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And Apparatus For Measuring Mtion O A Body ”I ‘ﬂ, “l’””,”””m
Nunber O Dinensions The present invention relat gs Lo

a met hod and apparatus for neasuring notion of a Bééy—
in a nunber of dinensions, preferably, two ort

5 dimensions. In particular, Tt relates to an “ W[ﬂﬂ@ |““|"|“|”"|
tracki ng nmet hod and apparatus for so doing, pre erabl’y
for use with a catheter and guide wire in

interventional radiology (IR procedures. Background
OMé&tiod Andnppardtus FoniMeasariag Metibni Qf AsBoéPen A Number

notion tracking of a plyrality of 10 catheters and
guide wires used in rredbii%&é‘é‘ 1288 and _ '
i nstrunmentation for vascular and interventi onal

radi 0’_fl'ﬁ§¥>ré&ﬂ@ﬁ&e%t%eﬁﬁ@é&@%%%tf@ﬁ %q:HEESFat?g. for measuring
i ndi vidual measuring units, one for eac theter an
Btiengol @ebafly dn Fhingmbee qfi diesensiengyuprdersibiye stwao dithogonal

. an, t he catheters thereby increasing the
QW%%&%'H& Bt Q%ﬁ‘i"ﬂaf’aﬁi BHates, e nan nortica tt_ﬁ%di'rr‘%c’mieﬂwd and
appavatugTiyr e doltel, ghbrably &P UBBCRIS YN 8hd guide wire in
systens. U.S. patent nunber 4726772 describes a

efiventional radigiagly (R} prasedbrésg denmonstration, trial
and test of the insertion of torsionally stiff

I e fy mal | body passages that branch

2BRER G OF ﬁ%@’ﬁ%h t orqueabl e nenbers may be

guide wires or catheters which 20 are constructed to
causeln honyestiamalt itgehniques, nthey  motish  trackingpense plarality of
cofrrespondj ng. yotion a ied by the operator to a .

A ETRaR e, B iR, Y e edical e et insiwmrantation for

Wﬁarﬁ_cﬁirdérﬂz@ﬁtisﬁa|tr%dﬂ>|8§>¢i§?érfb 8&%@?9?&%@ bf¥§'hﬁﬂﬂ>er of
in which a person interacts with the systemto i'nser
ingfvidyrl tmeasuringeunits, one for each catheter and each guide wire. This

requires the guide wires to be 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 twist 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
modeliing 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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25 information is utilised by the systemto establish
non-restricted environnental nodelling of the
realities of the surrogate conditions to be
encountered with invasive or sem -invasive
procedures. This is acconplished by a video display 2
of sinulated internal conditipns that appear
life-l1ike, as well as by disﬁfay of nonitor data

i ncluding, for exanple, blood pressure, respiration,
heart beat rate and the like. The tracking systens of
U S. patent nunber 4726772 and U.S. patent 5 nunber
afogmuiaed risteanalpeenditienss that anpeandifedikexasiveell as by display of

FRRHALALT A RS Gap T E e BB SPARYBTBAL Rt nea

énghdthonge. | n this way, when inplenents nove in
canul ations, the tactile sensors detect the position

of the i Iemants The weakness of this _technol oqy
Chat T MBEKB6r SySkeme afy & Redent Nubhar 4785 56t and L& patent

ﬁJﬁS@Phé@?éﬁ?ﬁﬂ@aﬁﬁ ?@B%drﬂé?@ﬁt'%ﬁlé c,%ﬂblatlons are used to

cont I nuous

siomutate thelflodd tvessdisnantracioéat 8dme ana}easénmgareaﬂlxed along
i mul at Qrs. PEB atenth nunbc?r 6062865 i.s directed t
epelations, M fFiaB@ynihen HHSMBBI Movedn cReH|AlphRethe tactie

§ér[§eb|r§t@&e@f’ethét iRgitHAN Gt tlﬁ;ﬁnfﬁi’émbﬂfser?‘ﬁé' Vs)%akness of this

training of persons to pertormmnimally I nvasi
t@ghg@bgy ippthad dbie rsessom/aﬂe\nnatylled at sppere&emlnthaAs arresult the
and.. man u atrﬁd t hrough snmal | knm Si

R, T BRetcT R ok Sl Hitmminzos KRGerfaracking systems

één’ﬁd‘ﬂ Ul the detfiands bRy éb@&bnaglcdwsﬁrhuﬁatéﬁal |
openi ng. An inplenment sifulating a surgical inplenent

is inserted into the oggnl ng and mani pul ated rel ative
to thed-Shokalerl. numbern GERZAES ¢ai direcied teea saustemstontprpducing

ﬁfﬁﬂf r‘ééﬁsﬂcm?eélotﬁﬁé's@rﬂ Hted B e“é@éﬁ{@ﬁtlor‘?sofqrr%t%“%&%e tfhining

housi ng and provi destda
dfo persans dad pedorrantnarnlmallwvl inbhagive hsudgmm pepcedoees involving

SRt 20 ool ROl i P BSH Sabenriions i the
Tl R b gt R
Wwiih | & remalinopenings. er et émplemant ssoulatingra reudgical irmplement 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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25 processor controls the occurrence of force feedback
opposing the notion of the inplenent. A

t wo- di nensi onal inage representing the inplenment as it
woul d appear within the patient is generated by a
processor-controll ed video inmaging system based on
the conputer nodel of the patjent's interna

| andscape. This conputer image of the inplenent is
then merged with a 3 video image | oop of a patient's
internal |andscape as it appears through a heart beat
and breathing cycle, and the nerged inmage is displayed

yideq imagsoloo shicapatients ntempahiandscapenas ibappears through a

FER o AU SR, R on o v
dlspwyatl dl'rhe/\/ldokntahéd Scleimemestaf @aldinidlalisu efeprésintation and

B e Dokt CSBEREErSv 4 Wil Rt i i
é%‘iﬁédt@rbf”%ﬂu‘ép cﬁferéthtfr} c‘BﬁfjHl% §" ¥ ah Hé&%e of & 8 patient.
IS system it d 0 sinu e several

Omtihet emcodans! agelivded b detexdt thherammildnl amd rétation nﬂ@tlon of the
ed in a ing,

th [ have to be ont a

GABEETE T QU Wi ¢ oin B ists R0t Us SiHR dAC Simuisier several
BAPRASHS drd 6U|68‘W|?@| at ‘Pnélsgﬁ]‘é' t‘gﬁ ef 0144 aé%“crﬂagdé\r/\Se% have to be
transl ati onal and rotati ona i spl acement of "an

pentaned e h@@fﬂegsth@fwmleé@ﬂmmgﬂ&qtgtedeegm_syl e poi nt of

contact with the object. The device is particularly

it or Vb PRI ARG BOPATLIT BERAER K ieRkr Bk iratRihg e

translatibnaresaixe rotiation@ludit gl cé men® lof fAre Bbjeet %‘QW@ fPdkgrees of
all axes in force-transmtting contact” with the

Yerfare using ensinglly exintantl o trwdh theafobiecir e The device is
|
Hf&h?é?ly' nie?ﬂgefﬂt ' élfl eﬂf&l‘? uslﬁﬂ b 4BGi ceS PAgT 'sggéetrg and

n act ‘menber to re Acemsnt i mpar t
iervebfienal rad@llcagy applicatians. ef/elspheﬂcammntacﬂnnembesls mounted

BT EatomABPUL A AxSn i TnsPat PORmINaR Gt Wit ey surface of
Uheosesis ARSI ol apiPERgEaind gy yin b
ap{wamalmy\tm rapmbeedotreﬂe¢teth@bqileptacemar(bnnmalrted to the object

POGEH % FHELRCH 585Ph. | °FAB SEMUERT] PrS8UEE smutancos
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.



applied to displace the object are al so neasured such
that the device is capable of providing a realistic
force reflection to sinulate the feel of a 25 surgica
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 for interfacing with a
virtual reality type programme to provide
S|nultaneousI¥ a visual sinulation of the surgica

pr ocelubleS. pateng rlun@erpﬁ@mwmuarb@@clwmaslth@ roliing ball and

H‘&F %?ﬂ%&"é%é&%r@ i:éd1 Gop ﬁ%n‘cﬁ\g @ratc\gﬁlgom uﬁ]t%h p{% é)r%e\r/vsth this

f or racklng
deﬁggnsltlaat bred mbtablmmbécﬁ etateret tHeetoled talleand the optical
roII n%ﬁall and the o&t)l cal encoder will cause | oss
CaugRiass of madonpis@ht i nvention ains to

over cone or aneliorate the abovenentioned

5 di sadyggt agesehtn rnnsnf?éwa.ﬁ.fs ﬁvsa@éﬁog%“%?fyan%n&% the

I nvention ‘According to a first aspect t
pboverdentionatedisedvdaniagesiretiid pror anbsystensd. a body in a
nunber of dinmensions conprising the steps of: 10 (a)
ttachin arra t.of one or nore reflective elenents

t said reflective el enments nove
with said body; (b) illum nating said array of

ref | epteoding Wflﬁstv\aéﬁbdﬂtﬁal&e fig ?ﬁbﬂdeb'eﬂhﬁetﬁ@érfb‘? 'detecting
(c). sensmg said |i refl ected m sai d array of

mettioe af @b @ Yeifeh hym cwdtrneaﬁoas caypsisingHecsteps of:
generating output signals corresponding to notion of

10 Sai d ppdy; Aandy; (18) rpra‘?Faglséf g>91e38+ ot %‘){‘Fecﬁvgr@éﬁneh% to said

det erm’ne notion 'n a nu
di nensi onstAz@ucldrthqj staid aefﬂxtwa@lempetstmbhemth said body;
provided a systemfor detecting 20 notion of a body

ina Mme Ilu%ng'u%eré ré‘?’ragloo rrcleﬂc'éc;r’t]i(\g/e:elemen’cs with light from a

light source;

(c) sensing said light reflected from said array of reflected elements
15 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

20  motion of a body in a number of dimensions comprising :

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

such that said refiective 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
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(a) an array of one or nore reflective el enents
attachable to said body such that said reflective

el enents nove with said body; (b) an array of sensors
for sensing light reflected fromsaid array of
reflected elenments on illum nation of said reflective
el ements by a 5 |light source, said sensors being
adapted to generate output signals corresponding to
notion of said body; and (c) a processor for
processing said output signals to determ ne notion of
said body in a nunber of dinensions. 5 Further

pr ef er r dight sauipee Saisk sensers bging adaptedaprganardtecoaipus signals

Fgl/gl;t ng)?{fﬁs%hﬁ@wqﬁ’ @%’?:%f%%@%%ﬁ? gssgggn'pl e and

with reference to the acconpanyi ng drawi ngs i n which:

Fi gur g)la peooessehfirgirocesding @aid eotpLt aigrid $@detdiiine motion
detecting reflective 10 optical signals froma nunber

of refl &BsAldebady eansmhaiafsimensiansubstrate; Figure

2 is a graph showng the relationship of the output of

one o0

area ohabe BRRE0ET etulseiaretoct oth Wi BB A ot

showi ng the conpensation by two of the sensors in

BrigfiDescription Ofd hecDrawingsits in the reflective area;
15 Figure 4 is an illustration of the waveform of the

fgg]e?ﬁh-gy@megghg%&éﬁéﬂdtﬂwo Orl\é{?gg% S°r§yﬁ&@f'o example and

witerreferende fo tier fcdongtiiWing Brawinysirpivifcref the sum of
the outputs of pairs of the sensors shown in Figure

1; 20_Figure 6 is a schematic show ng the navigation
of a ElURR(lis arfghgmalie ofvfous apticalpeengars for éﬁtﬁqhngmeﬂectwe

dplical &i r@'%hs‘r?g?fﬂeg e gfléﬁm%lgﬁeﬂ@rr%wn@d Bh Esubstrate:

carryi ctive SUF

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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6 Detailed Description O The Preferred Enbodi nents
Figure 1 shows a substrate 2 whose di splacenent is to
be neasured, an array of reflective elenents 4, and
an array of four photosensors 6a, 6b, 6¢c and 6d (also
denoted as S1, S2, S3 and S4 respectively) for
detecting 5 reflective opticq% signals. The reflective
el enents 4 have a substantially rectangular

peri pheral shape and are nounted on the substrate 2,
preferably in uniformly spaced and aligned rows and

col ums. The photosensors 6a-6d for_detecting
DetailectDeseription Qf The Siraferrad Embodiments, a 1 i xed

body i ndependent of the substrate 2 and are spaced

there r

oy oGBS 11l a5l S°4REs 2Bt HHGRE P ftreasures
aherrsagcnfmelﬂep&’uve ebemgtsse amnﬂasébr(a(‘;cofafodr ptiptoseasbrs 6a, 6b, 6¢

[ d f th th
SENGH (Glangcenetasost. YA Ba rd G taseatvelyt domistecting
?Hffe@ﬂvé‘%ti@:gl RigrdrST amhi aldfe gfl@étéﬁ ntd 4 FP'%rv'epEeE@tBstantlally

sh ape, a sensor arrange I N eacC corner of
r&%awrepe!]@@abﬂmn&alayd araempaintes arf ﬂwssbsmatﬁﬂ [B2ferably
ted ral
BTG <o RiGL3he AlaREa RS SF Colfriants orPipseasers 6a-6d
R detestindah@ldribnt of tthe duiRite @@Shﬁfmn@éd td?ﬁa fixed body

reflective elenents 4, as shown in Figure 1
invgeEhRgemiofibe subatrates? endare sppned tlaffrefrnm sensors in
each 20 sensor pair 6a, 6b and 6c, in the

reflectrve e enents herernaf t er

andﬁk(ﬁa amy 6ls), ghe esecoby pdie betnpiS30an®1S4 (88 Mhdlbip, Each
wher e t he hgtréga[]y of the Ion er dinension of the
n

SRR if et dais LY EORIPRDGEPORIUaPER PRERNSOTS
da- G-Eh%répé’f%rﬁ&d) t§_REAVERN drify ‘h%@?rf%%o gﬁg tlagg rectangular

sensors in each 25 sensor pal'r
Eeﬂlmh%'at sbap@owithl atsensoe arcanmd ifi achi cotnef oftthe rectangle

O A O N XU
b)é@tf@ &ldsi &xtandingt 806NgIYrtRat @nt?é@@f kha@nsbnrs Sn each pair is

parallel to the longer dimension of the reflective eilements 4, as shown in

di rec‘i‘b@%e‘?@ A bsled ar % (%%‘?rén e m%%iﬂﬁfgf&e ?I&St;é]ael{ bging S1

Figure 1.

The spacing D1 between the centrepoints of the sensors in each
sensor pair 6a, 6b and 6c¢, 6d, in the direction paraliel 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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the length of the shorter dinension of the reflective
elements 4. 7 The dianmeter d of each of the sensors
6a, 6b, 6c and 6d nust be |less than or equal to the
spacing V1 between the reflective elenents 4 in the y-
direction. The spacing between the reflective el enments
4 in the x-direction preferably equals the |length H.
of the longer dinension of the reflective 5 elenents
4. The positional configurations of the sensors 6a,

6b, 6¢c, and 6d relative to the reflective elenents 4
and the substrate 2 are illustrated in Figure

L| ght TR& diageater soef earinal thengemsors rﬁdegﬁba@&ﬁrtcbﬁﬂ lyaust be less
e c

8h %5 FLi 20 BT RER, \ICHEE the R el A5 the -

dgges:(tlem thwpeacmcﬁbemémeh@u’eﬂekttw@f ekmﬁiel ité 4 ire the x- dlrectlon
sors 6a, 6 urelre ative to th

SboPauall it derdih oo de iyorGRit diaation ofnthe reflective
Qgﬁ{ég f the sensor increases when the area of the

['1 ght refl ected fromthe reflective elenent 4 falling

on the sensor is increased. 15 Figure 3 illustrates

t he cbpeasitiooalceifigiratians ohtheosenaars ﬁagﬁbl 6of arad 6d relative

Btk Reb e REShR. Arons og Sunsliate2 evSilustratagyp Figure 1.

Isights baices 2(not sHbveh ) @i 168 |ﬁ éj?%@' Ut dtefbdt&%t or deployed
bei ng nmeasur ed. Asthe lig reflected fromthe

samaraely. vel ke éﬁbhsowcealandn@ef@ﬁtqrhén@ebedhosa in aoveptical disc
%{) é}bone sensor 6a to its laterally adjacent partner

he output 20 signal fromthe first sensor 6a
decreases and the output signal fromthe second
sensaFig6ie Quﬁndﬁws tthe ougblteot edeldfahe Serfsard l%gr?@n dctor 6d of

f
B T a0, A, 20 B 1 s, T

&H &t aﬂm@éébfs&pm@?éﬁgesl \hhsﬁﬁﬁet%\és &fth'éol ﬁﬁ?e @Eggfﬂ?m the

strate in the x- direction
r@lﬂBCRb\te elﬁmentgmallm drathe sensor lsm‘e:rsmezbr 10, as 25
shown hypothetically in Figure 3. Figure 4 shows the

vari atign af inhEfa e’ cdfBeRbiBH) oFb88h%n8 odbS signal of a

pair of the sensors 6a, 6b, or 6¢, 6d, for translational 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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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 adding the output signals of
the 8 sensors 6a, 6b, and the |ower trace shows the
effect of converting the waveform of the upper trace
into a rectangul ar waveform slicing at the half
anplitude level. The anplitude of the notion of the
substrate 2 in the y- direction is determ ned by
counting cycles, which corresponds to the nunber 5 of
reflective el enents 4 passing the pairs of sensors 6a,
sensaist b Hbdiansctheower rrageyshews, thehefigopeof coaverting the

h I .Qut put _si I f -
RRPAoRIS BT e Rt R e olhAlRr waRYSER B oo at the har
baiptitiald levall] anentamplaude @F tAENSBEISN &, tHeb sudfieatkOMaR the y-
trace shows the rectangul ar out put signal waveforns

eiseciianeld dsteamimed; by cofinting:cytlepuvhishginirespendste the number
8t Ao bleflertd 4 ;?énsgof@ the BELEFUNRE0BRT 81 OF 1nedirltion.

adj ustr ng e spac e sens
reflective el ements 4, such that the output signals of
the tim Figurnes 5, ohes epper draee shbivkt etk FeclR@URES output signal

Beb e frmeetined Reaantan of tb oLt SigTa o apsypiarallyadiacent
pair\W?ldendsrd 68, 68MPIHd %rqfr%éé‘ghwg 'tﬁ@-re&én@?%‘?rcﬁﬁ ut signal

Is a schematic of a system show ng the extraction o
waleforensi obtaiiedrinyi sdditibn t dfetheulostpuit signalst wb the other pair of

(&Y et RSO BRG tR. ey BAlusHRY The Spafiicgaf the sensors 6a-
efledi therrefletivehéleindrite 4§x§&|¢mh@trtﬁer&kggtd?ighsl\éﬂbf' tAe two pairs

Figures 1 to 6 is applied to nmeasure t ansl at1 on
gheensaragre shidtedd L deareesin phase 4elative fo gactlothen & id possible

kcﬁ%&ﬁni%é@é&nfwﬁtﬁm gp?ﬁﬁgo]ng}oig{/f\egghﬁg?%g !\%n&/ell as the

e subs carrying t |

ehpiiendesofdhemstion.n Figure 1 conprises the outer
coating of the catheter 14 and the outer surface of

t he uide wire 16. The catheter 14 and the guide wire
16 eablBUSr Py i, S eichematical gt PYESE GHONIRY oihe feraction of

IO SIS dbtiondyf ﬁweﬁsninﬁira-@‘?n Ct@grkgrit/ﬁcggcfngaslgirﬁ%c{igﬁs using the

guide wire 16 are eac um nate
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



10

15

20

25

i ght source 18, 20. The laser |light source 18
illumnates 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 Figures 1 and 3, to 9 neasure translation
and rotation of the catheter &4. Simlarly, a second
light source 20 illum nates Teflective elenments (not
shown) on the guide wire 16 through the catheter wal
14, which is made of sem transparent material to
allow light to pass therethrough. The transl ation and

msestrokanslatiae agg weatign ef el catheiern®.mSamiladyl a second light

' . h r 0 he translation .and .

SOHER AN Al B RERRY TS Loy S FLEh e Bl hire 16

thrbogh neatcatiidter syl ¢4) whjcH & useik b sERAFHASpardAt infdterial to

in two dimensions in the manner described below. The '

alpxight to passibseethtaudhn The transkatinaand wiatiomet thesguide wire
n .

197n 8L bEmEs sl (R derR R RS BR B faféon anc

Fotgtiore ofltheTdathetet tdct i ve el ements 4 are illum nated by

a light source, preferably a laser, and |ight

reflected fromthe ref.ecttv elenents 4 is detected
1S

by thil & PETeHRd, RBIRSSUREDE s thea VB gayehe H¥Rd de rmpasure
AiotioPNAtAS @mﬁeg§ig§§]gn B nmifinePdeBEMi&] BBIow. conpri ses

four sensors S1- ormng 15 a rectangular array, the
sides_of the rectangle being parallel to and
per pefhbe qubstrate 2t wkose mpdiordisnierks omeasuretiecarries the array of

' 4 As th bst 2
AL BE SRS TRy AR EA ARG Bl et V& ea thereon,
ek WS Figie ACITaRs réhstvensierertad Gk iRmifdted by a light
the substrate is nobved in a direction which causes

pRWCeePIeigaRl Rilgser apdiight refleciad frome the reflactive elagents 4 is
' e, ¥ndi ' t @1 S4g . 2% 4SO [ .

PR " hEealed E RN B p°l0c 2hel el e o

bbatospasersHan\Gl, Gict 6digrefevably doneprisesr four sengomseXi ®4nforming
e _maxi m outE’ut Si g&aelo i s, obt ai ned when t

val ue. ﬁg he
Bedittapdeaesa4ey 0d8e feRi @I BicofreftaiaienReipgangraliel to and
?@Fébn‘é‘i’étﬂ‘@r to%h8 %@é’recﬁm%'ngl@ﬁf%f tH@fr?ﬂéctF\%e?lE@%th gaches

he sensor or aft t he beam has cl eare

As the substrate 2 is moved, the bearns 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 middie 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 6c¢, 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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25 sensor. In a preferred enbodi nent, the spacing D1
of adjacent sensors 6a, 6b and 6c, 6d is given by the
equation D1=(2N1-1)Ho, where Ho is the length of the
reflective elenent 4 in the |onger dinension and N1 is
an integer greater 10 than 1. If the wdth of the
refl ected beamas it strikes bhe sensors is equal to
D1, and the beamis dlsplacea in the x-direction such
that it does not fall on one of the sensors in a
sensor pair, thereby reducing the output signal from
that sensor, the beamw |l fall on the other sensor of

'thﬁlél baifrthanmidimef the milectsd beamags deatdies e bemsare is equal to

B0 88 abP e e ekl bl s *ERlen SofibdRelit dos potfan on

Eh@lmlfeﬁe lseasdrsBm a emsot belrStﬁér@f)ytrb@ucmgttﬁétOLﬁPQDQbEaI from
pair of sensors S1 and S2 is independent o

W@i ﬁ@ﬂSfo the,beagyyillifalh ca the jathemeenaagiof ke ipair.and the output of
BT plorie [7r0R, AL 1 84 Uehlo By B Qg

@difornd Butipfut shypat.uFhts latwoﬁm if Figues 1 antdl® yhas, rtﬁéfsuﬂlﬂof the

from Sl sho Figure 1, then the sumof th

BUPHLSSERshal € R PhePrioRs s 268 [(eEPaeTss) mafian of the
K ng

ﬁ raﬁe‘Q‘Zivg 8 (("@ﬂ"@étbé'n uﬁgﬁ%‘ﬂ@ Wﬁu@w‘t %5)} g% %},ﬁ@%‘? ?g Qdding the

auhpatsmmgtsl afrtheentbéopair of sehsors fiveand 6@ B8 rany S

phase by a conparator (not shown). A simlar output

ot her TE Ul 2 R inaied itV fréshah o ¥1-54as shown in
Flgur@hl etherh@iecsurfof the oafRe isitha of the ééﬁdo%%bVSb (87 and 82)

elements 4 in the y- direction, will result in the
will eiver aswavelone vaming bstween @ ddw tleeelpand aa digher Ievel (see

ﬁ@t{nr%oﬂ? vﬂﬁ’&ﬁ %gﬁ%ﬁ%@ég@n%%e:@ %/n? Hggtghgﬂfa‘? v\ge\é’f‘é rﬂgofg ﬁ'ﬁ: same
ﬂ'eqeemcn)oagcbfphmbl thaCﬁonyrplrf]wamrt(s\bt ahewg) maymln%r output may be
t e e sa rocedure applie
pRlevist Biradting S aubig Sinlng! ohF Chwrabir Shpenserseis and 6d
afg 942 and S3) will determine novenent in the
x-directi'on, independent of novenent in the

y-direction.
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+52;S3+54) as shown in Figure 5, being 90° out of phase. By
comparing theée 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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In the process of detecting translational novenent,
translational 25 distance is calculated as foll ows.
Each cycle of the waveform shown in Figure 4, which
illustrates the sumof the output signals of the
sensors 6a and 6b (S1 and S2), represents a novenent
of the substrate 2 in the y- irection of (VO + V1)
where Vo is the 11 length of the shorter dinension of
the reflective elements 4, and V1 is the spacing V1
between the reflective elements 4 in the y-direction.
Thus, by counting the cycles, it is possible to

leagty af the sherter sinapsinamf e flectivemiements 4, |aﬁ1dt Mé is the

SAE PRandelE yTR Yo Henbria i the PRy whs. oy

oBuntiwaetree yckest Ne igusdssiblef o elt@snineuthee diispiaeement of the
movenent of the substrate 2 in the x-direction may be

suhistiateteln thesivrgragiens dmeomayemsant Midndhe )ofilreﬁ’@n may be
%@5’! fe%g o?@%gqg tﬁ? Lq8fom4) - One 10 cycle in this

orm orresponds to 2HO, where H is
the length of the longer dinmension of the reflective
&l emenis +4V1ps shown in Figure 1. Thus, by counting
the cycles, it is possible to determ ne the

di s I ace f e substr 2 in the x-direction.
Shaf B0RTES umber 0" EeB SR on may be . oal oul o o
according to the equation: 15 Mk=2nHo where n is the

nunbeTh@méamest bPtheosubdtatse PMnothet heirestionimay BBaddiculated
of the sensors 6a and 6d (S1 and S4). As shown in

Fsiggitee sUMBOf putpuksignats of thensensarp G %ndgﬁdl (S1o8nd 4). One

S5 g e B by MR BB 2 Sy L e e

&B)he Roiger lipeakivonSyf ﬁi@dre‘ﬂﬁcﬁ% redspents 1o akhshaw iimiFigure 1.
of the substrate 2 in the y-direction i ndependent of

1 RS Y CORNERY thes cxelBst 'Itéﬁ possiple tq determing e displagrment of
%H()éeélf’o%%tegg iRNASS-Grd et MBLYRRAt MSn theXifectdiEmay be

calculated according to the equation:
Mx = 2nH,

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 S, 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, S, 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



10

15

20

25

the spacing of the reflective elenents 4 relative to
t he spacing of the sensors 6a-6d, as shown in Figures
1 and 5. Wen the substrate noves upwards in 25 the
y-direction, that is, My is positive, Sy |leads Sy' by
90. When the substrate 2 noves down in the
y-direction, that is, My is nggative, Sy' |eads Sy by
90. Therefore, fromthe two veforms shown in Figure
5, the direction of notion 12 of the substrate 2 in
the y-direction may be determ ned usi ng conventi ona
techni ques, for exanple, as used in an optica
ohdloelsubsiratet Reinstvee y1ihingctionemayy riee dieternmohedratsingn cofiventional
he substrate 2 in the x- .direction nay, be determ ned
SN, [ Pemo, hE Dl e el ahPiIH e 5 out put
signals of the sensors 6a and 6d (S1 and S4) and SX is

the sumntid shite wallt Hé ditedfidhsoomotiB SEtheosisofiatd ™ in the x-
6¢c (S2 and S3). In a preferred enbodi nent, the system

Rirpctirn appy beddeleraingd Heing Sianth@x' whererfa! issthe sum of the

[ | ' e | & 4t hi i drent
SR S S SEn LA 0etd o LG TN ¥ gp of e
batprt sigralgof the sénsord 6baamd §c 192 @dtiiSA). corresponds to
rotation thereof. In operation, light preferably from

i Pefieg combadiBephbP SYSITEEY de hEehin ar@inaler 14 and
ﬂﬁdeﬁé]GSéchdtu‘?&é firé I {(séé FRIrber) ednbif %‘rbwrﬁ?%&ﬁméﬁt, x-motion

sensors (not shown) which may be |ntegré
sopespords tom trapsiatisrrof theucatbets. 14Aosithe | quide wire 16 and y-

FRIAE o TS tistabon FAr<BhouR oRsHENGTS it quetirally from a
I&sdrhsqued 1deillemiingledr reftectil CllehientsBABt Shown) on, the outer
semtransparent material, to detect translation’and
rsyffatcmﬁ'tge qatleetes yigt and tieg drflactedsligivhismplieetedsy ancarray of
| i . . i i .
SERRER. (R ERL A Eh 25 ST RELEH i, RIS e e
isouiegey Bt | AnaimilazOcordfiguratogy of dight esoupes R0 dunsivatedMeflective

IR0t sBomey b e, U BReER 16 trauelo dhe €athatot i which i
WA of S¥hifaRsPhrdnl nSRIHBE! & abRHbrdftichBAG hdton of the

n order to navi gat
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
ilustrated 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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notion of the guide wire 16 inserted inside the
catheter 16, the catheter 16 is preferably made of
sem -transparent material. As shown in Figure 7, the
25 focus planes of the laser |ight sources 18 and 20
for the catheter 14 and guide wre 16 respectively,
are separately positioned on he cat heter and gui de
wire. The sensors nay be col'dur sensitive, for
exanpl e, the sensors for the catheter 14 may be
sensitive to red colour and the sensors for the guide
wire 13 16 may be sensitive to blue col our. By
harREngPe wensiiiveetst iblue golsak. i nBydifariingnthec oéftndtise areas in

R sl SRR o B PR 15 B S50 A may b

tracie] with eoahtefeiened.at i onal novenents of the catheter.
14 and 5 guide wire 16 may be cal cul ated as descri bed

above_w th respect to Figures 1 to 6. Various
a|ter‘r]a?i%l§% N carGriietatioaat nenasaentseal e aatheter et and

GBS w O 0SBl e RO A EaER g oures

v Be wire in interventional radiology 10 (IR

procedures, the above nethod and system may al soI be

used |,n.ot her, applications where two-di nensiona

ot | 0}43{'?%%@'??6”5‘5‘{%3%tg_@d?”@@éﬂ“ﬁ@m Regcrikashaioye may be
fRidee. folll SXAPIeCONhAS #RY| ErRBodiferits 2RSAE W el UdteriBEd  with
saonme industry applications. Furthernore, a ough Tn
fetereasBdaithentse Qggcfr?atbe@re&mi\/guldbewiresia inferventional eadiology

I ' I is_envi,saged, the invention is not
(IR} pfcefie S5 FE ASy& peBbu 2R Svalet mah ek Dfyeed M other
appizations weHere awpldisharidionad nsdtidl Backif 'i@?élei?ed, such as in a
el ement. Such a technique may exploit The fact that
tPraPYer mRuSe, nickirigstien Havichs forzisansgenitwerk,rorsome industry

BpRicatiors . Eirasisal altﬁg\.gq/rp[fmesé&%ggfnaé&shcg&:cbgg{j above the

tracking is deternined e radi

sgo0f NMlitiple astiectvesstementdiz émdssgert] tha hvigntidns ¥ot limited in
i r oxi mat el .om an exanp

[ As | e,
L oSttt ! TSRO Ay, AlsHietyeheramply only a single
fEfeER EMMmERS GuthshaBthSigle thd§ dX@RG 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 o} 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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Wi th a spot radius of 400 to 450 nm The track pitch
may be 0.37m Thus, this size of reflective area may
be realised in industry. In sumary, an enbodi nent of
the present invention is directed to an 25 optica
nmet hod of tracking the translational and rotationa
notion of catheters and guide wires in interventiona
radi ol ogy procedures. Wth t Hfs net hod, the notions
of the catheters and guide wires nmay be navi gated
using one tracking wunit. The precision of the optica
tracking is preferably determ ned by the 14 radius of
tawius @s dhe llasgtt ligltusamace The Theaddaickipguonit may Heebbas@dn the
d descri bed above and

t t I
Qe By e ouBRe BREKE Snilmay debas one, ohiar KexdeemRments i
HIENEAlb $3&b snﬂﬂgatl'oﬂt es{y%é?ﬁéoﬁﬁh rrﬂgh@n‘ﬁ%al radiology

renote operation systens. hi's way the systemi
semplei 6paration eystemor Iarth|35way$her$ystetmns smhpleﬁedscwar prior art

na te the notions of a t he. cat het er and
Tial dhfca) ariTars, BinoRevpts Bie bl oo LAt ol (he Catheters
aAlihgligs varsk BRE thaUhfiow we%tmhrpﬁweén%éaﬁhétbheand the
gui wire is inside the catheter) Furt her nore,

G'Qtfleaamr@amayt Fefoai éherw,annﬁe (Hie @L@dmlwwgu ig ennswuesthe tdatheter)

BP0, 552 LR PP 50 B0 R4k i, e

tragkiggi @eolitiods mzeeBe Natrd ettt thedevd biintibRmetres and the
advantage of a preferred enbodi nent of the invention

lengtih gf etmhgtﬁra@nwth@ guitte wieadeed natypeexodifiedn t he

same housing for novenent tracking purposes. in such

an eln‘P\ F”advéH%g%aéﬁ%%)%fe'n%dpérﬁg%@l%ﬂt fttﬁgqﬂ\‘?&#tﬁm is that

to, a e secon source
thee guidee wive! atd gnheltervmaga exit imettay abmﬁ hbasiegt fori bvement
grou .ces are used, the HDtI ons  of, sever cat heters

GKIgg; BHTRASCSs iy SHENt PACREYPOSIMENt afiso ratheter is Preferab'y

RGPS RE  allol ?neprséf:@ﬁdi qahﬁ@eepdmtbeof JH&?ed the intemal
| nventl on, there is no si gnal | oss regar | ess o
@um wisei dhseverek giferenidight spurces ats wsed bibiermotions of several

raﬁl%ifgl% an &JYQG w:?es may be tracked simultaneously.

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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15 dains: 1. A nethod for detecting notion of a body
in a nunber of dinensions conprising the steps of:
(a) attaching an array of reflective elenents to said

body such that said 5 reflective elenents nove with LLOYD WISE

said body; (b) illumnating said array of reflective
el ements with light froma light source; (c) sensing
said light reflected fromsaidl@rray of reflected
elements wth an array of sensors for generating

out put signals 10 corresponding to notion of said
body; and (d) processing said output signals to
cllaimste arithnetic suns of output signals of

adj acent sensors and; (e) analysing said arithnetic

S to m, ne lon of said body in two or re )
di rrensi Jﬂf‘.geet[fgdgf” ﬁgiﬁ,??'HSd“a@%’bP&iant‘?Xb"bPa{i‘wﬁ?f of dimensions
wher ei n comshising thed$teps @fessi ng said output signals
conprises determ ning anplitude and direction of said

noti on of saicg, body. 3. A nethod according to claim]1, _
wher ei n(@attacsinganaray efirefiedive ¢lemgnts tofsaidhbedy guch that said

ref| ect ed ighegial Sl AbVBVIRYsQh iRRpSOr S compri ses
ay of to

20 providing an arr ur sensors.’4. A nethod
according to claim1l wherein the step of attaching an

array () ilumainatingteaid aefalyeaft rieflectblecelements avitralightbfooim a light
such that said reflective elenents nove with said

body conpriP¥E€ mounting said reflective el enents on

said body. LLOYD WSE 16 5. A nethod according to

clai m LioMzeneing s48ia Rgtrefiéctatlt Pehi §8id 2diray ofYeflected elements
with an array of sensors for generating output signals
corresponding to motion of said body; and

(d) processing said output signals to calculate arithmetic sums of
output signals of adjacent sensors and;

(e) analysing said arithmetic sums to determine motion of said body in
two or more 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.
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of one or nore reflective elenents to said body such

that said reflective elenents nove with said body

conprises integrally formng said reflective elenents

with said body. 5 6. A nethod according to claim1, LLOYD WISE
wherein the step of attaching an array of reflective

el ements conprises attaching an array of reflective

el ements having a rectangul ar ¥eri phery. 7. A nethod
according to claim1, wherein the step of attaching an
array of reflective elenents conprises attaching said
reflective elenents to 10 forma regularly spaced

array ofA metlsodiadcemingrtesclaim rlevherin wlaa s@pei@mmtdtq@crmﬁg an array
equal size. 8. A nethod accordin o.claimil, erein )
sgi d st & 1€ An&HG 593|e&ﬁ)"? gﬂ?m%Pﬁ%ﬁPsﬁ?'g Pefly esycdy that said
el ement geflddtiveadleMieh®y nftiveSRIS SaR1 S@WEbﬁ%ﬂseEﬁr‘h\éPFﬁll‘S}Q‘orming
an array of four sensors arranged Ina rectangula

pat t er n Saidsreflective alements withi saidhotlycorner. 9. A

nmet hod according to claim1l, wherein said reflective

| t i inal ,axi n al.ong_
ST 85 S AR PSS Bl oy
array obf oreflectiverelemeatd aohiprises! ataohiagt ansaidy BPd¥flective
i ing said reflective el enents

further conprising arran j
in an aref%mng’it@s"wv?'lg %r%ﬁgﬁgu'éf BaHPRRIYd | ongi t udi nal
axi s between each reflective elenment in said array,

sgi d Spﬂcﬁeh%wgcédi‘Bf@?PtélﬁiH Y, \ﬁ/ﬁéﬁéin e E%ﬁ‘%tgﬁ?:ging an array

said length of said ective elenents a
| ongi t u@?f@ﬂecélxesa.lementsbcmmphs&s attachidg rsgid ceftectiveneements to

further ¢ i sing. arrangi said. sensors in said ,
arr ay sﬂ%rﬁ{%a@g%%f'x §%‘?‘f%6{1 %f@.’/e%éﬂyﬁa?a@ ‘F‘{]Um_"éaeﬁ reflective
25 ot heeldwemts i @e@ahgivéng a length D1 al ong said

| ongi tudi nal axis, the nmethod further conprising the

SO O A efiod A0 aing tkam 1t wherain said clas of sensing s3id light
from said reflected elements with an array of sensors comprises
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 to 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 :
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D1=(2*N1-1) Ho, where Nl is an integer greater than O
and Ho is said length of each of said reflective
el enents along said longitudinal axis, to conpensate

for di spl acenent of said body al ong said |ongitudinal LLOYDWISE

axis. 5 11. A method according to claim9, wherein

said sensors in said array of _sensors have a

di aneter, and wherein said st e1|5 of attaching an array

of one or nore reflective elenments conprises attaching

said reflective elenents such that they are separated
fromeach other in said array in a direction nornal

to sai d DEHEINUd)Hal vehere Ny iscars paegertgreatay thah @ @it H, is said

sl BBRE gk BIRSaHE iyde ne R B axs
accor di g dofnpedrriate for dSeEMehbof s8fd B64Y Yorf §5§Pﬂgﬁgitudinal

have a w dth VO, and said sensors are separate
each ot @S-in said array of sensors by a distance D2
in a direction normal to the 15 | ongitudinal axis of

the ref Lehidiiéd gk:@gr%ﬂigsto R Jrehadin %%ﬁ;&%@o[%ins%qig array of

conprising the ep of arrangi ng sard

array okeasorsdiave adidmetent and whergin\said biept bfeattaching an array
equation; D2=(2*N2-1)Vo ., where N2 is an integer ) )
gr eat er Of RAR Of MAALE vgglepqu glemgnis icomprisgs pttaphing said reflective
reflecti j l. ai.m .
15 wheimEnBSRbinat they rd Reparaed FBELA bihet sl amay in
sai d di stdirestioDhdreiahiesaid dorsgituslinal axis by arspage halving a height,

of "t he spi Reioh GE<aifanaRe Being drealer (A8 Gl it sad dameter

out put gFgalserkbreal d 25 sensors spaced in a

direction normal to the longitudinal axis. 14. A

met hod according to claim 13, wherein adjusting said

di13t anc & methed acesidiag teielaim Havhrrein Bei reflectivruelements have a

si gnal s yfthS9 daiéeRd SenlBfard SeBatdt) HrdthSEach other in said

array of sensors by a distance D2 in a direction normal to the
longitudinal axis of the reflective elements, 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
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18 direction normal to the longitudinal axis to
approximately 90 degrees to determ ne direction of
novenent of said body. 15. A nethod according to claim
12, wherein said step of processing said output
signals to determne notion of said body conprises 8LOYDWISE
determ ning di stance noved by said body in a first

di mensi on using the formla: =n*(Vo+V1l) where M

is the distance noved by said body and said reflective
elements in a first dinmension, mis the nunber of said
reflective 10 elenents passing over said sensors due

t o sai ddiestiomcermal e thee sgitadinalaxisstovaghroxiohatelye90 degrees

reflectiv | enent,s and V1 is the, spaci,n bet ween t he
Fef | ect 9 el HEePIPRLOtNPNEMPBhOT AW ¢ he
| ongi tudinal axis. 16. A nethod according to claim 12,

Whie ei n ASRietihed BBcOdiny ReaIaRh N2, dhkfein 5aidSePUsf processing said
signals to determ ne notion of said body conprises _
det er mi PUiRHtdi SigRale e tap @eterpying ainptingdyof nsaidswslyd comprises

di mensi j he far : =2 er g j : :
di spl acg%é%ﬁgﬁgsglg%ngg(@a lallﬁ%l byg?a?]ar}%qy\é\@t%\?gg%?@neennsf%n using
in 20 ¢he&romdadi mension, n is the nunber of said
reflective el enents passing over said sensors due to

said di a_nceg} o\)éﬁemeasured, and Ho is the length of

the ref McTTVE/0d| nt in said |ongitudinal direction.

17. A nethod according to claim1l1, wherein said step

of procQ#Er@ Vs as khaudistince! Atved by sifd YolyNSnddi@ Teflective

of said body conprises 25 determ ning direcCtion of

di spl acelrmentsf ins& firdodignensiaonmais the trumbehat esaid reflective

sai d omePéfﬁer?fsngLsc’me ovél gaﬁ:e%%%érs ld'uQY% Vé’a‘?c? distance to be
measured, V, is width of the reflective elements and V1 is the spacing
between the reflective elements in a direction normal to the

longitudinal axis.

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

using the formula:
M2>=2nH,

where 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.



10

15,

20

25

19 18. A nethod according to claim1, wherein the step
of sensing said light reflected fromsaid array of
reflected elenents with an array of sensors conprises
usi ng sensors sensitive to illumnations of di fferenrLLOY
wavel engths. 5 19. A nethod according to claim1, D Wise
wherein said nmethod is an optical tracking nethod.
20. A nethod of deternining nd®i on of a catheter
and/or a guide wire conprising the nethod steps of
claim1. 21. A nethod of determ ning notion of a
catheter and/or a guide wire in 10 interventi onal
r ddi ol ogymethi)d peordihy wsclaionyl; whiengintthe st@p lbpdeasingsaid light
of cl ai mfgﬁ' 2%. A met hod accordi ng to claim 20, .

wher ei nrefigcted  fepmopale Reiayg of Jeflectedgplerendm withqan array of

flect it b ) . _
br ovi di S5 SR (e SBESY RnshfiBRE oS 6 different

nmoti on mavelengths.15 detected. 23. A nmethod of
determ ning notion of a catheter and a guide wre

s 0P il RSB 6l o BT g Freld o 2 opca
wher ei ntn’ebﬁingﬁhb’ﬂ’@df urther 20 conprises locating said

guide wire wthin said catheter, said catheter being
transparent or sem -transparent to allow a second

| P8ht  sbumathod pfiReteening aptionoRf farathglaraendlior @ guide wire
25. A TebhdisREAREthBhoidtepebbim Yherel n said step
I ng orre or ec

of attac nore re Ive el enents
conprises attaching an array to each of a 25
pl2dr al i Aymethdibof detersunidg maotiand of ar ¢cdtbeter mmnaorsa ylide wire in

HHTum n?&té%nﬁgﬁgl r%%% c?g)y\l(llﬁ'f prggedures comprising the method steps

of claim 1.

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 catheter 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 said step of attaching one or
more reflective elements comprises attaching an array to each of a

plurality of bodies, said method further comprising iIIuminating' each
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array with a different |light source for detecting
notion of a plurality of bodies. 26. A systemfor
detecting notion of a body in a nunber of dinensions

conprising : 5 (a) an array of reflective el enents LLOYD WiSE

attachable to said body such that said reflective

el ements nove with said body; (b) an array of sensors

for sensing light reflected frd&dm said array of

reflective elenents on illumnation of said reflective

el ements by a light source, said sensors being

adapted to generate output 10 signals corresponding

to noti tamra@rfw'slaiaddlffedant lightisgurcedopdeteetingmétisn of a plurality of
processi sai d output signals to calculate

arit hmelbo &uns of out put signals of adjacent sensors

and analysing said arithnetic suns to determ ne

n@g. on f spéteph hﬁdd’etebfhd Yot 604 Sodly NS ititberlst difensions
A system according to claim26, wherein said processor

i s arrafgBEWPrising det er ni ne anplitude and direction of

said notion of said body. 28. A systemaccording to

claim?2 rel '

Four sen@or &7 GV PidheBlle YichhonS BRichan B3 BBay such tha
wher ei n sai Sarderfdflecﬁ\'ve/eleahmtentm/eaavm sdid badynt abl e on

said body. 30. A systemaccording to claim26, wherein

said reflective el egents are inte

220 bot) 50 Sk GLRRRSorE a6 se NG okt erleBkal fraLsaid array of

each of sai @'eﬂ&ftnkté%léhﬁ%ntsebﬁqﬁﬁﬁlﬁahﬁ oPsé%Fe?l@EW@élements by
perl phery. LLOYD W SE . A system according t

cl ai m 26, waelghtnsauice, selﬂl ssensovss belinrgradaptest to generate output

arranged to _forma requl a spaced rr and
col urrgs of signals corre@poang}/t otion o sal cIy, n\(")'5

(c) a processor for processing said output signals to calculate
arithmetic sums of output signals of adjacent sensors and
analysing said arithmetic sums to determine motion of said body

in two or more dimensions.

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

to 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.



10

15

20

25

reflective elenents of equal size. 33. A system
according to claim 26, wherein said array of sensors
5 conprises an array of four sensors arranged in a
rectangul ar pattern w th one sensor in each corner. LLOYD WisE
34. A systemaccording to claim26, wherein said

systemis adapted for wuse in _an optical tracking

nmet hod. 35. A system accordi nglto claim26, wherein

said body is a catheter 10 and/or a guide wire. 36. A
system according to claim26, wherein said body is a
catheter and/or guide wire for use in interventional

r 8@i ol ogysydt&n accurdimgrtesclainB26, wheysih esaid esflgotive @léments are
claim 26, wherein_ said refl?gctive e] enents have a

| ongi t u"ABged osformyareauiagvhsracstyagay of v apdi ¢rlumns of
axi s, Sabfibctil@ é]%bﬁ@téf\%u%h ggeNts being arranged in
h

said array with a space along said |ongitudinal axis

bet ween each reflective elenent in said array, said
spdece bé systamsacaardiagl o «drimn 36 wbargin sajdsatrdy of sensors

| ength ' e ti e | .sai d

| ongi ¢ udPRETsgs; ety ok Yy S TR 2uRaBRY 1§13 frctenguiar patiem
wher ei nwithi shesserssprsn eaeh gepmrated 20 from each ot her

by a space having a | ength D1 al ong sai d | ongitudi nal

axi.s, the thod further copprising the step of

sél“ect i 2@3 PO PeFRIEINgote clamm 26s yiereln-s3jd fYsiem ds @skapted for

formul ag. Al BNE= %ﬂ% 1 is an integer

greater uts ﬁaé%ﬂ%a%ﬁg al éﬁo ‘ength of each of said
reflective elenents along said |ongitudinal axis, 25

t @9conpénsystent @ccdrding doeclsim 26, wherkibhaiid dagygissai datheter
| ongi t udi.nal xS...LLOYD WSE 22 39. A system

accgrdi %Baﬁéac@fjﬁw“épﬁ' wherein said sensors in said

array of sensors have a dianeter, and wherein said

r 86l ect Aveysteamatterding to claim 26, wherein said body is a catheter

and/or guide wire for use in interventional radiology (IR) procedures.

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

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 :

D1=(2*N1-1)H,, where N1 is an integer greater than 0 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.
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arranged such that they are separated from each ot her

in said array in a direction nornmal to said

| ongi tudi nal axis by a space having a height, 5 said

hei ght of said space being greater than or equal toLLOYDWISE
said dianeter of said sensors. 40. A system according

to claim37, wherein the reflective el enents have a

width VO, and said sensors ar &2 separated from each

other in said array of sensors by a distance D2 in a
direction normal to the 10 |ongitudi nal axis of the
reflective elenents, said sensors being arranged in

sdBd ar Aa;ystbémsammodiag tochaimh3d, vidRerei saidesenisprd imesaid array of
equatlon N2 i.s an

gr eat er ?ﬂ%?{slhad\fﬁj avélanget§%@qﬂe wWherejp said de}lg%hve elements are
reflect bﬁén@é&@ﬁ@h SEhat‘ki’ae*r éré)ﬁébé’r%‘tétﬁﬁ@ﬁfjéé& 61,‘Ple?|ir?é£'ib array in

40, wherein said systemturther conprises adjusting
sai d di stdiiesionnormaltocsaid dongitudinah axisi by aispage haf/mg a height,

of "t ho. spETeiBh G 3nBRe Being Grebll (A8 intlie" it o8| fameter

out put of gaidlsenebrssaid 20 sensors spaced in a
direction normal to the longitudinal axis. 42. A
S)éf)t em accordl ng to,claim41, wherein a phase shift

weenAsBISEEMAROMINgtg claim 3%, whergin iestsflectya glements have
a di reCE'\Wltﬁ‘ bdtéh 4RensbNgtd gg%é}ﬁltec?ﬁ‘o% leScA&thEPin said

appr oxi mat el'y J usting sai tanc
det er m agayi o’émneorsofbyrravdmnceoﬂnsamdatxdmb,ctloﬁS néBnalAto the

P agentedise? s, af e dreetie rlbyadts, el osaeys being
inafi éﬁh{l/@éﬁi?sbﬁﬂ aprafdof RensbRr BUER: that PP ¥ glven by the

23 ML =nt (VO
equation:

D2=(2*N2-1)V,

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 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.

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:
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where M is the distance noved by said body and said
reflective elenents in a first dinension, mis the
nunber of said reflective elenments passing over said
sensors due to said distance to be 5 nmeasured, Vo is
width of the reflective elenments and V1 is the spaclif@yD WISE
between the reflective elenents in a direction nornal
to the longitudinal axis. 4423A system according to
cl ai m 40, wherein said processor is arranged to
determ ne di stance noved by said body in a second

di nension using 10 the formula: M2=2nHO where M2 is
di spl acklyeh*(Wh+9¥4) d body and said reflective el enents
in a second dinmension, nis the nunber of said

reflectiye elenment assi ng over said, sensors due . to .
ot ai hEre Ty os sie BEBRREIMOURA 55 SPisT oSy rand g eflective
of the pRIh&Rt! ive acfidiBdimensidbns ahdig! ﬂ{&'rﬂr‘r%éﬁbf said reflective

direction. 45. A systemaccording to claim4l,
wher ei nelementsr passisgrover sadasgasbrsoduéeteesaichalistance to be

the pratred R STRRRr @e R EnarRmBin AR, 8dgg spacing

A syst ebetwaan diheg reflectival relémentdeineian girdclionenfinial to the
conprise one 20 or nore sensors sensitive to

i |1 um ndanadHdingd agist f er ent wavel engths. 47. A system
according to claim 26, conprising an array of four

sS@Rsors : : ;
Aot o Sptertctorfg fo BRI U0, Yhet Sn A Bhotek St is Hranged to
gui de wdetermime: distdrhee movad dynsaid boolysin regsecomnat dismergsion using
t he sys ent of ?I.ai m 26. LLOYD WSE 24 49. A system

accor di h’be QM m 48, wherein said guide wire is

| ocatable w thin said catheter, said catheter being
transpapgabnpl, sem - transparent to allow a second

light source to be reflected fromsaid

where 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

Ho 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.
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guide wire. 5 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
reflective elenents of each array being illum nated in

use with a different |ight source for detecting LLOYDWISE
notion of a plurality of bodies. 10

49.

50.

24

A system according to claim 48, wherein said guide wire is locatable
within said catheter, said catheter being transparent or semi-
transparent to allow a second light source to be reflected from said
guide wire.

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.



