imaging system according to claim 11, wherein the temperature

difference is at least 10°C.

25 13. The imaging system according fo claim 11, wherein the temperature
controller regulates the temperature of the conductive plate by heating or
cooling the conductive plate such that a temperature difference between the

temperature of the first object and the conductive plate is maintained.

30 14. The imaging system according to claim 1, wherein each of the first

object and the second object is an unmanned or manned vehicle.



18. A method for tracking the direction of novenent of a first

obj ect, conprising the steps of: 20receiving i mages of relative
positions of a plurality of marker devices adapted for disposing on
the first object, said i mges captured E&gn1a sensi ng devi ce adapt ed
for disposing on a second object; btai ning fromthe inmges
paraneters based on the relative positions of the plurality of marker

devi ces; 25processi tk bt ai. he, di st ance ear,in.
and rorationoor ihe Hadlfo SAFRHT B R D LRI, 1 Frel T B rasBpElpUites
such that thee gimeedbilpmantedvanmearefferder therfest seeict with respect
to the second object can be determned. 26 20. A nethod according

to claim 18, wherein the plurality of nmarker devices are each spaced

apart from each A . raingqt ' ki

R R e X L

squar e c®nf bftireamaoker devidesooe theirkage ddiuweehé motioh ofdhadirst obdect about
i ima18, wh in th t i nclude th

met hod accolrtgl Ior\]nﬁ'l ggisctloallyemde?érmmee glucr:]h thgt l%%rgi?éectigasofl rggvgm%nt o1$a the first

object can be tracked.

17.  An imaging system for tracking the direction of movement of a first
10 object, comprising:
a plurality of marker devices adapted to be disposed on the first object;
and
a sensing device adapted 1o be disposed on a second object,
wherein the sensing device is adapted for detecting the relative positions
15 of the plurality of marker devices on the first object and forming an image of the

relative positions of the plurality of marker devices.

18. A method for fracking the direction of movement of a first object,
comprising the steps of:

20 receiving images of relative positions of a plurality of marker devices
adapted for disposing on the first object, said images captured from a sensing
device adapted for disposing on a second object;

obtaining from the images parameters based on the relative positions of
the plurality of marker devices;

25 processing the parameters to obtain the distance, bearing and rotation of
the first object with respect to the second object such that the direction of
movement of the first object with respect o the second object can be

determined.

30 19.A method according to claim 18, wherein the plurality of marker devices

include at least four marker devices.



hori zontal distance in nunber of pixels of the marker devices. 10

23. A nethod according to claim22, wherein the paraneters include
the vertical distance in nunber of pixels of the marker devices. 23. A
met hod for tracking the direction of novenment of a first object, 15
rel evant to a second object, which met S conpri ses:

generating signals regarding rel ative positions of a plurality of

" & sensi AU ded) EBTH pRGuEGror 8 380 Aeu 55 Pluafy o0 ks’ Hebes

based upon ﬁ@bﬁcﬁ%ﬁﬁ@ééabﬂﬂ@m@ﬁ eBtRYther. obt aining fromthe
i mges paraneters based on the relative positions of the plurality of
mar ker devi ces; and processing the paraneters to obtain the

the. cecond 200] S Dme BT oSeb Bal ke th e i FERBE bl e
obj ect @i t larg esRegEdtio ot ibst@aaRNg sabhes toskdurhtonieligh haefarker device in

each corner.

22. A method according to claim 18, wherein the parameters include the
horizontal distance in number of pixels of the marker devices.

10
23. A method according to claim 22, wherein the parameters include the

vertical distance in number of pixels of the marker devices.

23. A method for tracking the direction of movement of a first object,
15 relevant to a second object, which method comprises:
generating signals regarding relative positions of a plurality of marker
devices disposed on the first object;
receiving said signals in a sensing device disposed on the second
object;
20 providing images based upon said signals in a display;
obtaining from the images parameters based on the relative
positions of the plurality of marker devices; and
processing the parameters to obtain the distance, bearing, and
rotation of the first object with respect to the second object such that the
25  direction of movement of the first object with respect to the second object can

be determined.



