RF SYSTEM FOR TRACKI NG OBJECTS CROSS- REFERENCE TO
RELATED APPLI CATI ON Thi s patent application clains

wWI0e1i9618 on United States Provisional Patent PCT/CA2006/000734
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Application No. 60/678,190, filed on May 6 , 2005, by
t he present applicant and which is hereby incorporated
by reference. BACKEROENDFOR THECKNVENIRONCTs. Field of
the Invention The present invention relates to an RF
system 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
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industrial application.

2. Background Art

It is often required to track objects for
position and orientation in space. For instance, in
computer-assisted surgery, tools are tracked for
position and orientation in order to provide a surgeon
with useful data pertaining to relative position between
bone elementgs and surgical tools. For instance,
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
maneuvers associated with the wuse of the tracking
systems. For instance, in computer-assisted 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

wQmeé/1196r8 of a patient being operated on is i rfduesnes000734
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by this line of sight that nust be kept between the
tool and the novenent sensors . O her types of
systens, such as nagfeth emiters and the |ike, hay

ave
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syst@nmembdypineat | y sengolee bul kyowbanponent sprorider eprecise

t ' co ct i CQnpo s. The
cg%%?%£%$%g ?ﬁgt ti%?%éw %%g spggggfn a s%?%?%g%ngly” the
ey s ohhentohust phelener PEiragdoprehatadecof isudmfluenced by

SYSh £851¢aAStJH UL BSh@ €9§E|¥mﬁﬂJU%éoﬁep§UM%%@@é$:the tool
INVENTION It is therefore an aim of the present

i et Hioh TOVHRONVE deeREPevel RF system for tracking
objects . ltotised ftypber aim efsthmspresaph i B¥eNtda@fetic
to address issues  of ﬁhg prior art. . Therefore, in
acTBToamcd ith € pré&ent PAVENtRSMR (RES jit computer-

pravs teted syste@aryor trHokengran ehphact siyetepace therically
0Si ti | si.ng: t ransponder. devi onnect abl e
ot hiel By AP R psRent e Shevt HEShaviHG A tettotinect
t remsporderccawmdraintand a Thansponder edmsider tomnedtagd the
ta. e 44 anspopder 3erial Corghiecel vidg AbRedl 0alsr  ve
t hrough 1 he_transponder aerla?; the transponder device
ad®li gl Bl aetbwnt kel a§e t of t ReCRFS¥FEABF £RBPEBYUtes a costly
progiued Ngh an RF response for transmtting through the
transponder aerial; first, second and third aerials; a
transmtter connected to the first aerial for
t ranemuy iow ieENRF @i gnal through the first aerial; a
recei ver connected to the first, second and third
It is therefore an aim of the present

invention to provide a novel RF system for tracking
objects.

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

Therefore, 1in accordance with the present
invention, there is provided a system for tracking an
object in space for position, comprising: a transponder
device connectable to the object, the transponder device
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
transponder aerial; first, second and third aerials; a
transmitter connected to the first aerial for
transmitting 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
device therethrough; and a position calculator

associated to the transmitter and the receiver for
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aerials for receiving the RF response of the
transponder device therethrough; and a position

waabeulatsor associ ated to the transmtter and RAIECA2006/000734
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receiver forcalculating a position of the object as a
function of the known delay and the tinme period

bet ween the em ssion of the RF signal and the ,
rgéﬁgyﬁéﬁlag thePREL FePorde FhronPPRgcti rast , asdagrgion of
andet kinbdnaeeilalys andurdhkert iinte geaordBnee- wddh ¢he emission

sent_ invention, there is provided a thod f
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Wbb?e@tkmﬂMbﬁéﬂﬁ del-ayodieaeinvi noddhe Bnsi gnal Mt of
at least three aerial s associated to the fixed _
poSitFoRg & Bl uPRRe nd TR posi iR oPOBHE 16Bjiecieceiving
f wotha aditstangsohbimeesy eashoaf tie @bjdeasthbhirge signal;
aer i L§n8n? thetbransponder device .as a function as a
0

unc TPRe “RRowh “HEPRY Shd FHE CFi & per itsburn signal

fonctron
beomeentihge eri sshen R then&F siignal aankhdwe time delay;

r ] of e S m_the.first, second .

e D iy & SRR S BTN e Bla RS " herials
HavPpgiehad dgemertdld y fdescri bedithennatané ofaldelating a
iﬁ&@ﬂﬁi@ﬁgo&eﬁﬁkgm%%éw&lfQBW'QECE%%%ﬁééfﬁﬁtween each of

acconpanyi ng drawi ngs, show ng by way o ustration
atpfefkr t885EnbBEFEReAL iR PeaNdakdle iF ramisEPndEiy devijae as
aa bEaskr dbagaanui Fldstiahi BE @nkr agkiwig dRMSELLMIA the time
accordance wth the preferred enpbodi nent of "t he

PPSRERT RSt NDESARESTRON OF PREFERRES.gNal and the
EMBOED tVEDNT SoRettier iRFy tesddrgse Ifrora thacki RgLSY Skeenidn and
agﬁg£gagg§igi§h a preferred enbodi nent of the present

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:

Fig. 1 1is a block diagram illustrating 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
accordance with a preferred embodiment of the present
invention is generally shown at 10. The tracking system
10 has a transponder device 12 (displaceable, with its
independent power source) and a tracking station 14

(fixed) . The tracking station 14 is optionally



invention is generally shown at 10. The tracking
system 10 has a transponder device 12 (displ aceabl e,
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station 14 (fixed) . The tracking station 14 is
optional l yconnected to a conputer-assisted surgery
s¥st em 16, or other sxst emrequjring position and
0

PRREAEFON FQath TREPULPFI2B8 Prodused 5 ¥ heY v @B kithg ©F
sbaheon dstend hedguanspendepsdevbee d24di soxiamett adh e data

t t ' b d.j f
008 9RL o LS ORUE enerhpstcelgcspactato
i nterrel atiBnebérasenondert devspender devieengetahde to a

theoobj gt Lenbe tracked isokngwn (€q@ked NKOUGRpace for
cal 1 bration) such that a tracking of the transponder

9P tel22: w | Pngnablo& #ehé a%riagki ngt st at FeAv14Sto The
?Dﬁ@dﬁﬁr@géﬂb@?béﬁde@h! lefe?tﬂﬁhsiplﬁrﬁid%i_h{ﬂ@\ﬁi@@r tai gmg the
o the object (e.g., ti a.too . e fransponder

USRI TE" 12 Gha 5 el a i ethe L ackb NS at | orE 2 aridiroush
typl tlatdyiseparaidd hyaa disttancsirangbg tied wearargonder

to0.10.0.mj.n-.cq t.er-assisted surg . but _coul d .

%?\él%? %s‘sﬁ’lg%péenﬁi%r%ge ot%lei h%}?%lery%fgé%fbf‘?%agigo#o ﬂ%gtaln
tpanspboderndevbcieriRathagn annderinak 120 qunmrectedhd ota the
té@@é@@ﬂf@'sr Glfeygt ofla IBG13€r 1 8h2Q g Y MdeEdA ce 12
recelve i ncomn F signals, and to emt response

stgRalee b 1@ faRcttith 6facké nBncom WP RF 1¢i ghlfs, tyasically

diegstedeypihe tyansperderad 1l be@deedN®.5 m to 10.0 m
transponder circuit 21 receives the incomng RF
s+gn&PEPHABT cBAEI5F & RELEREYs] &ﬁ*tofc%]rgls}ﬁ%n%re or less
t hepeghihheconet hal t 2P drepspechtical |y, between the

recei pt of signal and the transms éo of a_respons
si gnal fronf}i’%eqi agf%)pon r 818%188 11;, }adgel 5‘? of “TTH 20
oconnsctedii th detagneponise rcsrknown21The Tdel aprofal 20 is
[0 2 | DELNGE: SRSt L SIS o onic
response signals as a function of the incoming RF
signals, as directed by the transponder circuit 21.

The transponder circuit 21 receives the
incoming RF signals and controls the emission of a
response through the aerial 20. More specifically,
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
circuit. The transponder circuit 21 may also amplify
the incoming RF signal.

The tracking station 14 has a controller 40.
The controller 40 1is a processing unit (e.g., micro-
controller, computer or the 1like) that controls the
operation of the tracking station 14. The controller 40
i1s connected to a user interface 41, by which an

operator may command the tracking system 10. The
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circuit. The transponder circuit 21 may al so anplify
the incom ng RF signal . The tracking station 14 has a

wame/tobiser 40. The controller 40 is a procesHamgCA2v06/000734
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(e.g., mcro controller, conmputer or the like) that
controls the operation of the tracking station 14. The
controller 40 is connected to a user interfcﬂce 41,

by _.
WHITEH - Uper 4%r  FR§PEBAFENd R¥E t1¥eki MG Sy sP&RrRgation
Theoontatold edadd toandam tuseposirttienttzared 4r | @at attpnt from

0Gi . dat user interface 41 as out put
e U PR e

I'ng System 10. The controller 40 is also
connect ed tThe tqarsifltltear / iéceiiver a420 Thennected to a

transm il en necel MaIy 42> 1S PROVEA8d-hOF c 8PV ELLBGver 42 is
nodul at ed RF signals through _ aerials 43, 44 and 45,

P HSeT eck?Wi nyuet P ERAr MPRULRHRAlI RFonfifeals through
tAareaﬁSspmdleB,de;\@ Cﬁndz 4| E@n&h%o&eﬁ]@ééi%ﬁn 0a25ret3tur4ré RF
ccordin , shown in Fig. N e aerials 0
S "o b ReqteipaPaRary oviine 12 ueihS fHe’ GeRals
t4zansmad er/receiver 42. It is preferred to mnim ze

t he di stancg, be en the_transmtter/receiver and _ .
the aeri al ?Ci'go%%ﬁéé}yt"o 'F‘ngni%%oﬁ"’é1 a%?/ Eé ha;ii’ngé%e aerials
Manevep, V&l ueatrabl eslhay deengseed or sehargbapensdtd onthe

of - AL 48l @Y/ ddrdansmyssi onpdue & 0,8.RaR7BAAI I Rl Bimize
di stance between the transmtter/receiver 42 and the

&ngﬁgﬁggpQQ)bﬁgwqﬁ%r%@¢o%r@msmh@ter/receiver 42 and the
tdanisd t 28/ reced ¥y ek ol Znirsi ntiiBTeaded dey hiska reont r gblveker,
40.. A pg%hﬁl on/orientation calculator 46 is connecte

e e F&l &Y 46° fhgee%o PEi drircor FeRPEPPaR1ON oL any
chdlcu) at ar t4Gnismitsgpiotal dye atsofat wase-i¢gBigibh Ve distance

ST SEl VG RN OLLES 0 B WK BOSLL B o3
thcandponderOmmw tieorl 2 difs théculwmiitter/receiver 42 is
commanded by the contrcller 40.

A position/orientation calculator 46 is
connected to the controllerxr 40. The
position/orientation calculator 46 is typically a
software or a drive associated with the controller 40,
by which position and, if required, orientation
pertaining to the transponder device 12 is calculated.
Operation of the position/orientation calculator 46 will
be described hereinafter.

An obstruction detector 47 is also connected
to the controller 40. The controller 40 commands the
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
between the aerials 43 to 45 of the tracking station 14
and the aerial 20 of the transponder device 12.
Accordingly, the obstruction detector 47 is provided so

as to take into account any obstruction, and any

-5-



Operation of the position/orientation cal cul ator 46
w || be described hereinafter. An obstruction detector
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controller 40 comuands the obstructi on detector 47,
which will detect any obstruction bet ween the

tra slglb%der dev:@e 12 and t ackl n% %at on

Y97 Ay, SFt Gonsplosey(% et hat S obstituct gﬁl-latlons

|bbdu01m@>®b§aeu@ caasrsfiatwaneer fier enibe beoweén onferientation
ae“c,g]hsatf‘o"*rt@e 45 pf-thestracki ngostatbaR Lheandvkiecr the

of the transponder device 12. Accordingly,
tHe ®beh?bictPeRiteteblortiE7 doF ifrlsvidRedt @ 04 As 160 MEARE OTed

ltftﬁ 0 aLoQUiiady ohsd ructdwen, ard anyekstifeGlenor W | kyhich
onS|dered In p03|$|on calcglatlogs b¥ conpensat i on
stT RePE- T t hES posPER onfFBFFEAF BEF onP¥al LhFat GPpETSation
FasfiwstanceThaobser andcibe Hevettot themBfy sugnaﬂ that a
recei ve b bf (’ilel‘l ﬁl S ],:43 45 rs noni.t ored t 3
TSP e T HE T ed o o3t ine sbFer EREEnTRni e PP OPRR. (571
isigrsed, t eseaflt em@lyalhe canpeasdta ondvobewariee ﬁﬂ)@rator
%ﬁ?ééﬁtt8nf$ﬂﬁag 1H§¥r§%99§§ EQQEC% from Ehe f&eld

negl 1 gi bl'e l'eve Interference i's present (soun
stgrRerat sl si gnal) so as to advise the operator

person to reqoVve-cipuddit-efderd i ok adedy oyt i aled is
of operatjon. The conputer- assj, sted sur ry sy tem](

| P o IyCEBHﬁSEggd ttcPthE EontAY (e4% €.g-,
Wi 1183 BSSs Caatddtoign)SO B ta® 1 eeei \teaqmsnetl @m)sa.ﬁtdon and
orient atlon d t which .wi |l be,used_ té) the computer-
colfﬁp?ftl staEdt s Surgery sys%em TR°%r 3 provnpéi1

suedi $ tnddr rmingmyl nsyacewuslé orims podele operrtridd such

tNer SOt &1 - %i%g%goagrg@wm ystem16. m&g% Bt the the

various componénts o e trac ing syste ave been
deery i 238 et afuapRrat$ gt the tracki ng system

10 fol l ows.Now that the various components of the
tracking system 10 have been described, a general
operation of the tracking system 10 follows.

In order to obtain position and, 1if required,
orientation information pertaining to an object, the
controller 40 will initiate a transmission to the
transponder device 12. The controller 40 will send a
signal to the position/orientation calculator 46.

For instance, an actuation pulse 1is sent to
the position/orientation calculator 46. The position/
orientation calculator 46 has a cycle counter (i.e.,
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 considered by a phase comparator in the
position/orientation calculator 46, as will be described
hereinafter.

Simultaneously, a transmitter actuation pulse

is sent from the controller 40 to the
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In order to obtain position and, if required,
orientation information pertaining to an object, the
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transponder device 12 . The controller 40 will send a
signal to the position/orientation cal cul ator 46. For
i.nst ance act uat i on puléﬁe is sent to the

torsal‘rﬁr%ln‘% /gt 5T cal cdfat or 46. Tﬁseccpoorsqjtrf%lr?" the
mraemmnm/traemnh&tlommaﬂhh}s sexgche sotmbenofi segnal to

icmeer&@l tﬁleo% )2.)%&% téﬁe qu@ger \‘E%f*'efhgéartt@g t%% gtferlal

transm ssi on receptlon
vid Wbl Ledt i & rt%ub@ts@tiu%ﬂ eaﬂaeelateoasf Bﬁaeelse from

nEeasr M i n &l s eonsddered &y £ phase conpar at or
in the p03|t|om%({|enta|onc cul ator 46, as w |l

descri bed hereiMRAHEFE S 1R REngDusTy™ ‘éhifrﬁﬁgh?%té? will
ad uaéconved!l Be |tsqesednériatbmzt>hefco:nter ott&fsgOndér device

t tt Al d t .
e e 55 Mol arerahra bt e cagmigl 20
tval ldnebof fbtrrezaaehe!daltsa 43he¢ otiﬁnsEondlemstcam;miti h2l, which
%ﬁ]rllalrd'g’u%l %hgmsﬁ a'IDdil‘H g‘éﬁg Bgrﬁﬁl g)rfa (ge %ye&':return

se) fromthis actuation the controlf
m)dltﬁ%t efMRFEpdl séYf r o€ he a@atiiad] 430 wi | | b%s r epenyagned

%éﬁ%@%} al 120 af1hpepbransponder devics 12¢ THE signal

nodul at ed "RF pulse received by the aerial 20 will  be
O vtatf%eeetbafh%% ARAs pERIGMST AN °2 1 wRFeRweignal by

rtetwraethelslg@naisl Rnbke .f or mhef n&;cﬁﬂlaﬁ:}éﬁ:ﬁ REt lplullse is a
pul se emitted the i one

BT GUsTY! T ettt By B et hd TRRRT pehofTe e size of
sitlgnal ranepdreleaerd iatc @2 a@id. t he em ssi on of a return

si gnal by Hﬁ&;aﬁéﬁﬁiaggg %% qy'é& L fTEd into

pulse is a wave train o as a Ctl
dthea héebayed ofefhent ﬁ&ﬁ@}@éndeﬁ\’l%ﬁq C%EPQCJZﬂ.lCETHeY in order

edulad gl R PUL BefBYoPerafPbéfisdsi N{@ is considered to

provide gain to the return signal. Any gain at the
transponder device 12 1is 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.

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 can be
calculated.

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

the reception of a signal with cycle counter. The
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the del ayed return signal. More specifically, in order
to reduce the effect of reflections, it is considered
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transponder device 12 is as a function of reception
sensitivity of the transmtter/receiver 42. It is also

consi der ed, rovide a gain as a_function of any. .
e e b0 B F Ao fn e tnd Pl Pt e g S ey don
enkfitedaceturdas RFEvSegalay fthempdrel ti@anspbndér devamgponder
1 i recekrye [ I ri.al ,

2EVER 25 e Ll e B R Aldba b o e
t fAASpBAGer RROMWIRN 12t88n Feallcul atéd. tRachtdf ©Re the

th&&ﬁs@@hhaks 4&5&@x§5 wl | Senﬂhéotkﬁh%ﬁti@@1@§ the the
dela%gd return S|gnal to the transmtter/receiver 42,

whiF BRSRPPASF or WEMd “Chi st % eckf vel2€R0 sitghal BFIREt  when

ceafleallbetind0.a Histconia ddmreddd, thavhagiatseuvedd hes and
s%ﬁnak wi_| | gctugte.tche1 osition/orientation
cAIEurAPBPP2BY by A&&y °5f 14n end pul se, so as to obtain

a tinme val uétforig hepoeagpti oncwf a tdiagnal iwi t hoxciettertion
c Si. i e 0Qnl - b -
podrbeher 1060 L Predhill e BT SREPURARE, Hnbl%q be equipped
pBsEhi 6RTEE Phe theafdperwdendgayidey it daén ber a non-linear

Cék?éh@éﬁ@nésbﬂgo&%h%%%%b@tb@&dﬂd&%éﬂ%ﬁ‘ﬁéﬂéﬂ¥ﬁétively, a
between the aerials 43 to 45 and 't he transpaonder

deVPREPPRACTTIHEW GRe 481 AP VAG heR¥fansSeider debi fer the
12rkfispakadri Riecaceowtt, Wit gpbespaispg ardissiiants can

PELYERGUT® e S IR0 S A LR oneROn vt e
i okohogbhaehlis oreguiteeld, thesobgeet oshowlfd the eganppeshder
“ﬁ&@ﬁ&@reﬁzOErtW§u§r%@éﬁgﬁgﬁaﬁge%kﬁ%xkg’15”dﬁtq a single
non-I[1 near arrangenent or-ort ogonal arrangemnen
AREEipdt Wikelypravidanppeatepndenfesmaipavrngyt hr ee
aerials 20 far th8 event that the position/orientation
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
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 c¢ycles the total time
between emigssion and reception o©f a signal by the
transmitter/receiver 42.

As mentioned previously, the distance between
the aerials and the transponder device 12 1is calculated
as a function of this time value, and considering the
time delay at the transponder device 12 and the speed of
light.

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

45, 1t is contemplated to provide the transponder device
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transponder circuit 21, via appropriate RF sw tches
can be used. The three transponder aerials would be
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device 12 or the transponder device 12 with a single
aerial wll provide position information only. In the

event that 0S t|o .orien .on c Iculat r 46

a0 BhE T hkeSRotRt CBFREEAR babvedd Phe Jaditional

emssabm afo t h:esnrmdul thed Reqidise and t heer e@ce‘.smmxﬁ and
z{?—%élé I‘OBFméb paknhyct he MJI%TWBE t eéléé e€§b¥e6f4%ér§als

ted as a unctlon of the nunber of cyc es

rf‘é%%@lr @by Peheseletecdodt er. TrChirie onplrat brves of

thed- Usesh t Q‘é({ wnsefor m am, i RERNPERLEAR BBRLNT NEhEY &l cking
into atine v be uysed to cal cyl ate

ich wll
A e rﬁf‘n‘o@VP&Faﬁ@é(l el3Fhe t BraRtermeChetitetn board of

end SiSh adu Band rsele@ptrmvoﬁgaa@rgnals byt t Hes corners (w1th
transnrtter/ ecei v nent one preV|o sly,

o ST Pt on SPrD ASPFAPD) Andd nEeianeBondly  redtired

deyr@elﬂﬁylsotalthbatedaasmattad¢teoaloérthﬁ@ t iamel other

trartﬁon@x@gs g@s'%'{@aegﬁ% H‘Eag&’gﬁy at thﬁowilveﬁ other

onder device 12 an e spee I|gh
twfr%@r@ngoer atdeh 1P HEDEEHes EUded s na\ne@gfndent

thr eec &gl icahsuitanekyraedd @l S 443160 .45, Ady | $hree of the
contenflated to provide the transponder devi cel

A B L% her iG atﬂﬁli?dlgﬁdat iton 12T tA SREFonal i gignal

tpr@@@@hﬁ@ythespret@r;sldmuqf tbe poslstwm .and ’fI‘he various

ori entati on neasurenent. r eov. t he type of aeri

B EatChe S eda5§ a'\/?ur?cut O%P](ﬁ tfﬁé%u&%ﬁ ‘of A an

rﬁxmmplen IEqmsre@ntbmpdaee@nhmdHantYAGheaeraaksngor the
E%é§§h i&ﬁ'% has a printed circuit board of

angu ape aving aerials at its corners (with
C|rCU|try f%@eeé@@Q¥MQQﬂqﬂ daseqepr 57 t he reeuileeged to

CiReutbbhyr8i1£hesbr apsmd tt‘iﬁ/f@&&iaﬁétﬂ@cﬁﬁgnoh%é to the

controller 40. More specifically, it is contemplated to
use a visual sensor (or audio, ultrasound, laser sensors
or the 1like) that will detect the presence of objects
between the aerials 43, 44 and/or 45 and the transponder
device 12. As a result of any obstruction, the
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
the aerials in the calculation of the position and
orientation by the position/orientation calculator 46,
if it ig considered that there is obstruction between
that given aerial and the transponder device 12. It is
contemplated to provide the position/orientation
calculator 46 with a database of tabulated information
pertaining to the effect of various types of

obstruction. This information could be used to correct

-9.



conponents of the tracking station 14. However, other
configurations are contenpl ated, such as independent

wQonentwaisci rcuits for each aerial . Any three RIT/€A906/000734
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aerials are arranged to forma plane. The signa

frequency is typically of 915 MHz. The various

actuation signals_are of suitable fr uenc

ek BRApIROS LTI 2BRt OFPEREEG T (k! i an % o?unCtlon

t be thackipg stabbenrhétiohhe obstruction detector 47

i's connecteg, to 0 40, 59 o feed

obstruction %taé?gvghgéégﬁ%gé Fm2ﬁﬁ§ i C%e the system

sp‘;eafpﬂiveal leyre ietmijsss icontaehph am@@lul@t@@eR’é mué@@I by one of
Eéor %lofafé"d'ét@ @J)trll%soun%ov\lé%%%r SEAS YU HF EBG provide

wi | I “defect the presence of objects between
t ﬁ@naéanaﬂy Apdate e Dt YN apgdt e ierdrdgerdelnformation

dgybee the Amrdgasidd ofyvany oPstEHClisORoittt®d out that
position/orientation calculator 46 will take into
aEEBuMr 3SR at R G 4P hied caP c GPREEGA Y tCIYé’%ﬁééﬂ tfulated
apd @hll%@tsablyo@e@ﬁletrh&aﬂﬂ@nfiﬂmﬂﬁmgj@hé?ean’ln?ssﬂcfnt]‘h]_&)m the
t racki g ﬁéaai 14 is rOV|g Q re than three
werfardd 2r°ES Bsscry: abvottHes, Buelahars “pRBRAER ot

t he aeriaIsOthetheaaﬁUaMpﬂaUﬁdcﬁu$®@ pbsirt i ameandtracking
OLLSPLAL 1N DYl DAPARILiQN/ Osi SPLALT QR ERLEUL ALAL: Auvar,

I S CQHSI ere struction“bet we
t hanogpPenriger i @Ieua@@wng@mar@mhdﬂp%w eeredqcilagmcvst ics,
' %E%&@Wﬂ&@@hﬁf RRQViGE, tHenPPSihioRteni-entathOivation.

cal cul at or a dat abase of tabul ated i nformati on

péEt disni et R et ed f Bet G aFhr s FypespPepder device 12

obst raU%IﬁcQﬂa ThgschnborgmsdONc6oL dpbe ausgthfle@table probe
Errectthe osition an orlentaélon calculatlonha a 3
ficBi on 0t %éﬂi]fpele WpEtl PP OIS TIfgCh @s  humans  an

abnvaade$cr|bed operation of the systeminvolves the

em ssion of a nodul ated RF pul se by one of the aerials

43 to 45. However, in order to provide
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constantly updated position and orientation
i nformati on about the transponder device 12, it is

w@moentwaisout that the tracking station 14 i s CEITECA2006/§00734
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cycling nodul ated RF pul ses by sequentially changi ng

the em ssion fromthe aerials 43 to 45, or any other
sui t abl e sequence. Ot her contenpl ated uses for the
trQﬁﬁﬁW%:systen110 i ncl ude m ning, storage inventory
retrieval, nanorobotics , neurosurgery, cardiol ogy,
equdlagnOSHicg %ﬁhEQJe'gfé%ﬁﬁ QHdo%gﬁcchﬁ{ space for
i ndustrial app ¥ I on I's cont enpl at to attach
tinpar@mypommﬂ@ﬁﬂﬁmﬁgal2 to a probe. Such a probe

could be an dnj QQEQngnBEQbe &é%ﬁbe ' Eb%%%@@b%lbn to the
l'iving beings such humans and ani nal s) 1

Rt emt ttrréé’rﬁl?i?dldﬁ? olieaECs n hepacw f@r transponder
Pasd i 0N, LONPra sifgandpbhddsponderudevi eengennedt abbe the

to the ob the tra onder .devi ce hayin

| PRI merF AR 2 And OF ¢ PRREASHET 2 BB o atikcEBFough
t cHdhe ﬁfamammnﬂar aeerbhl f orthecetvangpand®E stgnake for
th&ﬁ%%ﬁitgﬁ %poggﬁr aeEbaIth%Jmh§r S que ngv%%%reby

f Of ng a KOWN to t he RF ‘signal~tor t er eby
priocsbigignanaRF RRspessenter ﬁcrnanmamsmngttlneou@hrw@h the
tr c?8f{d@l 1 first, second and third aerials; a

transn1tter connected to the first aerial for
transnitti ng 4 REesQhlanthridtigh tarr ¥a¥St aerial ; a

recei ?/erfcorwe%&@@hsmtit%@ ;dlzzéﬁﬁec@@@o&%f aﬁﬁet hi1#kt aerial
aerial s or receil vi e respaonse t.he
{ rRTS ORI deARE: Tt H UL UplhddiY | et aerial;

cal cul at or asspetaiedrt eohhectednsm ttler ﬁ&mbthesecond and

qﬁ$H¥§r fgﬂfﬁglc%latlng ei903|t|ﬁg of gh §B e 38 A 1o

function © KNOWN aeFay and
transponder device therethrough; and

a position <calculator associated to the
transmitter and the receiver for calculating a position
of the object as a function of the known delay and the
time period between the emission of the RF signal and
the reception of the RF response from the first, second

and third aerials.

2. The system according to claim 1, wherein the
transponder aerial comprises three orthogonally oriented
transponder aerials whereby an orientation of the
transponder device is calculable as a function of the RF

response of the three transponder aerials.
3. The system according to claim 1, wherein the

position calculator has a clock to measure the time

period, the clock actuated by the transmitter.
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time period between the em ssion of the RF signal and
the reception of the RF response fromthe first,

woemoondewnd third aerials. 2 . The system accdCii/©4006000734
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claim1 , wherein the transponder aerial conprises

three orthogonally oriented transponder aerials

whereby an orientation of the transponder, device is .

cdl cul abl e a'% FMﬁEFF‘or?CcS’fortq%élgRtheﬁgﬁg‘e 2sf Ypgrein the
t hlee- i r srspander magritdlsss Falclletsyst emnacdaered ng t aycle
claim.l wherein the positian cal culator has a cl ock
toc%ts%l? eal%cﬁea tplrhrfaesepecfol @frﬁqﬁoerc'cl ock actuated by the
transmitter.4 . The system according to claim2 ,

wherei n the glock, ot hhe ROsIdi RN €3 c4lalon COMRELSES the
a cycle counter a%d a phase conparator. 5 . The system
adeotidi iR t ocelarARTor whErei nvehée posittiton *afettatdrg 2

has; wal e dptawassocial | fgrae di skaneg helayesn therd aerial
first, second ind/or third aerial to a tine va{ue

wHe? ebytiRE F8LHEr o EAIE R Fotor af ebFatrhgtt A8 for
pasd ¢ Weesnag frtrct popiefiohheaknawnfdaekayont heftighee known

period and.t he_di stance. bet wee e first, secqn

an(%q]tﬁy‘t hi(%lhg asr'gl PE° hé?nsf'pys%glﬁw aotl:%:%? S| ?Doedtc\'feaelnm the
1 fifanr t hercaoubpnd/og @hfolrdadrieeri al connected to

the receiver for receiving the RF response

t heret hrough, with the time period including the

recepti on ofThthe RESEEBPoRSEOLEdRSt hecd outhiBet al further

7 corhei SHeS e aserrdi 88191 ChahMtdtedf Bt BBE receiver for
conprising an_obstructi on detector associ ated ,\Mg:h t he

pOSFI¢ AL EAI ChFatidl , TRRECHESt rRG T T i Eet ol ifgr the time
prigititéNgiabshiauayi emedateseptiesebyft heepast t o@8ponse from
cal culf’;\tor is for Jgal cul ating the position of the

obj et TS A 1HHctibn of the known delay, the tinme
period and the obstruction data.

7. The system according to claim 1, further
comprising an obstruction detector associated with the
position calculator, 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 time period and

the obstruction data.

8. The system according to claim 7, wherein the
transponder device 1is for amplifying the RF response,
such that the obstruction detector identifies reflective

obstructions.

9. The system according to c¢laim 7, further
comprising a fourth aerial connected to the receiver for
receiving the RF response therethrough, the obstruction
detector for considering the RF response received
through all of the four aerials to identify obstruction,

whereby the obstruction data filters the RF response
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8 . The system according to claim7 , wherein the
transponder device is for anplifying the RF response,

wosuwosr1hest t he obstruction detector identifi ePCT/CA2006/000734
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reflective obstructions . 9 . The system according to
claim?7 , further conprising a fourth aerial connected

to the.receiver f rece e RF_respons

L hEFBEhT S gh LT PHEROEEE 64 | OE dBTWE( BF TR BY SooReruaiTiRs T ion
t hef RBbsesponsenr éoei wedldt bneughrakl .of the four

aerials to identify obstruction, whereby the

obstruction data filters the RF responserecei ved
t htbugh one Bhet fSteur aerPrdsnApse detaxitibn pherein the

obghEHeh N hOgSA A Anengsr il sedlor TR SYEE €Fbr visually
according to claim7 , wherein the obstruction

defleEe6F I1AEsCRSEERSBECBBvi ce for visually detecting
obstructions. 11. The system according to claim1

unereln (e Lagnspender devieghae 3 poUigll s PRt i

satdahsposﬁendGEVdeulhesla swrtehéd pewveeenothcee
transponder aerials and a transponder circuit is

connected to the transponder aerials for receiving RF

si gRal s throlhh shetemamsiyorfanadrd afsainhé, wherein said

tr@?éﬂgggﬁ&egeﬁbg§§ef9% addicRgea @@@Méé%ﬂﬁﬁkééJéfghéﬁénder
or thereby producing RF pul ses f

tr aﬁghﬁiﬁu hioie] h@o&gﬁntsr@@qd@gnsmt adei asr%nn%ﬁ%eiw the

wherghBpbhgethreeibl angpendeceasting &EGTSQQQfaU@&QﬁQJdQ}h the
oriented od fq} trackln a%ect i N _space

foFrﬁH§P?Péﬁr éﬁﬁﬁﬁﬂ§|n§ Eﬁ%ﬁ% Yirfg drtredding
signahomhomeaa&lxedtﬂn5|mwonignebefurnghbhebaFpmqymﬂlng RF

wi Ly 8 Lr aosponder, devige on.Ligobiect: e diing. f1oma;s,
th ransponder evice a urn S|gna onS|st|ng
of fuheh®E sm@ﬁgbiwitﬁhflqﬂhwee transponder aerials are

orthogonally oriented.

13. A method for tracking an object in space for
position, comprising the steps of:

emitting an RF signal from a fixed position;

receiving the RF signal with a transponder
device on the object;

emitting from the transponder device an RF
return signal consisting of the RF signal with a known
time delay;:

receiving the RF sgignal with at least three
aerials associated to the fixed position; and

calculating a position of the object from a
distance between each of the at least three aerials and
the trangponder device as a function of the known delay
and the time period between the emission of the RF
signal and the reception of the RF response from the

first, second and third aerials.
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time delay; receiving the RF signal with at |east
three aerials associated to the fixed position; and

waabeulvats ng a position of the object froma diCavesmnes/000734

10

15

bet ween each of the at |east three aerials and the
transponder device as a function of the known del ay

and the tine_period between tcﬂglem'ssi n. of theﬁﬂ; ﬂ
sighal and t he€r BEEHL o GIPHHERF-T eSponSel fr oMiERELR the
fisstp sEcawkbanditdi cdea®F absgid]l The pretheathed in three
ac ' L.m 13, j e p.aof r I\
B
suthvehaest pelstbpt ohgcancoraenbgt apgoof nvbevekject.
calculating an orientation of the object. 15. The

met hod according to claim 13, further conmprising a

stEp- of det eEREngmBBEPAUCRFERTBENEr e tPhe A 38, further

catsHbAt ENEgt he poespticin @bcibeiny) eMstriiGi drhabefore the
position is calculated as a function of _the known
beFiod, i

defay® trneY BBSEFOCRI ot d&te 2BISFhe such
nmetheatd geoeardbng its0 € dum dt3zd Wher @i nturde: isdrepodf the known

re&givi ngt}tlge RF signal .is I{ggrformed Wi th fO%Ig

aef7alé sieht that? ﬁ%}o%bs? |ocr)1b%%r%% %:?ﬂla(ti%d as a

function of the known delay and the time period

el e P ML SRRl DR 0ot D5, pegein che

t hfEeP apd ey iaesr idhe RF signal is performed with four
aerials, such that the position 1is 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 response from the first, second, third and fourth

aerials.
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