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Description

Field

[0001] The present invention relates to an optical
measuring device configured to illuminate a living tissue
with measurement light, and based on a measurement
value of the measurement light reflected and/or scattered
from the living tissue, estimate characterization of the
living tissue, and also relates to a fiber bundle association
method.

Background

[0002] Conventionally, it is known that backscattering
return light from a relatively weak scattering medium such
as a living tissue is observed as interference enhanced
light corresponding to the spatial coherence of the illu-
mination light (see Non Patent Literature 1). A spectrum
information measurement technology using this phe-
nomenon is called low-coherence enhanced backscat-
tering spectroscopy (LEBS), and characteristics of an in-
terference pattern with respect to a scattering mean free
path (reciprocal of a scattering coefficient) in a scattering
medium are well studied (see Non Patent Literature 2).
The scattering mean free path is correlated with the in-
ternal structural change of the scattering medium, which
is used for detection of a minute tissue structural change
which can be seen in early-stage cancer. For example,
it is known that screening of colon cancer can be per-
formed by using an interference pattern of scattering re-
turn light (see Non Patent Literature 3).
[0003] Regarding the LEBS described above, a tech-
nique of applying the LEBS to non-invasive measure-
ment in the body, through a measurement probe inserted
in an endoscope, is known (see Patent Literature 1). In
this technique, in order to obtain an interference pattern,
a living tissue is illuminated with illumination light from
the distal end of an illumination fiber of a measurement
probe, and the intensity distribution of scattered light at
a plurality of positions, which are correspond to scattering
angles, are measured using a plurality of light-receiving
fibers to thereby detect characterization of the living tis-
sue.
[0004] Further, a technique of detecting characteriza-
tion of a living tissue using a measurement probe, con-
figured of a fiber bundle formed by bundling a plurality of
optical fibers, is known (see Patent Literature 2). In this
technique, characterization of a living tissue is detected
by associating arrangements of the respective optical fib-
ers on the end faces of the distal end portion and the
proximal end portion of the fiber bundle. Patent literature
3 discloses a LEBS device with a measurement probe
including a coherent fiber bundle, said bundle including
an illumination fiber and a plurality of light-receiving fib-
ers.
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acterization of Light transport in Scattering Media at
Subdiffusion Length Scales with Low-Coherence
Enhanced Backscattering", IEEE journal of selected
topics in quantum electronics, Vol.16, No.3, 619
(2010)
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Summary

Technical Problem

[0006] However, as an optical fiber has a narrow di-
ameter, there was a problem that in the case of using a
fiber bundle, a huge amount of effort is required to create
the fiber bundle by associating the arrangements of the
respective optical fibers on the end faces of the distal
end portion and the proximal end portion. As such, a tech-
nique which enables the positioning relation between the
respective optical fibers, on the end faces of the distal
end portion and the proximal end portion of the fiber bun-
dle, to be associated with each other with a simple con-
figuration is desired.
[0007] The present invention has been developed in
view of the problem described above, and an object
thereof is to provide an optical measuring device and a
fiber bundle association method capable of associating
positions of the respective optical fibers on the end faces
of the distal end portion and the proximal end portion of
a fiber bundle with each other, with a simple configura-
tion.

Solution to Problem

[0008] To solve the above-described problem and
achieve the object, an optical measuring device accord-
ing to the present invention includes the features of ap-
pended claim 1. Preferred embodiments are defined by
the dependent device claims.
[0009] Moreover, a fiber bundle association method
according to the present invention is executed by an op-
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tical measuring according to the appended claim 1. The
method includes the steps from appended claim 7. Pre-
ferred embodiments are defined by the dependent meth-
od claims.
[0010] According to the present invention, the associ-
ation unit associates respective signal intensities of light-
receiving fibers detected by the detection unit and dis-
tances from the illumination fiber to the light-receiving
fibers on the end face of the distal end portion of the
measurement probe, when light having an intensity gra-
dient around the illumination fiber is projected to the end
face of the distal end portion of the measurement probe.
Accordingly, the present invention exhibits an advanta-
geous effect that positions of the respective fibers on the
end faces of the distal end portion and the proximal end
portion of a fiber bundle can be associated with each
other, with a simple configuration.

Brief Description of Drawings

[0011]

FIG. 1 is a schematic configuration diagram sche-
matically illustrating an optical measuring device ac-
cording to an embodiment of the present invention.
FIG. 2 is a schematic diagram in which a main part
of a fiber bundle of a measurement probe of the op-
tical measuring device, according to the embodiment
of the present invention, is enlarged.
FIG. 3 is a flowchart illustrating the outline of fiber
bundle association processing executed by the op-
tical measuring device according to the embodiment
of the present invention.
FIG. 4 is a schematic diagram illustrating the case
of generating, in the distal end portion of the meas-
urement probe, a spatial profile in which an intensity
gradient varies symmetrically around an illumination
fiber on an end face of the distal end portion of the
measurement probe of the optical measuring device
according to the embodiment of the present inven-
tion.
FIG. 5 is a schematic diagram illustrating the case
of generating, in the distal end portion of the meas-
urement probe, a spatial profile in which an intensity
gradient varies symmetrically around the illumination
fiber on an end face of the distal end portion of the
measurement probe of the optical measuring device
according to the embodiment of the present inven-
tion.
FIG. 6 is a view schematically illustrating a spatial
profile when a light scattering member is illuminated
with illumination light.
FIG. 7 is a view illustrating a state where light having
a spatial profile, in which the light intensity varies
around the illumination fiber, is projected to the distal
end portion of the measurement probe of the optical
measuring device according to the embodiment of
the present invention.

FIG. 8 is a view illustrating distribution of light inten-
sities of respective light-receiving fibers in the prox-
imal end portion when light having a spatial profile,
in which the light intensity varies around the illumi-
nation fiber, is projected to the distal end portion of
the measurement probe of the optical measuring de-
vice according to the embodiment of the present in-
vention.
FIG. 9 is a view illustrating the numbers of the re-
spective light-receiving fibers in the proximal end
portion of the measurement probe of the optical
measuring device, and the order of detected inten-
sities of the respective light-receiving fibers, accord-
ing to the embodiment of the present invention.
FIG. 10 illustrate a table in which the numbers of the
light-receiving fibers are listed in descending order
of the detected intensity of the measurement probe
of the optical measuring device according to the em-
bodiment of the present invention.
FIG. 11 is a diagram illustrating the order of intensi-
ties of the respective light-receiving fibers in the dis-
tal end portion of the measurement probe of the op-
tical measuring device according to the embodiment
of the present invention.
FIG. 12 is a diagram illustrating a relationship be-
tween the distances from the illumination fiber of the
measurement probe of the optical measuring device
of the optical device to the respective light-receiving
fibers, and detected intensities detected by the re-
spective light-receiving fibers, according to the em-
bodiment of the present invention.
FIG. 13 is a view schematically illustrating another
spatial profile when a light-scattering member is il-
luminated with illumination light.
FIG. 14 is a view schematically illustrating another
spatial profile.
FIG. 15 is a schematic configuration diagram in the
case where an optical member is provided to the
distal end portion of the measurement probe of the
optical measuring device according to the embodi-
ment of the present invention.
FIG. 16 is a view illustrating an example of the distal
end portion in which the illumination fiber and the
light-receiving fibers of the fiber bundle, in the meas-
urement probe of the optical measuring device, are
arranged in a hexagonal close shape, according to
the embodiment of the present invention.
FIG. 17 illustrates another example of the distal end
portion in which the illumination fiber and the light-
receiving fibers of the fiber bundle, in the measure-
ment probe of the optical measuring device, are ar-
ranged concentrically, according to the embodiment
of the present invention.
FIG. 18 is a view illustrating an example of the distal
end portion in which the illumination fiber and the
light-receiving fibers of the fiber bundle, in the meas-
urement probe of the optical measuring device, are
arranged in a lattice shape, and the illumination fiber
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is arranged at a position shifted from the center of
the fiber bundle, according to the embodiment of the
present invention.
FIG. 19 is a view illustrating an example of the distal
end portion in which the illumination fiber and the
light-receiving fibers of the fiber bundle, in the meas-
urement probe of the optical measuring device, are
arranged at random, according to the embodiment
of the present invention.
FIG. 20 is a schematic configuration diagram sche-
matically illustrating an optical measuring device ac-
cording to a first variation of the embodiment of the
present invention.
FIG. 21 is a schematic configuration diagram sche-
matically illustrating an optical measuring device ac-
cording to a second variation of the embodiment of
the present invention.
FIG. 22 is another schematic diagram illustrating the
case where a spatial profile, in which the intensity
varies in an axisymmetric manner around the illumi-
nation fiber of the measurement probe of the optical
measuring device, is generated in the distal end por-
tion of the measurement probe, according to the em-
bodiment of the present invention.
FIG. 23 is another schematic diagram illustrating the
case where light having a spatial profile, in which the
light intensity varies around the illumination fiber of
the measurement probe of the optical measuring de-
vice, is generated in the distal end portion of the
measurement probe, according to the embodiment
of the present invention.
FIG. 24 is a view schematically illustrating a spatial
profile which is projected in the state illustrated in
FIG. 23.

Description of Embodiments

[0012] Hereinafter, as a preferred embodiment of an
optical measuring device and a fiber bundle association
method according to the present invention, an optical
measuring device using LEBS will be described, as an
example, in detail with reference to the drawings. Further,
the present invention is not limited to this embodiment.
Further, same parts are described by denoting same ref-
erence signs in the description of the drawings. Further,
the drawings are schematic views, and it should be noted
that the relation between the thickness and the width of
each member and ratios between the respective mem-
bers, for example, differ from real. Further, among the
drawings, portions different in dimensions and ratios
thereof are included.
[0013] FIG. 1 is a schematic configuration diagram
schematically illustrating an optical measuring device ac-
cording to an embodiment of the present invention. An
optical measuring device 1 illustrated in FIG. 1 includes
a main body unit 2 which performs optical measurement
on a measurement target S1 such as a living tissue which
is a scatter to thereby measure the optical property of

the measurement target S1, and a measurement probe
3 which is connected with the main body unit 2 detach-
ably, and is inserted in a subject via a treatment tool chan-
nel of an endoscope.
[0014] First, the main body unit 2 will be described.
The main body unit 2 includes a power source 21, a light
source unit 22, an optical system 23, a detection unit 24,
an input unit 25, an output unit 26, a recording unit 27,
and a control unit 28. The power source 21 supplies elec-
tric power to the respective constituent units of the main
body unit 2.
[0015] The light source unit 22 emits, to the measure-
ment probe 3, light having at least one spectral compo-
nent which illuminates a measurement target, as illumi-
nation light. The light source unit 22 is configured by using
a light source such as a light emitting diode (LED), a
xenon lamp, a tungsten lamp, a halogen lamp, or a laser,
an optical system including a plurality of lens such as a
condenser lens and a collimating lens, for example, and
a light source driver and the like. The light source unit 22
emits illumination light to the measurement probe 3 under
control of the control unit 28. For example, the light source
unit 22 switches between lighting and extinction of the
illumination light under control of the control unit 28. The
light source unit 22 condenses the light emitted from a
light source (not illustrated) on the illumination fiber of
the measurement probe 3, described below, by means
of an optical system (not illustrated). Thereby, luminous
flux coupling efficiency between the light source and the
measurement probe 3 increases, and the amount of illu-
mination light increases, whereby it is possible to improve
the measurement quality of the measurement target S1.
[0016] The optical system 23 relays the intensity of the
plurality of fibers at the proximal end 31 to the optical
sensor inside the detection unit 24. The optical system
23 is configured by using a plurality of lens such as a
condenser lens and a collimating lens.
[0017] The detection unit 24 detects return light of illu-
mination light which is emitted from the distal end of the
measurement probe 3 via the optical system 23 and is
reflected and/or scattered at the measurement target S1,
and outputs the detection result (signal intensity) to the
control unit 28. The detection unit 24 is configured by
using a two-dimensional optical sensor or the like such
as a charge coupled device (CCD) or a complementary
metal oxide semiconductor (CMOS). When the number
of the light-receiving fibers of the measurement probe 3,
described below, is small, the detection unit 24 may be
configured by using a plurality of photosensitivity detec-
tors such as a
photo diode PD), avalanche photo diode (APD), a Pho-
tomultiplier tube (PMT).
[0018] The input unit 25 receives an input of an instruc-
tion signal instructing activation of the main body unit 2
or an instruction signal instructing another type of oper-
ation, and outputs the input to the control unit 28. The
input unit 25 is configured by using input devices such
as a push-type switch, a touch panel, a keyboard, a
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mouse.
[0019] The output unit 26 outputs information relating
to various types of processing in the optical measuring
device 1, and measurement results of the measurement
target. The output unit 26 is configured by using a display
such as a liquid crystal display, an organic Electro Lumi-
nescence (EL) display, a speaker, and the like.
[0020] The recording unit 27 records various programs
for operating the optical measuring device 1, and various
types of data and various types of parameters used for
optical measurement processing. The recording unit 27
temporarily records information during processing of the
optical measuring device 1. Further, the recording unit
27 records measurement results of the measurement tar-
get. The recording unit 27 is configured by using a volatile
memory, non-volatile memory, or the like. The recording
unit 27 may be configured by using a memory card or
the like loaded from the outside of the main body unit 2.
[0021] The control unit 28 controls processing opera-
tion of the respective units of the main body unit 2. The
control unit 28 performs transfer of instruction information
and data, or the like, to the respective units of the main
body unit 2, for example, to thereby collectively control
operation of the main body unit 2. The control unit 28 is
configured by using a central processing unit (CPU) or
the like. The control unit 28 also includes an arithmetic
unit 28a, a correction unit 28b, and an association unit
28c.
[0022] The arithmetic unit 28a performs a plurality of
units of arithmetic processing based on the detection re-
sults detected by the detection unit 24 to thereby calcu-
late characteristic values of the optical property and char-
acterization of the measurement target. The types of the
characteristic values are set according to the instruction
signal received by the input unit 25 or various types of
programs recorded on the recording unit 27.
[0023] The correction unit 28b is configured to, when
light in which the intensity is spatially uniform is emitted
from a distal end portion 33 of the measurement probe
3 and is received on a plurality of light-receiving fibers,
smooth the respective signal intensities of the light-re-
ceiving fibers detected by the detection unit 24 to thereby
correct the sensitivity of each of the detection unit 24 and
the measurement probe 3.
[0024] The association unit 28c is configured to, when
light having an intensity gradient around a illumination
fiber 341 is projected to an end face 33a of the distal end
portion 33 of the measurement probe 3, associate the
respective signal intensities in the light-receiving fibers
of the measurement probe 3, described below, detected
by the detection unit 24, and the distances of the respec-
tive light-receiving fibers from the illumination fiber 341
on the end face 33a of the distal end portion 33 of the
measurement probe 3, and records the signal intensities
and the distances in the recording unit 27. The associa-
tion unit 28c is configured to, when light having a spatial
profile of symmetric intensity distribution around the illu-
mination fiber 341 is projected to the end face 33a of the

distal end portion 33 of the measurement probe 3, asso-
ciate the respective signal intensities detected by the de-
tection unit, the respective signal intensities in the light-
receiving fibers of the measurement probe 3, described
below, detected by the detection unit 24, and the distanc-
es from the illumination fiber 341 on the end face 33a of
the distal end portion 33 of the measurement probe 3,
and record the signal intensities and the distances on the
recording unit 27. For example, the association unit 28c
sequentially associates the signal intensities detected by
the detection unit 24 in descending order of the signal
intensity, with the light-receiving fibers of the plurality of
the light-receiving fibers of the measurement probe in
order of the light-receiving fibers arranged at closer po-
sitions in distance from the illumination fiber on the end
face of the distal end portion of the measurement probe
3, and records them on the recording unit 27.
[0025] Next, the measurement probe 3 will be de-
scribed. The measurement probe 3 illustrated in FIG. 1
includes a proximal end portion 31 detachably connected
with the main body unit 2, a flexible portion 32 having
flexibility, the distal end portion 33 which illuminates the
measurement target S1 with illumination light supplied
from the light source unit 22 and receives return light of
the illumination light reflected and/or scattered at the
measurement target S1, a fiber bundle 34 which propa-
gates the illumination light received from the proximal
end portion 31 to the distal end portion 33, and also prop-
agates return light of the illumination light reflected and/or
scattered at the measurement target S1, received by the
distal end portion 33, to the detection unit 24, and a coat-
ed portion 35 which covers the fiber bundle 34 for light
shielding and damage prevention of the fiber bundle 34.
[0026] The fiber bundle 34 is configured by using a
plurality of optical fibers. The fiber bundle 34 is configured
by using a light in which optical fibers are bundled at
random. The arrangement positions (spatial arrange-
ment) of the respective optical fibers are different be-
tween an end face 31a of the proximal end portion 31 of
the fiber bundle 34 and on an end face 33a of the distal
end portion 33 of the fiber bundle 34. The fiber bundle
34 also includes the illumination fiber 341 which illumi-
nates the measurement target S1 with illumination light
supplied from the light source unit 22, and a plurality of
light-receiving fibers 342 which receives return light of
the illumination light reflected and/or scattered at the
measurement target S1.
[0027] Here, the configuration of the fiber bundle 34 of
the measurement probe 3 will be described in detail. FIG.
2 is a schematic diagram in which the main part of the
fiber bundle 34 of the measurement probe 3 is enlarged.
[0028] As illustrated in FIG. 2, the fiber bundle 34 in-
cludes the illumination fiber 341 which propagates the
illumination light supplied from the light source unit 22
and illuminates the measurement target S1 from the dis-
tal end portion 33 of the measurement probe 3, and the
light-receiving fibers 342 on which return light from the
measurement target S1 is received at different positions.
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For example, the fiber bundle 34 is configured by bun-
dling a first light-receiving fiber 342a (first light-receiving
channel), a second light-receiving fiber 342b (second
light-receiving channel), and a third light-receiving fiber
342c (third light-receiving channel), on which return light
from the measurement target S1 is received at different
positions, and other optical fibers 342d, at random.
[0029] As described above, the fiber bundle 34 is con-
figured such that the respective arrangement positions
(positional coordinates) of the illumination fiber 341, the
first light-receiving fiber 342a, the second light-receiving
fiber 342b, the third light-receiving fiber 342c, and the
other optical fibers 342d are different between the end
face 33a of the distal end portion 33 and the end face
31a of the proximal end portion 31. FIG. 2 illustrates an
example in which the hatched one in the proximal end
portion 31 and the hatched one in the distal end portion
33 satisfy a correspondence relationship. Further, in FIG.
2, the positions of the first light-receiving fiber 342a, the
second light-receiving fiber 342b, the third light-receiving
fiber 342c, and the other optical fibers 342d are set from
among the optical fibers configuring the fiber bundle 34
according to the association processing described be-
low.
[0030] The illumination fiber 341 propagates the illu-
mination light supplied from the light source unit 22, and
illuminates the measurement target S1 with the illumina-
tion light. The number of illumination fibers 341 can be
changed appropriately according to the test item and the
type of measurement target, for example, bloodstream,
a region of stomach, pancreatic.
[0031] The first light-receiving fiber 342a, the second
light-receiving fiber 342b, and the third light-receiving fib-
er 342c propagate return light from the measurement tar-
get S1 received from the end face 33a of the distal end
portion 33, and emit the return light to the detection unit
24 via the optical system 23. The number of light-receiv-
ing fibers can be changed appropriately according to the
test item and the type of measurement target, for exam-
ple, bloodstream or a region.
[0032] In the optical measuring device 1 configured in
this way, the measurement probe 3 is inserted into the
subject via a treatment tool channel provided to the en-
doscope, and the illumination fiber 341 illuminates the
measurement target S1 with illumination light, and the
first light-receiving fiber 342a, the second light-receiving
fiber 342b, and the third light-receiving fiber 342c respec-
tively receive return light from the measurement target
S1 and propagate the return light to the detection unit 24
of the main body unit 2. Then, the arithmetic unit 28a
calculates the optical property of the measurement target
S1, based on the detection result of the detection unit 24.
[0033] Next, association processing to associate dis-
tances from the illumination fiber 341 to the respective
light-receiving fibers 342 in the distal end portion 33, with
signal intensities detected by the detection unit 24 via
the respective light-receiving fibers 342, executed by the
optical measuring device 1, will be described. FIG. 3 is

a flowchart illustrating the outline of the association
processing of the fiber bundle 34 executed by the optical
measuring device 1.
[0034] As illustrated in FIG. 3, the correction unit 28b
first corrects the detection sensitivities of the respective
light-receiving fibers 342 of the measurement probe 3
(step S101). Specifically, when light having a specially
uniform intensity is received on the respective light-re-
ceiving fibers 342 from the distal end portion 33 of the
measurement probe 3, the correction unit 28b executes
calibration processing to correct the sensitivity of the de-
tection unit 24 such that the detection sensitivities of the
respective light-receiving fibers 342 become uniform,
based on the respective detection intensities corre-
sponding to the respective light-receiving fibers 342 de-
tected by the detection unit 24 (correction step). In this
case, it is preferable that the incidence NA of the light-
receiving fiber 342 of the measurement target S1 and
the incidence NA of the light-receiving fiber 342 of the
light having a spatially uniform intensity when the sensi-
tivity is corrected are substantially equal. Thereby, the
correction unit 28b can perform sensitivity correction
more stably. Consequently, the detection unit 24 can de-
tect a uniform value corresponding to the respective light-
receiving fibers 342 with respect to the light having a
spatially uniform intensity. The detection unit 24 detects
the detection intensity (signal intensity) by receiving light
for each of the pixels corresponding to the respective
light-receiving fibers 342 and performing photoelectric
conversion, or detect an average value of the detection
intensities with respect to a plurality of pixels correspond-
ing to the respective light-receiving fibers 342 forming a
set.
[0035] Then, the association unit 28c executes asso-
ciation processing to associate the distances from the
illumination fiber 341 to the respective light-receiving fib-
ers 342 in the distal end portion 33, with the detected
intensities of the respective light-receiving fibers 342
(step S102). The optical measuring device 1 projects,
from the end face 33a of the distal end portion 33 of the
measurement probe 3, light having an intensity gradient
around the illumination fiber 341 and having a spatial
profile of symmetrical intensity distribution around the il-
lumination fiber 341 (projection step).
[0036] FIG. 4 is a schematic diagram illustrating the
case of generating a spatial profile in which the intensity
gradient varies symmetrically around the illumination fib-
er 341, on the end face 33a of the distal end portion 33
of the measurement probe 3. As illustrated in FIG. 4, the
optical measuring device 1 illuminates a light-scattering
member 4 having uniform scattering property, disposed
at a position away from the distal end portion 33 of the
measurement probe 3 by a predetermined distance, with
illumination light from the illumination fiber 341 to thereby
project light having a spatial profile onto (make light in-
cident on) the distal end portion 33 of each of the light-
receiving fibers 342. Here, the light-scattering member
4 is formed of a material which uniformly scatters light
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having a wavelength of a measurement target efficiently.
Specifically, the light-scattering member 4 may be
formed of solution or resin in which scattering particles
are uniformly distributed in a transparent medium such
as milk. Alternatively, as the light-scattering member 4,
a white standard reflector may be used, for example. Fur-
ther, as illustrated in FIG. 5, the optical measuring device
1 may emit illumination light from the illumination fiber
341 in a state where the light-scattering member 4 is
closely attached to the distal end portion 33 of the meas-
urement probe 3.
[0037] FIG. 6 is a schematic view illustrating a spatial
profile when the light-scattering member 4 is illuminated
with illumination light. The light intensity received by each
of the light-receiving fibers 342 in the distal end portion
33 varies according to the distance from the illumination
fiber 341. Specifically, as illustrated in FIG. 6, a spatial
profile P1 has distribution such that the light intensity is
higher at a closer position around the illumination fiber
341, and the light intensity becomes lower sequentially
as the distance from the illumination fiber 341 increases
toward the outer edge (concentric pattern).
[0038] Here, a state where the optical measuring de-
vice 1 projects light having a special profile in which the
light intensity varies around the illumination fiber 341, to
the distal end portion 33 of the measurement probe 3.
[0039] FIG. 7 is a view illustrating a state where light
having the spatial profile P1, in which the light intensity
varies around the illumination fiber 341, is projected to
the distal end portion 33 of the measurement probe 3.
FIG. 8 is a view illustrating distribution of the light inten-
sities of the respective light-receiving fibers 342 in the
proximal end portion 31 when light having the spatial pro-
file P1, in which the light intensity varies around the illu-
mination fiber 341, is projected to the distal end portion
33 of the measurement probe 3.
[0040] As illustrate in FIG. 7, the spatial profile P1 is
configured such that the light intensity detected by the
light-receiving fiber 342, away from the illumination fiber
341 by a distance d, is lowered, for example. In this case,
as illustrated in FIG. 8, as the fiber bundle 34 is configured
such that the positions of the respective light-receiving
fibers 342 in the proximal end portion 31 and the positions
of the respective light-receiving fibers 342 in the distal
end portion 33 are different, the light intensities are dis-
tributed non-uniformly in the proximal end portion 31.
[0041] Returning to FIG. 3, the description after step
S103 will be continued. At step S103, the association
unit 28c executes association processing to associate
the numbers (addresses) of the respective light-receiving
fibers 342 in the proximal end portion 31, with the detect-
ed intensities of the respective light-receiving fibers 342.
[0042] FIG. 9 is a view illustrating the numbers of the
respective light-receiving fibers 342 in the proximal end
portion 31, and the order of the detected intensities of
the respective light-receiving fibers 342. FIG. 10 illus-
trates a table in which the numbers of the light-receiving
fibers 342 are listed in descending order of the detected

intensity. The number in each of the light-receiving fibers
342 in FIG. 9 illustrates the order of the detected intensity
of the light-receiving fiber 342 in the proximal end portion
31. Specifically, the detected intensity is smaller as the
number is larger.
[0043] As illustrated in FIG. 9 and FIG. 10, based on
the detection results detected by the detection unit 24,
the association unit 28c generates a table T1 in which
the numbers (addresses) of the respective light-receiving
fibers 342 in the proximal end portion 31 are associated
with the detected intensities of the respective light-re-
ceiving fibers 342, and records the table T1 on the re-
cording unit 27. For example, as illustrated in FIG. 10,
the association unit 28c generates the table T1 in which
the number "c" vertically and the number "5" horizontally
of the light-receiving fiber 342 in the proximal end portion
31 are associated with the light-receiving fiber 342 in
which the order of the detected intensity is one.
[0044] Then, the association unit 28c executes asso-
ciation processing to associate the distances from the
illumination fiber 341 to the respective light-receiving fib-
ers 342 in the distal end portion 33 of the measurement
probe 3, with the numbers of the respective light-receiv-
ing fibers 342 in the proximal end portion 31 of the meas-
urement probe 3 (step S104).
[0045] FIG. 11 is a view illustrating the intensity order
of the respective light-receiving fibers 342 in the distal
end portion 33. As illustrated in FIG. 11, the association
unit 28c sets the order of the light-receiving fibers 342 in
the distal end portion 33 corresponding to the distance
from the illumination fiber 341, where the order of the
illumination fiber 341 is one. Specifically, as illustrated in
FIG. 11, the association unit 28c sets a higher order to
the light-receiving fiber 342 having a closer distance from
the illumination fiber 341. For example, as illustrated in
FIG. 11, the association unit 28c sets the number "4, c"
of the light-receiving fiber 342 to "2", "5, d" to "3", "4, e"
to "4", and "3, d" to "5", respectively. Thereby, based on
the detected intensities (table T1 in FIG. 10) and the light
intensities (table T2 in FIG. 11) corresponding to the dis-
tances from the illumination fiber 341 to the respective
light-receiving fibers 342 in the distal end portion 33, the
association unit 28c can associate the positions of the
respective light-receiving fibers 342 on the end face 33a
of the distal end portion 33 and on the end face 31a of
the proximal end portion 31 of the fiber bundle 34.
[0046] FIG. 12 is a diagram illustrating a relationship
between the distances from the illumination fiber 341 to
the respective light-receiving fibers 342 and the detected
intensities detected by the respective light-receiving fib-
ers 342. As illustrated in FIG. 12, regarding the distances
from the illumination fiber 341 to the respective light-re-
ceiving fibers 342 in the distal end portion 33 of the meas-
urement probe 3, as the distances of the respective light-
receiving fibers 342 in the proximal end portion 31 are
discrete, the detected intensities of the respective light-
receiving fibers 342 in the proximal end portion 31 are
also discrete. As such, based on the table T1 in FIG. 10
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and the table T2 in FIG. 11, the association unit 28c per-
forms grouping by the distances from the illumination fib-
er 341 to the respective light-receiving fibers 342 on the
end face 33a of the distal end portion 33 of the measure-
ment probe 3, and performs collective association such
that respective signal intensities corresponding to the
grouping are put into one signal intensity. Specifically,
the association unit 28c puts the light-receiving fibers
342, which are the nearest to the illumination fiber 341
on the end face 33a in the distal end portion 33 of the
measurement probe 3, into one group, and associates
this group with position numbers (fiber addresses) of the
light-receiving fibers 342 in descending order of the de-
tected intensities in the proximal end portion 31. For ex-
ample, with reference to the table T2 illustrated in FIG.
11, the association unit 28c associates four light-receiv-
ing fibers 342 (c, 4), (d, 5), (e, 4), and (d, 3) having the
same distance from the illumination fiber 341 on the end
face 33a of the distal end portion 33 of the measurement
probe 3, with the intensity orders 2(d, 3), 3(b, 5), 4(g, 1),
and 5(a, 1) on the end face 31a of the proximal end portion
31 of the measurement probe 3. Thereby, the association
unit 28c can virtually associate the arrangements of the
respective light-receiving fibers 342 on the end face 31a
of the proximal end portion 31 and on the end face 33a
of the distal end portion 33 of the measurement probe 3.
[0047] According to the embodiment described above,
as the association unit 28c projects the spatial profile P1
in which the intensity varies around the illumination fiber
341, and performs association of the distances from the
illumination fiber 341 to the respective light-receiving fib-
ers 342 based on the respective signal intensities detect-
ed by the detection unit 24, it is possible to perform anal-
ysis of LEBS signals or intensity attenuation distribution
on the surface of the scattering medium by using the
random fiber bundle 34 in which the positional coordi-
nates of the respective optical fibers are not set.
[0048] Further, according to the embodiment of the
present invention, as the fiber bundle 34 in which the
light-receiving fibers are arranged at random in the distal
end portion 33 and in the proximal end portion 31 is used,
it is possible to reduce the manufacturing costs.
[0049] Further, according to the embodiment, by pro-
jecting light having the spatial profile P1 in which the in-
tensity varies axisymmetrically around the illumination
fiber 341, the detected intensities detected by the respec-
tive light-receiving fibers 342 on the end face 33a of the
distal end portion 33 vary according to the distance from
the illumination fiber 341. Thereby, based on the detected
intensities of the respective light-receiving fibers 342 on
the end face 31a of the proximal end portions 31, it is
possible to associate the distances of the light-receiving
fibers 342 from the illumination fiber 341 on the end face
33a of the distal end portion 33.
[0050] Further, according to the embodiment of the
present invention, as a method of obtaining the spatial
profile P1 in which the intensity varies axisymmetrically
around the illumination fiber 341, a spatial profile for the

association work described above can be obtained by
measuring the light-scattering member 4 by means of
the method same as the measurement of the measure-
ment target S1. As such, even if actual measurement is
performed, association processing can be performed
easily.
[0051] Further, according to the embodiment of the
present invention, as a method of obtaining the spatial
profile P1 in which the intensity varies axisymmetrically
around the illumination fiber 341, it is only necessary to
use the light-scattering member 4. As such, generation
of light having the spatial profile P1 can be performed
easily.
[0052] Further, according to the embodiment, it is pos-
sible to perform analysis based on the distance from the
illumination fiber 341, and to perform more detailed anal-
ysis. For example, comparison with a scattering simula-
tion can be performed.
[0053] Further, according to the embodiment of the
present invention, as the association unit 28c corrects
the sensitivity of the respective light-receiving fiber 342
by smoothing the signal intensities of the light-receiving
fibers 342 detected by the detection unit 24 when uniform
light is received on the distal end portion 33 of the meas-
urement probe 3, it is possible to perform more accurate
measurement. Results of sensitivity correction per-
formed by the association unit 28c may be recorded on
the recording unit 27 in advance.
[0054] Further, according to the embodiment, the as-
sociation unit 28c may perform association of the fiber
bundle 34 as described above each time a new meas-
urement probe 3 is connected with the main body unit 2.
[0055] Further, according to the embodiment, when
the measurement probe 3 is fixed to the main body unit
2, or the same measurement probe 3 is connected with
the main body unit 2, it is possible to record the results
of the above-described association processing per-
formed by the association unit 28c on the recording unit
27 and reuse the results.

(Other Embodiments)

[0056] In the present invention, the spatial profile pro-
jected to the distal end portion 33 of the measurement
probe 3 can be changed. FIG. 13 is a view schematically
illustrating another spatial profile when the light-scatter-
ing member 4 is illuminated with illumination light.
[0057] A spatial profile P2 illustrated in FIG. 13 may
have distribution in which the light intensity is lower at a
position closer to the illumination fiber 341 which is the
center, and the light intensity gradually increases at a
position farther from the illumination fiber 341 toward the
outer edge. Further, it is also possible to project light only
to one example of the fiber bundle 34, like a spatial profile
P3 illustrated in FIG. 14.
[0058] Further, in the present invention, it is also pos-
sible to provide an optical member 5, which causes dis-
tances between the measurement target S1 and the il-
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lumination fiber 341 and the light-receiving fiber 342 to
be constant, to the distal end portion 33 of the measure-
ment probe 3. FIG. 15 is a schematic diagram illustrating
a state where the optical member 5 is provided to the
distal end portion 33 of the measurement probe 3 of the
optical measuring device 1.
[0059] As illustrated in FIG. 15, the optical member 5
relays the illumination light emitted from the illumination
fiber 341 and illuminates the measurement target S1 with
the illumination light, and also relays the return light of
the illumination light from the measurement target S1 to
the light-receiving fiber 342. The optical member 5 is con-
figured by using a material such as glass material, plastic
having a prescribed refractive index.
[0060] Thereby, the optical measuring device 1 can
measure the measurement target S1 without being af-
fected by the irregularities on the surface of the meas-
urement target S1. The distal end portion of the optical
member 5 may be cut off at an angle with respect to the
longitudinal direction so as to form an inclined surface.
Further, the optical member 5 may be a gas such as air,
or a liquid such as water, provided that it can relay light
having a measurement wavelength. In that case, it is only
necessary to use a hollow member made of metal or
resin.
[0061] Further, the optical member 5 may be attacha-
ble/detachable with respect to the distal end portion 33
of the measurement probe 3. Thereby, it is possible to
perform optical measurement in which the distance be-
tween the measurement target S1 and the distal end of
the measurement probe 3 is set by the measurement
target S1. Further, the optical member 5 may be config-
ured to be attachable and detachable by providing a male
screw and a female screw to the linking portions (not
illustrated) respectively. Of course, the optical member
5 may be configured to be attachable and detachable by
forming a groove on one side and forming a claw on the
other side.
[0062] Further, in the present invention, the fiber bun-
dle 34 having a different arrangement may be used. FIG.
16 is a view illustrating an example of the distal end por-
tion 33 in which the illumination fiber 341 and the light-
receiving fibers 342 are arranged in a hexagonal close
shape. FIG. 17 illustrates another example of the distal
end portion 33 in which the illumination fiber 341 and the
light-receiving fibers 342 are arranged concentrically.
FIG. 18 is a view illustrating an example of the distal end
portion 33 in which the illumination fiber 341 and the light-
receiving fibers 342 are arranged in a lattice shape, and
the illumination fiber 341 is arranged at a position shifted
from the center of the fiber bundle 34. FIG. 19 is a view
illustrating an example of the distal end portion 33 in
which the illumination fiber 341 and the light-receiving
fibers 342 are arranged at random.
[0063] The association unit 28c can perform position-
ing of the light-receiving fibers 342 in the distal end por-
tion 33 and the light-receiving fibers 342 in the proximal
end portion 31 even in the case of using the fiber bundle

34 arranged as illustrated in FIG. 16 to FIG. 19, by per-
forming the association processing as described above.
[0064] Further, in the present invention, a method of
connecting the light source unit 22 and the illumination
fiber 341 can be changed. FIG. 20 is a schematic con-
figuration diagram schematically illustrating an optical
measuring device according to a first variation of the em-
bodiment of the present invention.
[0065] An optical measuring device 200 illustrated in
FIG. 20 is configured such that the illumination fiber 341
extending individually from the middle of the fiber bundle
34 is connected with the light source unit 22 of a main
body unit 201. In this case, the detection unit 24 may be
connected with the proximal end portion 31 of the meas-
urement probe 3.
[0066] Further, in the present invention, a method of
connecting the light source unit 22 and the illumination
fiber 341 can be further changed. FIG. 21 is a schematic
configuration diagram schematically illustrating an opti-
cal measuring device according to a second variation of
the embodiment of the present invention.
[0067] An optical measuring device 300 illustrated in
FIG. 21 includes an optical system 302 which reflects
illumination light, with which the light source unit 22 illu-
minates a main body unit 301, toward the illumination
fiber 341 of the measurement probe 3, and transmits the
return light of the illumination light from the measurement
target S1 emitted from the respective light-receiving fib-
ers 342 of the measurement probe 3, to the detection
unit 24. The optical system 302 includes a condenser
lens 302a which condenses illumination light emitted
from the light source unit 22, a light dividing element 302b
which reflects the illumination light emitted from the con-
denser lens 302a toward the illumination fiber 341 of the
measurement probe 3, and transmits the return light of
the illumination light from the measurement target emit-
ted from the measurement probe 3, a condenser lens
302c which condenses the return light of the illumination
light from the measurement target S1 emitted from the
measurement probe 3, and condenses the illumination
light reflected from the light dividing element 302b on the
illumination fiber 341, and a collimating lens 302d which
propagates the return light of the illumination light pass-
ing through the light dividing element 302b.
[0068] Further, in the present invention, a spatial profile
in which the intensity varies in an axisymmetric manner
around the illumination fiber 341 may be projected in an-
other way from the distal end portion 33 of the measure-
ment probe 3. FIG. 22 is another schematic diagram il-
lustrating the case where a spatial profile, in which the
intensity varies in an axisymmetric manner around the
illumination fiber 341, is generated in the distal end por-
tion 33 of the measurement probe 3.
[0069] As illustrated in FIG. 22, projection is performed
in such a manner that the center of at least one type of
primary image P4, in which the intensity varies concen-
trically via a relay optical system 401, and the center of
the illumination fiber 341 in the distal end portion 33 of
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the measurement probe 3 are aligned. Thereby, based
on the pattern of the primary image P4 and the magnifi-
cation of the relay optical system 401, the association
unit 28c can associate the intensity distribution of the
light-receiving fibers 342 in the distal end portion 33 and
the distance of the illumination fiber 341. Further, in the
method of projecting a primary image, a spatial profile
can be controlled easily, and the method is easily appli-
cable in the case of obtaining a well-known spatial profile.
[0070] Further, in the present invention, light having a
spatial profile in which the intensity varies in an axisym-
metric manner around the illumination fiber 341 may be
projected in another way from the distal end portion 33
of the measurement probe 3. FIG. 23 is another sche-
matic diagram illustrating the case of generating light
having a spatial profile in which the intensity varies
around the illumination fiber 341, in the distal end portion
33 of the measurement probe 3.
[0071] As illustrated in FIG. 23, wavelength long light
having one wavelength is received on the illumination
fiber 341 of the distal end portion 33 of the measurement
probe 3 via a condenser lens 403, by an external light
source 402 configured of a laser or the like. Thereby, the
clad thickness of the illumination fiber 341 leaks the
wavelength long light, and the spatial profile in which light
of a measurement target wavelength is contained is pro-
jected to the distal end portion 33. Specifically, the spatial
profile illustrated in FIG. 24 is projected to the distal end
portion 33 of the measurement probe 3. As the external
light source 402, emitted light from an illumination fiber
having a core diameter which is the same as or smaller
than the core diameter of the illumination fiber 341 of the
measurement probe 3 may be used. In that case, light
obtained from any light source such as a LED, a xenon
lamp may be used.
[0072] Further, in the present invention, the wave-
length range of the illumination light should be optimized
for acquiring information of a living tissue, and can be set
arbitrarily depending on those to which the wavelength
range is applied. When spectral information is useful, a
wider range covering the wavelength range can be set,
or a plurality of bands can be set discretely, or the band
may be limited to some extent if unnecessary.
[0073] Further, in the present invention, the detection
unit 24 may measure a detection value of each wave-
length by detecting the spectral component and the in-
tensity distribution of the light which is received from the
light-receiving fiber 342 of the measurement probe 3,
propagates inside the measurement target S1, and re-
turns. In that case, the detection unit 24 is only necessary
to use a spectral device such as a diffraction grating for
spectrum. The spectral device such as a diffraction grat-
ing is desirably disposed in the parallel optical path of
the relay optical system.
[0074] As described above, the present invention may
include various embodiments which are not described
herein, and various design changes and the like can be
made within the range of the technical concepts specified

by the scope of the claims.

Reference Signs List

[0075]

1, 200, 300 optical measuring device
2,201,301 main body unit
3 measurement probe
4 light-scattering member
5 optical member
21 power source
22 light source unit
23, 302 optical system
24 detection unit
25 input unit
26 output unit
27 recording unit
28 control unit
28a arithmetic unit
28b correction unit
28c association unit
31 proximal end portion
31a, 33a end face
32 flexible portion
33 distal end portion
34 fiber bundle
35 coated portion
302a, 302c 403 condenser lens
302b light dividing element
302d collimating lens
341 illumination fiber
342 light-receiving fiber
401 relay optical system
402 external light source
P1, P2, P3, P4 spatial profile
S1 measurement target

Claims

1. An optical measuring device (1) comprising:

a light source unit (22) configured to emit light
for measuring a living tissue;
a measurement probe (3) including a fiber bun-
dle (34), the said fiber bundle (34) including an
illumination fiber (341) that is configured to prop-
agate light from the light source unit (22) to a
distal end as illumination light and illuminate the
living tissue with the illumination light, and a plu-
rality of light-receiving fibers (342) configured to
receive return light of the illumination light illu-
mined by the illumination fiber (341) and reflect-
ed and/or scattered at the living tissue;
a detection unit (24) configured to receive the
return light of the illumination light detected by
the plurality of respective light-receiving fibers
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(342), and perform photoelectric conversion to
detect respective signal intensities; and
an association unit (28c) configured to associate
the respective signal intensities detected by the
detection unit (24) with distances from the illu-
mination fiber (341) to the respective light-re-
ceiving fibers (342) on an end face (33a) of a
distal end portion (33) of the measurement
probe (3),
characterized in that
the measurement probe (3) is configured to
project light having an intensity gradient that var-
ies symmetrically around the illumination fiber
(341) to the end face (33a) of the distal end por-
tion (33) of the measurement probe (3),
the association unit (28c) is configured to asso-
ciate the respective signal intensities in the light-
receiving fibers (342) of the measurement probe
(3) detected by the detection unit (24) and the
distances of the respective light-receiving fibers
(342) from the illumination fiber (341) on the end
face (33a) of the distal end portion (33), when
the light having the intensity gradient that varies
symmetrically around the illumination fiber (341)
is projected to the end face (33a) of the distal
end portion (33) of the measurement probe (3),
and
the fiber bundle (34) is configured such that an
arrangement of the optical fibers on an end face
of a proximal end portion (31) and an arrange-
ment of the optical fibers on the end face (33a)
of the distal end portion (33) are different from
each other.

2. The optical measuring device (1) according to claim
1, wherein the association unit (28c) is configured to
sequentially associate the respective signal intensi-
ties detected by the detection unit (24) in descending
order of the signal intensity, with the light-receiving
fibers (342) of the plurality of the light-receiving fibers
in order of closer distance from the illumination fiber
(341) on the end face of the distal end portion of the
measurement probe (3).

3. The optical measuring device (1) according to any
of claims 1 and 2, wherein the association unit (28c)
is configured to perform grouping by the respective
distances from the illumination fiber (341) to the plu-
rality of light-receiving fibers (342) on the end face
of the distal end portion of the measurement probe
(3) based on the respective signal intensities detect-
ed by the detection unit (24), and associate collec-
tively the respective signal intensities corresponding
to each of groups as one signal intensity.

4. The optical measuring device (1) according to any
of claims 1 to 3, further comprising a correction unit
(28b) is configured to smooth the respective signal

intensities detected by the detection unit (24) when
light having a spatially uniform intensity is received
on end faces of the plurality of light-receiving fibers
(342) from the distal end portion of the measurement
probe (3).

5. The optical measuring device (1) according to any
of claims 1 to 4, further comprising an optical member
(5) provided to the distal end portion of the meas-
urement probe (3), the optical member (5) is config-
ured to keep distances between distal ends of the
illumination fiber (341) and the plurality of light-re-
ceiving fibers (342) and the living tissue constant.

6. The optical measuring device (1) according to any
of claims 1 to 5, further comprising a light-scattering
member (4) having a uniform scattering property and
closely attached at the distal end portion (33) of the
measurement probe (3), wherein the optical meas-
uring device (1) is configured to illuminate the light-
scattering member (4) with illumination light from the
illumination fiber (341) to thereby project light having
a spatial profile onto the distal end portion (33) of
each of the light-receiving fibers (342).

7. A fiber bundle association method executed by an
optical measuring device (1), the optical measuring
device (1) including: a light source unit (22) that emits
light for measuring a living tissue; a measurement
probe (3) including a fiber bundle (34), said fiber bun-
dle (34) including an illumination fiber (341) that
propagates light from the light source unit (22) to a
distal end as illumination light and illuminates the
living tissue with the illumination light, and a plurality
of light-receiving fibers (342) that receives return
light of the illumination light illumined by the illumi-
nation fiber (341) and reflected and/or scattered at
the living tissue; and a detection unit (24) that re-
ceives the return light of the illumination light detect-
ed by the plurality of respective light-receiving fibers
(342) and performs photoelectric conversion to de-
tect respective signal intensities, the method com-
prising
an association step for associating the respective
signal intensities detected by the detection unit (24)
with distances from the illumination fiber (341) to the
respective light-receiving fibers (342) on an end face
(33a) of a distal end portion (33) of the measurement
probe (3),
characterized in that
the measurement probe (3) projects light having an
intensity gradient that varies symmetrically around
the illumination fiber (341) to the end face (33a) of
the distal end portion (33) of the measurement probe
(3),
the association step associates the respective signal
intensities in the light-receiving fibers (342) of the
measurement probe (3) detected by the detection
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unit (24) and the distances of the respective light-
receiving fibers (342) from the illumination fiber (341)
on the end face (33a) of the distal end portion (33),
when the light having the intensity gradient that var-
ies symmetrically around the illumination fiber (341)
is projected to the end face (33a) of the distal end
portion (33) of the measurement probe (3), and
the fiber bundle (34) is configured such that an ar-
rangement of the optical fibers on an end face of a
proximal end portion (31) and an arrangement of the
optical fibers on the end face (33a) of the distal end
portion (33) are different from each other.

8. The fiber bundle association method according to
claim 7, wherein the association step includes se-
quentially associating the respective signal intensi-
ties detected by the detection unit (24) in descending
order of the signal intensity, with the light-receiving
fibers (342) of the plurality of the light-receiving fibers
in order of closer distance from the illumination fiber
(342) on the end face of the distal end portion of the
measurement probe (3).

9. The fiber bundle association method according to
any of claims 7 and 8, wherein in the association
step performs grouping by the respective distances
from the illumination fiber (341) to the plurality of
light-receiving fibers (342) on the end face of the
distal end portion of the measurement probe (3)
based on the respective signal intensities detected
by the detection unit (24), and associates collectively
the respective signal intensities corresponding to
each of groups as one signal intensity.

10. The fiber bundle association method according to
any of claims 7 to 9, further comprising a correction
step for smoothing the respective signal intensities
detected by the detection unit (24) when light having
a spatially uniform intensity is received on the plu-
rality of light-receiving fibers (342) from the distal end
portion of the measurement probe (3).

Patentansprüche

1. Optische Messvorrichtung (1), umfassend:

eine Lichtquelleneinheit (22), die dazu ausge-
legt ist, Licht zum Messen eines lebenden Ge-
webes zu emittieren;
eine Messsonde (3), die ein Faserbündel (34)
umfasst, wobei das Faserbündel (34) eine Be-
leuchtungsfaser (341) umfasst, die dazu ausge-
legt ist, Licht von einer Lichtquelleneinheit (22)
als Beleuchtungslicht an ein distales Ende aus-
zubreiten und das lebende Gewebe mit dem Be-
leuchtungslicht zu beleuchten, und eine Mehr-
zahl von lichtempfangenen Fasern (342), die

dazu ausgelegt sind, Rückkehrlicht des Be-
leuchtungslichts zu empfangen, das von der Be-
leuchtungsfaser (341) abgeleuchtet und an dem
lebenden Gewebe reflektiert und/oder gestreut
wurde;
eine Erfassungseinheit (24), die dazu ausgelegt
ist, das Rückkehrlicht des Beleuchtungslichts zu
empfangen, das von der Mehrzahl jeweiliger
lichtempfangender Fasern (342) erfasst wurde,
und eine fotoelektrische Umwandlung durch-
führt, um die jeweiligen Signalintensitäten zu er-
fassen; und
eine Zusammenfügeeinheit (28c), die dazu aus-
gelegt ist, die jeweiligen Signalintensitäten, die
von der Erfassungseinheit (24) mit Abständen
von der Beleuchtungsfaser (341) zu den jewei-
ligen lichtempfangenden Fasern (342) an einer
Endfläche (33a) eines Distalendabschnitts (33)
der Messsonde (3) erfasst wurden, zusammen-
zufügen,
dadurch gekennzeichnet, dass
die Messsonde (3) dazu ausgelegt ist, Licht mit
einem Intensitätsgradienten, der rund um die
Beleuchtungsfaser (341) symmetrisch variiert,
auf die Endfläche (33a) des Distalendabschnitts
(33) der Messsonde (3) zu projizieren,
die Zusammenfügeeinheit (28c) dazu ausgelegt
ist, die jeweiligen Signalintensitäten in den licht-
empfangenden Fasern (342) der Messsonde
(3), die von der Erfassungseinheit (24) erfasst
wurden, und die Abstände der jeweiligen licht-
empfangenden Fasern (342) von der Beleuch-
tungsfaser (341) an der Endfläche (33) des Dis-
talendabschnitts (33) zusammenzufügen, wenn
das Licht, das den Intensitätsgradienten auf-
weist, der rund um die Beleuchtungsfaser (341)
symmetrisch variiert, auf die Endfläche (33a)
des Distalendabschnitts (33) der Messsonde (3)
projiziert wird, und
das Faserbündel (34) derart ausgelegt ist, dass
sich eine Anordnung der optischen Fasern an
einer Endfläche eines Proximalendabschnitts
(31) und eine Anordnung der optischen Fasern
an der Endfläche (33a) des Distalendabschnitts
(33) voneinander unterscheiden.

2. Optische Messvorrichtung (1) nach Anspruch 1, wo-
bei die Zusammenfügeeinheit (28c) dazu ausgelegt
ist, die jeweiligen Signalintensitäten, die von der Er-
fassungseinheit (24) erfasst wurden, in absteigender
Reihenfolge der Reihe nach zusammenzufügen,
wobei die lichtempfangenden Fasern (342) der
Mehrzahl lichtempfangender Fasern nach geringe-
rem Abstand zu der Beleuchtungsfaser (341) an der
Endfläche des Distalendabschnitts der Messsonde
(3) geordnet sind.

3. Optische Messvorrichtung (1) nach einem der An-
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sprüche 1 und 2, wobei die Zusammenfügeeinheit
(28c) dazu ausgelegt ist, ein Gruppieren nach den
jeweiligen Abständen von der Beleuchtungsfaser
(341) zu der Mehrzahl lichtempfangender Fasern
(342) an der Endfläche des Distalendabschnitts der
Messsonde (3) basierend auf den jeweiligen Signal-
intensitäten durchzuführen, die von der Erfassungs-
einheit (24) erfasst wurden, und die jeweiligen Sig-
nalintensitäten, die jeder der Gruppen entsprechen,
als eine Signalintensität kollektiv zusammenzufü-
gen.

4. Optische Messvorrichtung (1) nach einem der An-
sprüche 1 bis 3, die ferner eine Korrektureinheit
(28b) umfasst, die dazu ausgelegt ist, die jeweiligen
Signalintensitäten, die von der Erfassungseinheit
(24) erfasst wurden, zu glätten, wenn Licht, das eine
räumlich gleichmäßige Intensität aufweist, an den
Endflächen der Mehrzahl lichtempfangender Fasern
(342) von dem Distalendabschnitt der Messsonde
(3) empfangen wird.

5. Optische Messvorrichtung (1) nach einem der An-
sprüche 1 bis 4, die ferner ein optisches Element (5)
umfasst, das an dem Distalendabschnitt der Mess-
sonde (3) vorgesehen ist, wobei das optische Ele-
ment (5) dazu ausgelegt ist, Abstände zwischen den
distalen Enden der Beleuchtungsfaser (341) und der
Mehrzahl lichtempfangender Fasern (342) und dem
lebenden Gewebe konstant zu halten.

6. Optische Messvorrichtung (1) nach einem der An-
sprüche 1 bis 5, die ferner ein lichtstreuendes Ele-
ment (4) umfasst, das eine gleichmäßige Streuei-
genschaft aufweist und nah an dem Distalen-
dabschnitt (33) der Messsonde (3) angebracht ist,
wobei die optische Messvorrichtung (1) dazu aus-
gelegt ist, das lichtstreuende Element (4) mit Be-
leuchtungslicht aus der Beleuchtungsfaser (341) zu
beleuchten, um dadurch Licht, das ein räumliches
Profil aufweist, auf jede der lichtempfangenden Fa-
sern (342) zu projizieren.

7. Faserbündelzusammenfügeverfahren, das von ei-
ner optischen Messvorrichtung (1) ausgeführt wird,
wobei die optische Messvorrichtung (1) umfasst: ei-
ne Lichtquelleneinheit (22), die Licht zum Messen
eines lebenden Gewebes emittiert; eine Messsonde
(3), die ein Faserbündel (34) umfasst, wobei das Fa-
serbündel (34) eine Beleuchtungsfaser (341) um-
fasst, die Licht von der Lichtquelleneinheit (22) als
Beleuchtungslicht an ein distales Ende ausbreitet
und das lebende Gewebe mit dem Beleuchtungslicht
beleuchtet, und eine Mehrzahl lichtempfangender
Fasern (342), die Rückkehrlicht des Beleuchtungs-
lichts empfangen, das von der Beleuchtungsfaser
(341) abgeleuchtet und an dem lebenden Gewebe
reflektiert und/oder gestreut wird; und eine Erfas-

sungseinheit (24), die das Rückkehrlicht des Be-
leuchtungslichts empfängt, das von der Mehrzahl je-
weiliger lichtempfangender Fasern (342) erfasst
wurde, und eine fotoelektrische Umwandlung durch-
führt, um die jeweiligen Signalintensitäten zu erfas-
sen, wobei das Verfahren umfasst
einen Zusammenfügeschritt zum Zusammenfügen
der jeweiligen Signalintensitäten, die von der Erfas-
sungseinheit (24) erfasst wurden, mit Abständen von
der Beleuchtungsfaser (341) zu den jeweiligen licht-
empfangenden Fasern (342) an einer Endfläche
(33a) eines Distalendabschnitts (33) der Messsonde
(3),
dadurch gekennzeichnet, dass
die Messsonde (3) Licht mit einem Intensitätsgradi-
enten, der rund um die Beleuchtungsfaser (341)
symmetrisch variiert, auf die Endfläche (33a) des
Distalendabschnitts (33) der Messsonde (3) proji-
ziert,
der Zusammenfügeschritt die jeweiligen Signalin-
tensitäten in den lichtempfangenden Fasern (342)
der Messsonde (3), die von der Erfassungseinheit
(24) erfasst wurden, und die Abstände der jeweiligen
lichtempfangenden Fasern (342) von der Beleuch-
tungsfaser (341) an der Endfläche (33) des Dista-
lendabschnitts (33) zusammenfügt, wenn das Licht,
das den Intensitätsgradienten aufweist, der rund um
die Beleuchtungsfaser (341) symmetrisch variiert,
auf die Endfläche (33a) des Distalendabschnitts (33)
der Messsonde (3) projiziert wird, und
das Faserbündel (34) derart ausgelegt ist, dass sich
eine Anordnung der optischen Fasern an einer End-
fläche eines Proximalendabschnitts (31) und eine
Anordnung der optischen Fasern an der Endfläche
(33a) des Distalendabschnitts (33) voneinander un-
terscheiden.

8. Faserbündelzusammenfügeverfahren nach An-
spruch 7, wobei der Zusammenfügeschritt das se-
quenzielle Zusammenfügen der jeweiligen Signalin-
tensitäten umfasst, die von der Erfassungseinheit
(24) in absteigender Reihenfolge der Reihe nach er-
fasst wurden, mit den lichtempfangenden Fasern
(342) der Mehrzahl der lichtempfangenden Fasern,
die nach geringerem Abstand zu der Beleuchtungs-
faser (342) an der Endfläche des Distalen-
dabschnitts der Messsonde (3) geordnet sind.

9. Faserbündelzusammenfügeverfahren nach einem
der Ansprüche 7 und 8, wobei der Zusammenfüge-
schritt ein Gruppieren nach den jeweiligen Abstän-
den von der Beleuchtungsfaser (341) zu der Mehr-
zahl lichtempfangender Fasern (342) an der Endflä-
che des Distalendabschnitts der Messsonde (3) ba-
sierend auf den jeweiligen Signalintensitäten durch-
führt, die von der Erfassungseinheit (24) erfasst wur-
den, und die jeweiligen Signalintensitäten, die jeder
der Gruppen entsprechen, als eine Signalintensität
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kollektiv zusammenfügt.

10. Faserbündelzusammenfügeverfahren nach einem
der Ansprüche 7 bis 9, das ferner einen Korrektur-
schritt zum Glätten der jeweiligen Signalintensitäten
umfasst, die von der Erfassungseinheit (24) erfasst
wurden, wenn Licht, das eine räumlich gleichmäßige
Intensität aufweist, an der Mehrzahl lichtempfangen-
der Fasern (342) von dem Distalendabschnitt der
Messsonde (3) empfangen wird.

Revendications

1. Dispositif de mesure optique (1) comprenant :

une unité de source de lumière (22) configurée
pour émettre de la lumière pour mesurer un tissu
vivant ;
une sonde de mesure (3) comprenant un fais-
ceau de fibres (34), ledit faisceau de fibres (34)
comprenant une fibre d’éclairage (341) qui est
configurée pour propager de la lumière à partir
de l’unité de source de lumière (22) jusqu’à une
extrémité distale en tant que lumière d’éclairage
et éclairer le tissu vivant avec la lumière d’éclai-
rage, et une pluralité de fibres de réception de
lumière (342) configurées pour recevoir de la
lumière de retour de la lumière d’éclairage éclai-
rée par la fibre d’éclairage (341) et réfléchie
et/ou dispersée au niveau du tissu vivant ;
une unité de détection (24) configurée pour re-
cevoir la lumière de retour de la lumière d’éclai-
rage détectée par la pluralité de fibres de récep-
tion de lumière respectives (342), et réaliser une
conversion photoélectrique pour détecter des
intensités de signal respectives ; et
une unité d’association (28c) configurée pour
associer les intensités de signal respectives dé-
tectées par l’unité de détection (24) à des dis-
tances de la fibre d’éclairage (341) aux fibres de
réception de lumière respectives (342) sur une
face d’extrémité (33a) d’une partie d’extrémité
distale (33) de la sonde de mesure (3),
caractérisé par le fait que
la sonde de mesure (3) est configurée pour pro-
jeter de la lumière ayant un gradient d’intensité
qui varie de manière symétrique autour de la
fibre d’éclairage (341), vers la face d’extrémité
(33a) de la partie d’extrémité distale (33) de la
sonde de mesure (3),
l’unité d’association (28c) est configurée pour
associer les intensités de signal respectives
dans les fibres de réception de lumière (342) de
la sonde de mesure (3) détectées par l’unité de
détection (24) et les distances des fibres de ré-
ception de lumière respectives (342) par rapport
à la fibre d’éclairage (341) sur la face d’extrémité

(33a) de la partie d’extrémité distale (33), lors-
que la lumière ayant le gradient d’intensité qui
varie de manière symétrique autour de la fibre
d’éclairage (341) est projetée vers la face d’ex-
trémité (33a) de la partie d’extrémité distale (33)
de la sonde de mesure (3), et
le faisceau de fibres (34) est configuré de telle
sorte qu’un agencement des fibres optiques sur
une face d’extrémité d’une partie d’extrémité
proximale (31) et un agencement des fibres op-
tiques sur la face d’extrémité (33a) de la partie
d’extrémité distale (33) sont différents l’un de
l’autre.

2. Dispositif de mesure optique (1) selon la revendica-
tion 1, dans lequel l’unité d’association (28c) est con-
figurée pour associer séquentiellement les intensités
de signal respectives détectées par l’unité de détec-
tion (24), dans l’ordre décroissant de l’intensité de
signal, aux fibres de réception de lumière (342) parmi
la pluralité de fibres de réception de lumière dans
l’ordre des distances se rapprochant par rapport à
la fibre d’éclairage (341) sur la face d’extrémité de
la partie d’extrémité distale de la sonde de mesure
(3).

3. Dispositif de mesure optique (1) selon l’une quelcon-
que des revendications 1 et 2, dans lequel l’unité
d’association (28c) est configurée pour réaliser un
regroupement par les distances respectives de la
fibre d’éclairage (341) à la pluralité de fibres de ré-
ception de lumière (342) sur la face d’extrémité de
la partie d’extrémité distale de la sonde de mesure
(3) sur la base des intensités de signal respectives
détectées par l’unité de détection (24), et associer
collectivement les intensités de signal respectives
correspondant à chacun des groupes en tant qu’une
intensité de signal.

4. Dispositif de mesure optique (1) selon l’une quelcon-
que des revendications 1 à 3, comprenant en outre
une unité de correction (28b) qui est configurée pour
lisser les intensités de signal respectives détectées
par l’unité de détection (24) lorsque de la lumière
ayant une intensité spatialement uniforme est reçue
sur des faces d’extrémité de la pluralité de fibres de
réception de lumière (342) en provenance de la par-
tie d’extrémité distale de la sonde de mesure (3).

5. Dispositif de mesure optique (1) selon l’une quelcon-
que des revendications 1 à 4, comprenant en outre
un élément optique (5) prévu à la partie d’extrémité
distale de la sonde de mesure (3), l’élément optique
(5) étant configuré pour maintenir constantes les dis-
tances entre des extrémités distales de la fibre
d’éclairage (341) et de la pluralité de fibres de ré-
ception de lumière (342) et le tissu vivant.
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6. Dispositif de mesure optique (1) selon l’une quelcon-
que des revendications 1 à 5, comprenant en outre
un élément de dispersion de lumière (4) ayant une
propriété de dispersion uniforme et attaché étroite-
ment au niveau de la partie d’extrémité distale (33)
de la sonde de mesure (3), le dispositif de mesure
optique (1) étant configuré pour éclairer l’élément de
dispersion de lumière (4) avec de la lumière d’éclai-
rage provenant de la fibre d’éclairage (341) de façon
à ainsi projeter de la lumière ayant un profil spatial
sur la partie d’extrémité distale (33) de chacune des
fibres de réception de lumière (342).

7. Procédé d’association de faisceau de fibres exécuté
par un dispositif de mesure optique (1), le dispositif
de mesure optique (1) comprenant : une unité de
source de lumière (22) qui émet de la lumière pour
mesurer un tissu vivant ; une sonde de mesure (3)
comprenant un faisceau de fibres (34), ledit faisceau
de fibres (34) comprenant une fibre d’éclairage (341)
qui propage de la lumière à partir de l’unité de source
de lumière (22) jusqu’à une extrémité distale en tant
que lumière d’éclairage et éclaire le tissu vivant avec
la lumière d’éclairage, et une pluralité de fibres de
réception de lumière (342) qui reçoivent de la lumière
de retour de la lumière d’éclairage éclairée par la
fibre d’éclairage (341) et réfléchie et/ou dispersée
au niveau du tissu vivant ; et une unité de détection
(24) qui reçoit la lumière de retour de la lumière
d’éclairage détectée par la pluralité de fibres de ré-
ception de lumière respectives (342) et réalise une
conversion photoélectrique pour détecter des inten-
sités de signal respectives, le procédé comprenant
une étape d’association pour associer les intensités
de signal respectives détectées par l’unité de détec-
tion (24) à des distances de la fibre d’éclairage (341)
aux fibres de réception de lumière respectives (342)
sur une face d’extrémité (33a) d’une partie d’extré-
mité distale (33) de la sonde de mesure (3),
caractérisé par le fait que
la sonde de mesure (3) projette de la lumière ayant
un gradient d’intensité qui varie de manière symétri-
que autour de la fibre d’éclairage (341), vers la face
d’extrémité (33a) de la partie d’extrémité distale (33)
de la sonde de mesure (3),
l’étape d’association associe les intensités de signal
respectives dans les fibres de réception de lumière
(342) de la sonde de mesure (3) détectées par l’unité
de détection (24) et les distances des fibres de ré-
ception de lumière respectives (342) par rapport à
la fibre d’éclairage (341) sur la face d’extrémité (33a)
de la partie d’extrémité distale (33), lorsque la lumiè-
re ayant le gradient d’intensité qui varie de manière
symétrique autour de la fibre d’éclairage (341) est
projetée vers la face d’extrémité (33a) de la partie
d’extrémité distale (33) de la sonde de mesure (3), et
le faisceau de fibres (34) est configuré de telle sorte
qu’un agencement des fibres optiques sur une face

d’extrémité d’une partie d’extrémité proximale (31)
et un agencement des fibres optiques sur la face
d’extrémité (33a) de la partie d’extrémité distale (33)
sont différents l’un de l’autre.

8. Procédé d’association de faisceau de fibres selon la
revendication 7, dans lequel l’étape d’association
comprend associer séquentiellement les intensités
de signal respectives détectées par l’unité de détec-
tion (24), dans l’ordre décroissant de l’intensité de
signal, aux fibres de réception de lumière (342) parmi
la pluralité de fibres de réception de lumière dans
l’ordre des distances se rapprochant par rapport à
la fibre d’éclairage (342) sur la face d’extrémité de
la partie d’extrémité distale de la sonde de mesure
(3).

9. Procédé d’association de faisceau de fibres selon
l’une quelconque des revendications 7 et 8, dans
lequel l’étape d’association réalise un regroupement
par les distances respectives de la fibre d’éclairage
(341) à la pluralité de fibres de réception de lumière
(342) sur la face d’extrémité de la partie d’extrémité
distale de la sonde de mesure (3) sur la base des
intensités de signal respectives détectées par l’unité
de détection (24), et associe collectivement les in-
tensités de signal respectives correspondant à cha-
cun des groupes en tant qu’une intensité de signal.

10. Procédé d’association de faisceau de fibres selon
l’une quelconque des revendications 7 à 9, compre-
nant en outre une étape de correction pour lisser les
intensités de signal respectives détectées par l’unité
de détection (24) lorsque de la lumière ayant une
intensité spatialement uniforme est reçue sur la plu-
ralité de fibres de réception de lumière (342) en pro-
venance de la partie d’extrémité distale de la sonde
de mesure (3).
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