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WD 2004/ 088328 PCT/ S&2004/ 000078 1 Met hod And
Appar atus For Measuring Motion O A Body In A Nunber

w@RooDiossse%i ons The present invention rel ates tBCEHSG2004/000078

nmet hod and apparatus for neasuring notion of a body
in a nunber of dinensions, preferably, two orthogonal
5 dinensions. In particular, it relates to an opti cal
tracki ng met hod and apparatus for so doing, preferably
for use with a catheter and duide wire in
interventional radiology (IR procedures. Background
O The Invention In conventional techniques, the
notion tracking of a plurality of 10 catheters and
guvethou Aad Apparatas FYiMeas widvg Motiom Of A Body In A Number
instrunentation for vascular and interventional

radi ol ogy is perforned 19Ny a nunber of

i ndi vi dual neasuring units, one for each catheter and

each gHi gyl t%veﬂﬁgﬁ refeﬁ@é"ﬁd 8 dth8d HHAOS MraRS oP ni&suring

| onger than the catheters thereby increasing the
didtioncaf &y bofly niana polimabeoof dimensionsorgefarablyt ok prigogonal

ignal. may phe unstable.in, 15 such conventi onal
ARty B AARBR et B 7, SRRLET ikkhg method and
BBARAls fdrnad dbiig, fReferamiadbt 09e dgfPaSEAtAbIe?and Glidle wire in
and test of the insertion of torsionally stiff
stenwvgatiernal radiplagy (IR} proseduresbody passages that branch
frommain passages. Such torqueabl e nenbers may be

[ i ers which 20 are constructed to
%ﬂu@gaﬂhﬁﬁﬂéﬁ%éturn or twist in response to a
correspondi ng notion applied by the operator to a
pr oxi malconwentiomalotedhmiquetevihee . matich tpatkimg ofurebegiurality of
4907973 is, directed to a nedical investigative sysiem
PaNeReTa P Ui TeR: Gregb e iRl JRY s Bah Dy egiafon for
Ui QNaPAAP ShterRAtioRA TaBid6dRIS BerfdPndd sépé.@@elgxbyt A@umber of
systemto establish non-restricted environnental

inslitddiial rye@suringeuniésmldnei fos eethtaséhelar pogaachcowdetwiths This

treoqutfr%s%Hg %ldfgee\yvﬁgs \% Bg longer than the catheters thereby increasing the

difficulty of manipulation. Furthermore, the tracking signal may be unstable in

such conventional systems.

U.S. patent number 4726772 describes a medical simulator for
enabling demonstration, trial and test of the insertion of torsionally stiff
elongated members into small body passages that branch from main
passages. Such torqueable members may be guide wires or catheters which
are constructed to cause the distal tip to turn or fwist in response to a
corresponding motion applied by the operator to a proximal portion of the

device.

U.S. patent number 4907973 is directed to a medical investigative
system in which a person interacts with the system to insert information. The
information is utilised by the system to establish non-restricted environmental
modelling of the realities of the surrogate conditions to be encountered with

invasive or semi-invasive procedures. This is accomplished by a video display
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i nvasi ve or sem -invasive procedures. This is
acconpl i shed by a video display WO 2004/ 088328

wWEOABE30904/ 000078 2 of sinul ated i nternal copdi/sGT0£000078

that appear life-like, as well as by display of

nonitor data including, for.exanple, blood pressure,
respiration; heart beat rate and the |like. The

tracki ng systens of U S. patent nunber 4726772 and

U S. patent 5 nunber 49079732are al nost the same in

that flexible canulations are used to sinulate the

bl ood vessels or trachea. Sone tactile sensors are

fixed along the canulations. In this way, when

i ofpdipmtated int@veali cnndatmuisaﬂhiabaspeahﬁfet-lﬁm; LelseweB Slssbvy sdls],cplay of
dete t the po ion_of the i e The weakness o
{RPSITor, g2t b f}&f}ng sfof rﬁaiammféngbqge pisayte, TesplAlny haart beat
Sep2LAl Pkt s. As a result, the 10 tracking

information i's not continuous. Thus, these kinds of

tracking systenms cannot fulfil the demands of today's
exact Bhg §ackingsiystaras of &). Supstenp@umherm?rﬁ@ar'fzmﬁwas patent

RufbefFas e AT e SarBAoNat BBy Ehilatansare used to

fgimulaié ehe dloo® vesselsidrdradHea Scimd tadtile RRINGBFITare fixed along
m ni mal Il% i nvasj ve surgjcal procedures involving

15
RBIGEREIALIONE hisy thif way niBen dnblemeniamexa m@amlaaﬁqmg the tactile
Ségﬂsbré 'Tfét?bl?rfﬁe Eoéljﬂ?n Q@tthgn lgpr?en\fé” weakness of this

envi ronmen rarning sy teminclu
headlsnolggy @ that ﬂwessahéorsrawmsgalle@ﬂaﬂ s&pﬂaea’e*pomism&lsaé remxlt the

Teith B alBroB RS coBtinwes onBimghese Khsatzckng dystems
mnaﬁﬂﬁmrmé%ﬁmoné mwéf%%x%&%drﬁi%%él 1&brd he

inplement 20 relative tot ousl rOVI des data
about the inplenment's |ocation and orlentatlon wi t hin

t he hdd$: rieptemhaumbesrGQaREEt s disettadeiopal ayﬁdn"bﬁoraproducmg

SR 201 PR A S NG AR Rrctve inin

lgingersame t® pEdaine murﬂmgv pivasReebufficalNprodddiréa! involving
Iandscape of the patient th reference to this

dewRinentsipabere ineried pnd canipylateshthreugh seall incisions in the
QRALRE € Phe Urid 'Rk ERARASY RPN 5DSePIHAME 2 housing

with a small opening.  An implement simulating a surgical implement is
inserted into the opening and manipulated relative to the housing. A
movement guide and sensor assembly monitors the location of the implement

- relative to the housing and provides data about the implement's location and

orientation within the housing.  The reported data is interpolated by a
computer processor, which utilises a database of information representing a
patient's internal landscape to create a computer model of the internal
landscape of the patient.  With reference to this computer model, the
processor controls the occurrence of force feedback opposing the motion of
the implement. A two-dimensional image representing the implement as it
would appear within the patient is generated by a processor-controlled video
imaging system based on the computer model of the patient's internal

landscape. This computer image of the implement is then merged with a
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the inplenment. A two-dinensional inmage representing
the inplenent as it would appear within the patient

WO 30ogessse@at ed by a processor-controll ed vi deo PCTRG2004/000078

system based on the conputer nodel of the patient's
internal | andscape. This conputer image of the

i npl enent is then nerged with a WO 2004/ 088328

PCT/ S&G2004/ 000078 3 video inage |oop of a patient's
internal | andscape as it appe%rs through a heart beat

and breathing cycle, and the nerged image is

di spl ayed- on a video display. The conbi ned el enents

of real-tinme visual representation and interactive

virlei ineade laap foéea:lpatxdznﬂsr miemhel dandscapel ag ritaiappesujs through a

DAttt ABd Ariiin qieEras B morgebiniage B iplaygg 0p:a video

ARGMIET S PR dbiRGINEE &8 tdterdal-anad
rotat’ion m)tldigjrsifimcn t he h%(zfllitstwedt?errs and %%L%ne %B?eesentar;uon and

unte@oby@ttemleufprqasfeﬁdfbacls yrovide aswmuuadatt@megemmulatlon with all

th r u re at,.t he sa
BRG] &, B0 PricGatll SoBhiitons . I The :28inge) 32 file patient.
ic8l BRetdats dré usettte detddtthy traheldtoR arRt&tBtiom WithiRh of the
6038488 is directed to a device for tracking the

crtIRierar ARth Auidmavineot atn Brisisyatespl &d%rﬁbﬁfpulﬁf Oaﬁmﬂﬁt@cseveral
Iégmeg%tsté(m q&@rﬁ %ft thd 'é%ﬁl%otmégs' Rd! a@ 86\;? é:b?/\% to be

ject. vice 1S rercu
gorfaired in ahoasihgtﬂfre whaote|haisig 1dewutederhgﬂwysur gery and
i nterventional radiol ogy applications A spherica
r fr e rotati.on

oo St PRt b e A S4EE o Skatedc & deviendor Tacking the

frahtRE6n & and ?@taﬁ@hépalséﬁéeﬁ\eﬁﬁbﬁ‘ a‘hfoﬁjﬁéf héwﬁ Swo degrees of
nmounted in tangential engagement w th spherica

feadant usingber single gidiric of tdmataniswltlac‘réwenbjechpafrheddewce is

he. ohj ect _r e to,a referen osit.ion

BARHRRS st ohued SPibetrs ShERST ofklikd"sp  hiroery and
méfﬁ)/erm@nélIfratilféjll%é Vv @fplradofift & spnericllicoRtRE AENbeidE mounted
t he obj ect asuring the displacenent of the

a‘fmf&q rqiattpraah%ft alk aé%’ﬂ‘p!ﬁ fosertrapsmitiing contast wilictherswatace of
Bj%cfgﬁ(q %33%08‘* él‘?&lst rﬂSuﬂt@dgéﬁﬁbg%ﬁ%g §3ggment with the

preC|se ree force r
dpb@ﬂl@i@:ﬂﬁtﬁ(ﬁi@hemr Q«bjreﬁéct thbediggiboameshoimparted to the object

relative to a reference position. This arrangement provides simultaneous
tracking of the combined translation and rotational displacement of the object.
Measuring the displacement of the object and a haptic applicator are included
such that a load may be applied to the object to control precisely the degree
of force required to cause displacement of the object. The actual forces
applied to displace the object are also measured such that the device is
capable of providing a realistic force reflection to simulate the feel of a
surgical procedure. A computerised control system and conventional
recording device are employed to provide a programmed procedure which
provides realistic "feel" to a user of an actual surgical procedure. The device
is readily adaptable for interfacing with a virtual reality type programme to

provide simultaneously a visual simulation of the surgical procedure.
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applied to displace the object are al so neasured such
that the device is capable of providing a realistic

wo oroamss3es | ection to sinmulate the feel of a 25persgrooahooo7s

procedure. A conputerised control system and

conventional recording device are enployed to provide

a programred procedure which provides realistic

"feel" to a user of an actual  surgical procedure. The
device is readily adaptable 4 or interfacing with a
virtual reality type programme to provide

si mul taneously a visual sinulation of the surgica
procedure. W 2004/088328 PCT/ S&004/000078 4 In U.S.

pat entin AliBbpatadd3aasBer 8038438 snechianisra with la radlingaball and

W o) Sbhibls BE8LE Bl Ghorre TR b BN Wnn
¢RBIghCls Rk WREuridhsble Addrithe Batleehnthet Ftﬁlirf%‘biaﬂaénd the optical
encoder will cause |oss of notion signal. The

snesdelt willsasiseiless af metion sign@l.core or aneliorate the
abovenenti oned di sadvantages in the prior art systens.
Sunmary, O n ks r di-ng ir

t her eﬁ%g pﬁ')':og\l;‘/%l‘éaiedYr{<§1;étTrr11lt;='{3 ﬁo?ﬁ%r dﬂget%\:’: Pﬁg{é m%tl %ﬁrﬁ’eﬁgﬁ%’ce the
abdyeimentiomedrdizadoinidiges s thengrieraarpsysteng. t he st eps

of: 10 (a) attaching an array of one or nore

%MM said body such that said

I9%ve with said body; (b)

iIlum nating said array of reflective elements with

l'i ght Accergifg th! & WirstSasped®: thefd i PRVidEH TAnsbthb@!Tbr detecting
reflected fromsaid array of reflected elenments 15
whetioreef aabedy inod nuethssof diroengjens campriginguhpateps ghal s
corresponding to notion of said body; and (d)

processy ng &al.q-Qu ' I ] ' f :
Sai d ok orachng AR L) 8hEne, & pREL SRAER A Rl Eng) to said
second aspéotlytsheh¢hatsseid psfladtide @lespshiembes withtszid body;

(b) illuminating said array of reflective elements with light from a
light source;

(¢) sensing said light reflected from said array of reflected elements
with an array of sensors for generating output signals

corresponding to motion of said body; and

(d)  processing said output signals to determine motion of said body

in a number of dimensions.

According to a second aspect there is provided a system for detecting

motion of a body in a number of dimensions comprising :

(a) an array of one or more reflective elements attachable to said body

such that said reflective elements move with said body;

(b) an array of sensors for sensing light reflected from said array of

reflected elements on illumination of said reflective elements by a



20 notion of a body in a nunber of dinensions
conprising : (a) an array of one or nore reflective

we@b@amss3ss at t achabl e to said body such that -seETISG2004/000078

reflective elenents nove with said body; (b) an array

of sensors for sensing light reflected fromsaid array

of reflected elenments on illumnation of said

reflective elenents by a WD 2004/ 088328 -

PCT/ S&G2004/ 000078 5 i ght sodrce, said sensors bej ng
adapted to generate output signals corresponding to

noti on of said body; and (c) a processor for

processi ng said output signals to determ ne notion of

sai d bodlighihseumentaid sehsdisneging @daptéd eugéehente output signals

preferred features are set qut .| he appended cl ai ns.

Bri ef DeQQFrPEPW)Cﬁng)?O 10 ﬁafégOéiﬁ@ esent ‘
invention will now be described by way of exanple and

wi th ref arseesssst Foh?_rcﬁ%@lﬂf@aébw SN RES 16 HetbrnsiRe motion
Figure 1 is a schematic of four optical sensors for

det ect i ngf paid kastyi ineé nurobepef dimensiansal s from a nunber

of reflective elenments nounted on a substrate; Figure
2.1s | [ i [ of

one" o THEGuR R Bahl2ts o 85t AARTH e BbpbfadHeptS

area observed by the sensor; Figure 3 is a schematic

Buief Dgstription@EThaDrawibgst wo of the sensors in

Figure 1 relative to novenents in the reflective area;

15 Figure 4 is.an illustration of th eform of the

sum of 9 EeREdRCrion Wilnaw e, desgiball bioperid) pemple and
i FdTerenitettb the fa@éér%ﬁﬁﬁixiﬁ? AMBWRIGRN IR ned

therefrom Figure 5 shows the waveforns of the sum of

the outputs of pairs of the sensors shown in Figure )
1; 20 fAggier & is 9 schemselierbfow enfival sgnsore feadietpatingrreflective

10 YptRaFALRSKEH orAHh FHbEFor MMEEI BRI HNt@T8n a substrate;

15

20

Figure 2 is a graph showing the relationship of the output of one of the
sensors of Figure 1 with the reflective area observed by the sensor;

Figure 3 is a schematic showing the compensation by two of the
sensors in Figure 1 relative to movements in the reflective area;

Figure 4 is an illustration of the waveform of the sum of the outputs of
two of the sensors of Figure 1 together with a rectangular waveform obtained
therefrom;

Figure 5 shows the waveforms of the sum of the outputs of pairs of the
sensors shown in Figure 1;

Figure 6 is a schematic showing the navigation of a catheter and guide
wire in operation; and

Figure 7 is a schematic showing a catheter and guide wire carrying
reflective surfaces.
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Figure 7 is a schematic show ng a catheter and gui de
wre carrying reflective surfaces. W 2004/088328

w4 8830904/ 000078 6 Detail ed Description O HEESG2004/000078

Preferred Enbodi nents Figure 1 shows a substrate 2
whose di spl acenent is to be neasured, an array of
reflective elenents 4, and an array of four

phot osensors 6a, 6b, 6c and 6d (al so denoted as S1,
S2, S3 and S4 respectively) for det ect i ng 5 reflective
optical signals. The reflective elenents 4 have a
substantially rectangul ar peripheral shape and are
nount ed on the substrate 2, preferably in uniformy
Detaitatl Bedcriptionc@f ThedPrefetrred Embedimentshot osensor s
6a-6d for detecting novenent of the substrate 2 are

mount gd on.a fixed bqd i pdependent , of the .sybstrat
2 and BHE s ettt vieoo 8reltemeligl 8 Pefigasured,
ah'arRgest refledtive dlahiehts 4 Nénd bh SirayadfifolepRetoSbns@8®GaSBb, 6¢
(6a and 6b), the second pair _being S3 and S4 (6¢ an

d
eay . 6&dslso deneind ias 84ciShab? ard | B4 ciesppytivgilcéar detecting
1 . , _
PN P SRR S58ERs, s substantay

Festaegad periphal shapebnd epenowmited an trensobstedte &) gedferably
in each corner of the rectangle. 15 Preferab

A , the
panitoray seacest andaligred spws Sd eolung. o?h%ﬁ%@sgnws 6a-6d
f(ﬂaaet@ctilggf 'Hléx?ém@ﬁL%f Ghb el H At f?{ %‘H? *}nbhﬁhe%e B §Sixdd body

e Sensors In each palr 1s parallel to the longer
thdepeadent affthé lsabsibiec? bind arespaeed thetefram. shown i n
Figure 1. The spacing D1 between the centrepoints of

t he sepsors in eac 20 sensor, .pai r 6a, 6h apd,6¢. Ad.
|t nangshepR Al a6 arangerl s ars M it g g st
bhe SEib£ehdvebp!tREBc®Nd fdiebeingabBesnd S&E@@@ndoacm Each
the x-direction) is given by the equation 2*N
gengandn eaeBmaits lateralhespagegt rowfthe ptheosgjgor, and the sensors

' ion e tjVv e 4_a ,
PHIEL o1 gr Bandst® (RaIEF i ey S BB Thots " SRl iEpf dectengular
penplierapishape ofvithha serizderatrangedaimheach corner of the rectangle.
Preferably, the pairs of sensors 81, S2 and S3, S4 are oriented such that a

central axis extending through the centres of the sensors in each pair is
parallel to the longer dimension of the reflective elements 4, as shown in

Figure 1.

The spacing D1 between the centrepoints of the sensors in each
sensor pair 6a, 6b and 6¢, 6d, in the direction parallel to the longer dimension
of the reflective elements 4 (hereinafter referred to as the x-direction) is given
by the equation D1= (2*N1-1)H,, where H, is the length of the longer
dimension of the reflective element 4 and N1 is an integer greater than 1.

The spacing D2 between the centrepoints of the sensors in each
sensor pair 6a, 6d and 6b, 6¢, in a direction normal to the longer dimension of
the reflective element (hereinafter referred to as the y-direction) is given by
the equation D2=(2*N2-1)V,, Where N2 is an integer greater than 1 and V, is

the length of the shorter dimension of the reflective elements 4.
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25 sensor pair 6a, 6d and 6b, 6¢c, in a direction
normal to the longer dinension of the reflective

web@aosss2§ herei nafter referred to as the y-di rBCI/8GTN4/000078

is given by the equation D2=(2*N2-1)Vo, where N2 is

an integer greater than 1 and V. is the length of the
shorter dinension of the reflective elenents 4. WO

2004/ 088328 PCT/ SG2004/ 00007 7 The dianeter d of

each of the sensors 6a, 6b, 6c and 6d nust be |ess

than or equal to the spacing VI between the reflective
elements .4 in the y- direction. The spaci ng between

the reflective elements 4 in the x-direction

pr ef eiThbldiameter & of bach eftherselosab Gzh&bl, Gognd 6d must be less

A0 B SHar 1ol g SHLbBaare I FRlset o £lBgnisst in the -
Btofish. SRt s¥ing dekBoh the GefiedtiecbRiRHS 4 e Kidirection

substrate 2 are iTlustrated in Figure

: g
prfeahly (@mieals Heewipngthy Hoeof thedongerddintensien duft Bt seflective

g&r&%ﬁl glyed separately. The light sources and
B8r's may be those in an optical disc 10 system

Figure 2 shows the output of one of the sensors 6a,

6b, 6Therpdstiiorial cobnfiguratidng ef thid sendops B 6b6uNandBd relative
ref | ectﬁd area seen by that senso ut of the
|

I r, The out f I
R reiefdiveLlemeptef and the esybg%ra’geng ar.egﬁys giadety Eigure 1.
egtd t; I 30 n
HH e o8I MeREB| gy R db R 8 Beployed
eepamwtelpn The light pattrces gmal deiectors peay befthode irs ansaptisal disc
6 6b, or 6¢, 6d, for translational novenment of the
PHRI§R: that is, the substrate 2, in a direction
per pendi cul ar to that being nmeasured. As the light 8

ref | egigle f7 gROWE ahe &SUteGH biVenelFTRBtschsbrd BaNGbOBctde6d of
sensor 6a noves fromone sensor 6a to its laterally

higuse ehrelptive iritheigmaud dfuefleetedrarepgeran bydhat sensor. The

bhith 1985 Jenl BRPEBASFnEA ok Mip L AR5 o ne
fefldcting eleméntit 4 fadlirgpoe the pagoriis Inenédded. so that the
sum of the outputs of the sensors 6a and 6b remains

Figure 3 illustrates the compensatory effect on the ouiput signal of a
pair of the sensors 6a, 6b, or 6¢, 6d, for franslational movement of the image,
that is, the substrate 2, in a direction perpendicular to that being measured.
As the light 8 reflected from the reflective element 4 falling on the sensor 6a
moves from one sensor 6a to its laterally adjacent partner 6b, the output
signal from the first sensor 6a decreases and the output signal from the
second sensor 6b due to the reflected light 9 falling on it increases
proportionally so that the sum of the outputs of the sensors 6a and 6b remains
substantially constant irrespective of movement of the substrate in the x-
direction. This is equivalent to all of the light 11 falling on one sensor 10, as

shown hypothetically in Figure 3.

Figure 4 shows the variation of the sum of the output signals of the
sensors 6a and 6b in a pair of sensors as the substrate 2 is moved in the y-
direction. The upper trace shows the result of adding the output signals of the
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substantially constant irrespective of novenent of the
substrate in the x- direction. This is equivalent to

wa@bdo408832$he |ight 11 falling on one sensor 10, PEESGRH4/000078

shown hypothetically in Figure 3. Figure 4 shows the
variation of the sum of the output signals of the
sensors 6a and 6b in a pair of sensors as the
substrate 2 is noved in the y- direction. The upper
trace shows the result of addﬁng t he out put signals of
t he WO 2004/ 088328 PCT/ SG2004/ 000078 8 sensors 6a,

6b, and the |l ower trace shows the effect of converting
the waveform of the upper trace into a rectangul ar
\aneodrsr ﬁabﬁtsl and rihealowenetracs fshosweplthe ueféedt evfelconvérting the

L.t ude tion,of the supstrat

SR e e (e Froclidp oL idaretn b sich’at the har
CORPIRSERS Melzelt OThBeampitiges df 19k m@ftlbﬁ%ﬂ th% 8LIBSPIES2 4n the y-
passing the pairs of sensors 6a,

yirertiet is datermined-by ¢pentg cm@ea,pwbtcht wceeemmdﬁdoﬂhe number

ARSI BoRHRR o3P o ASHE PSP L B e vt

adj acent pair of sensors 6a, 6b. The |l ower trace

slgows Ith Igégum:tangw alppettipade shonal thef\la‘eefaﬁfg?isarhoutput signal

obt ai_ne tio out put, si of the _

S eloTn Sbiaimomhby 20afianiaf tagrp Et&hs' $.6f ong dateally agfiacent

j_‘)@#rtﬁftéé?'%ow%as BBCI Tk RiwdrtPa A tR8 refGngl %rttﬁﬁput signal
eflective elenents 4, such t the out put

twwefcvmlqmbt&ned)fbyseddmoe @‘rmesh)utptédsignaleegfr éhs atmer pair of

ELEER LA oo 0 e BB gonsrs oo
83 Rl theaeflebive adphérityde sQ&h L) tﬁ@tdlﬂﬁut élénﬁsgjfrtﬁ’e ®wo pairs
is a schematic of a system show ng the extraction of

|0ﬁ5@m$ﬁrﬁ|a§ﬂ safﬁaeb@@ gedsestin@head selative to gachvother, it is possible

i 8RR, e SR ikt NG P 2,28 well as the

@n’qmmclmmthlermm@h t he system and net hod shown in
Figures 1 to 6 is applied to neasure the translation

and rqtation of a catheter _20 14 and gui de wire
| ocat EHEUPt %i ¥ t%es‘%ﬁf”?ﬁﬂcelo f1a. SYﬂe'frhlsi'oé‘H%dﬁhﬁeﬁP‘traCt'on of

information of motion of the substraie in two orthogonal directions using the
system. This is discussed in more detail below.

Figure 7 is an embodiment in which the system and method shown in
Figures 1 to 6 is applied to measure the translation and rotation of a catheter
14 and a guide wire 16 located within the catheter 14. In this embodiment,
the substrate 2 carrying the array of reflective elements 4 shown in Figure 1
comprises the outer coating of the catheter 14 and the outer surface of the
guide wire 16. The catheter 14 and the guide wire 16 each carry a set of
reflective elements of the type shown in Figure 1.

The catheter 14 and the guide wire 16 are each illuminated by a laser
light source 18, 20. The laser light source 18 illuminates the reflective
elements (not shown) on the outer coating of the catheter 14, and light is

reflected back to an array of sensors of the type shown in Figures 1 and 3, to
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the substrate 2 carrying the array of reflective
el ements 4 shown in Figure 1 conprises the outer

waeoaiiossy2of the catheter 14 and the outer surfBCESG1004/000078

the guide wire 16. The catheter 14 and the guide wire

16 each carry a set of reflective elenents of the

type shown in Figure 1. 25 The catheter 14 and the

guide wire 16 are each illum pated by a laser |ight

source 18, 20. The | aser Ilgh? source 18 illum nates

the reflective elenents (not shown) on the outer

coating of the catheter 14, and light is reflected

back to an array of sensors of the type shown in

Fheasure tharstatiod, and ratBliat of ties 8atheterCid . S&milarpoaeeeond light
n of the catheter

%ﬁq?é&bylllaliy?@azlegfqé n tg,ﬂﬁtdef e q&%Zn%shcpwﬁ)anatpgngde Wire 16
rtﬁf‘ddgﬁt fhCcaheniall (1r4°twrﬁm%‘)métle b'ﬁ%e%itrﬂﬁsﬁ‘éﬁeﬁt Heaterial to

h the catheter wall 14, whi i's made of
saloimt Irghhécpaae&the‘ratl‘&foug}h i be tmnslajuorn ayiet ratatigmetthe guide wire

t{her &) s%e eﬁgﬁlﬂ%t | andﬁé{%ghgeéﬁto? (;lpe [t]rﬁgslatlon and

r}vgpaq,@hmﬁg cathetdrer4.r ansl at i on and rotation of the
catheter 14. In a preferred enbodi nent, the system may

be used to neasure notion in two dimensions in th
mannern desRiefaser mmbedimens S Sypiane Maynbg eusast |t@nmeasure

i PR SionsRhe Ferrf SPrEedbelghs 20

mounted thereon, as shown in Figure 1. The reflective
el enenfire dulssteate |2 winosatreotidry isatd be hlmeas;,ntad,cearries the array of
ref|.ect d fro

Fachuely Spoted poRaIorT alorhl wietive et Hpusted thereon,

p{é%ﬁé\ﬁﬂﬁﬁrﬁg@i% "IGbTh@Crefl@&lveT@I@nﬂ!rﬂ@)ﬂ afe illuminated by a light
ot osensors”6a, 6b, 6¢c, 6d preferably conprises four

SSONECH, sare‘eramefaomenga@BI@wtrreﬂe@a@ ditoam the reflectivaelements 4 is

f.th lar t
SJ928e8! ol SRS e GRR SRRk Sl ofnda.  The sy o
rsHotesErsves 65 6B BES 6@ prdferably comsiigert fou? seﬁsm\/eﬁs4 forming
the beans of I|g t reflected fromthe reflecti

@ eiestangularmgiiayacihes sidese defirorieckuglenbeing paraliel to and
t&?pé#&éﬁlé?{ the longer dimension of the reflective elements 4.

As the substrate 2 is moved, the beams of light reflected from the
reflective elements 4 move across the sensors 6a, 6b, 6¢ 6d. If the substrate
is moved in a direction which causes the reflected light to move across the
sensors 6a and 6d, in the y-direction from S1 to S4, as shown in figures 1 and
3, the output signal of a sensor as the beam passes over it will vary from zero
to a maximum value. The maximum output signal is obtained when the beam
passes across the middle of the sensor and a zero value is obtained either
before the beam reaches the sensor or after the beam has cleared the

sensor.

In a preferred embodiment, the spacing D1 of adjacent sensors 6a, 6b
and 6¢c, 6d is given by the equation D1=(2N1-1)H,, where H, is the length of

the reflective element 4 in the longer dimension and N1 is an integer greater
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is noved in a direction which causes the refl ected
light to nove across the 20 sensors 6a and 6d, in the

W@ 2@i088328 on from S1 to S4, as shown in fi gur eBC/SGrH4/000078

3, the output signal of a sensor as the beam passes

over it will vary fromzero to a maxinmum value. The

maxi mum out put signal is obt a| ned when the beam

passes across the m ddl e of e sensor and a zero

val ue i s obtained either bef re the beam reaches the
sensor or after the beam has cleared the 25 sensor.

In a preferred enbodi nent, the spacing D1 of adjacent
sensors 6a, 6b and 6¢c, 6d is given by the equation

Bz 2N1f theHoidtinoé the rfleicted beamnearyitistrides thikesensors is equal to

ef | | he | d d
. ot b Sisnlas ot Messadacist Fads oAy BBGeb ot Tall on
bﬂetdﬁﬁe]senlsbré [Hea \defsBr %lrt ﬂﬁeré@)f |r@@t§cﬁ|gb lﬂ@@@uﬁﬁutl dignal from

strikes the sensors is 8(1 the beamis
thatseaset the beam willdall et h@@twcsen'o‘ﬁapf the pais @anddhe output of

e A 8008535 Py DELBRAR o DS igy
whifbrh autpudsigrize. Thizes shensan Riéuﬁebel anad B. arklg, ise sum of the

out put of 5 that sensor w || to. offset the | oss
thufﬁ@lgnal%p 3daliopf $Q513Qir$/§1a3%451§§t'§rﬁ'ﬂql%ﬂqr3¢e”ﬁﬁ’f agtion of the

_ S
SHbSe™ Pfipa-ditctihy AHlal ulplEHER oftnet oy Biling the
autblﬁzlgrfals afithpeotdenpainbf sensors 6cfandheéd (S2BadS)e 2 in
the x-direction. A simlar output may be obtai ned by

addi n he .si nal s. of the.other ai 0, .
Senso hacsubRifaf2 18 e HGirBpadH, 1881 52854, as shown in

we%émtﬁé@mtﬁw@@h 'ﬂsfgfn‘élﬁ é’ﬂthé%engérssaavwb F]sn and S2)
F| urel then the sum of the output signals of

g@t%%wavgf@rmsqawm betwesn il Iogq \eveh ang, ef bngfmer level (see

yal
FAL 9 LS 200, 0 BOBL A SRR 00 oo

Y@\qaéﬁém:iﬁjﬁ'@eem cohﬁp%iémf(uoiamb\ml)asﬂ dinilar ouipui may be
n

ar at or ot imlar output nmay be
obtainehy ding theyowiput ét&r\aﬁ ogﬂmnaﬂ@rmrt ‘heSQﬂEWé$ 6c and 6d
@3 angg)gansors 6c and 6d (S3 and $4).

A suitable choice of the spacing of the reflective elements 4 in the y-
direction, will result in the two waveforms of the output signals of the pairs of
sensors (S1+S2;33+S4) as shown in Figure 5, being 90° out of phase. By
comparing these two waveforms, the direction of motion of the substrate 2
may be determined (Figure 5). The same procedure applied to the outputs of
sensors 6a and 6d (S1 and S4) and 6b and 6¢ (S2 and S3) will determine
movement in the x-direction, independent of movement in the y-direction.

In the process of detecting translational movement, translational

distance is calculated as follows.

Each cycle of the waveform shown in Figure 4, which illustrates the
sum of the output signals of the sensors 6a and 6b (S1 and S2), represents a
movement of the substrate 2 in the y-direction of (V, + V1) where V, is the
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A suitabl e choice of the spacing of the reflective
elements 4 in the y- direction, will result in the two

woao0e8s3ps of the output signals of the pairs PET/SG2004/000078

sensors (S1+S2; S3+S4) as shown in Figure 5, being 900
out of phase. By 20 conparing these two waveforns, the
direction of notion of the substrate 2 nay be
deternmined (Figure 5). The SﬁﬁE procedure applied to
the outputs of sensors 6a a 6d (S1 and S4) and 6b
and 6¢c (S2 and S3) will determine novenent in the
x-direction, independent of novenent in the

y-direction. In the process of detecting translational
lemgtmeh the tshanter atiinension ofsthei eflestiee idermantsuft aaed 4% is the

foll t.h Fi

PRRD 1 Befparbdns peneglh SRV SLIDHE o dregiBHLf Thus, by
EOEN IR s Scﬁ;iésanl@' i§bpdsElblangd YRterniigdr Bizedisplacement of the
novenent of ‘the substrate 2 in the y-direction of (Vo

iub/a;loate\/r%nm th@ y-dirgationwd heompve et Medr tespditeGionongy be
f th fl
(el IR Ao IR ERgsh ens o0 of he ret et ve

reflective elenents 4 in the y-direction.. Thus, by
MWy # We) cycles, it is possible to det erm ne the
d| spl acement of the substrate 2 in the y-direction.

ermvegﬁ |nthe|¥d|r ion may be 5
WBFE e dhS auhen bt Sigb e ac  on- My < (VO+v1)
where mis the nunber of cycles counted. The novenent

of thehsyheldmbAat 8f tHe slsstratslior mC’m'eQEldn‘Edtld?ﬁmay be calculated
cal cul ated wusing the sum of output signals

Seingdine som ahgutt sinelmel ey SERRES Gacs 6 4 ANhE4). One

LT IR WS SR FRRRRR I e P A e

ef erehingef didensioaver thr@ Feﬂ@uﬁm blemé’hﬂs% as sbownt innBigure 1.
the cycleés, it is possible to determ ne

?ﬂh%l @céﬁewﬂn%ﬁhe pwéeg,uw paseible tond%lﬁémmm@eekspmement of
d%\ﬁ%q@?tml\(ﬁ ')Pdﬁ&?ldﬁ. FhEGHRLIARABNI, RF the A S thay be
accordi ng 0 the equat 1 on:

calculated according to the equation:
My = 2nHo

where n is the number of the period of the sum of the output signals of the
sensors 6a and 6d (S1 and S4).

As shown in Figure 5, Sy is the sum of the output signals of the sensors
6a, 6b (S1 and S2) and S is the sum of output signals of the sensors 6d and
6c (S4 and S3). Both signals Sy and S, correspond to the motion of the
substrate 2 in the y-direction independent of the motion of the substrate 2 in
the x-direction and there is 90° phase difference between the signals, due to
the spacing of the reflective elements 4 relative to the spacing of the sensors
6a-6d, as shown in Figures 1 and 5. When the substrate moves upwards in
the y-direction, that is, My is positive, Sy leads S," by 90°. When the substrate
2 moves down in the y-direction, that is, My is negative, S’ leads Sy by 90°.
Therefore, from the two waveforms shown in Figure 5, the direction of motion
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15 Nix = 2nHO where n is the nunber of the period of
the sum of the output signals of the sensors 6a and

w@adoog8ds3and S4). As shown in Figure 5, Sy is tPer/samoehHooors

t he out put signals of the sensors 6a, 6b (S1 and S2)

and Sy is the sumof output signals of the sensors 6d

and 20 6¢c (S4 and S3). Both signals Sy and Sy’

correspond to the notion of tge substrate 2 in the
y-direction i ndependent of tHé motion of the substrate

2 in the x-direction and there is 900 phase

di fference between the signals, due to the spacing of

the reflective elements 4 relative to the spacing of
tohéhsesubeﬁrate Bandltie wdirebliiom may begigtesninesndsibg adnyentional

substrat e noves u wards in 25 the di rection,
Iques, W?’@’W& 29 éed @angaﬁ '§P°°§$r90 Wien 't he
substrate 2 nmoves down in the y-direction, that is,

M i s imégnishitt way, the ailection oy mdtion ohenefsabetrafe Qﬂh the x-
the two waveforns shown in Figure 5, the direction

giseciinn w3y, besdeisaninedrusing30end 080 oviere1 S« ds thﬁesum of the
coﬁj\iljé r?fqtn%hz?f fhee%’ﬁmns?brg BE%@ éﬁ)énpesg)eé égg%éjgbn‘gc’f the

ona ues
optpmsigmtmoﬁtee.sdmotdwéb satso®2, and183¢l| rectu on of
notion of the substrate 2 in the x- direction may be

t d SX wh
BBy SRRligEng e SUsEnr b be Aprigd (88 Gatelst; 14 and

#8%denfodet] "ghﬁjeswm-?ﬁ 6t k@e eﬁng )Si ah B8mbddment, x-motion
sensors 6b and 6c¢c Ih a preferred

entyesponsis fo ﬁhféa@%}@’tlmfrﬁ\l?e l@@thaq@@n ilédon theaguigienwirer161.and y-

ﬁhqq@neéﬂj'geml ﬁ?etg r%ﬁ%t?q%o%er%% I@gégﬁr@élo u'ilﬁht72>referably from a

ldsen datrc® N Qf illhenatas heflestivid emémie gidtdenovm e ohbthe outer
and y 10 notion corresponds to rotation thereof. In

§|a€a%@ pa‘)ﬁhe ICﬁ&ﬁi%ﬁéf@’}ObB]ey reflesiach lightaisesoliasted by an array of

ScRST"BhF RnbEh) PRl Fusy RETRIbSQin o athatf £Rfy the taser
sogite II8. cAI $|Hnlaecbdmilgaratianrafyligm sewes028 illumatnatdw waflective

i ch i nt i th te f t
\gTélﬁenth(XOP ghc';vr\]/n)eghﬁl'\evguﬁde (\%/rires‘? g ?}[n%ugh tliwgnéatneteralm which is
made of semitransparent material, to detect franslation and rotation of the
system.

Such a system may be used to control the motion of the catheter 14
and guide wire 16 in an interventional radiology simulator or an interventional
radiology remote operation system. A schematic of this application is
illustrated in Figure 6. The reflective elements are located on the outer
surface of the catheter 14 and the guide wire 16. In order to navigate the
motion of the guide wire 16 inserted inside the catheter 16, the catheter 16 is
preferably made of semi-transparent material. As shown in Figure 7, the
focus planes of the laser light sources 18 and 20 for the catheter 14 and guide
wire 16 respectively, are separately positioned on the catheter and guide wire.
The sensors may be colour sensitive, for example, the sensors for the

catheter 14 may be sensitive to red colour and the sensors for the guide wire
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of semitransparent material, to detect translation and
rotation of the system Such a systemmay be used to
control the notion of the catheter 14 and guide wre

16 in an interventional radiology sinmulator or an

i nterventional 20 radiol ogy @not e operation system

A schematic of this application is illustrated in

Figure 6. The reflective elenents are | ocated on the

outer surface of the catheter 14 and the guide wire

166 may dreleensiivaatoi htee coloar. moBy onarking Hhae grefleetivé reeas in

16..i nserted inside the catheter 16, the theter 16 is
AEEETsEP rdBegrolelRs SFsergisathvterman Tae Gukle wisnamay be
| frabitetWRh o ibleffefdndeocus pl anes of the laser |ight

sources 18 and 20 for the catheter 14 and guide wre

16 respectively, are separately positioned on the
cat het &he dransiatianal vance rotatipaals meyemeniayofbihec shtheter 14 and

SGBRELNE 10108y ST SRR Lty i S8 B s
t héo Gui de wire WO 2004/ 088328 PCT/ S&G2004/ 000078 13 16

may be sensitive to blue colour. By marking the
reflective ar in d{c;ferent col ours, the notions of

sever al 2% @?@tyﬁa dhgyuerako 1dUs rigpapbed; phewedmay be
WinbBeNGot NI SIEENGIRIst TIHe tern%ﬁdéﬁtegg‘%ag%n%e%ﬂt ?ngeﬁ@éd with
h guide Ry

novenents of the catheter 14 an wre
befergncealtattee use dfes wathmidr abdvguidé Wire &s peetventional radiology
Figur 0 6. Marious . alternativyes to the .
qugg?(iﬁaerﬁhgé%e@&?%%"c? %6‘%‘5 A @é’i\{e%ﬁ@y ?“39 Rs MsgAen other
wépplisbtidme whshe divoRIvhenbiawal AREBN ARIIPRISMUIRA, such as in a
reference to the use of a catheter and guide wire in

i GRIBPYIEhMaISEl Mieiginiedipy devigasor frapsgenicesorkt be sameviedustry

BRI AL RE 4R SR pscerney piove e
respuof edltiptel cdfleativé Rlements is envisaged, the invention is not limited in
this respect, and the invention may alternatively employ only a single
refleclive element. Such a technigue may exploit the fact that the reflective
element has non-zero length

In a preferred embodiment, the precision of the optical tracking is
determined by the radius of the laser spot. The laser beam may be focussed
to a spot with a radius of approximately 0.5um. As an example, the laser
detector used in a second generation phased-DVD disc system is a blue laser
with a spot radius of 400 to 450 mm. The track pitch may be 0.37um. Thus,

this size of reflective area may be realised in industry.

In summary, an embodiment of the present invention is directed to an
optical method of tracking the translational and rotational motion of catheters
and guide wires in interventional radiology procedures. With this method, the
motions of the catheters and guide wires may be navigated using one tracking -
unit. The precision of the optical tracking is preferably determined by the
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conmput er nouse, mcroinjection devices for transgenic

wor k, or sone industry applications. Furthernore,
wW@bkdohoss3ks i n t he enbodi ments descri bed above tPET/SGH®4/000078

of multiple reflective elenments is envisaged, the

invention is not limted in 15 this respect, and the

invention may alternatively enploy only a single

reflective el enent. Such a t %gnLque may exploit the

fact that the reflective nt has non-zero | ength

In a preferred enbodi nent, the preci sion of the

optical tracking is detern1ned by the radius of the

| aser spot. The | aser beam may be focussed 20 to a

$@ahUsvmftHnealasad|hgbt sburappr oxiheatracking. Gmi may he based on the

PN AT N T e—

‘Mtbhle%tléﬁQF r’éé@lé@y ofintflion0 sy addieifterektiohalC Radiology

hus, this size of reflective area may
memp@ppe@dlonrsystmm r . thisnway, iineusystean isepiilifiad ravep jprior art

S CPPA SR8, SR B oy, BPFLTR cavoer

i guidefwires Reidette niblidngrlatnshipe betweem ties \c@metenalnd the
radi ol ogy procedures. Wth this nethod, the notjo

@iiden aviga st ée@aahdh@ uRadee Wfhee gUiRyy Vjee ﬁ%wgaeeme Satheter).
H ac%nﬂBFe tdhac %Haglﬁgf %tr?a:[[]?e Wl 'b%' ?lﬂa %Bhesébpt' Mo, the

Ing i's prefera ermne
2%&@8%2)&’[%[’1‘&920@4%@%&8 tolzﬂhe ziei\velsofofmd:lbmdtmeand the

ht The tracking unjt na be based . on .t he
th of Thit Seibatels cbr BE U oS RELHRpt Demadnghe of
t he key conponents in interventional radi ol ogy

si mul af i @the?RhBRTacRSF 4 PreEMentdrapddiniali?tegYhvention is that
renote operation s%stenrs I'n this way the systemis

dhenguide efvire)aad gatheter anay 2xésisinetie. smm dewsiggfebmovement

bR PR TR BT o plpaePheln: hEbeaRist is, dererably
eRiNBpARING 2D chlldve the wedenaMiigAt BBMrdeettRrbe ﬁéﬁ@cmﬂaff(thé einternal
guide wire is inside the catheter). Furthernore,

eideawireal If severel differerfylioht seurcessarg ysed, tae mq)’tgqps @fh%everal
LEARKLAGLILIORHNAL, ARY R AReaREfaholdls. | evel of

m crometres

Furthermore, in a preferred embodiment of the invention, there is no
signal loss regardless of how much motion is experienced by the object being

tracked.
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not be nodified. A further advantage of a preferred

weriasssesnit of the invention is that the gui deECTWEGE04/000078

and catheter may exist in the sane housing for

novenment tracking purposes. In such an enbodi nent,
the catheter is preferably transparent to allow the
second |ight source to be ref%ected off the interna

15 guide wire. If several di fPer ent i ght sources are
used, the notions of several catheters and guide

Wi res may be tracked sinultaneously. Furthernore, in a
preferred enbodi nent of the invention, there is no
Slaimed: | oss regardl ess of how much notion is
experienced by the object being tracked. WO

100 R T AR BB st e i fons

d| MeNs¢@NPrisitgThE istegidott he steps of: (a) attaching an
array of one or nore reflective elenments to said body

5 such that said reflective elements nobve with said
body:; (@bgﬁttacrh"e@naﬁ\a@rr%g ok ang oirnake tflectiye slameets to said body

el ement s gﬁtsgm g?l%BWe%l% asr pgyég\;fmw %Ta) SI ng

said I|g ecte rom sal

elenments wth an array of sensors for gener atl n

out put(bkillgménatingl saidcanrays pbrefiectve @lementsnwith I@at drom a light
body; and (d). processing said output signals to

det er ni ne> ion of said body in a nunber of

di nensions. 2. A nethod according to claim1l, wherein

sai d %é)esﬁérm"ng)rs@mﬁﬁghﬂmﬂ?e@teﬂ froki Bald airapadfSrefleeiid 8Rsnents
determi ning anplitude and directi on of said 15 notion

of sai d Whdy.arB. aNayet AbdserVEdifay eneraling 1 output  signals
wherein écﬂlré’spf&n%g){o HoflSh B¢ SR bdy: 8RY

(d) processing said output signals to determine motion of said body.in
a number of dimensions.

2. A method according to claim 1, wherein said step of processing said
output signals comprises determining amplitude and direction of said

motion of said body.

3. A method according to claim 1, wherein said step of sensing said light
from said reflected elements with an array of sensors comprises

providing an array of four sensors.

4, A method according to claim 1 wherein the step of attaching an array
of one or more reflective elements to said body such that said
reflective elements move with said body comprises mounting said

reflective elements on said body.

5. A method according to claim 1 wherein the step of attaching an array
of one or more reflective elements to said body such that said
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fromsaid reflected elenments with an array of sensors
conprises providing an array of four sensors. 4. A

woredohosB3aecording to claim 1l wherein the step PET/SG2004/000078

attaching an array 20 of one or nore reflective

el ements to said body such that said reflective

el ements nove with said body conprises nounting said
reflective elenents on said q€dy. 5. A nethod

according to claim1l wherein the step of attaching an
array of one or nore reflective elenents to said body
such that said WD 2004/ 088328 PCT/ S&2004/ 000078 16
reflective elements nove with said body conprises

i ntegr eeﬂey:tlmleiﬁmgntssfapme w@m sajdiboslyetampnises itegradgifarming

body. hod ,a 0 im1l, wherein the
otep ofi el AR WA sgf Gl ccii ve o enont s
conprises attaching an array of reflective 5 elenents

Bavi ngAanetodaagerding fie clahmet whérewﬁthmstbpcbfa;:ta@hﬁig“@w array
to claim1, wherein the step of attaching an array
ref | ecPf vefl @tyﬁeﬂ%“é%ﬁﬁpﬁpmlsﬁﬁt%@ﬁhﬁg s@it garray Of reﬂectwe

refI ec M{;arl y spaced array
romé’egr% ?Vm? ta@'ec@?ﬁe | emrent s of equal

si ze. 10 8. A met hod accordi ng to claim1, wherein
gai d sAgpeihodsaneerdigg daicthiini Giwhereirothesstep of efttaebingoan array

el enent ith an arr of senso rises ~ovi di ng.
an”ar v reffechd BIaRRS S B G SHECRIR e plemehts to
pat t er formwiat Re ery’ieéb%%éd' Brr8fchy ?&K/é‘eénd %oltﬁnﬁ§t5‘l°@'eﬂectlve
according to claiml, wherein said reflective elenents

have QEMEH%Q@BQU@% axis and a length al ong said
| ongi tudi nal axis, and said step of attaching an

gr ray Rfmé’fﬁ%dqéccgpdlﬁ G& Ll RR Wneg% é %@éﬁo?e%mgggﬁ light

urt her ‘conprising ranglng 'sai i've

in an ﬁomﬁaldwreﬂecﬁe@raemeatsm@u'salnd atraggof wensals avhrises
bet ween eadch reflective
providing an array of four sensors arranged in a rectangular pattern

with one sensor in each corner.

9, A method according to claim 1, wherein said reflective elements have
a longitudinal axis and a length along said longitudinal axis, and said
step of attaching an array of one or more reflective elements fo said
body further comprising arranging said reflective elements in an array
with a space along said longitudinal axis between each reflective
element in said array, said space being substantially equal in length to

said length of said reflective elements along said longitudinal axis.

10. A method according to claim 9, further comprising arranging said
sensors in said array such that said sensors are separated from each
other by a space having a length D1 along said longitudinal axis, the
method further comprising the step of selecting said length of said

space according to the formula :

D1=(2*N1-1)H,, where N1 is an integer greater than 1 and H, is said

length of each of said reflective elements along said longitudinal axis,
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element in said array, said space being substantially
equal in length to 20 said length of said reflective

webk@aoss3ss al ong sai d | ongitudinal axis. 10. A PE€L/kGZH04/000078

according to claim9, further conprising arranging
said sensors in said array such that said sensors are
separated fromeach other by a space having a | ength
D1 al ong said longitudinal axis, the nethod further

conprising the step of sel ect i7ng said Il ength of said

25 space according to the fornmula : D1=(2*N1-1)HO,

where N1 is an integer greater than | and Ho is said

| ength of each of said reflective elenments al ong said

| ongi t daliconpensats fonaligpiadeneaB s sedThed @b eaid7igngitudinal
17 to conpensate for displacenent of said body al ong

said | 8frtudinal axis. 11. A nethod accordi ng to
claim9, wherein said sensors in said array of

ggnsor f Hﬁéﬂﬁ’ocﬁadbm&?fo claimgd 9\heHerein Sdd Gehbors I1f said array of
attaching an array of one or nore reflective

el emenBgNERNFa 8 diameleni syl wheeein seidstapef attadhing gn array
such tB?Bng*kgyméfeere?ﬁewé‘&%%%ﬁtg'Boﬁgcﬁ g%é%%ﬁd&glkr@a?é%g%egective

array in rection normal to sa

by a spiaraehiz\such thahibieylare separatedéoghéact otiwrdh saieicarray in
e 4 eon el S5 T 75 Bhoe Wachie o
the r efsbﬁﬁﬁéigﬁt &f %%‘p?c@@)\éﬁwagaﬂréﬂtﬂ‘tha?{%r L%ll #58id diameter
sensors are Separated fromedch other 1 n sa array

of senobssidsersodi.st ance D2 in a direction normal to
the longitudinal axis of the reflective el enents,

id t f L [.ISh N h t ep-of . arrangi
33 a senigthed aifigedfHes Wasieh B aBlul SRR Bpave o
i s gi vendthyViheneaiad isensof?are "sebdratdOromhesch NehdrSin said
an integer greater than 1 and VO 1 s the width of said
array of sensors by a distance D2 in a direction normal to the
longitudinal axis of the reflective elemenis, said method further
comprising the step of arranging said sensors in said array of sensors

such that D2 is given by the equation:
D2=2*(N2-1)V,

where N2 is an integer greater than 1 and V, is the width of said
reflective elements.

13. A method according to claim 12, wherein said method further
comprises adjusting said distance D2 between sensors in said array
of sensors in a direction normal to the longitudinal axis of the
reflective elements to alter the phase of said output signals of said

sensors spaced in a direction normal to the longitudinal axis.

14. A method according to claim 13, wherein adjusting said distance sets
a phase shift between said output signals of said sensors spaced in a
direction normal to the longitudinal axis to approximately 90 degrees
to determine direction of movement of said body.
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reflective elenents. 13. A nmethod according to claim
12, wherein said nethod further 20 conprises

w@odjoussssngy sai d di stance D2 between sensors i nPGEBG2004/000078

array of sensors in a direction normal to the

| ongi tudi nal axis of the reflective elenents to alter

t he phase of said output signals of said sensors

spaced in a direction nornal %o t he | ongi tudi nal axis.

14. A method according to cl d m 13, wherein adjusting

said di stance sets 25 a phase shift between said

out put signals of said sensors spaced in a direction
normal to the |ongitudinal axis to approxi nmately 90

dégr eed mleﬂmﬂeamoﬁimg taialaint 12nwbéreipsaidestep aff pgacebsing said

body. 04/ 088328 PCT/ SG2004/ 000078 . 18
ot hod OISR, HINES o | SHETIRTe  MBEPy Qs Spid, By comprises
pr ocesataf&nﬁﬁhg diStahBe tmeVetn BY sli@ bdelyshng m@strmmmlcqf using
sai d body - conprises determ ning diStance noved

sai d b#wfarmuia:first di nension using the fornula: 5

M =nmf(Vot+V1l) where M is the distance noved by said

body a n& ﬁLective elenments in a first

di msnS| on, the nunber of said reflective

el ements passing over said sensors due to said

di st aneder® Me is rthasdistadce W@oved vibydshidobotiieand said reflective

refl ectjve el emrent j s the, spaci ng ,10 bet ween .
the r eP'eé‘a‘? |t§e'ne?eﬁ'i§£t‘g”‘ﬁeﬁs'8”dlme@t ﬁ@n r\\’g?tﬁ%ﬂ o‘f@a{cﬁéeﬂectlve
| ongi t é@nﬁ‘éﬁtsaFﬁsméB@ve‘?‘ §BHhedngdsgonde NG ts%’uo“o%tﬁhé@ to be

wherein said s processing said output signals
to det meﬁauéedrd(d ignvigth ofdhe retiestivestpmestsand V1 is the spacing

g?tﬁg;g}nghvgefg'ﬁtgl éﬁt?ﬂgl\éf gqjglb%lpﬁ% q body rectl%nsen%?mgl to the

longitudinal axis.

16. A method according to claim 12, wherein said step of processing said
ouiput signals to determine motion of said body comprises
determining distance moved by said body in a second dimension
using the formula:

M2=2I"IH0

whére M; is displacement of said body and said reflective elements in
a second dimension, n is the number of said reflective elements
passing over said sensors due to said distance to be measured, and

H, is the length of the reflective element in said longitudinal direction.

17. A method according to claim 1, wherein said step of processing said
output signals to determine motion of said body comprises
determining direction of displacement of said body by comparing the
phase of said output signals of said sensors.

18. A method according to claim 1, wherein the step of sensing said light
reflected from said array of reflected elements with an array of
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where M2 is displacenent of said body and said
reflective elenents in a second dinmension, n is the

woovboess3ed said refl ective el ements passi ng ORET/SEZI0a/000078

sensors due to said distance to be nmeasured, and 20 HO
is the length of the reflective elenent in said

| ongi tudinal direction. 17. A nethod according to
claim1, wherein said step of processing said output
signals to determ ne notion dP said body conpri ses
determining direction of displacenent of said body by
conparing the phase of said output signals of said
sensors. 25 18. A nethod according to claim1, wherein
t he st epnsbrsseomsprigpssusing ensars seesitivettediidmimatieons of different
array of reflected elenments with an array of WO

2004/ 0868 ﬂﬂ%‘ﬁ-sezoom 000078 19 sensors conpri ses
usi ng sensors sensitive to illum nations of different

viavel engiiisthod ScodrdiBl e dolaims o, dvRéreid seidinfethod is an optical
wherein said nethod iS an optical tracking nethod. 5

20. A irecking roetheél er ni ni ng notion of a catheter
and/or a guide wire conprising the nethod steps of

7 By i, TESBA i SRS B OGP uice wi

r adi ol egynplisiflg theanethadestepoopelainrig t he net hod steps
of claiml1l. 10 22. A nethod according to claim 20,

er ei ai d st f ' .sai light f id. .

1 . o R S0 o e Bt wire i
Cdi _

Pott on " TenERtBhARKAR 00 HR) THBEI OB RO RS Mothod steps

not i onodtlaimclat heter and a guide wire 15 nountable in
a common housi ng conprising the nethod steps of claim

]22. A method according to claim 20, wherein said step of sensing said
light from said reflected elements with an array of sensors comprises
providing an array of four sensors per body whose motion is to be
detected.

23. A method of determining motion of a catheier and a guide wire
mountable in a common housing comprising the method steps of
claim 1.

24. A method according to claim 23, wherein the method further
comprises locating said guide wire within said catheter, said catheter
being transparent or semi-transparent to allow a second light source

to be reflected from said guide wire.

25. A method according to claim 1, wherein séid step of attaching one or
more reflective elements comprises attaching an array to each of a
plurality of bodies, said method further comprising illuminating each
array with a different light source for detecting motion of a plurality of
bodies.
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24. A nethod according to claim23, wherein the nethod
further conprises locating said guide wire within

wa@ adod/ogssehet er, sai d catheter being transpar erCT/862004/000078

sem -transparent to allow a second light source 20 to
be reflected fromsaid guide wire. 25. A nethod
according to claiml1l, wherein said step of attaching
one or nore reflective eIenEEts conpri ses attaching
an array to each of a plurafrty of bodies, said
met hod further conprising illum nating each array
wth a different |ight source for detecting notion of
a plurality of 25 bodies. WO 2004/ 088328
PET/ SGASSLEn0T sletadingomotios yf tae oty rin deneotienf dimensions
notion_of a body in a nunber of dinensions conprising
(a) SAMRFPLY ‘of one or nore reflective elenments
attachable to said body such that said reflective
el ement$) maMearydy bf dAktoedys roflédiiveaslepiemy sdtachable to said
sensors for sensing light reflected fromsaid _ array of
refl ecti vebeterueh thagisaid 1efiechiea plomastts o With saist ho;
el enents by a light source, said sensors being

adapt eght o %ﬁ% é}irgoygéj ' i :
rmtioneogf gg%ﬁ odf;js; an zog)s%é%gﬁo@%@g‘g?@?%ra%rﬂ%aﬁ@array of
pr ocessi ngreflEctive elerméentsi aifiliminaticeoksaid meflediveneleirmnts by
of said body.in a nunber, of di nepsjons., 27. syste

accor di ng ?d'%\tﬁoﬁf%,s%@reé'?ﬂr%gﬁlﬁ‘gp?g%é@gp génerag output
arranged 5@[1@@&%@5@)%6!?%‘tbtngﬁb@Bﬂsé#U't%S/t gAdof said
noti on of said body. 28. system according to claim

26, wherein said array of sensors _conprises four i
sensor &) 18 p@cessely irepreasssingi 8gid eudIUi sigpels to determine

wherein sajd.ref ' e re e on

sai d body. }Tg’é")ﬁ/ﬁlfg‘?‘&i %ﬁ?g@c‘%ﬁg{'ﬁ&?t@gd@%@ , Wherein
said reflective el enents are

27. A system according to claim 26, wherein said processor is arranged

io determine amplitude and direction of said motion of said body.

28. A system according to claim 26, wherein said array of sensors

comprises four sensors.

29. A system according to claim 26, wherein said reflective elements are

mountable on said body.

30. A system according to claim 26, wherein said reflective elements are

integrally formed with said body.

31. A system according to claim 26, wherein each of said reflective

elements has a rectangular periphery.

32. A system according to claim 26, wherein said reflective elements are
arranged to form a regularly spaced array of rows and columns of

reflective elements of equal size.



integrally forned with said body. 31. A system

according to claim 26, wherein each of said reflective
WQ@Qouoglogssesit s has a rectangul ar periphery. 32. BCEHYE200#WN00078

according to claim 26, wherein said reflective

el enents are arranged to forma regularly spaced

array of rows and columms of reflective el enents of

equal size. WD 2004/088328 PCJ/ SG2004/ 000078 21 33. A

system according to claim 267 wherein said array of

sensors conprises an array of four sensors arranged

in a rectangular pattern wth one sensor in each

corner. 34. A system according to claim26, wherein

88i d spstystens aammneg foorclaim @6e Whetgin (ﬁﬂld caray of sensors

tracklng met hod stem according,t.o cla

whor of ROGBTOB G, ATeY 5" BHFEED™ AHANGRd 4f SLIHAIgY, pattern

36. A GMBISRHE S&5rGh BECH @offlepi m 26, wherein said body

is a catheter and/or guide mﬁre for use in

i nterventional radiology (] pr ocedur es.

§|§1st emPagysiern ageardingl i elains GV\Né}Géﬁw %ﬂosws&smé%ﬁd@@ted for
el enen d I th al
5 cara 1 ohgi b A ARG P, 80T, e el Shencs

being arranged in said array with a space along said
136ngi t Adsystenmdcsoluitgwtonclaiat 26, elvhersin saie| rrdynis ancatheter
said arra)/, sai.d sFace bei ng substantially equal in

| engt haPe/'oE & %”'Fjél’fﬂ of said 15 reflective el enents

al ong said | ongitudinal axis. 38. A system according

138, C| alATMs3dterM3RECBIInG ab dclaih 2, sw&mm&rm BRY i raowheter
each other by a space having a 'ength DI al ong said

| ongi t adtfeaiguideivire fohaserin lntﬁmmtrqweéra@@mm iRyoeadures.
step of selecting said length of said space according

10 |t3§t éggﬁf sé{sgé%aacc ﬁcﬂ g%wgﬁgmgel\gf}ﬁﬁ r¥edtive @kments have
a longitudinal axis and a length along said longitudinal axis, said
reflective elements being arranged in said array with a space along
said longitudinal axis between each reflective element in said array,
said space being substantially equal in length to said length of said

15 reflective elements along said longitudinal axis.

38. A system according to claim 37, wherein said sensors are separated
from each other by a space having a length D1 along said longitudinal
axis, the method further comprising the step of selecting said length of

said space according to the formula :

- 20 D1=(2*N1-1)H,, where N1 is an integer greater than 1 and H, is said
length of each of said reflective elements along said longitudinal axis,

to compensate for displacement of said body along said longitudinal

axis.
39. A system according to claim 37, wherein said sensors in said array of
25 sensors have a diameter, and wherein said reflective elements are

arranged such that they are separated from each other in said array in
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| ength of each of said reflective elenents along said
| ongi tudinal axis, to conpensate for displacenent of

W@ a00d/0k83a8/ al ong said | ongitudi nal axis. 39. BCEHYE200WN00078

according to claim37, wherein said sensors in said

array of 25 sensors have a dianeter, and wherein said
reflective elenents are arranged such that they are
separated from each other in Eaid array in WO

2004/ 088328 PCT/ SG2004/ 000078% 22 a direction norna

to said longitudinal axis by a space having a height,

sai d hei ght of said space being greater than or egua

to said dianeter of said sensors. 40. A system

accor dantirectioo InermaBtp, saith éongitadirtaé axisfbea ispaece awingra beight,
have 5 a w.dth VO. and said sensors are separated. .
from eSeid tigkt of e 3PeeS Beine) Sptiranahar A B Shia diameter
di st angpsAid dehsargli rection normal to the |1 ongitudinal
axis of the reflective elenents, said sensors being
arranged in said array of sensors such that D2 is

dOven Bysystem acpesdingde cladmppi whelein Sheoreflestiye Riemants have
H t d . . . . .

o | LB s OB Vb ol Mol Bith i aid

40, wharraynof setisess bymaf distdrere Débripr a sdisectidnusbrmgl to the

sai d dj stance het ween sensor.s i n, sai arra 15 of ]
sensor qgﬁuém&ﬁz%{si-\éﬁ tﬁ@r ecf:‘lﬁetﬁ@ni“?fﬂai tﬁﬁﬁ nﬁ?n%}@sbe'ng
of theafrﬁﬁgéﬁt?nvsa%' %gt%ﬁ}t &f lsendbisesuthenabase i8f gedhdby the
out put sighals of sai sensors spaced 1n a direcCtion

nor nal eggatidre | ongi t udi nal axis. 42. A system
according to claim4l, wherein a phase shift between

said t pu ikgnal s of said sensors spaced in a
di rect ﬁgﬁgn@\ﬁﬂ%ﬂt o the 20 longitudinal axis is set
to approximately 90 by adjusting said distance
where N2 is an integer greater than 1 and V, is the width of said

reflective elements.

41. A system according to claim 40, wherein said system further
comprises adjusting said distance D2 between sensors in said array
of sensors in a direction normal fo the longitudinal axis of the
reflective elements to alter the phase of said output signals of said

sensors spaced in a direction normal to the longitudinal axis.

42. A system according to claim 41, wherein a phase shift between said
output signals of said sensors spaced in a direction normal to the
longitudinal axis is set to approximately 90 by adjusting said distance

to determine direction of movement of said body.

43. A system according to claim 40, wherein said processor is arranged to
determine distance moved by said body in a first dimension using the

formula:

My =m*(Vo+V1)
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to determ ne direction of novenent of said body. 43. A
system according to claim40, wherein said processor

w0 go0atsssegied to determ ne di stance noved by seCTISGmEY/000078

ina first dinension using the fornula: 25 ML

=n* (Vo+V1l) WD 2004/ 088328 PCT/ S&004/ 000078 23 where

ML is the distance noved by said body and said

reflective elenments in a firgt dinmension, mis the

number of said reflective ePenents passi ng over said
sensors due to said distance to be neasured, VOis

width of the reflective elenents and VI is the spaci ng

5 between the reflective elenments in a direction

nor mal wheré Hd, i$ dhgi digtdincal maxed . byi4aidA boglyt and said reflective

accor di to cl ai Wher ei n saij d,proces S . .
arr angépf%t‘%n Sl @mﬂfsg i1eeS A0 dMnisy ti‘l”rd Ot)@’&vj irgflective
a secopbribiBNPLSSInY SO shﬂ%éﬁééﬂé' @uelﬁ) ik dkance to be
where M2 i1s di splacenent of said body and said

r ef | ectmeasusednénissvidth olthegetiectivei efemsingh and \sistthe spacing
number saj d,refl ective el ts. sSsing. qve i, d
Comaor b3St CreS TeTabves demPRl Sn BE AN Horft o the
i s the|drgyratimaplixishe reflective elenent. In said

| ongi tudinal direction. 15 45. A system according to
claim4l, wherein. said process is arranged to

dés er nPrYSEBPAACPEHNG O lalpi49e Greinsaid ar@e@éaplswranged to
compar HB%JMd@?&?& Rlo véa'tgll SH4 DY Sih%\“@%%orﬂfmﬂﬁﬁér%lon using

sensors stem according to I aim
sai d sﬁmsﬁurmudmrrprl se one nore sensors sensitive
to illumnations of di fferent wavel engt hs. 20 47. A

systenmg_gogldi ng to claim26, conprising an array of
four sdrs ° per body whose notion is to be detected.

where My is displacement of said body and said reflective elements in
a second dimension, n is the number of said reflective elements
passing over said sensors due to said distance to be measured, and

H, is the length of the reflective element. In said longitudinal direction.

45. A system according to claim 41, wherein said processor is arranged to
determine direction of displacement of said body by comparing the
phase of said output signals of said sensors.

46. A system according to claim 26, wherein said sensors comprise one
or more sensors sensitive to illuminations of different wavelengths.

47. A system according to claim 26, comprising an array of four sensors

per body whose motion is to be detected.

48. A system of determining motion of a catheter and a guide wire

mountable in a common housing comprising the system of claim 26.

49. A system according to claim 48, wherein said guide wire is locatable

within said catheter, said catheter being transparent or semi-



48. A system of determ ning notion of a catheter and a
guide wire nountable in a common housing conpri sing

wo b@4pystem of claim 26. 49. A system accor di PgI/862004/000078
claim48, wherein said guide wire is |ocatable 25
within said catheter, said catheter being transparent
or sem WD 2004/088328 PCT/ S&004/ 000078 24
transparent to allow a seco\?\? light source to be
reflected fromsaid guide e. 50. A system
according to claim 26, wherein an array of one or nore
reflective elenents is attachable to each of a
plurality of bodies, said 5 reflective el enments of )
each atrapgpdrenhip iallbwra secend ilightiseurget to he réfleciedeiiom said
light soyrce for detecting notion of a plurality of

bodi esguide wire.

50. A system according to claim 26, wherein an array of one or more
reflective elements is attachable to each of a plurality of bodies, said
reflective elements of each array being illuminated in use with a
different light source for detecting motion of a plurality of bodies.



