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(57) Abstract: Disclosed is an apparatus for obtaining geometrical data relating to an internal surface of a cavity. The apparatus
&= comprises a probe having an end portion insertable into the cavity in a direction of insertion, radiation directing means for directing
& electromagnetic radiation from the end portion to at least one location on the internal surface to cause the radiation to be reflected
from said location, detection means for detecting the reflected radiation from the at least one location, and means for determining
from the detected radiation a distance between the probe and the internal surface in a direction having at least a transverse component
relative to the direction of insertion. The radiation directing means is adapted to direct the radiation at an acute angle relative to the

direction of insertion.
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APPARATUS FOR OBTAINING GEOMETRICAL DATA RELATING TO A CAVITY

TECHNICAL FIELD

The present invention is refsted o a method and an apparatus for obisining
geometrical dala relating {o the internal surface of a cavity, such as the ear

and ear canal of the human body.

BACKGROUND

An interesting appiication of such a method and apparatus includes the
gensrglion of a data mapping of the intemal surface of the ear and ear canal,
50 that 3-dimensionatl data or a digital model of the interna! surface of the sar
and 2ar canal can be oblained. Such a 3-dimeansion model can be used to
produce a shell, which has the exact shape of the canal and the shell may
form the basis for an In-The-Ear {ITE) or Completely-in-The-Canal {CIC)
hearing aid. Alse ear maoulds or shells for other purposes such as a hearing
protection or for headsets may be produced from the data madsl. The shell
can be produced on the basis of the data model in different ways, such as by
recent developed rapid prototyping methods, stereniithography {SLA} or by
well known machining, e.g. in a Computer Nurnerically Controlled (CNC)

machining cantre.

The advantage of having a data maodel of the ear canal, &.9. comparaed fo
fraditional manufaciuring processes based on ear imprassions taken by
infroducing a semi-luent, curable material info the ear canal, is easy and fast
data exchange and a shorter delivery time of the final shell, Further so the
data mods! may be ransmitied either as i is oblained or right thersafter for
gvatuation at a production facility. Thereby 3 dala mode! of the hearing aid

may be gensrated, which may be realized based on the dimensions and
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shape of the canal. Tha data mode! of the hearing aid can be transmitled

back {o the end user for visual svaluation.

international patent application WO 02/081020 discloses 8 methoed and
apparatus for oblaining geomelrical data relating fo the internal suface of the
ear and ear canal of the human body In order to be able to generate a model
of the internal surface of the ear and ear canal. To this end this prior ant
document discloses a probe having a longitudinal axis, where lght Is emitied
from a mirror at the tip of the probe in a right angle away from the longRudinal

axis of the probe and towards the surrcunding canal wall The apparaius

- comprises a defectoy for detecting reflected light from the canal wall, and

analysing means for determining the distance from the probe o the internal

surface of the canal at points of the circumference,

Howsever, it remains a problem o provide accurate measurements in a region
close to the end wall of a cavity, &.g. the tympanic membrane when the cavilty
is an ear canal. in particular, the probe has {o be inseded very closs o the
gnd wall in order 10 be able to measure the circumferential surface of the sar
canal close to the tympanic mambrane, thereby involving the risk of toughing
the tympanic membrane which may be unpleasant or even harmful for the

person ynder examination.

Even though WO (2/081820 further discloses that the mirrar may be semi-

fransparent, such that the light in a first wavelengih range is directed parallel
{0 the longituding! axis 50 as fo provide a natural image of ohiects in front of
the probe, this addiional light may reduce the sificiency of the measurement
of the circurmferential surface, since some of the light intensity is used for the

optical control rather than the desired measurement.

Furthermore, the use of additional light beams for visua! ingpections may

cause siray light that impairs the actual measurement. On the other hand,



WO 2009/007178 PCT/EP2008/056820

s
3

15

3
6]

1933

whern the visual inspection and measurement are performed as separate,

subsequent steps, the duration of the overall measurement process is

increased.

SUMMARY

According o one aspact, disclosed herein is an apparaius for obiaining
geometrical dala refating 1o an intemnal surface of a cavity. The apparatus
comprises g probe having an end portion insertable inle the cavity ina
direction of insertion, radiation directing means for directing eleciromagnetic
radigtion from the end portion to at least one location on the inlernal swface
to cause the radiation i be reflecied from sald lncation, detection means for
detecting the reflected radiation from the at least one location, and means for
determining from the delected radiation a dislance bebween the probe and
the intermnal surface in a direction having at least a transverse component
relative to the direction of ingertion. The radiation directing means is adapled
to direct the radiation at an acute angle relative {o the direction of inserlion
and, the radiation directing means is adapied {o direct the radiation from an
exit position radially displaced rom the longitudinal axis. The st lsast ong
focation and the exit position are localed on opposite sides of & plane through
the longiudinal axis, the plane having a normal along the direction of the

radia displacement of the exit position.

For example, the radiation directing means may be adapled to girect a
plurality of beams of radiation from the distal end pottion o respeclive
incations on the internal surface the plurality of beams of radiation ntersect in
a position displaced from the distal end portion in the direction of insarlion so
as o define a cone around the direclion of insertion. In ons embodiment, the
beams define a cone or 3 double cone having an apax displaced from the

distal end portion in the direction of insertion,
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Consequently, the beam crosses a plane defined by the longiudina! axis in
frort of the probe, thereby avolding any blind spots in front of the prabs and
facilitating the measurement on the entire surface of the cavity in a single
mode of operation. Furthermare, the crossing of the emitied ravs cause a
centre spot to show up on the detector which may be displayed on the
screen, thereby providing a visual control when the probe gets close fo a
surface, for example the tympanic membrane.

Since the radiation is direcled {o the cavity at an acuie angle, Le. an angle
targer than 0° and smaller than 80°, the distance measurement is performed
at a location of the cavity wall that lies at an angle in front of the probe,
thereby aillowing measurements to be taken gven at positions close o the
and wall of the cavily or of a constrichon/narrowing of the cavity. In particudar,
the apparatus provides measuremenis of distances both of a circunrderential
surface relative to the direction of nsortion as well as distances to the end
wall in a single mode of operation, When measuring namow cavities such as
the sar canal where movemeni of the probe is restriclted © a longiludingt

movement along a direction of inseriion, this may be of particular advaniage.

it is & further advaniage that the measurermnent s not impaired by additional

light beams usad for position monitaring of the probe.

Embodiments of the apparatus described hersin use electromagnetic
radiation such as fight to determine the distence from the tip of the probe o
the infernal wall of the cavily. Basad on a delermined position of the probe,
this information may be used o generate information about the shape of the
cavity. In some ambodiments, e.g. when the cavily walls are human skin, e.g.
in the case of & human ear cangl, it may be advaniagsous to use ight inthe
wavelength range of approximately 400 — 700 nm, even though
electromagnetic radiation in other wavelength ranges may be suilable, e.g.

visible fight, infra-red light, ullra-vigist light, or other parts of the
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electromagnetic spectrum. Different wavelength ranges may be sultable
depending on the material of the cavity walls. The wavelength range between
400 - 800 nm is sspecially suiltable for measwing the ear canal, because of

the optical properties of skin, e.g. the light penetration is lower in this rangs.

During use of the apparatus, the inside of the cavity need not be touched
guring measurement, and this is advantageous for at izast two reasons.

Fistly, the internal surface of the cavily may be very sensitive, as is e.g. the
f

patient. Secondly, the cavily may deform when fouched, and this might
disturb the measured distance values and thersby corrupt the oblained dats

model.

The acute angle may be selected to be larger than §° and smaller than 80°,
Larger angles, a8 measured between the light beam and the direction of
inzartion - for example angles larger than 20°, such as larger than 30°, g
larger than 40° - generally provide a higher resoiution of the distance
megsurement. Smaller angles on the other hand, for sxample angles smallsr
than B80° such as smaller than 70° e.g. smaller than 80°, avoid & limitation of
the area in front of the probe in which measurements can be performed,
Such smalier angles prevent the emilled radiation from being cbstructed by
protruding parts of the tip of the probe, e.g. by protruding features of a light
emitting lens. The choice of a particular angle may further depend on the size
of the probe and the expsected typical dimensions of the cavities to be

yneasured.

When the radiation directing means is adapled {o divest a plurality of beams
of radiation from the distal end porlion to respective locations on the intemal
syrface, the distance to a plurality of points on the intemal surface can be
measured simuliansously, thus reducing the time reguired for a complets

mapping of the surface.
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The direction of insertion may be definad by the shape of the probs andfor
the position of the radiation directing means at the insertable end portion. In
some embodiments, the direction of insertion s substantially paraliel to the
aplical axis of the radistion direction means andior the radistion receiving
means. In some embodiments, the probe defines a longitudinal axis
projecting out of the end portion siong the direction of inserfion. Whan the
probe has an slongated shape, =g, & rod, it s particulssly sultabls for
insertion into & narrow cavity such as an sar canal or other twbular or canal-
like cavity,

itis an advantage of the apparatus and method deseribed herein that it
allows obtaining geometrical data of surfaces of narrow passages sven when
such & narrow passage has a dismeter smalier than the diameter of the
probe.

The radiation detecting means may comprise an array of light sensitive
slements such as CCOD elements, thereby providing & location-sensitive

getection of the reflected light

in one embodiment, the apparatus includes a radiation receiving slement,
£.g. a lens ov lens system, for recelving the reflecied radiation and directing #t
on the radiation detecling means. in particular, when the radiation receiving
slement direcis the received radiation {o different positions of the radistion
detecting element responsive (o the incident angle, the incident angle of the
received radiation can be easily determinad from corresponding position
coordinates of the detecied radiation by the radiation detecting means.

When the distal end portion includes a lens having s peripharal portion for
directing the radiation {o the al least one location, and g central portion Tor

receiving the reflected radiation, a particularly compant probe is provided
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having an end portion that combines emission and reception of radiation in
an efficient way.

When the central porion includes a radiation receiving surface, and the
peripheral portion includes an annular radietion emitting surface, the annular
radiation emitling swiace being inclined relative 1o the radiation receiving
portion, & large radiation emitting surface is provided for emitling radiation in
g cone, thereby sllowing simultanscus measurements at different positions

along a circumierence of the inner surface.

When the peripheral portion further Includes an annular radiation refiscting
surface for directing a longitudinal beam of radiation towards the radiation
emiliing surface, a particularly compact lens is provided that guides radiation
racelved from a radiation source, e.g. from one or more fight guides emitting
fight in a longitudinal direction towards the lens, 2.0, fowards an annular rea
surface of the perigheral portion

in one embodiment, position dala about a position of the probe with respedt
o a reference system are oblained using transducing means transmitling a
magnetic Held associated with the distal portion of the probe and second
ransducing means fixed relative to the head of the patient and detecting the
magnetic fisld generated by the transmitter. The use of this method of
obtaining the position data is very precise. Further i is possible to make the
measurement noise insensitive. Also the transmitler of the magnstic fisld

may be made small, 5o thal # may easily be bulid inlo the tip of the probe.

in one embodiment the probe has a flexibie part and is capable of bending.
This has the advantage that the probe is ca;pame of assuming the shape of
the cavity, e.g. the sar canal, For example, this makes & possible to insert
and refract the probe the full length of the ear canal as the probe continually

assumes the shape of the ear canal. The ear canal of especially elderdy
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peopla may have sharp bends, and by using the apparatus described hersin,
the probe may be carefully maneuvered past such bends as data are
recorded, and without making impressions in the Sssue of the sar canal,

which might corvupt the measurements.

When the apparsius frther comprises at lesst one radiation guide for
transmitting radiation from a proximal end of the slongated probe to the distal
end portion, the radialion source may be positioned ouiside the cavity,
thereby kaeping the inseriable part of the probe small. When the apparatus
comprises a plurality of such radiation guides, each for fransmitting radiation
to a respective exit position on the distal end postion, a simultansous
fumination of different sections of the cavily wall is provided.

Whaen the apparatus comprises a radiation recelving member for recelving
the reflected radiation at the dislal end portion, and a radiation guide for

fransmitting the received radiation fo the deiection mesns, the detsction

7z
e,

means may be placed oulside the cavity, so as o reducs the dimension

ihe ingeriabie pad of the probe,

When the means for detecting includes means for detecting an incidant angle
of the reflected radiation, e.g. relative to the direction of insertion andior the
optical axis of the radigtion receiving means, and when the means for
determining is adapted {o determine the distance from the incident angle, an
officient and accurale distance measurament I8 provided, eg. by
trigngulation, that determines dislancs components &l sast n 2
ransversefradial direclion relative 1o the direction of insertion. Henog,
geamelrical data relating io the circumisrential surface of 8 cavity relstive to

the direction of insertion can accuraisly and efficiently be defermined.

Erhodiments of the present invention can be implemeanted in different ways,

including the apparatus described above and in the following, 8 methog, and
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further product means, each yielding one or mors of the benefits and
advantages described in connection with the first-mentionsd apparatus, and
2ach having one or more embodiments coresponding o the embodiments
described in connection with the first-mentioned apparatus andfor disclosed
in the depeandent claims,

i particular, according to one aspect, 3 methad is disclosed herain for
obiaining geometrical dala relating fo the intermnal surface of a cavity
facilitates the generalion of an exact model of the internal surface of the

cavity.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a schematic view of an examgle of an apparatus for oblaining
geometrical data relating to the internal swrface of 8 cavity,

“f1

ig. 2 shows a schematic view of ancther example of an apparatus for
obiaining geomstrical data ralating o the intemal surface of 3 cavity.

Fig. 3 shows a sectional view of the distal end of a probe of an spparatus for
abtaining geomelrical data relating to the internal surface of a cavity.

Fig. 4 shows a sectional view of an example of a lens system of an apparatus
for obtaining geometrical data relating to the internal surface of a cavity.
Fig. B is 3 side visw showing the human ear and illustrating the use of the
apparatus described herein.

Fig. 8 shows a schematic view of another example of an apparatus for

ohiaining geometrical data relating to the internal surface of a cavity.

Throughout the drawings, equal reference signs refer to equal or

sorresponding slements, fealures, or components,

DETAILED ODESCRIPTHON
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Fig. 1a shows a schematic view of an example of an apparatus for obiaining
geometrical data relating o the internal surface of g cavity. The apparatus,
generaily designated 100, comprises a distal end portion 103 including an
optical system 118 for emitting and receiving light, a light source 101 and
Haht guides 102 for directing the light from the light source 101 to a rear
surface 104 of the optical systerm 118, The optical system 118 may compriss
ong of moere lenses andlor one or more reflecting surfaces 105 for dirscting
the light from the light guides 102 as one of more beams 108 to the internal
surface 107a, 107b of a cavily.

The light beams 106 are emitted at an acule angle 1135 relative to the optical
axis 113 of the optical system 118 which also defines the direchion of
insertion of the distal end portion 103 into the cavity. The ight beams 108 are
emitted from respective exit positions 117 radially dispiaced from the optical
axis. Furthermore, the exit position 117 and the position where the light beam
intorsects with the cavity wall 107a, b, are posilioned on opposiie sides of the
optical axis 113, The light beams 108 thus cross the optical axis.
Furthermore, the ight beams 108 intersect al a point 118 in front of the
grobe; in the example of fig. 1 the beams intersect with each other on the

optical axis

in the sxample of fig. 1, two light guides 102 are shown. Howsever, itwil be
appreciated that generally a different number of light guides may be used,
2.g. 3,4, § 6, or even a larger number of ight guides. In some smbodiments
g uniform Humination over a full cireumference s achleved by providing @
relatively large number, 8.g. between 80 or 80, optical fires. The fibres are
dividad into bundles, 8.g. from 4 to 6 bundles, and sach bundie is Huminated

vith a respective light source,

For example, the b ight guides may be arranged such that the emitted light

beams 105 intersect with each other as shown infigure 1, so as o define &
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double cong where the point of intersection 118 dafines the apax of the cone.
In the example of fig. 1, the beams 106 intersect each other on the optica

axis.

The emitted light beams 106 are reflected from the intemal surface 107a, b of
the cavity and at least a portion of the reflecled light will be reflected back in
the direction of the distal end portion 103 as indicated by reflected beams
10%a, b in fig. 1. The optical system 118 of the distal end portion 103 thus
aiso functions as a fight recelving system and receives the reflected light
108z, b from the cavity walls 107a, b. The optical system 118 directs the
received ight 108a, b towards a light sensitive slement 110, 2.g. arv aray of
fight sensitive elements such as a CCD, CMOGS or another position sensitive

fight detector, referrad to as a CCD in the following.

Generally g black and white CCD is mors sensitive than a colour sensitive
CCD slement, and # iz preferrad when the signalo-noise ralic becomes
critical. I a monochromatic light source is used the advantage of using a
colowr sensitive CCD slement s limited and a black and white is preferred. i
a white ght source is used # could be interesting to detect the colour
formation with a colour sensitive COD slsment, as it may give a better
identification of the surface of the sar canal and structures like sarwax or the
tympanic membrane than a black and white CCD. Howsver both detector
types may be able to indirectly delect foreign objects such as sarwax,
because earwax will result in a decreased reflection of the light compared to

the naked skin of the ear canal.

Furthermuore, the detectad signal from the CCD may be displayed on a
dispiay, via an evepiece, of the like, as a recelved image, thus allowing the
prabe describad herein to be usad in a fashion similar to an endoscope. Such
an image may be valuable for the person conducting an sar scan, e.g. kra

visual inspaction of the measured cavity andfor so as to provide a visual
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control as io how close the probe ig 1o the end wall, e.g. the tympanic
membrang. The endoscope fike feature Is possible when the optical system
s designed as an imaging lens system with a suitable fleld of depth, which
may be improved by an aperture in the lens system. The aperturs also

raduces stray fight and thereby increasing the signal-io-noise ratio.

The light source 101 may be any suitsble light source, & g, one or more
ncandescent lamps, light smilting diodes (LED) or diode lasers. The choige
of light source is dependent on the properties of the measured object, the
power needed, and nolse congiderations. Coupling of the fight soures into the
fight guides makes the diode lagsers the most obvicus choice because of a
high coupling power, but modal noiss or speckle may accur and anly
monochromatic sources are available. LEDs or incandescent lamps requires
& higher output power for coupling, but modal nolse is not presert and both
short and broad band sources e.g. white light can be chosen..

i fig. 1, the cavity surface 1073, b is shown as an example in & first distance
at 107 a from the tip of the probe and in a second distance at 107h closer fo
the tip of the probe. Light reflected from the surface at 107s will enter the
optical system 116 as light 108z al an incident angle 1143 ralative {o the
aptical axis, while light reflected from the surface at 107h will enter the optical
sysiem 118 as light 108k sl an incident angle 1140 relative to the optical
axis. Consequently, the optical system 118 directs the incoming light 108s
and 1086 o respective positions 108a and 108k on the ligh! sensitive
element 110, thereby allowing the determination of the distance to the points
107a and 1070 in the direction of the emitied fight 106 from the position of
the detected light on the light sensitive element 110. Fig. 1b #lustrates
positions of constant distance on the light sensitive area of the delector 110

for two different distances 108a and 108b respectively.
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The apparatus 100 further comprises a signal analysis circult 111 which
generates an oulput signal 118, e.g. an analogus sigral or a digital data
signal, in some embodiments, the output signal is indicative of an inlensity
distribution of the detected light across the light sensitive area 110 of the
datactor. Alfternatively or sdditionally, the signal analysis circult may perform
additional signal processing steps, 2.9, including the actual distance
calcuiation based on an incident angle determined from the detected
iccations 108a and 108b. The distance may be calculated by means of a
sonventional tigngulation resulling in a distance from the probe o the
lopations wheve the beams 108 intersact with the cavity wall 10%7a b, ie. a
distance in a direction having 3 component in a radial direction from the
optical axis 113, Alternatively, the distance calcuiation andfor further signal
processing may be performed by a separate signalidata processing unll, .4,
ort a computer such as a PC to which the apparatus 100 may be connected.

Fig. 2 shows g schematic view of another example of an apparatus, generally
designated 200, for oblaining geomelrical data refating 1o the infemal surface
of & cavity. The apparatus 200 is similar to the apparatus desconbead in
connection with 100, and will thergfore not be described in delail again hare
However, while the light sensitive element 110 of the apparatus shown in fig.
1 was arranged adiacent to the distal end portion 103, such that the reflected
light is captured at the distal end of the probe, the light sensitive slement 110
of the apparatus 200 is arranged remote from the distal end 103, To this end,
the optical system 118 at the disial end portion 103 directs the reflecied light
into the distal end of a light guide 220, which in the following will be referred
{o as an imaging gulde, &.g. an image fiber, the imaging guide 220 thus
directs the recebvad light, e.g. via a further lens or lens system 221 o the hight

sansitive slement 110

While the apparatus of fig. 100 provides & simpler construction, the

apparatus 200 does not require 3 fight sensitive element, e.g. 8 CCD which is
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small enough to be mountad at the tip of the probe, which is going fo enter
the cavity. For example, the light guides 102 and the imaging guide 220 may
be arranged in a flexible Wube connecting the distal end portion 103 with &
proximal unit including the light source 101, the detestor 110, and, optionally
a signal processing unit 111

Fig. 3 shows a sectional view of the distal end of a probs of an apparatus for
chiaining geometrical data relaling fo the intemnal surface of a cavity. The
probe, generally designated 300, has a distal light-emilling end portion 103
and g rod portion 336, which cornedts the distal portion to a proximal part
{not expiicitly shown}. The rod portion 338 comprises a flexible pipe 337, 2
set of light guides 102 and an image guide 220, The imags guide 220 is
placed centrally in the pipe 337, and the light guides 102 are arrangsd
belween he pipe 337 and the image guide 220, Near the tip of the probs the
image guide 230 and the light guides 102 are connected 10 a bushing 330
surrounded by an outer tubs 338, The iight guides 102 are shown at the
distal porfion of the probe only infig, 3, bul they extend along with the imsge
guida 220 towards the light source 101 and the detector 110 respeactively. A
flexible protection cap 33%a formed in unison with the pipe 337 & provided

around the probe st the outer part theracof, abulting tube 338

The probe further comprises an optical system including an annular lens 331
grrangsd at the bushing 330 to caplure the light emitled from the light guides
102 and to direct the light towards a cavily wall, e.g. as & collimated or
focussed light beam 108, at an acute angle from the jongitudinal axis of the

orobe which also defines the optical axis 113 and the direction of insartion.

Light reflectad from the cavity wall will enter the fube 338 through a central
reseiving lens 332 of the optical system. From the lans 332 the light is
directed via an gperture 333 and a further imaging lens 334 towards a

]

surface of the image guide 220. The aperture 333 increases the depth of fiek
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and prevenis stray light from reaching the sensor. The light received on the
surface of the image guide 220 is transmitted through the image guide 220,
and will appear at the other end thereof. Here the image is caplured by a
CCO array {not shown), The signal from the CCD s transferred {o a signal
pracassing unit for further processing in order to caloulate the distance from
the probe to the canal wall. This is done by a tiangulation method well

xnown as such in the art

in general, aven though the light 108 direcied towards the cavity wall may be
unfocussed or uncollimated, the use of focused or collimated light provides
better contrast and thus resulls in a more preciss detection of the distance

between the probe and the cavity wall.

Tha probe 300 further comprises one or more colls 335 used o generale 3
magnetic field, which is picked up by sansors grrangsd oulside the cavity so
as {o delermine the position of the probe relative o the external sensors,
Thus, when the sensors are arranged in a fixed spatial slationship to the
cavity, a signal/data processing unit can compules spatis! coordinates of
positions on the inner swiace of the cavily from the optlical distance
measurements relative o the probe and from the position measurgments of

the position of the probe relative o the exiernal sensors,

in the abave ambodiments, the fight guides and the image guide have been
shown as separate light guides. it will be appreciated that allernalively a
single fight guide may be used for both directing light {o the tip of the probe
and for fransmifting the reflected light back to the CCD slemeant. Such a
combined guide may require an additional beam splitter, and may frther

have the disadvantage of a reduced signal to noise ralio,
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Hence, in the above, a probe of an spparatus has been disciosad which is
suitable for oblaining geometrical data of the Inner surface of a cavity, such

as an ear cansah

Fig. 4 shows a sectional view of an example of a lens system of an apparatus
for obtaining geometrical data relating to the intsmal surface of a cavity. The
tens system 116 includes a front lens 400 and a rear lens 334

The front lens 400 includes an annudar peripheral lens portion 331 for
directing light through an annular exit surface 444 {o the cavity wall
surrounding the probe. The lens has an annular surface 104 on the rear side
of the lens for receiving light from a light guide as described above. The light
is reflected at an annular outer surface 105 towards the exit surface 444, To
this end, the outer surface 105 is coated with a reflective costing a8
Husiratad by dashed line 447, The exil swrface 444 is inclined such that the
ernittad Hght i1s emilled at an scule angle relative o the oplical axis 113, For
example, in the sxample of fig. 4, the light is emitted from the surfaces 444 3¢
an angle of approximately 53° relative to the optical axis 113, However, other
acule angles may be selected as well, in particuiar angles small encugh o
avold the emittad light {o be obstructed by the inclined exit surfacs 444 an the

cpposite side of the lens.

The front lens 400 further includes a central lens portion 332 for receiving
reflacted light through a front surface 442 from the cavity wall surrounding the
probe. The central lens portion 332 directs the recelved light toward a central

wortion 441 of the rear lens 334,

The exposed surfaces of the front lens 400, Le. the outer surface 108 and the
front surface 442 are optionally cogted with a protective coating (not shown) .

The front lens 400 may be mounted by gluing s annual regr surface o a
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bushing of the probe, .9, bushing 330 shown in fg. 3. The annular rear

surface for mounting is Hiustrated by dashed lines 445 infig. 4.

The lens may be manufactured from any sullable material ke glass or
plastics.  Suitable plastics materials could be  polymethyimethacryiate
(PMMA), cyclic olefin copolymaer (GO0) ke Topas, cydlic olefin polymer COF
ke Zeonex, or the ke, The reflective coating may be any suitable reflective
material, e.g. aluminium. The protective coating may be any sul

Pz

abis
protective material, such as quartz (Si0;). if some of the lens festures heve &
fow radius of curvature, the choice of plastics as lens materal is preferrsd
dug 1o the less strict reguirements of the production process. For exampls,

the lenses may be praduced by an injection moulding process.

The rear lens 334 ncludes a ceniral lens portion 441 for receiving the light
from the central lens portion 332 of the front lens and for focussing the
received fight onlo the end surface of a ight guide, e.g. image guide 220
shown in fig. 3. The rear lens may be mounted by gluing # o a coresponding

bushing via annular mounting surfaces 448,

Fig. § s a side view showing tha human ear and fHlustrating the use of the
apparatus described herein. in use the probe 300 is gently inseried inlo the
sar B0, and magnetic sensors 851 are placed in close relgtion to the
patient's head. Placing the probe in the ear is done while objects in front of
the probe are monitorad as described above, A real picture may be obiained,
and/or the distance {0 the ympanic membrane is measured as described
hersin. The picture captured this way is displayed on a monitor, such that the
operator may know when the probe is approaching the ympanic membrans.
Onoce the region near the tympanic membrane is reached, the measuremanis
may commancs. This may be done whils refracting the probe a8

corresponding values of the distances o the canal wall and the position of
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the probe are recorded. The recording is continued untll the probe reaches
the outer regions of the outler sar.

in the example of fig. 5, at each sensor position A, B ard £ two or mose
gansors 351 are looated, which are designed o register the magnatic fisld
vecior in each of thelr positions. Through this arrangsment the exact location
and oriertation of the tip of the probe can be detemmined st any time. Inths
case shown in fig. §, the probe 300 is located inside the canal of 8 humsn sar
550, shown schematically in the figure, The three sensor locations are
arrangad in a fixed construction, which in use is held mmobilized ralative to
the patient’s head. in the embodiment shown in fig. 5, the fixed construction
compriges a tripod, whereby sach of the sensor positions are placed at the
outer snd of each of the branches 552 of the fripod. In use, a coll at the tip of
e probe is driven al a fixed frequency and by using a lock-in procedure,
thereby allowing any noise coming from other magnetic fields in the
surroundings to be cancelied cut from the sensor signals.

As shown in figs. 1b and 2b, the image recorded by the CCD resembles &
ciosed line having a generally circular shape with centre in the middie of the
image. However, depending on the position of the probs in the ear, the civcle

can be more or less complets. Furthermore, the shape can also be elliptical.

The distances of points on the closed line may be aulomatically defecied by
determining intensity profiles along radial lines from the cenire of the CCD,
i.e. the point where the optical axis intersects the image area. A satof
profifes ara sampled from the centre of the image and oul, with the angle
ranging from 0% to 380°, For each profile, the point with maximum image
infensity is located, e.g. by fitting 3 cubic-apling or other functional shape 1o
the profile and anabtically determining the lop-point of the spiing, thus

aliowing the location of the radius with sub-pixel accuracy.
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Foreign chjects such as halr or sarwax int the ear canal may corrupt the
obiained data and thus the data model of the ear canal. This may be avoided
by analyzing the reflected radiation in order to racognize such oblects, a.g. by
means of g speciral composition of the light received at detecting means,
Such objscts may thus be left out of the data model, thereby improving the
aceuracy of the model Furthermore, the use of light makse # possibls to

obiain very precise data.

Fig. & shows g schematic view of ancther example of an apparatus for
obiaining geometrical data relating to the intemal surface of a cavity.

The apparatus includes a ight source 101, a lens 832, and a mirror or other
refiecting member 605 for dirgcting light 108 from the light source at an acule
angle 115 relative to the optical axis 113 {owards the surface 1073, b of &
cavity. The reflective member 605 directs the light baam 106 from arn axit
position 117 at a radial distance from the optical axis 113 such that the light
beam 108 crosses the gptical axis 113, or at least a plans through the optical
axis, before reaching the cavity wall 1073, b. The jens 8328 is configurad fo
direct light 108a, b reflected from the swface 107a, b {0 respective iocations
108a, b on a detector 110, in the sxample of fig. 8, the cavily wall 1073, b is
shown at two radial distances from the optical axis, where the difference in
radial distance is dencted Ax. The light reflectad from the cavity wall at these
distances is incident on the lens 832 at respective angles 114a and 114b.
The lens imagss the corresponding reflected light 1083 ana 108k on
raspective positions 108a, b at different distances from the optical axis 113,
The distance betwesn the image points 108a and 1080 is dencted Ap.
Hence, the distance Ap is a8 measurs of the distance Ax, as the coordinates in
the image plane 110 of the reflected jight from the object is given by the
angle 114a b of incidence on the lens 632 in front of the detecior, eg. & CCh

chip.
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Although some embodiments have been described and shown in detail, the
invention i8 not restricted o them, bul may alsc be embodiad in other ways

within the scope of the subject matter defined in the following claims.

For example, the apparatus snd method described herein have malnly bean
described with referance to the oblaining of & dala modsl of the sar cansl
Howsver, it will be apprecialed thal the apparatus and method described
hergin may aiso be applicable in connection with other cavities, such as other
body caviiss of the human or animal body, s dental cavilies, nasal
cgvities, the urethra, efc. Furthermore, the method may be used {0 oblain
other fypes of geometrical dala based from the distgnce measuremenis
oblained by the apparaius and method described hersin. For sxampls, the
methed and apparatus may be used o determine measuraments of the
size/diameter along an elongated cavily, .g. for datecting narrowing or other

rregularitiss, for quality control, for medical or other purposes.

Embodiments of the method descoribed herein can be implementad by means
of hardware comprising seversl distinct slements, and/or at least in part by
means of a suitably programmed microprocessor. in the apparatus claims
gnumerating several means, several of these means can be embodied by
one and the same slemend, componant or tem of hardware, The mere fact
that ceriain measurss are recited in mutually different dependent claims o
described in different embodiments does not indicste that & combination of
these measures cannat be used to advaniage.

it should be emphasized that the term "comprisesivomprising” when used in
this specification is taken to specify the gresence of siated fealures, inlegers,
taps of components but does not preciude the presence or addition of one

or more other featuras, integers, steps, components or groups thereol



WO 2009/007178 PCT/EP2008/056820

10

—t
Lh

20

[
fay}

30

CLAIMS:

1. An apparatus for oblaining geometrical data relating to an internal surface

of a cavity, the apparatus comprising:
& probe (300} having an end peortion (103} inserdable into the cavity in
a direction of insertion:

~ the probe defines & longitudinal axis projecting out of the end portion
giong the direction of insertion,
radiation directing means (118, 805, 108, 331) for directing
glectromagnetic radiation from the end portion {0 at isast one location
on the infernal surface {1078, 107h) t© cause the radialion to be
reflected from said location;
detection means (110} for detecting the reflecled radiation {108a,
108b} from the at least one location;
means {111) for determining from the detected radiation g distance
between the probe and the internal surface in a dirgclion having at
least a transverse component relative {o the direction of insertion;
—- the radiation directing means is adapted to direg! the radiation at an

acute angle {115} relative to the direction of insartion;

characterised in that the radiation diracling means is adaptad o direct the

radigtion from an exit position {117} radially displaced from the longitudinal

axiz; and wherain the alleast one location and the exit posttion are located

on opposiie sides of 2 plane through the longitudingl axis, the plane having a

normal along the direction of the radial displacement of the exit position,

2. An apparatus acconding o claim 1, wherein the radiation direcling means
is adapied to direct a pluralily of beams of radiation from the distal end

portion to respective locations on the intemnal surface.

3. An appsratus according to claim 2, whereln the plurality of beams of

radistion intersect in a position {118) displaced from the distal end porlion in
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the direction of inzertion so as o define & cone around the direction of
nsartion.

4. An apparatus according o claim 3, wherein the plurality of beams of
radiation define a double cone having an apex {118} displaced from the disial
end portion in the divection of inssrtion.

3. An apparatus according o any one of claims 1 through 4, wherein the
acute angle s between 20 and 80 degrees, such as bebwesn 30 and 70

degrees, for example between 40 and 80 degrees.

8. An apparatus according to any one of claims 1 through 5, whersin the
distal end portion includes a lens (400} having a peripheral portion {331) for
direcling the radiation i the at least one location and & central portion (332)
for receiving the reflscted radiation.

7. An apparatus according fo claim 8, wherain the central portion includes a
radiation receiving surface (442}, and wherein the peripheral portion includes
an annular radistion emitting surface (444}, the annular radiation emitting

surface being inclined relative to the radiation receiving partion.

8. An apparatus according to claim 7, wharein the peripheral portion further
ncludes  gn annular radiation reflecting surface (108 for directing s
longitudinal beam of radiation towards the radiation emilting surface.

8. An spparatus according to any ong of claims 1 through 8, further
comprising at least one radiation guide (102} for tranamiiting radiation from 2

proximal end of the elongated probe {o the distal end portion.
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10, An appearatus according to olaim 8, comprising a plurality of radiation
guides, each for transmitting radiation to a respective exit position on the

distal end portion,

11, An apparatus sccording to any one of claims 1 through 10, further
comprising a radiation receiving member (118, 332) for recelving the
reflected radiation at the distal end portion; and a radiation guide {220) for
fransmifting the received radiation to the detection means.

12. An apparatus according to any one of daims 1 through 11, whereln the
means for detecting includes means {110) for delecting an incident angle
{1141, 114b; of the reflected radiation; and whergin the means for

determining is adapted to defermine the distance from the incident angle.

13. An apparatus according to any one of claims 1 through 12, whersin the
means for delecting icludes an amay of radiation sensitive detectoy

alements.

14, An apparatus according o any one of claims 1 through 13, whersin the
radialion s lght, such as light having a wavelength batween 400 and 700nm,

praferably in the range between 400 and 800m.

15. An apparatus according o any one of claims 1 through 14, wherein the

3

cavity 1s & body cavity of a human or animal body,

16, Use of the gpparatus according to any one of claims 1 through 18, for
cbtaining geometrical data relating 1o an intemnal surface of 3 body cavity of a

human or animal,

17. Use according to claim 18, whersin the body cavity is the ear canal.
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18. Use according to claim 18, whersin the body cavity is a dental cavity.

18, Use according fo claim 18, wherein the body cavity is 2 nasal cavity,

20, Use according to claim 18, wherein the body cavity is a urethra

21, A Method for obtaining geomestrical data refating to an infernal surface of

a cavily, the method comprising:

inserting a probe inte the cavily along a direction of insertion:

- directing slectromagnetic radiation from an end portion of a probs to at
least one location on the internal surface o cause the radiation to be
refisctad from said location;

— gdetecting the reflected radiation Trom the at least ane location;

~ getermining from the detected radialion s distance between the probe
and the infernal surface in a direction having at least a transverse
compenent relative 10 the direction of ingertion;
and directing includes directing the radistion at an acule angle refative
to the dirsction of insertion,

characterised in that the radistion directing mesans direct the radiation from
an exit position {117} radially displacad from the longitudinal axis; and
wharein the at least one location and the axit position are located on opposite
sides of 2 plane through the ongituding] axis, the plane having a normal

&

along the direction of the radial displacement of the exit position.

22. A method a3 claimed in claim 21, further comprising oblaining position
data indicative of a position of the probe inside the cavity.
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