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Description
FIELD OF INVENTION

[0001] The presentinvention relates to a device forim-
aging the interior of an optically turbid medium and to a
receptacle unit for such a device. More specifically, the
present invention relates to a device for imaging the in-
terior of an optically turbid medium and to a receptacle
unit for such a device which comprise a receptacle struc-
tured to accommodate an optically turbid medium to be
examined and to accommodate an optically matching flu-
id filling a space between an inner surface of the recep-
tacle and the optically turbid medium.

BACKGROUND OF THE INVENTION

[0002] In the context of the present application, the
term turbid medium is to be understood to mean a sub-
stance consisting of a material having a high light scat-
tering coefficient, such as for example an Intralipid solu-
tion or biological tissue. Further, light is to be understood
to mean electromagnetic radiation of a wavelength in the
range from 400 nm to 1400 nm. The term "an element is
optically coupled to another element" means that at least
one light path is formed along which light is transmitted
between the elements. The term "optical properties" cov-
ers the reduced scattering coefficient u’s and the absorp-
tion coefficient u,. Furthermore, "matching optical prop-
erties" is to be understood as having a similar reduced
scattering coefficient ' and a similar absorption coeffi-
cient uy.

[0003] In recent years, several methods and devices
for examining turbid media, e.g. female breast tissue,
have been developed. In particular, new devices for de-
tection and analysis of breast cancer have been devel-
oped and existing technologies have been improved.
Severaltypes of devices forimaging the interior of a turbid
medium by use of light have been developed. Examples
for such devices are mammography devices and devices
for examining other parts of human or animal bodies. A
prominent example for a method for imaging the interior
of a turbid medium is Diffuse Optical Tomography (DOT).
In particular, such devices are intended for the localiza-
tion of inhomogeneities in in vivo breast tissue of a part
of a breast of a female human body. A malignant tumor
is an example for such an inhomogeneity. The devices
are intended to detect such inhomogeneities when they
are still small, so that for example carcinomas can be
detected atan early stage. A particular advantage of such
devices is that the patient does not have to be exposed
to the risks of examination by means of ionizing radiation,
as e.g. X-rays.

[0004] New approaches for further enhancing the ac-
curacy of methods for detecting breast cancer by use of
light have been made. For example, a fluorescent dye
has been developed which can be injected into the body
and will accumulate in cancer cells. If this fluorescent dye
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then becomes excited with light of a suitable wavelength,
the locally emitted light can be detected. Based on the
emitted light, size and localization of carcinoma can be
determined. Thus a powerful method for detection and
localization of breast cancer is provided.

[0005] WO 00/56206 A1 discloses a device forimaging
the interior of a turbid medium by using a light source to
irradiate the turbid medium and photodetectors for meas-
uring a part of the light transported through the turbid
medium. A control unit is provided for reconstructing an
interior of the turbid medium on the basis of the measured
intensities. The disclosed device is particularly adapted
for examining female breasts. In order to allow the ex-
amination of the turbid medium, the device is provided
with a receptacle enclosing a measuring volume and ar-
ranged to receive the turbid medium. The light used for
examining the turbid medium has to be transmitted from
the light source to the turbid medium and from the turbid
medium to the photodetectors. Due to different sizes of
the turbid media to be examined, the size of the recep-
tacle for receiving the turbid medium does not perfectly
match the size of the turbid medium, i.e. a space remains
between the receptacle and the turbid medium. A number
of light paths coupling to the light source and a number
of light paths coupling to photodetectors are distributed
across the walll of the receptacle, i.e. ends of optical fibers
acting as light guides are connected to the wall of the
receptacle. The space between the receptacle and the
turbid medium is filled with a so-called optically matching
fluid as an optically matching medium. The optically
matching fluid provides optical coupling between the part
of the turbid medium to be imaged and the light guides
connecting to the light source and the photodetectors,
respectively. Further, the optically matching fluid is in-
tended to prevent optical short-cutting between the light
source and the photodetectors, i.e. light transmitted from
thelight source to the photodetectors without being trans-
mitted through the turbid medium. The optically matching
fluid counteracts boundary effects in the reconstructed
image which are caused by the difference in optical con-
trast between the interior of the turbid medium in the re-
ceptacle and the remaining space in the receptacle. In
the disclosed device, the positions of the photodetectors
and of the light source relative to the receptacle, and thus
relative to the examined turbid medium, are fixed. The
light source subsequently irradiates the turbid medium
and the photodetectors measure a part of the light trans-
mitted through the turbid medium. A plurality of such
measurements are performed and, based on the results
of the measurements, the control unit reconstructs the
image of the examined turbid medium.

[0006] According to the prior art implementation of
such a device forimaging the interior of a turbid medium,
the light enters and leaves the receptacle viafibers which
are at fixed locations. In order to perform a complete ex-
amination of the turbid medium, the light has to be sub-
sequently directed to the turbid medium from different
directions and the corresponding signals of the detectors
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have to be detected. Directing light through the different
fibers for generating a complete image of the examined
turbid medium requires a large, heavy, and expensive
fiber switch which makes the overall system design ex-
pensive. Further, in the known implementation, due to
the switching of the different fibers, the distance between
the end at the receptacle side of the fiber connecting to
the light source and the end at the receptacle side of a
fiber connecting to a particular detector varies during the
scan. Thus, during a scan, the end of the corresponding
fiber of each detector is sometimes very close to the end
of the fiber connecting to the light source and sometimes
far away from it. As a consequence, the strength of the
signalreceived by a particular detector varies over alarge
range. In order to cope with this situation, the detectors
have to cope with a large dynamic range of received sig-
nal strengths which makes the required detectors expen-
sive and difficult to calibrate. Further, in use in diffuse
optical fluorescence tomography using a fluorescent
contrast agent the signal levels are very low, especially
when the optical path through the tissue is long. This
necessitates the use of sensitive low-noise detectors
which are expensive. Since a large number of detectors
is required in the known devices for providing the required
image - for example about 250 detectors in a device
known to the applicant - achieving a high accuracy image
becomes expensive.

[0007] WO 2007/057798 A2 discloses a device forim-
aging an interior of a turbid medium comprising a recep-
tacle that comprises ameasurement volume for receiving
the turbid medium. The device further comprises afurther
receptacle, arranged to be inserted into the receptacle.
The further receptacle comprises a restricted measure-
ment volume for receiving the turbid medium. By choos-
ing the dimensions of the restricted measurement vol-
ume, a better fit to a given turbid medium may be
achieved. The receptacle comprises optical channels for
optically coupling a light source to the measurement vol-
ume, and the further receptacle comprises further optical
channels. Each further optical channel comprises a first
end for optically coupling the receptacle to the further
receptacle and a second end for optically coupling the
further receptacle to the restricted measurement volume.
The further optical channels must be positioned and
aligned such that light from the light source can reach
the restricted measurement volume.

[0008] US 6 795 195 B1 discloses a system for the
detection and three dimensional imaging of absorption
and scattering properties of a medium such as human
tissue. In one embodiment, light of a laser is directed into
one of several optical source fiber bundles using a rotat-
ing mirror. A signal from a detector fiber bundle is trans-
mitted to a detector unit having several detector chan-
nels.

[0009] US 2004/0171938 A1 discloses alaserimaging
apparatus having a scanning mechanism including a
source of coherent near infrared light pulses operably
directed to a breast of a patient. Via a polygonal mirror

10

15

20

25

30

35

40

45

50

55

rotating at very high speed, for example in the order of
6000 RPM, light is directed onto the breast. The mirror
is mounted on a revolving plate. The light that has trav-
elled through the breast is detected by photodetector ar-
rays fixed with respect to the scanning chamber.

SUMMARY OF THE INVENTION

[0010] Thus, it is the object of the present invention to
maintain the advantages which are achieved by using a
receptacle filled with an optically matching medium while
reducing the costs for the switching of fibers and for signal
detection. Further, calibration and maintenance of the
detectors are simplified and adaptation of the device to
turbid media of different sizes are allowed.

[0011] This objectis solved by a device for imaging the
interior of a turbid medium according to claim 1. The de-
vice comprises a receptacle structured to accommodate
an optically turbid medium to be examined. The recep-
tacle is structured to accommodate an optically matching
medium filling a space between an inner surface of the
receptacle and the optically turbid medium. The device
further comprises at least one light source generating
light to be coupled into the receptacle and at least one
detector for detecting light emanating from the recepta-
cle. A coupling surface is optically coupled to the inner
surface of the receptacle and a coupling member is op-
tically coupled to the light source and the detector. The
coupling surface and the coupling member are movable
to a plurality of different positions relative to each other.
The coupling surface and the coupling member are struc-
tured such that they establish an optical connection from
the light source to the inner surface of the receptacle and
from the inner surface of the receptacle to the at least
one detector in the plurality of different positions.
[0012] Since the receptacle accommodating the turbid
medium can be filled with an optically matching medium,
such as for example an optically matching fluid, boundary
effects can be reliably suppressed. Since the coupling
surface and the coupling member are movable relative
to each other and establish an optical connection in the
plurality of different positions, coupling of light from the
light source to the receptacle, and thus to the turbid me-
dium, and from the turbid medium and the receptacle to
the detector can be switched easily without the necessity
for a complicated fiber switch. The number of optical fib-
ers is reduced and the dynamic range of the signals at
the detectors is reduced. Further, due to the provision of
the coupling surface and the corresponding coupling
member, the part of the device comprising the receptacle
and the coupling surface can be easily changed. Thus,
the device can be easily adapted to turbid media of dif-
ferent sizes.

[0013] Preferably, the coupling member is rotatably
movable relative to the coupling surface about a rotation-
al axis of symmetry. In this case, many different meas-
urement positions can be realized during a scan without
changing the distance between the source and the de-
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tector. Thus, calibration of the detector is facilitated and
the detector does not have to cope with a large dynamic
range of received signal strengths.

[0014] Preferably, the coupling member is further lin-
early movable in the direction of the axis of symmetry.
Thus, a large number of different positions for injection
of lightinto the receptacle and a large number of different
positions for light paths connecting to detectors can be
realized with a reduced number of detectors.

[0015] According to an aspect, the coupling surface
has a cylindrical shape. In this case, replacement of the
part comprising the receptacle and the coupling surface
is facilitated. Further, the light source and the detectors,
or light guides connecting to the light source and to the
detectors, can be arranged on a ring or on a part of aring
which can rotate around the coupling surface. Thus, the
device can be realized in a simplified way and thus more
cost-effective. Further, many different measurement po-
sitions can be realized during a scan without changing
the distance between the source and the detector. Thus,
calibration of the detector is facilitated and the detector
does not have to cope with a large dynamic range of
received signal strengths.

[0016] If the inner surface of the receptacle is coupled
to the coupling surface by means of light guiding fibers,
the shape of the coupling surface can be relatively freely
designed. This is particularly advantageous when a part
of the device comprising the receptacle and the coupling
surface is intended to be regularly exchanged or re-
placed.

[0017] According to an aspect, the coupling surface is
formed by an outer surface of the receptacle facing away
from the turbid medium to be examined. With this feature,
the device can be realized in a space-saving manner. An
exchangeable receptacle can be advantageously real-
ized.

[0018] If the receptacle is made from a material having
optical properties similar to the optical properties of the
turbid medium to be examined, i.e. matching optical prop-
erties, the optical connection between the light source
and the turbid medium and between the turbid medium
and the detector can be established via the material of
the receptacle in a plurality of orientations. Thus, the ori-
entation of the coupling member with respect to the cou-
pling surface is not limited to a restricted number of spe-
cific orientations.

[0019] Preferably, an optically matching fluid is provid-
ed between the coupling surface and the coupling mem-
ber. In this case, although relative movement is enabled
between the coupling surface and the coupling member,
the quality of optical coupling can be kept at a high level
and boundary effects can be suppressed.

[0020] According to a further aspect, the device com-
prises a receptacle unit comprising the receptacle and
the coupling surface. The receptacle unit is removable
from the device. As a result, the device can be easily
adapted to different sizes of turbid media to be examined
such that a high accuracy can be achieved for different
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sizes of turbid media. Preferably, the device is a medical
image acquisition device.

[0021] The object is further solved by a receptacle unit
according to claim 11. A receptacle unit for a device for
imaging the interior of an optically turbid medium com-
prises a receptacle structured to accommodate an opti-
cally turbid medium for examination. The receptacle is
structured to accommodate an optically matching fluid
filling a space between an inner surface of the receptacle
and the optically turbid medium. Further, the receptacle
unit comprises a coupling surface optically coupled to
the inner surface of the receptacle for coupling light from
a light source into the receptacle and for coupling light
emanating from the receptacle to a detector via a cou-
pling member optically coupled to the light source and
the detector. The receptacle unit is structured such that
it is attachable to and detachable from the device for im-
aging the interior of an optically turbid medium. The cou-
pling surface is structured such that, after mounting in
the device, light can be coupled from the light source to
the receptacle and from the receptacle to the detector in
a plurality of orientations of the coupling surface with re-
spect to the coupling member.

[0022] Since the receptacle accommodating the turbid
medium can be filled with an optically matching medium,
such as for example an optically matching fluid, boundary
effects can be reliably suppressed. Since the receptacle
unit comprises a coupling surface optically coupled to
the inner surface of the receptacle, coupling of light from
the light source to the receptacle and from the receptacle
to the detector can be switched easily without the neces-
sity for a complicated fiber switch. Further, due to the
receptacle unit being structured such that it is attachable
to and detachable from the device for imaging the interior
of an optically turbid medium, the receptacle unit can be
easily exchanged. Thus, the device can be easily adapt-
ed to turbid media of different sizes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Furtherfeatures and advantages of the present
invention will arise from the detailed description of em-
bodiments with reference to the enclosed drawings.

Fig. 1 shows a schematic representation of a device
forimaging the interior of an optically turbid medium.
Fig. 2 schematically shows a portion in a region of
the receptacle according to a first embodiment.

Fig. 3 schematically shows a portion in a region of
the receptacle according to a second embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0024] First, the general construction of the device for
imaging the interior of an optically turbid medium will be
described with reference to Fig. 1. The device according
to the embodiments is a device for diffuse optical tom-
ography (DOT) for in vivo examination of biological tis-
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sue, in particular for mammography.

[0025] The device according to the embodiments uses
alaser having a wavelength in the near infrared (NIR) as
a light source. In principle, the device 1 operates similar
to the device for imaging the interior of a turbid medium
described above with respect to the prior art. However,
as will be described below, the device differs in the con-
struction of the receptacle, in the arrangement of the light
source and the detectors, and in the realization of the
light paths between the light source and the receptacle
and between the receptacle and the detectors, respec-
tively. As can be seen in Fig. 1, the device 1 comprises
a cradle 2 on which a person is placed for examination.
A receptacle 3; 103 is attached to the cradle 2 for receiv-
ing a turbid medium to be examined, which in the present
embodiments is a female human breast. The receptacle
3; 103 has a cup-like shape which is closed at the bottom
and has an opening at the upper side. The interior of the
receptacle 3; 103 is formed as a cavity. For examination,
the person is placed on the cradle 2 and the breast to be
examined is placed in the receptacle 3; 103 such that it
freely hangs in the receptacle 3; 103. As only schemat-
ically indicated in Fig. 1, the inner surface of the recep-
tacle is connected to a measurement system 4; 104 by
means of light guides 5; 105. The structure of this optical
connection will be described further below with respect
to the specific embodiments. The optical connection is
established such that the turbid medium located in the
receptacle 3; 103 can be illuminated with light from a light
source (not shown) and such that light from the turbid
medium can be transmitted to detectors (not shown) ar-
ranged in the measurement system 4; 104 via the light
guides 5; 105. Based on the signals received by the de-
tectors, an image of the interior of the turbid medium is
reconstructed. In the schematic representation the light
source and the detectors are arranged in the measure-
ment system 4; 104. However, the light source and the
detectors may also be arranged at other positions and
electrically connected to the measurement system 4;
104.

[0026] The size of the receptacle 3; 103 is such that a
space remains between the inner surface 6; 106 of the
receptacle 3; 103 and the turbid medium. For examina-
tion, this space is filled with an optically matching medium
which serves to provide optical coupling between the tur-
bid medium to be imaged and the inner surface 6; 106
of the receptacle 3; 103. The optically matching medium
further serves to prevent optical short-cutting between
the light guides coming from the light source and the light
guides coupling to the detectors. Furthermore, the opti-
cally matching medium serves to counteract boundary
effects in the reconstructed image which are caused by
the difference in optical contrast between the interior of
the turbid medium and the remaining space in the recep-
tacle 3; 103.

10

15

20

25

30

35

40

45

50

55

First embodiment

[0027] A first embodiment will now be described with
respect to Fig. 2. In Fig. 2, only that portion of the device
1 for imaging the interior of turbid media is schematically
shown where the receptacle 3 and the measurement sys-
tem 4 are arranged.

[0028] Inthe embodiment, the receptacle 3 is mounted
on the cradle 2. The receptacle 3 is made from a material
having approximately the same optical properties as the
optically matching fluid which is located between the tur-
bid medium and the inner surface 6 of the receptacle 3.
An example for such a material is polyoxymethylene
(POM). Other suitable materials are for example nylon
and other turbid plastics. Thus, the material of the recep-
tacle 3 is capable of guiding light from the inner surface
6 of the receptacle 3 to the outer surface thereof and vice
versa. In other words, the material of the receptacle 3
serves as a light guide.

[0029] The measurementsystem4 and thelightguides
5 connecting to the measurement system 4 are arranged
in a movable member 7 which is movable with respect
to the receptacle 3 and the cradle 2. In the embodiment,
the movable member 7 can rotate about an axis of rota-
tion Z with respect to the receptacle 3. The receptacle 3
has rotational symmetry and the axis of rotation Z is lo-
cated in the rotational center of symmetry of the recep-
tacle 3. On the side facing the receptacle 3, the movable
member 7 is provided with a counterfitting part 8 the
shape of which is adapted to the shape of the outer sur-
face of the receptacle 3. The outer surface of the recep-
tacle 3 forms a coupling surface 10, as will be described
below. The size of the counterfitting part 8 is slightly larger
than the size of the coupling surface 10 such that a small
space remains in-between in order to allow rotational
movement between the movable member 7 and the re-
ceptacle 3. A seal 9 surrounding the opening of the re-
ceptacle 3 is provided which seals the space between
the counterfitting part 8 and the coupling surface 10 with
respect to the exterior. The seal 9 is structured such that
it allows rotation of the movable member 7 in relation to
the receptacle 3 and the cradle 2.

[0030] As schematically indicated in Fig. 2, a plurality
of light guides 5 extends from the measurement system
4 to the surface of the counterfitting part 8 facing the
coupling surface 10. The surface of the counterfitting part
8 facing the coupling surface 10 forms a coupling member
11. In the present embodiment, the light guides 5 are
formed by fibers capable of transmitting optical signals,
such as e.g. glass fibers. One end of the respective light
guides 5 ends at the surface of the counterfitting part 8
forming the coupling member 11. The space between
the coupling surface 10 and the coupling member 11 is
filled with an optically matching fluid which serves to pro-
vide optical coupling between the coupling surface 10
and the coupling member 11 and acts as a lubricant for
the relative movement between the movable member 7
and the receptacle 3.
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[0031] In operation, the light used for examination is
transmitted from the light source to the coupling member
11 via one of the light guides 5, is transmitted from the
coupling member 11 to the coupling surface 10, and is
transmitted from the coupling surface 10 to the turbid
medium placed in the receptacle 3 via the light guide
formed by the material of the receptacle 3 and the opti-
cally matching medium contained in the receptacle 3.
Further, the light emanating from the turbid medium is
transmitted to the coupling surface 10 by means of the
optically matching medium and the light guiding material
of the receptacle 3, is transmitted from the coupling sur-
face 10 to the coupling member 11, and is transmitted to
the detectors via the light guides 5 in the movable mem-
ber 7. After a measurement is performed, the movable
member 7 is rotated relative to the receptacle 3 and fur-
ther measurements are performed in different relative
arrangements of the movable member 7 with respect to
the receptacle 3. As a consequence, the coupling surface
10 and the coupling member 11 form an interface for
transmitting light between the receptacle 3 and the meas-
urement system 4. The coupling surface 10 acts as a first
interface surface and the coupling member 11 acts as a
second interface surface. Thus, an optical interface is
provided, which allows relative movement between the
measurement system 4 and the receptacle 3 and, at the
same time, provides good optical coupling properties.
[0032] Throughout the scan, the light guides 5 con-
necting to the respective detectors have a fixed distance
to the light guide 5 connecting to the light source, when
the measurement system 4 is only rotated with respect
to the receptacle 3. Thus, by pre-filtering or pre-amplify-
ing it can be achieved that the light intensity for all de-
tectors is in the same order of magnitude, making detec-
tor design and calibration easier.

[0033] Although it has been described that only one of
the light guides 5 is used for transmitting light from the
light source to the receptacle 3, a plurality of the light
guides 5 may be used instead. If a plurality of light guides
5is used for connecting to the light source during a scan,
due to the rotational symmetry the source positions are
located on several rings with respect to the receptacle 3.
Thus, even in this case only a small fiber-switch is re-
quired, since one fiber can be used for each ring, i.e. for
each plane perpendicular to the axis Z. Although the dis-
tance between source and detectors becomes again var-
iable in this arrangement, the variability is still reduced
compared to the prior art systems.

[0034] As a consequence, noise sensitivity of the sen-
sors becomes less of an issue which allows using cheap-
er detectors. At the same time, boundary effects resulting
from coupling light into and out of the turbid medium to
be imaged are reduced, since the turbid medium is sur-
rounded by an optically matching medium during the
measurement.

[0035] Further, the receptacle 3 comprising the cou-
pling surface 10 as its outer surface is structured such
that it can be detached from the cradle 2 and replaced

10

15

20

25

30

35

40

45

50

55

by another receptacle having a different size of the vol-
ume for accommodating the turbid medium. In other
words, the receptacle 3 comprising the coupling surface
10 is provided as a replaceable, i.e. attachable and de-
tachable, receptacle unit. Thus, the device 1 for imaging
the interior of turbid media can be easily adapted to dif-
ferentsizes of turbid media without deteriorating the qual-
ity of the reconstructed image.

Second embodiment

[0036] A second embodiment will now be described
with respect to Fig. 3. In Fig. 3, again only that portion of
the device 1 for imaging the interior of turbid media is
schematically shown where the receptacle 103 and the
measurement system 104 are arranged.

[0037] As can be seen in Fig. 3, the receptacle 103
according to the second embodiment forms a cavity hav-
ing rotational symmetry with respect to an axis of rotation
Z. Further, the receptacle has an outer surface which is
formed in a cylindrical shape and has rotational symmetry
with respect to the axis Z. The inner surface 106 of the
receptacle 103 is provided with first ends of a plurality of
light guides 105 optically connecting the inner surface
106 to the outer surface of the receptacle 103. The re-
spective other ends of the light guides 105 end at the
outer surface of the receptacle 103 which forms a cou-
pling surface 110, as will be described below. The light
guides 105 may be formed by light guiding fibers, for
example. A plurality of such light guides 105 is distributed
in the circumferential direction of the coupling surface
110 in a plane perpendicular to the axis Z.

[0038] In a position facing the coupling surface 110, a
movable member 107 is arranged which is shaped as a
ring surrounding the coupling surface 110. As can be
seen in Fig. 3, a measurement system 104 is arranged
in the movable member 107. The measurement system
104 comprises at least one light source and a plurality of
detectors. Again, the light source can be preferably re-
alized as a laser. The movable member 107 is construct-
ed such that it can be rotated about the axis of rotation
Z with respect to the receptacle 103. The surface of the
movable member 107 facing the coupling surface 110
forms a coupling member 111. To this purpose, this sur-
face of the movable member 107 may be either provided
with the light source and the detectors or with appropriate
light guides for guiding light from the light source to the
coupling member 111 and for guiding light from the cou-
pling member 111 to the respective detectors. Such light
guides may be provided in form of light guiding fibers or
lenses or in form of a combination of fibers and lenses,
for example.

[0039] In operation, by rotating the movable member
107 to a specific orientation with respect to the receptacle
103, a specific one of the light guides 105 connecting the
coupling surface 110 to the inner surface 106 of the re-
ceptacle 103 can be selected for illuminating the turbid
medium. Other light guides 105 located on the same
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height on the coupling surface 110 can then be used for
transmitting light emanating from the turbid medium to
the detectors. By rotating the ring, different light guides
105 can then be used for connecting to the light source
and to the detectors, respectively. The light coming from
the light source is transmitted from the coupling member
111 to the coupling surface 110, from the coupling sur-
face 110 via the light guide 105 to the inner surface 106
of the receptacle 103, and through the optically matching
medium to the turbid medium. The light emanating from
the turbid medium is transmitted through the optically
matching medium, from the inner surface 106 to the cou-
pling surface 110 via the light guides 105, from the cou-
pling surface 110 to the coupling member 111, and then
to the respective detectors. In this way, every light guide
105 can be used forinjection of light and every light guide
can be used as a detection position.

[0040] Further, as indicated by arrow A in Fig. 3, the
movable member 107 is movable in the direction parallel
to the axis of rotation Z. Thus, the light from the light
source can be coupled to the turbid medium in different
heights during a scan and the light emanating from the
turbid medium can be detected in different heights. In
this case, due to the rotational symmetry the source po-
sitions are located on several rings with respect to the
receptacle 103.

[0041] The coupling surface 110 and the coupling
member 111 form an interface for transmitting light be-
tween the receptacle 103 and the measurement system
104. The coupling surface 110 serves as first interface
surface and the coupling member 111 serves as second
interface surface. Thus, an optical interface is provided,
which allows relative movement between the measure-
ment system 104 and the receptacle 103 and, atthe same
time, provides good optical coupling properties. The cou-
pling between the coupling surface 110 and the coupling
member 111 may be realized as direct transmission from
one light guide to another light guide, for example from
fiber to fiber, or further optical elements such as lenses,
mirrors, etc. may be interposed therebetween.

[0042] Also according to this embodiment, the advan-
tages achieved by provision of an optically matching me-
dium between the turbid medium and the receptacle 103
are maintained. Further, at least within a single ring the
distance from the light source to the respective detectors
is fixed during the scan and thus calibration of the detec-
tors is facilitated and less expensive detectors can be
used. Since the relative movement between the meas-
urement system 104 and the receptacle 103 is allowed,
only a reduced number of detectors is required which is
advantageous under cost aspects.

[0043] Furthermore, in the second embodiment the re-
ceptacle 103 comprising the coupling surface 110 as an
outer surface is provided as a removable insert which
can be attached to and detached from the cradle 2. Thus,
the receptacle 103 and the coupling surface 110 are pro-
vided as a removable receptacle unit. As a result, the
device 1 for imaging the interior of turbid media can be
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easily adapted to different sizes of turbid media without
deteriorating the quality of the reconstructed image by
providing receptacle units having different sizes of vol-
umes for accommodating turbid media.

[0044] Although the movable member 107 is formed
as a complete ring surrounding the coupling surface 110
in the second embodiment, the movable member 107
may also be formed as only a part of a ring partially sur-
rounding the coupling surface 110. Further, the movable
member 107 may be a part of a larger rotating system
extending below the receptacle 103. Further, the meas-
urement system 104 does not have to be provided in the
movable member 107 but may also be optically connect-
ed to the movable member 107 by means of light guides,
for example by optically guiding fibers.

[0045] Althoughithasbeen described thatthe coupling
surface 110 is formed by a cylindrical outer surface of
the receptacle 103, a different construction may be im-
plemented as well. Since the inner surface 106 is optically
connected to the coupling surface 110 by light guides
105 provided in the material of the receptacle 103, the
arrangement of the ends of the light guides 105 facing
away from the turbid medium can be relatively freely de-
signed. However, preferably these ends lead to a cou-
pling surface having a circular circumference and the
coupling member has a matching circular shape and the
coupling surface and the coupling member can be rotated
with respect to each other about a common axis of sym-
metry.

[0046] Although the provision of only one light source
has been described with respect to the embodiments, a
plurality of light sources may be provided instead. Multi-
ple wavelengths can be used by multiplexing light from
different light sources, for example from different lasers,
into the light guide connecting to the light source.
[0047] From the inner surface of the receptacle to the
coupling surface, the light is guided by a light guide. In
the first embodiment the light is guided by the material
of the receptacle. In the second embodiment the light is
guided by fibers. Further, the light is guided from the light
source to the coupling member and from the coupling
member to the detectors via light guides. The coupling
surface and the coupling member form an interface at
which the lightis coupled from the light guides connecting
the coupling surface and the inner surface of the recep-
tacle to the light guides connecting the coupling member
and the light source and detectors, respectively.

Claims

1. A device (1) for imaging an interior of an optically
turbid medium comprising:

a receptacle (3; 103) structured to accommo-
date the optically turbid medium for examination
and an optically matching medium for filling a
space between an inner surface (6; 106) of the
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receptacle (3; 103) and the optically turbid me-
dium;

at least one light source for generating light to
be coupled into the receptacle (3; 103);

at least one detector for detecting light emanat-
ing from the receptacle (3; 103);

a coupling surface (10; 110) optically coupled to
the inner surface (6; 106) of the receptacle; and
a coupling member (11; 111) optically coupled
to the light source and the detector;
characterised in that

the coupling surface (10; 110) and the coupling
member (11; 111) are movable to a plurality of
different positions relative to each other and
structured to establish an optical connection
from the light source to the inner surface (6; 106)
of the receptacle and from the inner surface (6;
106) of the receptacle to the atleast one detector
in the plurality of different positions.

The device for imaging the interior of an optically
turbid medium according to claim 1, wherein the cou-
pling member (11; 111) is rotatably movable relative
to the coupling surface (10; 110) about a rotational
axis of symmetry (2).

The device for imaging the interior of an optically
turbid medium according to claim 1 or 2, wherein the
coupling member (111) is further linearly movable in
the direction of the axis of symmetry (2).

The device for imaging the interior of an optically
turbid medium according to any one of claims 1 to
3, wherein the coupling surface (110) has a cylindri-
cal shape.

The device for imaging the interior of an optically
turbid medium according to any one of claims 1 to
4, wherein the coupling surface (10; 110) is formed
by an outer surface of the receptacle facing away
from the turbid medium to be examined.

The device for imaging the interior of an optically
turbid medium according to any one of claims 1 to
5, wherein the receptacle (3) is made from a material
having optical properties similar to the optical prop-
erties of the optically matching fluid.

The device for imaging the interior of an optically
turbid medium according to any one of claims 1 to
5, wherein the inner surface (106) of the receptacle
(103) is coupled to the coupling surface (110) by
means of light guiding fibers (105).

The device for imaging the interior of an optically
turbid medium according to any one of claims 1 to
7, wherein an optically matching fluid is provided be-
tween the coupling surface (10; 110) and the cou-
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1.

pling member (11; 111).

The device for imaging the interior of an optically
turbid medium according to any one of claims 1 to
8, wherein the device comprises a receptacle unit
comprising the receptacle (3; 103) and the coupling
surface (10; 110), the receptacle unit being attach-
able to and detachable from the device (1).

The device for imaging the interior of an optically
turbid medium according to any one of claims 1 to
9, wherein the device is a medical image acquisition
device.

A receptacle unit for a device for imaging an interior
of an optically turbid medium, the receptacle unit
comprising:

a receptacle (3; 103) structured to accommo-
date an optically turbid medium for examination
and an optically matching fluid filling a space
between an inner surface (6; 106) of the recep-
tacle (3; 103) and the optically turbid medium;
and

a coupling surface (10; 110) optically coupled to
the inner surface (6; 106) of the receptacle (3;
103) for coupling light from a light source into
the receptacle (3; 103) and for coupling light em-
anating from the receptacle (3; 103) to a detector
via a coupling member (11; 111) optically cou-
pled to the light source and the detector;
wherein the receptacle unit is structured such
that it is attachable to and detachable from the
device (1) for imaging the interior of an optically
turbid medium;

and the coupling surface (10; 110) is structured
such that, after mounting in the device, it is mov-
able to a plurality of different positions relative
to the coupling member (11; 111) to establish
an optical connection from the light source to
the inner surface (6; 106) of the receptacle (3;
103) and from the inner surface (6; 106) of the
receptacle (3; 103) to the detector in a plurality
of orientations of the coupling surface (10; 110)
with respect to the coupling member (11; 111).

Patentanspriiche

1.

Vorrichtung (1) zur Darstellung des Inneren eines
optisch triiben Mediums, die Folgendes umfasst:

eine Aufnahmemulde (3; 103), die konstruiert
ist, um das optisch triibe Medium zur Untersu-
chung und ein optisch ibereinstimmendes Me-
dium zum Aufflllen eines Raums zwischen ei-
ner Innenflache (6; 106) der Aufnahmemulde (3;
103) und dem optisch triiben Medium aufzuneh-
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men:

mindestens eine Lichtquelle zum Erzeugen
von in die Aufnahmemulde (3; 103) einzu-
koppelndem Licht;

mindestens einen Detektor zum Detektie-
ren von aus der Aufnahmemulde (3; 103)
austretendem Licht;

eine Kopplungsflache (10; 110), die optisch
mit der Innenflache (6; 106) der Aufnahme-
mulde gekoppelt ist; und

ein Kopplungselement (11; 111), das op-
tisch mit der Lichtquelle und dem Detektor
gekoppelt ist;

dadurch gekennzeichnet, dass

die Kopplungsflache (10; 110) und das Kopplungs-
element (11; 111) in eine Vielzahl von unterschied-
lichen Positionen relativ zueinander bewegt werden
kénnen und konstruiert sind, um eine optische Ver-
bindung von der Lichtquelle zur Innenflache (6; 106)
der Aufnahmemulde und von der Innenflache (6;
106) der Aufnahmemulde zu dem mindestens einen
Detektor in der Vielzahl von unterschiedlichen Posi-
tionen aufzubauen.

Vorrichtung zur Darstellung des Inneren eines op-
tisch triben Mediums nach Anspruch 1, wobei das
Kopplungselement (11; 111) in Bezug auf die Kopp-
lungsflache (10; 110) um eine Rotationssymmetrie-
achse (Z) drehbar beweglich ist.

Vorrichtung zur Darstellung des Inneren eines op-
tisch triben Mediums nach Anspruch 1 oder 2, wobei
das Kopplungselement (111) weiterhin in der Rich-
tung der Symmetrieachse (Z) linear beweglich ist.

Vorrichtung zur Darstellung des Inneren eines op-
tisch trilben Mediums nach einem der Anspriiche 1
bis 3, wobei die Kopplungsflache (110) eine zylind-
rische Form hat.

Vorrichtung zur Darstellung des Inneren eines op-
tisch trilben Mediums nach einem der Anspriiche 1
bis 4, wobei die Kopplungsflache (10; 110) durch
eine AuRenflache der Aufnahmemulde gebildetwird,
die von dem zu untersuchenden trilben Medium
weggewandt ist.

Vorrichtung zur Darstellung des Inneren eines op-
tisch trilben Mediums nach einem der Anspriiche 1
bis 5, wobei die Aufnahmemulde (3) aus einem Ma-
terial besteht, dessen optische Eigenschaften den
optischen Eigenschaften des optisch Ubereinstim-
menden Fluids gleichen.

Vorrichtung zur Darstellung des Inneren eines op-
tisch trilben Mediums nach einem der Anspriiche 1
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1.

bis 5, wobei die Innenflache (106) der Aufnahme-
mulde (103) mithilfe von Lichtleitfasern (105) mit der
Kopplungsflache (110) gekoppelt ist.

Vorrichtung zur Darstellung des Inneren eines op-
tisch triilben Mediums nach einem der Anspriche 1
bis 7, wobei ein optisch Ubereinstimmendes Fluid
zwischen der Kopplungsflache (10; 110) und dem
Kopplungselement (11; 111) vorgesehen ist.

Vorrichtung zur Darstellung des Inneren eines op-
tisch triilben Mediums nach einem der Anspriche 1
bis 8, wobei die Vorrichtung weiterhin eine Aufnah-
meeinheit umfasst, die die Aufnahmemulde (3; 103)
und die Kopplungsflache (10; 110) umfasst, wobei
die Aufnahmeeinheit an der Vorrichtung (1) ange-
bracht und von der Vorrichtung abgenommen wer-
den kann.

Vorrichtung zur Darstellung des Inneren eines op-
tisch triilben Mediums nach einem der Anspriche 1
bis 9, wobei die Vorrichtung eine medizinische Bil-
derfassungsvorrichtung ist.

Aufnahmeeinheit fir eine Vorrichtung zur Darstel-
lung des Inneren eines optisch triiben Mediums, wo-
bei die Aufnahmeeinheit Folgendes umfasst:

eine Aufnahmemulde (3; 103), die konstruiert
ist, um das optisch triibe Medium zur Untersu-
chung und ein optisch tibereinstimmendes Fluid
zum Aufflllen eines Raums zwischen einer In-
nenflache (6; 106) der Aufnahmemulde (3; 103)
und dem optisch triiben Medium aufzunehmen:
und

eine Kopplungsflache (10; 110), die optisch mit
der Innenflache (6; 106) der Aufnahmemulde (3;
103) gekoppeltist, um Licht von einer Lichtquel-
le in die Aufnahmemulde (3; 103) einzukoppeln
und um aus der Aufnahmemulde (3; 103) aus-
tretendes Licht Uber ein Kopplungselement (11;
111) an einen Detektor zu leiten, wobei das
Kopplungselement optisch mit der Lichtquelle
und dem Detektor gekoppelt ist;

wobei die Aufnahmeeinheit derartig konstruiert
ist, dass sie an der Vorrichtung (1) zur Darstel-
lung des Inneren eines optisch triiben Mediums
angebracht und von dieser Vorrichtung abge-
nommen werden kann;

und wobei die Kopplungsflache (10; 110) derar-
tig konstruiert ist, dass sie nach der Montage in
der Vorrichtung in eine Vielzahl von unter-
schiedlichen Positionen relativ zum Kopplungs-
element(11; 111) bewegtwerden kann, umeine
optische Verbindung von der Lichtquelle zur In-
nenflache (6; 106) der Aufnahmemulde (3: 103)
und von der Innenflache (6; 106) der Aufnahme-
mulde (3; 103) zum Detektor in einer Vielzahl
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von Ausrichtungen der Kopplungsflache (10;
110) in Bezug auf das Kopplungselement (11;
111) aufzubauen.

Revendications

Dispositif (1) d’imagerie de l'intérieur d’'un milieu op-
tiguement trouble comprenant :

un réceptacle (3 ; 103) structuré pour accueillir
le milieu optiguement trouble en vue d’un exa-
men et un milieu optiguement correspondant
pour remplir un espace entre une surface inté-
rieure (6 ; 106) duréceptacle (3 ; 103) etle milieu
optiquement trouble ;

au moins une source lumineuse pour générer
une lumiére a coupler dans le réceptacle (3 ;
103) ;

aumoins un détecteur pour détecter une lumiére
émanant du réceptacle (3 ; 103) ;

une surface d’accouplement (10 ; 110) couplée
optiguement a la surface intérieure (6 ; 106) du
réceptacle ; et

un organe d’accouplement (11 ; 111) couplé op-
tiguement a la source lumineuse et au
détecteur ;

caractérisé en ce que

la surface d’accouplement (10 ; 110) et I'organe
d’accouplement (11 ; 111) peuvent étre déplacés a
une pluralité de positions différentes I'un par rapport
al'autre et structurés pour établir une liaison optique
de la source lumineuse a la surface intérieure (6 ;
106) du réceptacle et de la surface intérieure (6 ;
106) du réceptacle a I'au moins un détecteur a la
pluralité de positions différentes.

Dispositif d'imagerie de l'intérieur d’'un milieu opti-
quement trouble selon la revendication 1, dans le-
quel 'organe d’accouplement (11; 111) peut étre
déplacé de maniére a pouvoir tourner par rapport a
la surface d’accouplement (10 ; 110) autour d’'un axe
rotationnel de symétrie (2).

Dispositif d'imagerie de l'intérieur d’'un milieu opti-
quement trouble selon la revendication 1 ou 2, dans
lequel 'organe d’accouplement (111) peut étre en
outre déplacé linéairement dans le sens de I'axe de
symétrie (2).

Dispositif d'imagerie de l'intérieur d’'un milieu opti-
quement trouble selon I'une quelconque des reven-
dications 1 a 3, dans lequel la surface d’accouple-
ment (110) a une forme cylindrique.

Dispositif d'imagerie de l'intérieur d’'un milieu opti-
quement trouble selon I'une quelconque des reven-
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dications 1 a 4, dans lequel la surface d’accouple-
ment (10 ; 110) est constituée par une surface exté-
rieure du réceptacle faisant face a I'écart du milieu
trouble a examiner.

Dispositif d'imagerie de l'intérieur d’'un milieu opti-
quement trouble selon I'une quelconque des reven-
dications 1a5,danslequelle réceptacle (3) estcons-
titué d’un matériau ayant des propriétés optiques si-
milaires aux propriétés optiques du fluide optique-
ment correspondant.

Dispositif d'imagerie de l'intérieur d’'un milieu opti-
quement trouble selon I'une quelconque des reven-
dications 1 a5, danslequel la surface intérieure (106)
du réceptacle (103) est couplée a la surface d’ac-
couplement (110) au moyen de fibres de guidage de
lumiere (105).

Dispositif d'imagerie de l'intérieur d’'un milieu opti-
quement trouble selon I'une quelconque des reven-
dications 1 a 7, dans lequel un fluide optiquement
correspondant est fourni entre la surface d’accou-
plement (10 ; 110) et 'organe d’accouplement (11 ;
111).

Dispositif d'imagerie de l'intérieur d’'un milieu opti-
quement trouble selon I'une quelconque des reven-
dications 1 a 8, dans lequel le dispositif comprend
une unité de réceptacle comprenant le réceptacle
(3; 103) et la surface d’accouplement (10 ; 110),
I'unité de réceptacle étant attachable au dispositif
(1) et détachable de celui-ci.

Dispositif d'imagerie de l'intérieur d’'un milieu opti-
quement trouble selon I'une quelconque des reven-
dications 1 a 9, dans lequel le dispositif est un dis-
positif d’acquisition d’image meédicale.

Unité de réceptacle pour un dispositif d'imagerie de
I'intérieur d’'un milieu optiquement trouble, l'unité de
réceptacle comprenant :

un réceptacle (3 ; 103) structuré pour accueillir
un milieu optiquement trouble en vue d’'un exa-
men et un milieu optiquement correspondant
pour remplir un espace entre une surface inté-
rieure (6 ; 106) duréceptacle (3 ; 103) etle milieu
optiquement trouble ; et

une surface d’accouplement (10 ; 110) couplée
optiquement a la surface intérieure (6 ; 106) du
réceptacle (3 ; 103) pour coupler une lumiere
d’une source lumineuse dans le réceptacle (3 ;
103) et pour coupler une lumiére émanant du
réceptacle (3 ; 103) a un détecteur par l'inter-
médiaire d'un organe d’accouplement (11 ; 111)
couplé optiquement a la source lumineuse et au
détecteur ;
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dans laquelle I'unité de réceptacle est structurée
de maniére a étre attachable au dispositif (1)
d’'imagerie de l'intérieur d’'un milieu optiquement
trouble et détachable de celui-ci ;

et la surface d’accouplement (10; 110) est
structurée de sorte que, aprés avoir été montée
dans le dispositif, elle peut étre déplacée a une
pluralité de positions différentes par rapport a
'organe d’accouplement (11 ; 111) pour établir
une liaison optique de la source lumineuse a la
surface intérieure (6 ; 106) du réceptacle (3 ;
103) et de la surface intérieure (6 ; 106) du ré-
ceptacle (3 ; 103) au détecteur a une pluralité
d’orientations de la surface d’accouplement
(10 ; 110) parrapport a'organe d’accouplement
(11;111).
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