RF SYSTEM FOR TRACKI NG OBJECTS CROSS- REFERENCE TO
RELATED APPLI CATI ON Thi s patent application clains
priority on United States Provisional Patent

Application 5 No. 60/678,190, filed on May 6, 2005,

by the present applicant and which is hereby

i ncorporated by reference. BACKGROUND OF THE

I'NVENTI ON 1. Fi el Qfyclrfr FBYSRRAGRING ontmseNt

invention relates to an RF system 10 for tracking

objects in space for position and orientation. The RF
tracking systemdescribed in this docunent is used as

an exanple for tracking tools in conputer-assisted

sur gefdss ireRider #6eReBAerd | SPpr, COM®P! ated such as

m ni ng, storage inventory 15 retrieval, nanorobotics,
neurosur gery, Tedkdi phogyt appﬂmﬁaagnmstbaalmsehprddrlty on
tra nd her app on.

e B ar S HARee of PERVBUERAL o e raly op B oat ten
flor N@Q 0§78, ﬁoandfdf@danpatlf‘@%vlfh spaes. F‘id’r the present
| NSt cant aGRMRHE Bh- 88 ShEEEKY SIH@RPLraltedl Byak8ference.
tracked for position and orientation in order to

provide a surgeon wth useful data pertaining to

r el BBACGKSRIGRIDY OGN THEt WEBNTDhoMhe el enents and sur gi cal
tools. For instance, 25 orthopedic surgery invol ving
bonel i nplrarilsl be&nehet sntention he use of a tracking
systemthat wll provide precise informtion

pertai ni ng toThet @raseons inyebohenekredhes. tRneWN RF system

for ackdNg systei®, ei Bﬂ%ceéfeanl naéi%@ eroPr e@b%h@ﬁ]on and
or are not conplet suited

TGS 45 S00i ot Bif viFhEERERde GYSEHD Prdckifge in this
systé@mmener ismstande,ad nagorpatpleassirst edackimger ypools in

0Pt | &bl aE. B dusgqr]&,gr%ra%égqg thea N UM ark  also

syste i ne equire et ween the tool
contemplated suc mining, storage inventory

15 retrieval, nanorobotics, neurosurgery, cardiology,
endodiagnostics, vehicle tracking and any other

industrial application.

2. Background Art

It is often reguired to track objects for

20 position and orientation in space. For instance, in

computer-agsisted sSurgery, tools are tracked for

position and orientation in order to provide a surgeon

with useful data pertaining to relative position between

bone elements and surgical tools. For instance,

25 orthopedic surgery involving bone implants benefits from

the use of a tracking system that will provide precise
information pertaining to alterations to bone elements.

Known tracking systems either offer inadequate

precision, or are not completely suited for the types of

30 maneuvers assoclated with the use of the tracking

systems. For instance, in computer-asgssisted surgery,

optical systems are used to track tools. ‘In such
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and novenent sensors in order to provide precise
position and orientation data. Accordingly, the
position of a patient being operated on is influenced
by 5 this line of sight that nust be kept between the
tool and the novenment sensors. O her types of

systens, such as nmagnetic emtters and the |ike, have

been used in conputer- assisted surgery. However, such

syst WS 4SS cat FE:L% Phv AAER th Ut kyr edmpoirtnPetween the tool
W I esaridhatmdvdn@intonnegisoram tiner ckdeponet S.provide precise
Ther &, consj.deri ng. the ing s L6 h
sur gieézogﬁér?\% ro%%ntgﬁh%ﬁtel_&st eé\%él('zed, ?’h%_g%ﬁégng%y' ehe
such EEEitdps @dnsgt PRGLest abessY| JPesatend iYh. issntluenced by

SWUMVARY OF 1 AVEDH | ONght ithathefigfons: apepd nhetwéd® the tool
pr esent tjlr]hvention %osgrovide a novel RF system for
trac SbFEEFQ?H t 5 F8*¥ Further ai mof the pr esent

invention 20 Obheddr egpedssobs wfstems.prisrchartas magnetic

Ther effii@erish 8RG01HANCA 1Wel h e PR3Nt yskAVe | QRumputer-
there is provided a systemfor tracking an object in.

spac@ T 56| FREAST¥onpr i EPHEVESr t r%ih%bonﬂ"egrt Tevitg®ically
connectvalive tbulke agnechentbe tomns@oeder tevi dent@rconnect

havi ng.;3 %&anéﬁxﬂﬂgﬁén&eﬂ al pa0da A L ,a”%@a?l%‘iﬁér&hgc;{inﬁat the

connecte& to the transponder aerial_ for receivin
RF SRSt hrR#gl® t hid! t ranspbhgéfaher PAViTPHgent must be

transiendearzedevige agdi 88 SukNoystthadedribtiteitBe a costly
signal_.thereby producing an RF response for

t r anSIRYRE t hrough the 30 transponder aerial: first,
second and third aerials; a transnmtter connected to

tike fdumptardebrahnligkrrégansmtting the RF signa
through the first aerial; a receiver connected to the

first, second agd tiki r dhea®ifiocdles far r£oei vohg the Rpresent

o SBeF e BRPRRRE" el S WOLRMIT OB wracin
ohjects.

It is a further aim of the present invention
20 to address issues of the prior art.

Therefore, in accordance with the present
invention, there is provided a system for tracking an
object in space for position, comprising: a transponder
device connectable tc the object, the transponder device

25 having a transponder aerial and a transponder circuit
connected to the transponder aerial for receiving an RF
signal through the transponder aerial, the transponder
device adding a known delay to the RF signal thereby
producing an RF response for transmitting through the

30 transponder aerial; first, second and third aerials; a
transmitter connected to the first aerial for
trangmitting the RF signal through the first aerial; a
receiver connected to the first, second and third
aerials for receiving the RF response of the transponder

35 device therethrough; and a positicon calculator
associated to the transmitter and the receiver for
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associated to the transmtter and the receiver for -2
calculating a position of the object as a function of

the known delay and the tine period between the

em ssion of the RF signal and the reception of the RF
response fromthe first, second and third aerials. 5
Further in accordance with the present invention,

there is frow ded a nethod for tracking an object in
spac@at ol polsiq i BnPossfpPRsiaty &life 2REPRL of5 deriunqtign of
an REhsi Eﬂ@bnfd@lﬁya drixethgpasintel @&,—rlbacaevwegn thé hedission
tran?POgﬂ r R(%SVIJ-FG a(?ln érli]cf Qgéecgctehglgg %[ R’IPO response
em tiirng Trom t%egrfrans onder devi urn

si gnhrom cersi Btnsiy @feclolﬁlé RAdsFhad a@:qualas known time

del ay: recei wmﬁﬁe R{fn3| mof@ahae?t weast theee present
aerl al s asSSOoCl al e Q osiIt] on,
cal P& B%%F‘h 3 FEFHES g‘o PR3t goﬁl frasdng an

bet V\elemeetaclnnofspaﬁet Heratpdsdadbnt, hrce:elpaesnalgs tdued dtegps of:
tran | f f of
éﬂ?ﬁ‘fﬁ& ?é ﬁﬁe 1gnd a3 gnd1f yagh E’fﬂbet \Aide nﬂ%‘%&% ré&‘?lvmg

known peri o e em SSl
of t‘ﬁéthQFaSItﬁﬁﬁﬁpﬁﬁae‘F h@eviL%%erll Gﬁeopbtjﬁ@tRlﬂ’reesp}iFon%Jegnal
fo onewber ing Strons ednd rdpohiet-ddaeical an ﬁﬁ BRI signal

DESCRIE %s(%\lﬂqngg:ngEAthcﬁu!‘_bw ngaihltﬁt%ener% o¥n _ time. lc?elay,

descFr d i & of |nvent|on grence
now beCeHded o thee RRccdopadyiweir adi n3g%a8tsh(§wrﬁg biyerlals

vvay Qéscbcl:iétséd att'oontﬁe priefert 1 gsgﬂg@ﬁ“ Med thgiefiating a
ocC |

|
o e WG of e e dppagel, 2ram B ChsEangandsteeR @Rgn of
Py ef ene exk ervboditterde gfertild sppesenhei nyenspander device as

DESQB' PJA:%MPF S e B -gg{BQ'P' M%g” Ru&eh 6&1511&9 ARk cime
1, atra ng syst emin accor ance wmt a
pr ef RPFRF cRBBUPARNTRSF SHE B ek thRvAH | BFgpal and the

generédépt SIOWE athel ORF ThespdranKi Mghrs WHee i i At hasedond and

tranaggp&jea[erdlea\il ce 12 (displaceable, with its

20 BRIEF DESCRIPTION OF DRAWINGS

Having thus generally described the nature of
the invention, reference will now be made to the
accompanying drawings, showing by way of illustration a
preferred embodiment thereof and in which:

25 Fig. 1 1s a block diagram 1illustrating a
tracking system in accordance with the preferred
embodiment of the present invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

Referring to Fig. 1, a tracking system in

30 accordance with a preferred embodiment o©of the present
invention is generally shown at 10, The tracking system

10 has a transponder device 12 (displaceabkle, with its
independent power source} and a tracking station 14

(fixed). The tracking station 14 1s optionally
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i ndependent power source) and a tracking station 14
(fixed). The tracking station 14 is optionally -3
connected to a conputer-assisted surgery system 16, or

ot her systemrequiring position and orientation data

that wll be produced by the tracking station 14. The
transponder device 12 is connectable to a 5 tool or

ot her object to be tracked in space for position, and

or i PR HEG P eBUICCERUETRE2ST hE P e PHEPBRY EYREBR 16, ©OF
t he dtflens perdeemdevegel dihangosheionbjaaet beibatation data
trac IS Jkn %o B o a T o) I hratj.an); su

that 5% ridd a5 SrorReee Bhebindar iyl e s il

enabl e the tr &8 fgaEpondsriderdcebilad 4s FEINECSAPARd to 2

?r | etdst | gy 'f rHtherfalt i)dhﬁ%ﬁ@rt abni Bg g er&gﬁed ObixciCtspacde for

e.qg., tip of atopl). The transpon evi ce an

aer B GO e (Fbk! 1 SORATI4 dre { RS The

separmtet yatd cdi Stednsenr gl ity dwernadar0 dgviceo 120.apd the

o 122 Gapeadi ot on (e Tepe of ot og Ithe. -roudh
, , g on the type of application. e

t r arfEpoiRIAt I8y c849b ﬁﬁ’?tangaétrria %1 g %{)nﬁg‘& - anpRpnder

tor andpanger1ziwill texdblelhehaerradki2ig istatproovildedd obtain

receive. . . ] e

o oy e RE BrsShopeid Mfcthafiby BrEaRERSTro the

di r eeierthy(a e t tdis gén@eoeily cui The1trapgponder device 12

transppnderiglscWit Zher @¢Qckehgt headikeoniNgalfe typically

signal s aqgcg ntrolé.t@e em ssi on of % resgp € to 10.0

Chr G THE Bty . SHPE Rt SR G P Ballsgy 100

thhe imcedmutofr -essignad avdoehy,t bats siosdidoreofuiorg or less

r espase i dn khem:tpe gfaggﬁmgggg-dgan ce 12, a

del ay of tf%g 5Egurs,&ghich e a%,of'tine s known. .

The del ay of TenetTanepidsnsgkies JddusBaspypongepial 20

two SAWedtdd ers ,a ardelspynienecorcothezl del Bye netrhicd 20 is

o AL, e Tend GRIRPORPeIHRSY L 2 TBY onic
20 response signals as a function of the incoming RF
signals, as directed by the transpender circuit 21.
The transponder c¢ircuit 21 receives the
incoming RF signals and controls the emission of a
response through the aerial 20. Mcre specifically,
25 between the receipt of a signal and the transmission of
a response signal from the transponder device 12, a
delay of time occurs, which delay of time is known. The
delay of time is, for instance, caused by one or two SAW
filters, a delay line or other delay method on a delay
30 circuit. The transponder circuit 21 may also amplify
the incoming RF signal.
The tracking station 14 has a controller 40.
The controller 40 is a processing unit (e.g., micro-
controller, computer or the 1like) that controls the
35 operaticn of the tracking station 14. The controller 40
is connected to a user interface 41, by which an
operator may command the tracking system 10. The
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The tracking station 14 has a controller 40. The
controller 40 is a processing unit (e.g., mcro-
controller, conputer or the like) that controls the 35
operation of the tracking station 14. The controller
40 is connected to a user interface 41, by which an
operator may command the tracking system 10. The -4

controller 40 transmts position and orientation
assG4tred 184t a 40 t FE2nSBLEFnt AFHEE M a§n%ut§GFentat1°n
f r omsddha atedcldang system lerTheteefibtel her a40 cukput f£rom

aIs%h%p@ggg}ﬁggégygteiziéansn1tter/recelver 42. The

transm t provided for emtting
modul at ed RF $hgnafent¥ebifih erilél salge 4onprriesl to a

and tfx%hsfn&@QSY'l/B@c@ig@i ug A, Rﬁh@l@f@isiﬁlr&%tﬂ%ceéver 42 is
trans VI CcCe ng t erl to .

Accd §F€ ggrShSWﬁtFﬁn %?fi Eéi im%ﬁgqfésto%%gough
are a@lrllad@nnqe:t.t edl4 sepdr aﬂt&al yam@) ﬁhe receiving a return RF

tr ansnish erdiogC einke it s pbhdks BeShebr ed LeifhniHkz %er:.als
t he dlstance between the transmtter/recei ver 42 and

t he #3aé&fi &Ps 43 to 45 to ninimze any dephasi ng.
lowever, 15 vatuerfiahybg, may kBdouwmsed:f oFidhel, the aerials

Com%”sa{éonagf aWe dg}@y 'c%n'iu %EE@ SYUQPLANRILO & the

non-negl 1 gi bl'e di stance
t r addEre LLeEdBRGREVED éﬁd thétaélsl AHeelerredy g, minimize

Opertatel @ﬁs@fanbaebbtaaém th@rffmmex%:ec%w@@mndad the

by th I [
ki CEACaP 45 i & ABnieor b R Ao eFR T o, gever.

Yosiveilow/ otrake]rﬁsatm@}fl &l cusett of o6 the t%‘m%‘lﬁ%ﬁl&n of any

sof td\é@ra O atﬂéﬂéh%%i%ﬁp' @\I@dtw th ntofa:en@@mtlg%hsr d4@ctance
osi.ti on and, ui red, orienfation

per tWFﬁ tQP%Iﬁ¥§W%ﬁ§ﬁ6ﬁd§ C&év?Ee4f2339(ﬁﬁ%u?%féﬂls 43
Opertat | o8. of therposoti @l othenttatan@mitcakcykratetvds 42 is

\Mllcom%%nggacﬁbbgﬁeh@éﬁ%f&ﬁféy'40.

20 A position/orientation calculator 46 is
connected to the controller 40, The
position/orientation calculator 46 is typically a
software cr a drive assocociated with the controller 40,
by which position and, if required, orientation

25 pertaining to the transponder device 12 is calculated.
Operation of the position/orientation calculator 46 will
be described hereinafter.

An obstructicon detector 47 is alsoc connected
to the controller 40. The contrcller 40 commands the

30 obstruction detector 47, which will detect any
cbstruction between the transponder device 12 and the
tracking station 14. More specifically, it is possible
that obstruction-inducing objects cause interference
between the aerials 43 to 45 of the tracking station 14

33 and the aerial 20 of the transponder device 12.
Accordingly, the obstruction detector 47 is provided so
as tc take into account any obstruction, and any
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An obstruction detector 47 is also connected to the

controller 40. The controller 40 commands the 30

obstruction detector 47, which will detect any

obstruction between the transponder device 12 and the

tracking station 14. More specifically, it is possible

that obstruction-inducing objects cause interference

bet en the  aeri al 3 to 45 of the trackln st at.i
SERSEHERaci DS RSB aridh SHFarT 881G Fgat tons

Accandlm@h@gnshelobst$@iﬂwame deétectbe 4Fo$ st nroAdmiedtation

SO0 @3 4A skakeqnt OFBECQHEEaﬁ@é{ %Jélcéﬂ&ftheafldev@iy of the
-5 obstruction will be consi dered éOSItIO
F&ﬁr

cal &l i IRFedyifFe MYatin 851 3 o e is monitored
posidd ondetieentati ontheal cidvatior 46. anter&ﬁfanug which

N0i 56 ANGakN8A! eY8! Bbelinec B zhanal Bpcalned dpddiacion

aeria I's nonitored to det rmne th evel

of ﬂﬁ%@ﬁenc@hemﬁh?ﬁru?ﬁ#@@n%‘??%?f-qzé 47 MY IFOEgdt éhat @
by tﬁaﬁa%??m B3 8l oNn eveaf tdﬁrﬁntgﬁﬁeﬁ&lﬁid ucéi pResent (sound

det ect gna non- negl i gi.bl e |evel
it reBPdnc e 405t aBeRPSt Coun® ST gnar, Sy gy BY “ostrator
®i grrEnsons G asrenoerivage uh@enia@rmg)rolme@@rgmmt ghe field

renmye RRy-aikRbarfering obj ect fromthe field of
operati on. The, co uter-aSS|sted sur % stem 16 'Sis
87

optional Iy coffi€ct 8F"P%* ?Wm?ﬁﬁﬁﬁqﬁﬂl .gystem
W I eipgsienadigectdomecsedas twm reoei veopbsoll@n aafl 15e.9.,
ori Wl%&e%% d@t::ﬂne%i&ﬁ W'slcl be; U§Sd P¥cé{‘§ec%ﬁ§§tﬁron and

assl ste sur gery sys em In order to prOVI such

1Snf SToHEETEGE 1oR \ﬁ@rqaouswlﬁb?fhswblt ke dpsicat By BFEt [romputer-
Con}agsarst@aSI§ﬁ@@e§9ﬂrwﬁxem¥smmlh6 of&wthat phevide such
varil.o conponent t.ne cKln av,

boer HPaE MRt o SREAES R SR i hOTeFAlREn T che
systcemMEﬁrolaE@\mteﬁnS@rWYt-ﬂffﬁmﬂallﬁ position and, | f
requi red, Or et atdHan | NfKY MBLAPILRET t dbkipBBeditds aNof  the

obj e t.he
20 J racklng gsystem 10 have been described, a general

is

operation of the tracking system 10 follows.

In order to obtain position and, if required,
orientation information pertaining to an object, the
controller 40 will initiate a transmission to the

25 transponder device 12, The controller 40 will send a
signal to the position/orientation calculator 46.

For instance, an actuation pulse is sent to
the position/orientation calculator 46. The position/
orientation calculator 46 has a cycle counter (i.e.,

30 internal clock) and the counter wvalues at the time of
transmission (Tx} and at the time of reception (Rx) will
be used in the position calculations. Phase measurement
is also c¢onsidered by a phase comparator in the
position/orientation calculator 46, as will be described

35 hereinafter.

Simultaneousgly, a trangmitter actuation pulse

is sent from the controller 40 to the



controller 40 will initiate a transm ssion to the 25
transponder device 12. The controller 40 will send a
signal to the position/orientation calculator 46. For
i nstance, an actuation pulse is sent to the

posi tion/orientation cal cul ator 46. The position/
orientation calculator 46 has a cycle counter (i.

30 internal and the counter values at .the tlne

of tFPéﬁ§ﬂF§§FZHE?¢%Ye%nd af?the time oft“FRTLPLY the
(Rx)tx\airislmltbe:rm:sedemer h&2 pesil | smd are W atuadrisn Bhgael to

LRty §4§§h§q@§'9§f@9 byFarpqﬂ§€aﬁegpa£ﬂ50%erlal

|nt e OSItIO orientation cafcuaor , as wl e
desd éd1 35 ikepeMRart 8F od R tdioud 48 - o RF pulse) from
t5r angiist faeltuactaat bONcpell Sent desl 1genta of.r om t he

controller hg ﬁlhgula@ecﬁ rﬁ]sﬂnféeergfognc%lh\ée e%%al 43 will

Accordlngly, ransm iter/receiver
act bt i XRTSsivipdal bt othenaenial hel aefi &hs 4:3am§madepofiewce

i nStl@lnce Tﬁgem%%ﬁlated4§F‘Wﬁdls%mﬂec%1%tﬁU|k?t eﬂh@?ae:ﬁlal 20
si gna g rom ctuation e. ..

conﬁP&ﬂlgﬁlﬂ? W%%ﬂﬁ% atBg EﬁaBﬁP%%5%F0ﬁ+fﬁ%l%e?ﬁalWhICh
143 willl derureceihecdsigndlheiraerhal L@Omobft hedelayed return
tragﬁqg derggeviLe %f'zghg n?%%&ﬁﬁedzBF pul Sgs mentioned

rec by the aeri be forwarded tqQ the
t r aRSFIRGEELEY r EhPt A23aYWREEWSED WHEI TRERUPH pRethe signal
si gmad ﬂhétdarﬂamwmaﬂhnm deleaysd ssebur pf pubreeuveni stigdal by

by t a 2 oned revi I i

B8 LA 2 S TR YRR e A S o
lénd “taW@ &Fed B OA éhoﬁtré?ﬂgﬁhslfgfhaf} ctipm &b ithe sgze of
i's Kﬂ@mmxaﬁggoﬁggylgiﬁgufgizmnse is a 15 wave train of

short length, _as a func esize
t r ansponder cFEgqudfiaE?ﬁeR%b &mﬁﬁobﬁlamsllfl%d into
anpltifel etbliayed neieirdelsdpedlr et quresisgwwllle@ﬂéy, in order

specid ireRhle thl QFdekt £ réefiee ide efifteGls onsidered to

reflections, it is considered to
20 provide gain to the return signal. Any gain at the

transponder device 12 is as a function of reception
sensitivity of the transmitter/receiver 42. It is also
considered to provide a gain as a function of any
magnitude loss in the incoming modulated RF pulse.

15 The emitted return RF signal from the
transponder device 12 will be received by all three
aerials 43, 44 and 45. Accordingly, by triangulation,
the position of the transponder device 12 c¢an be
calculated.

30 Bach of the three aerials 43 to 45 will send
notification of the delayed return signal to the
transmitter/receiver 42, which will forward this
receiver end signal to the controller 40.

The controller 40, having received the signal,

35 will actuate the position/orientation calculator 46, by
way of an end pulse, so as to obtain a time value for

the reception c¢f a signal with cycle counter. The
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20 provide gain to the return signal. Any gain at the
transponder device 12 is as a function of reception
sensitivity of the transmitter/receiver 42. It is also
considered to provide a gain as a function of any
magni tude |l oss in the incom ng nodul ated RF pul se. 25
The emtted return RF signal fromthe transponder

device 12 will _be recei ved,b%/ all three aer| al? 43, ,
44 ROl Kdddr RHgF§eoByi£¢F akyul Bt oRCS1EHRN/ Orientation
posi tabtudtdihes 6y anbpoader ttevipomit2onamibethe transponder

cal cylaf &d. 1 30 £agh. Oéal]twchﬁ Tt'%ﬁe%gi‘ﬁbi 'E‘Har‘}éui%ff‘cg% Witrideh the

send_ notification of t el ayed_return sign
t r anShPERTT r eBBF VRPN 42EDGhi @FTWRLE f FiwartPt hfis and  the
recet vefisphiiest gn@évice t heacont r oileer #0me Thdelay at the

Cont{]?fjsulxe onflcper h%"é %J ecl . Ve{js t ht.ealfé.rgna%nto SSa%CLLlnt when
actuat @ the posi tion/orientation calcul ator” 46, by
way ©flaml g d sél stencss Rarwieraithen agmg lgal4de Hoords and

the ¢gceptd pipfasr degnak weth cycle counter. The -7
signal will be recognized the positjon/orientatio .
cal cul at or 46,eIt\M1e?’%by pﬂjrél%%gsi tc?‘g:h o%h?ﬂe anspohderat1on
tevi tef dna@ivrhei sakeghated, usShagobjeahgwhatildn be téguipped
the ., distanes Lot waeD dheehiiaksqddite #5 and {h&m- linear

transponder device 12. The tine delay at the ,
t r anRTARREHEY | Te CEFCINER e AT FRESCERRbunt AhFepatively, a
cal cutaispghdedi géahce bet eennphetaere ader48ld 02d5for the

.and C]E‘QI? Lgcgrﬁ{ésxpo du qevﬂ.lc,e.\;i%i Aspgpf‘ r&%‘t t%{i“ %'gcnﬁats can
i f OFiéntat| on iR orfiet i on i S Teduited, the object
shoubel besedui ppethe witthreehr é&aspprendet r apdpbmber would be

devi §£: Hdgorddl 18, Y idritR@Rl 214 BigeMiie G Ofhd0gAd@ponder

arrangenent . Al terpatiyel a_.transponder, device 12 .

havi Ng” 177 eé2adti af ezgrﬁéFPi’ﬂ%ﬁrtE‘Sg’éﬁSn&&r %f@&uf"t single

21, semiabpriopr iratceriRe pwitthes tafods:bemnusedy -The

three transponger cagri gl.en¥oWKhde the position/orientation

20 calculator 46 uses a cycle counter, the amount of time
between the emission of the modulated RF pulse and the
receipt of the return RF signal by the
transmitter/receiver 42 is calculated as a function of
the number of cycles measured by the cycle counter. The

25 phase comparator is then used to transform an incomplete
remaining cycle into a time value, which will be used to
calculate with the number of cycles the total time
between emission and reception of a signal by the
transmitter/receiver 42.

30 As mentioned previously, the distance between
the aerials and the transponder device 12 is calculated
ag a function of thig time value, and considering the
time delay at the transponder device 12 and the speed of
light.

35 Although the tracking station 14 has been
described as having three aerials, namely”aerials 43 to

45, it 1s contemplated to provide the transponder device
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orthogonally oriented. A single one of the transponder
device 12 or the transponder device 12 with a single

aerial will provide position information only. In the
event that the position/orientation 20 cal cul ator 46
uses a cycle counter, the anount of tine between the
em ssion of the nodul ated RF pul se and the receipt of

the return RF signal by the transmtter/receiver ngl )
is ¢l clA/ESE adhs f ieCKoRof SERRECRUNbhr Bty ddEitional
neasageichlly tbe eyslwe conat esrecihrd o5 phashecoppaition and
is the 0 an i te emalni .

oyl @ Tortat o dJRATERHLAN WAAIDEE,© sk B aerials
cal cifest eCant P hESABRBER GFS cHcliednatien ophl thenglevel of

bet%bi@ﬂc?sigeqanﬂedecepthormn@f aniso@indnthy the tracking
transm tter ceiver .. 30_As nmentiog pr.evi Qusl

t he sa%%‘iléjﬁ%eiget‘ﬁ@gelncaﬁt%e g\%?i at spgﬁﬁggﬁe ‘%%ﬁ‘%on%%?m .Of
devigectiEngis agal ehdre edlavang a akanel Boretof 1thi SorpREs (with
val ue; rand gonghderd N t Berihi e dQl ajedl tfi€ the required
t ransponder “devi Cet%’é and the,sge(ﬁ? of .| |Ight 35 th
Al R ¢ Rokiths SEARPOR S HSHASSHRANFT del sy other
s hawigmnarduseecfaethal srackimd ysbetriah s143 t dlowdFer t other
IS conte dni0 REQVI tdRRepogder dg¥i Cadedindent
12 ac%g-; o;g?'ltr%tet%t P%ck?%% s‘?‘gﬁ%ﬁ) 14 wth adgi t%onal e&n en

aer iRIN4SS eRiGF the THrectaF N6 1Rhe podYi ditgsy of the
or i eqdmatd1GN ARasuser®Mfed Muceo¥etm tde dlype of aetie alssignal

used. can be selected as f unctron | evel..of ;
pr ec%]'ﬂsﬁ%"her}cé’qui]fsed.1gj l%%lel}yenb%%i mgeg%&?%e trag%%ng%arlous
Bt atd@uatd arypéahdys hagea pfi rvddadlecufredponey of As an

rectangylial, shapg havidgnAeitiedl $catugel AeAr RRAS 1M tHr the
circuitry for each aerial), as well as the required

ci r AT FRE*PPanéni tted/ recei ver 42 and other 10
conponent s of Thee ¢bstckicigicst afevectelk KIweler cophheted to

configur & 10ns 13, LPUSTH Al dre st bATUldeReRARA! to the
20 contreller 40. More specifically, it is contemplated to
use a wvisual sensor (or audio, ultrasound, laser sensors
or the like) that will detect the presence of objects
between the aerials 43, 44 and/or 4% and the transponder
device 12. As a result of any obstruction, the
25 position/orientation calculator 46 will take into
account such data in the calculation of the position and
orientation of the transponder device 12. If the
tracking station 14 is provided with more than three
aerials, it is possible to remove signals from one of
30 the aerials in the calculation of the positicen and
orientation by the position/orientation calculator 46,
if it is considered that there is obstruction between
that given aerial and the transponder device 12. It is
contemplated to provide the position/orientation
3§ calculator 46 with a database of tabulated information
pertaining to the effect of wvarious types of

obatruction. This information could be used to correct
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printed circuits for each aerial. Any three of the

aerials are arranged to forma plane. The signa

frequency is typically of 915 MHz. The various 15
actuation signals are of suitable frequency. As an

exanple, it is contenplated to use YAQ aerials for

the tracking station 14. The obstruction detector 47

is connected to the controller 40 so as to feed

obst Fhet PoAilaca ot IRFiepGagdnir galeplagiogppg a function

spechii €re | typd tof orRteRpbated to use a visual
sensor_(or a“% 4o Lg@ésﬁgggrlﬂaéée%péggﬁggﬁ & B8 system

like) that wil ect 't gresen
bet weavol yree akir¢ agsiagion o fm/ Bed Uz R Rl’hepulse by one of

tfan§ﬁé’n%@errla‘i%v'@? 3. A5 a nrskhvkerf BYorder to provide
sitionforientati on cal cul ato

obstruction, %5 %ﬁ: $ % ﬁ%ﬁtion
will C‘P’é%%a%]c% uBdabeht PREtH At A°F n°F he"tat tt atT'oR

of thAkopostheéohrangpondeendetian of, tie is gpepurribrout that
dev' Eﬁelgrahfuﬂ? at LE BGK] QQ §5at:bﬁ§t&14t1§ <!T}fo./ir‘ljfdmodulated

hree " aeria possi bfe to
remo% BRYPRF sbY r%‘?ﬁ‘éﬁfé”cﬁlls’o Gm@gé@m she pRigpon from the
¢@l cabaisvs of tichelEp,OS:Iﬂ |acmyr anderoguemme arechyeridee
osition/orie tion r. 46, if 1S .
(F:)onsi der ed thrk%q} Her e&?s 0 qta?:l?gfl use'bet V\E/eoefn t%I?faat tr{fwklng
gi veayaeeh al Oaridialvdet raimsimsndest erageceingentqry sretrieval,
cont gaRbALIeck £ 05 prﬁéﬁf&ﬁsdﬂg%reo&ctah;a%%g?nt aha@alé%énostlcs,

calcul ator 46 with dat.abase of tabul 0

e S Ea Py SRR e L LG S T AL
obst ructisorzenteimplenédr et iawt achulttheb et weeapdriegordascitce 12
-9 tF BO%L‘:%Jbgn a%c@lr'a?%%;ﬂeo%&ﬁd:%@téﬁnlﬁfe@table probe

function t he truction
abovéed%scrﬂﬁéecéﬁéfﬁtP@n%ﬁv%qﬂa?ﬁ&ﬂ&ﬁnSVﬁ@oP§e§“Wﬁ§S and
em sshofapé) 2 nodul ated RF pul se by one of 5 the

aerials 43 to 45. However, in order to provide

constantly updated position and orientation

informati on about the transponder device 12, it is
poi nt ed out that
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the tracking station 14 is constantly cycling

nodul ated RF pul ses by sequentially changing the

em ssion fromthe 10 aerials 43 to 45, or any other
sui t abl e sequence. Ot her contenpl ated uses for the
tracking system 10 include mning, storage inventory
retrieval, nanorobotics, neurosurgery, cardi ol ogy,
drlddbBI&gnosti cs, vehicle tracking and any ot her
industrial application. 15 It is contenplated to
attach the transponder device 12 to a probe. Such a
[r.obe & edtlibdofer anckifg acbbibétan ppardor fmitipn, comprisitgthieateps of:
in Iivin% bei%%é such, as humans and aninals). -10

CLAI vsmuiting a8 K sigael from adixgd BPHHPO%N obj ect in space

for p%j%eti%ﬂg ’theclgﬁ@i(r%jnﬁli With b BansloRBS RliceSMithd J)llggct;’m RF
signal frontra fixed position; ‘receiving the RF signal
Wi t h zentittargs fronddie transpoademdévies abj REt retwemi dignahconsisting of the

the. tr onder .deyi.ce an RE return signal consisting
afcwmaﬂfg'eaa\f%&y _ i gy s Rpdts ﬁé‘ Yne by a known
Ui me  debdVing RS RIFYehfin siiiaRvithedt Ueddt Hred abriaté hisodiated to the fixed
| east three aerials associated to the fixed position;

gwditioal and ating a position of the object froma

di st anc t ween each pf the | east . thr aer|i

and CREEIREoRRGoy e b Fort R b GO AT a3 e ot teast
dRfedVacARN dnBahd tBspoResr RdideadsWefictifie of HieSiaiowh @dlay Bed the time
RF signal and the reception of the RF return &g}nal

fiesiod thiebvaanrthe emissiosnef thadE signal andrthereseptson qhihe RF retum signal
thod ac [ . .m.Jl, wherein the step of
:%%néi(t)l\lﬁﬁrﬁﬁg%ceng%nzr]glpgdr%éﬁlssrgnal is perforned in three
ort hogonal axes, such that the step of calculating
al so involves calculating an orient ?}gﬁl on of, the
I

obj ectThesmethod acsemding ocelainilngrhersin th siFn of rereiyig the RF retum
It hdl%axeQPRIchUihhi @R Bigh Arecdlfifating also

gs?@%i 5$ ﬂ%gf)%%a??r%fefg(g{h%%é?ti or? o?’lct he obj ect? su((::h ne an

tihedlvemosildulaimg an orieatatioh af dat oegeck f uncti on of the

known del ay, the tine period, and obstruction data. 4.

The nmethod according to claiml1l, wherein the step of

recel Vg pdifodYackliteNto AMAN, IfartRGT tanhpREn 4 RtdpOdf detecting
aerials, such that the position is calculated as a

fabstruétoon tefforetthe step oficaldelatipg thecpashtiontdfithe pbiertosuch that position is
be n, t he.enj.ssi f the RF signal and the .
TR CREEHGT o Booh eyl AR iR opgpustion dara
second, third and fourth aerials.
4. The method according to claim 1, wherein the step of receiving the RF return
signal is performed with four aerials, such that the position is calculated as a function of

the known delay and the time period between the emission of the RF signal and the
reception of the RF return signal from the first, second, third and fourth aerials.

5. The method according to claim 1, wherein the step of calculating the position of

the object is performed as a function of a phase difference between the emitted RF signal

and the received RF return signal.
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5. The nmethod according to claim 1, wherein the step
of calculating the position of the object is
performed as a function of a phase difference between
the emtted RF signal and the received RF return
signal. -11 6. A systemfor tracking an object in
space for position, conprising: a_transponder device
C;Ser ath v¥stgm derFrekingcan bigdh in F8pe far PogiHan{GORHEISHEder

devi c ' r ' .
ci v curt TERel 2gbEERRRARP cBRiccRq Bl Bolobe RERRMREnder device
aeiigvd Mghsponder astigraal af thansperlet biecitit eompetad & thearanspaonder aerial
t he transponder devjce for addin kno delay to .

tfgé regeIvdng, 4n Rk é@nﬁtﬁv@fﬂ% the JERRsP B AHED %Ha%gsn%rdevwe for
ek i {5 s jodbging | S RF 5
saggo gh ﬁg%h?%]éﬁgg?}léap? Sg@?r gﬁggﬁﬁ@?ﬁconﬁggt ed t omSponse o
ttramsmittisg ttmewghathe transpondersaeiiel i ng t he RF si gnal

throuqh t he Eir%E. eria%; a receiver connected to the
first,18kaw9gd and thisd 3cga erials for receiving the RF

r esponsgamnitthecdnhiséted & BR fide et fbheimhhitidgahe RI¢gRal through
posi tion cal culator associated to the transmtter and
tthefirsteeialer and having a cycle counter and a phase
conmparator. for calcylatin b f ot '

P U RE b ol Bk’ it S0h8 i i 5RfalS B eefing the R

heipvasot the ranipeali@leofceithectRioughgidl and the
reception of the RF response fromthe first, secand

and t i Pepitiesy Falpwlatop assogiated tofthe angpitist and Pipaegetver and having a

ffe itte i | . .
LR M Yol Uonfl B T GHARR o FBHES e objs o o
duattiontof thb&newn dehe, 4 nambponiieicleadretvedenaherpmision of the RF signal
three orthogonally_oriented tragnsponder aeri.als )
AT T JRSRINSY fram rpbiseean 8 hEd aegels, and as o
Rh&AbLd ARs® ditfbehéBeech NBe Rmift&P RANSHNA akd1®he received RF

three transponder aerials. 8. The system according to
akspoms®, wherein the position cal cul ator has val ue
data associating a distance between at | east one of
the first, second and third aerial to a tine val ue,

wher ebyhd 8teRPadbidRg ?@Elﬁlﬁi} 8l Qhedefn fhetrapsddiidbPidriall céifrises three

position as a function of the known delay, the tine
petliogdnallyd otitiediitemnspradeb eenwle rwhenebya an | asigstatign eofothe transponder

f. d - i al _
05 R RS P B o o e bR ot

aerial connected to the receiver for receiving the RF
response therethrough, with the tine period includi

tﬁhe_ r eERgpIvistsn agcordiag pgpclagg@ﬁsg@rcfig the qugiqrb%lqlﬂator hat value data
%‘E%#cﬁiﬁngalé%tjagg? ﬂ%ﬁ/eg’ﬁ/ §{)l§?§t%‘f’1‘é Qr W Hrst SeCdRd MdBthird aerial to a time

er “conpr ng an obstruction detéctor .
value, whereby the position calculator is for calculating the position as a function of the
known delay, the time period and the distance between the at least one of the first,

second and third aerial.
9. The system according to claim 6, further comprising a fourth aerial connected to

the receiver for receiving the RF response therethrough, with the time period including

the reception of the RF response from the fourth aerial.
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associated with the position cal culator, the

obstruction detector for producing obstruction data,

whereby the position calculator is for calculating the
position of the object as a function of the known

delay, the tinme period and the obstruction data. 11.

The system according to claim10, wherein the ]

t Hnspbhri systeravacearding to claimnfy furthen gompesing anc epynistion detector

S . . . ' . .
ERRR a1 B0 Pl B0 T ek SF L AhHhr rodycipg obstucton
cdlaa, nwHddebyf thet pssitictocgiculstonds forf @toulhingethe aosition nfahedbject as a
tﬁ?f@ t he t{)tﬁcﬁliﬂver for gec,ei ving.the RF response

t artaneighe knowm delapdhs timeipsrod apdthe pbsirgition data.

consi dering the RF response received through all of

the four aerials to identify obstruction, whereby the

oblst r Uthe cmstetat acdordingrte then RF,r ehpeihs ¢he emasposder device is for

t hr h ope the four ~aerials ypon detection, of . .
e B RE, reshtseofictadia he oPRerios dgtiamidentifies reflective
asHsauetidg to claim 10, wherein the obstruction

detector has a sensor device for visually detecting
obstructions. 14. The system according to claim6,

reip the, transpender .devj S a_partabl ower
o o The e RUBBRRER IR | GTniRE sBubRrihEa SypEpaT] connected to
St deddiairsiop e@ivilE thE€ RF BesphseCtiethrO@INARS obth@®ion detector for
transponder aerials and a transponder circuit is

conpideriegl the R eresponse gsesivied thronghn all fofr the efoar vaeriglsRio identify
' t . ' :
Sdbgﬂ'ﬂé:tﬁ)n Whglg:gg tﬂ&@osﬁr&?@%}g@% glfter%%é ﬁb%%sg%)ﬁs}e/e rtegely%dethfgygh one of

transponder ices a known

sthe falr abridls tper éayctivhadwbsthgtiBh forvaldsar: deaibl.
transmtting through the transponder aerials, further
wherein the three transponder aerials are

o3t hogaRallnPhlcoMifg! to clail 10, wherein the obstruction detector has a sensor

device for visually detecting obstructions.

14, The system according to claim 6, wherein the transponder device has a portable

power source.

15.  The system according to claim 6, wherein said transponder device is switched
between three transponder aerials and a transponder circuit is connected to the
transponder aerials for receiving RF signals through the transponder aerials, the
transponder devices for adding a known delay to the RF signal for thereby producing RE
pulses for transmitting through the transponder aerials, further wherein the three

transponder aerials are orthogonally oriented.
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