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SHAPE ESTIMATION DEVICE, ENDOSCOPE
SYSTEM INCLUDING SHAPE ESTIMATION
DEVICE, SHAPE ESTIMATION METHOD,
AND PROGRAM FOR SHAPE ESTIMATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation Application of
PCT Application No. PCT/IP2015/064959, filed May 25,
2015 and based upon and claiming the benefit of priority
from prior the Japanese Patent Application No. 2014-
131772, filed Jun. 26, 2014, the entire contents of all of
which are incorporated herein by references.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a shape estimation
device, an endoscope system including the shape estimation
device, a shape estimation method, and a program for shape
estimation.

[0004] 2. Description of the Related Art

[0005] There is known a device for detecting the shape of
an endoscope. For example, Jpn. Pat. Appln. KOKAI Pub-
lication No. 2007-143600 discloses a technique relating to a
shape detection probe using an optical fiber. The shape
detection probe includes an optical fiber which bends as one
piece with a scope of the endoscope. The optical fiber is
provided with an optical modulator which modulates inten-
sities, etc. of wavelength components being different from
each other. KOKAI Publication No. 2007-143600 discloses
that the shape detection probe can detect the shape of the
endoscope, based on the intensities, etc. of wavelength
components before and after modulation by the optical
modulator. However, KOKAI Publication No. 2007-143600
fails to concretely disclose how to derive the shape of the
endoscope, based on the intensities, etc. of the wavelength
components.

BRIEF SUMMARY OF THE INVENTION

[0006] One embodiment of the present invention is a
shape estimation device comprising an input circuit config-
ured to receive light amount information which is a rela-
tionship between a wavelength and a light amount, the light
amount information being acquired by using a sensor con-
figured such that the light amount to be detected with respect
to the wavelength corresponding to each of a plurality of
sensing parts varies in accordance with a shape of each of
the plurality of sensing parts, a storage circuit configured to
store a light amount estimation relationship including shape
characteristic information representing a relationship among
the shape, the wavelength and the light amount with respect
to each of the plurality of sensing parts, and a shape
arithmetic circuit configured to calculate shape information
being an estimation value of the shape by calculating a light
amount estimation value by an optimization arithmetic
operation such that the light amount estimation value cal-
culated based on the light amount estimation relationship
and the light amount information satisfy a predetermined
condition, the light amount estimation value which is a
relationship between the wavelength and the light amount.
[0007] Other embodiment of the present invention is an
endoscope system comprising the above-described shape
estimation device, an endoscope configured such that a light
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guide is provided in an insertion section, and an endoscope
shape calculator configured to calculate a shape of the
insertion section, based on the shape information.

[0008] Other embodiment of the present invention is a
shape estimation method comprising acquiring light amount
information which is a relationship between a wavelength
and a light amount, the light amount information being
acquired by using a sensor configured such that the light
amount to be detected with respect to the wavelength
corresponding to each of a plurality of sensing parts varies
in accordance with a shape of each of the plurality of sensing
parts, acquiring a light amount estimation relationship
including shape characteristic information representing a
relationship among the shape, the wavelength and the light
amount with respect to each of the plurality of sensing parts,
and calculating shape information being an estimation value
of the shape, by calculating a light amount estimation value
by an optimization arithmetic operation such that the light
amount estimation value calculated based on the light
amount estimation relationship and the light amount infor-
mation satisfy a predetermined condition, the light amount
estimation value which is a relationship between the wave-
length and the light amount.

[0009] Other embodiment of the present invention is a
program for shape estimation, which causes a computer to
execute acquiring light amount information which is a
relationship between a wavelength and a light amount, the
light amount information being acquired by using a sensor
configured such that the light amount to be detected with
respect to the wavelength corresponding to each of a plu-
rality of sensing parts varies in accordance with a shape of
each of the plurality of sensing parts, acquiring a light
amount estimation relationship including shape characteris-
tic information representing a relationship among the shape,
the wavelength and the light amount with respect to each of
the plurality of sensing parts, and calculating shape infor-
mation being an estimation value of the shape, by calculat-
ing a light amount estimation value by an optimization
arithmetic operation such that the light amount estimation
value calculated based on the light amount estimation rela-
tionship and the light amount information satisfy a prede-
termined condition, the light amount estimation value which
is a relationship between the wavelength and the light
amount.

[0010] Advantages of the invention will be set forth in the
description which follows, and in part will be obvious from
the description, or may be learned by practice of the inven-
tion. The advantages of the invention may be realized and
obtained by means of the instrumentalities and combinations
particularly pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0011] The accompanying drawings, which are incorpo-
rated in and constitute apart of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0012] FIG. 1 is a block diagram which schematically
shows a configurational example of an endoscope system
according to an embodiment of the present invention.
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[0013] FIG. 2 is a view which schematically shows a
configurational example of a sensor driver and a sensor unit
according to the embodiment.

[0014] FIG. 3 is a view showing an example of the
relationship between the wavelength and intensity of light
which is emitted by a light source.

[0015] FIG. 4 is a view showing an example of the
relationship between the wavelength of light, which falls on
a photodetector, and the detection sensitivity of the photo-
detector.

[0016] FIG. 5 is a cross-sectional view which schemati-
cally shows a configurational example of a sensing part.
[0017] FIG. 6 is a view showing an example of the
relationship between the wavelengths of light and absorp-
tivities in light absorbers.

[0018] FIG. 7A is a view for explaining the sensing part.
[0019] FIG. 7B is a view for explaining the sensing part.
[0020] FIG. 7C is a view for explaining the sensing part.
[0021] FIG. 8 is a view showing an example of the

relationship between wavelength and a reference light
amount.

[0022] FIG. 9 is a view showing an example of curvature
characteristic information being the relationship between
wavelength and a variation ratio in light amount in a first
sensing part.

[0023] FIG. 10 is a view showing an example of curvature
characteristic information being the relationship between
wavelength and a variation ratio in light amount in a second
sensing part.

[0024] FIG. 11 is a view showing an example of curvature
characteristic information being the relationship between the
curvatures and variation ratios in light amount of the first
sensing part and second sensing part.

[0025] FIG. 12 is a view showing an example of the
relationship between wavelength and a light amount, which
is obtained by the photodetector.

[0026] FIG. 13 is a view showing an example of the
relationship between wavelength, and a product between a
variation ratio in light amount in the first sensing part and a
variation ratio in light amount in the second sensing part.
[0027] FIG. 14 is a view showing an example of the
relationship between wavelength, a variation ratio in light
amount in the first sensing part and a variation ratio in light
amount in the second sensing part.

[0028] FIG. 15 is a block diagram which schematically
shows a configurational example of a shape optimization
circuit according to a first calculation method.

[0029] FIG. 16 is a flowchart showing an example of an
operation according to the first calculation method.

[0030] FIG. 17 is a flowchart showing an example of a
shape information calculation process according to the first
calculation method.

[0031] FIG. 18 is a block diagram which schematically
shows a configurational example of a shape optimization
circuit according to a second calculation method.

[0032] FIG. 19 is a flowchart showing an example of an
operation according to the second calculation method.
[0033] FIG. 20 is a flowchart showing an example of a first
shape information calculation process according to the sec-
ond calculation method.

[0034] FIG. 21 is a flowchart showing an example of a
second shape information calculation process according to
the second calculation method.
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[0035] FIG. 22 is a block diagram which schematically
shows a configurational example of a shape optimization
circuit according to a third calculation method.

[0036] FIG. 23 is a flowchart showing an example of a
shape information calculation process according to the third
calculation method.

DETAILED DESCRIPTION OF THE
INVENTION

[0037] An embodiment of the present invention will be
described with reference to the drawings. FIG. 1 schemati-
cally shows a configurational example of an endoscope
system 1 in which a shape estimation device 10 according to
the invention is used. As shown in FIG. 1, the endoscope
system 1 includes an endoscope 810. The endoscope 810
includes an insertion section 812 which has an elongated
shape and is free to bend, and an operation section 814 for
performing various operations of the endoscope 810. The
endoscope system 1 further includes an endoscope controller
820 for controlling various operations of the endoscope 810.
The endoscope controller 820 is provided with an image
processor 822 for processing an image acquired by the
endoscope 810.

[0038] The endoscope system 1 includes the shape esti-
mation device 10 according to the present invention. The
shape estimation device 10 is a device which estimates a
shape of the insertion section 812 in the endoscope 810. The
endoscope system 1 further includes a display 180 and an
input device 190. The display 180 is a general display
device, and is, for instance, a liquid crystal display, a CRT
display, or an organic EL display. The display 180 is
connected to the endoscope controller 820, and displays an
image acquired by the endoscope 810. In addition, the
display 180 is connected to a controller 100 (to be described
later) of the shape estimation device 10, and displays infor-
mation of the shape of the insertion section 812 of the
endoscope 810 acquired by the shape estimation device 10.
[0039] The input device 190 is a general device for input,
and is, for instance, a keyboard, a mouse, a pointing device,
a tag reader, a button switch, a slider, or a dial. The input
device 190 is connected to the controller 100 (to be
described later) of the shape estimation device 10. The input
device 190 is used in order for a user to input various
instructions for operating the shape estimation device 10. In
addition, the input device 190 may be a storage medium. In
this case, the information stored in the storage medium is
input to the controller 100.

[0040] The shape estimation device 10 will be described.
The shape estimation device 10 includes the controller 100,
a sensor driver 300 and a sensor unit 400. The sensor driver
300 in the shape estimation device 10 includes a light source
310 and a photodetector 320. The sensor unit 400 includes
a plurality of sensing parts 410 provided within the insertion
section 812 in the endoscope 810. The outline of a configu-
rational example of the sensor driver 300 and sensor unit 400
will be described with reference to FIG. 2.

[0041] As shown in FIG. 2, the sensor driver 300 includes
the light source 310, the photodetector 320, an optical
branch 330, and an antireflector 340.

[0042] The light source 310 is, for example, a generally
known light emission unit, such as a lamp, an LED, or a laser
diode. The light source 310 may further include a fluorescent
element for converting wavelength. The light source 310
emits light in a predetermined emission wavelength region.
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FIG. 3 is a view showing an example of the relationship
between the wavelength and intensity of light which is
emitted by a light source 310. The first wavelength A1 as
shown in FIG. 3 is a characteristic wavelength of a spectrum
which a first sensing part 411 (to be described later) of the
sensor unit 400 absorbs. Here, the characteristic wavelength
is, for example, a wavelength at which absorption becomes
maximum. Similarly, the second wavelength A2 as shown in
FIG. 3 is a characteristic wavelength of a spectrum which a
second sensing part 412 of the sensor unit 400 absorbs. As
shown in FIG. 3, the emission wavelength region includes
wavelength to be used by the sensor unit 400, for example,
the first wavelength A1 or the second wavelength A2.
[0043] The photodetector 320 includes an element for
separation of light into its spectral components, such as a
spectroscope or a color filter; and a light reception element
such as a photodiode. The photodetector 320 detects the
intensity of light in a predetermined wavelength region, and
outputs light amount information. Here, the light amount
information is information indicative of the relationship
between a specific wavelength in the predetermined wave-
length region and the intensity of light at this wavelength.
FIG. 4 is a view showing an example of the relationship
between the wavelength of light, which falls on the photo-
detector 320, and the detection sensitivity of the photode-
tector 320. As shown in FIG. 4, the photodetector 320 has
detection sensitivity within a wavelength region including
the above-described first wavelength A1 and second wave-
length A2.

[0044] The photodetector 320 may be configured to
acquire light amounts of various wavelengths at the same
time, or may be configured to acquire these light amounts in
a time-division manner. In addition, the light source 310
may be configured to successively emit lights of different
wavelengths in a time-division manner, and the photodetec-
tor 320 may not include the element for separation of light
into its spectral components and may be configured to detect
light amounts of different wavelengths in a time-division
manner.

[0045] The optical branch 330 includes an optical coupler
or a semitransparent mirror. The optical branch 330 guides
light emitted from the light source 310 to a light guide 420
(to be described later) of the sensor unit 400, and guides light
guided by the light guide 420 to the photodetector 320.
[0046] The antireflector 340 is a member which absorbs
that part of the light emitted from the light source 310, which
did not enter the light guide 420. The antireflector 340
functions to prevent a part of the light emitted from the light
source 310, which did not enter the light guide 420, from
returning to the photodetector 320.

[0047] The sensor unit 400 includes the plurality of sens-
ing parts 410, the light guide 420 and a reflector 430. The
light guide 420 is, for example, an optical fiber, and has
flexibility. The light guide 420 is provided within the inser-
tion section 812 of the endoscope 810 along the longitudinal
direction of the insertion section 812. The light guide 420 is
arranged on a region where the shape is to be calculated in
the insertion section 812. As described above, the light
emitted from the light source 310 enters the light guide 420
via the optical branch 330. The light guide 420 guides the
fell light along the light guide 420.

[0048] The light guide 420 is provided with the plurality
of sensing parts 410. The sensing parts 410 include a first
sensing part 411 and a second sensing part 412. Similarly,
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the sensing parts 410 include an m-th sensing part 41m.
Here, “m” is an arbitrary number. The first sensing part 411,
the second sensing part 412, etc. are arranged at different
positions in the longitudinal direction of the light guide 420.
[0049] The outline of a configurational example of the
sensing part 410 will be described with reference to FIG. 5.
FIG. 5 is a view which schematically shows a cross section
perpendicular to the longitudinal axis of the light guide 420.
The sensing part 410 has such a configuration that a light
absorber 429 is coated on an exposed part of a core 423
exposed by removing parts of a coating 421 and a cladding
422 of the light guide 420 that is, for example, an optical
fiber. Light absorbers 429 having different light absorptivi-
ties for respective wavelengths are used for the respective
sensing parts 410.

[0050] FIG. 6 shows an example of the relationship
between the wavelengths of light and absorptivities in the
light absorbers 429. In FIG. 6, a solid line indicates absorp-
tion characteristics of the light absorber 429 provided in the
first sensing part 411, a broken line indicates absorption
characteristics of the light absorber 429 provided in the
second sensing part 412, and a dot-and-dash line indicates
absorption characteristics of the light absorber 429 provided
in the m-th sensing part 41m. As shown in FIG. 6, the light
absorbers 429 provided in the different sensing parts 410
have absorption characteristics being different from each
other. The wavelength with the highest light absorptivity in
the light absorber 429 provided in the first sensing part 411
is referred to as the above-described first wavelength A1, the
wavelength with the highest light absorptivity in the light
absorber 429 provided in the second sensing part 412 is
referred to as the above-described second wavelength A2,
and the wavelength with the highest light absorptivity in the
light absorber 429 provided in the m-th sensing part 41m is
referred to as an m-th wavelength Am.

[0051] The sensing part 410 will be further described with
reference to FIG. 7A, FIG. 7B and FIG. 70. FIG. 7A, FIG.
7B and FIG. 7C are views which schematically show the
shapes of the light guide 420 and the optical path in the light
guide 420 at the time of each shape. For example, as shown
in FIG. 7A, when the light guide 420 bends such that the
light absorber 429 is located inside, the light fell on the light
absorber 429 is relatively small, and the optical transmissi-
bility by the light guide 420 increases. On the other hand, as
shown in FIG. 7C, when the light guide 420 bends such that
the light absorber 429 is located outside, the light fell on the
light absorber 429 is relatively large, and the optical trans-
missibility by the light guide 420 decreases. As shown in
FIG. 7B, when the light guide 420 is not bent, the optical
transmissibility by the light guide 420 is lower than in the
case shown in FIG. 7A, and is higher than in the case shown
in FIG. 7C. For the purpose of the description below, it is
assumed that the bend of the light guide 420 in such a
direction that the optical transmissibility by the light guide
420 increases, as shown in FIG. 7A, is referred to as the bend
in a positive direction, and that the bend of the light guide
420 in such a direction that the optical transmissibility by the
light guide 420 decreases, as shown in FIG. 7C, is the bend
in a negative direction. In this manner, for example, the
respective light absorbers 429 function as optical members
which exert different effects on the spectrum of light guided
by the light guide.

[0052] Referring back to FIG. 2, the sensor driver 300 and
the sensor unit 400 will be described. The reflector 430 is
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provided at an end portion of the light guide 420, that is, a
distal end thereof, on the side on which the light guide 420
is not connected to the optical branch 330. The reflector 430
reflects the light guided from the optical branch 330 by the
light guide 420 in a direction of the optical branch 330.
[0053] By the above configuration, the light emitted from
the light source 310 is guided to the light guide 420 via the
optical branch 330. This light is transmitted in the light guide
420 from the proximal-end side to the distal-end side. At this
time, in the sensing part 410 provided on the light guide 420,
the light is absorbed in accordance with the bend state of this
sensing part 410, and the amount of transmitted light
decreases at each wavelength. This light is reflected by the
reflector 430, and the reflected light is transmitted in the
light guide 420 from the distal-end side to the proximal-end
side. This reflected light is guided to the photodetector 320
via the optical branch 330. The photodetector 320 detects the
intensity of the guided light at each wavelength. Based on
the detected intensity at each wavelength detected by the
photodetector 320, the bend state of each sensing part 410,
that is, the shape of the insertion section 812 of the endo-
scope 810 can be derived.

[0054] The sensor driver 300 including the optical branch
330, and the sensor unit 400 may be fixed or may be
configured to be detachably attached.

[0055] The controller 100 will be described. The control-
ler 100 is composed of an electronic calculator which is, for
instance, a personal computer. The controller 100 includes
an arithmetic circuit 101, an endoscope shape calculator
140, a photodetector driver 150, and an output circuit 160.
[0056] The arithmetic circuit 101 is composed of, for
example, a device including a CPU or an ASIC. The
arithmetic circuit 101 includes a shape arithmetic circuit
110, a storage circuit 120 and an input circuit 130.

[0057] Light amount information relating to the wave-
length and detected light intensity is input to the input circuit
130 from the photodetector 320. The input circuit 130
transmits the input light amount information to the shape
arithmetic circuit 110. In addition, a signal or the like
representing a user’s instruction that was input by the input
device 190 is input to the input circuit 130. Besides, for
example, identification information for identifying the type
or the individual of the sensor unit 400 is input to the input
circuit 130. In addition, shape characteristic information of
the sensing parts 410 may be input to the input circuit 130.
Further, information output from the endoscope controller
820 may be input to the input circuit 130. The input circuit
130 transmits the input signals to the photodetector driver
150 or shape arithmetic circuit 110.

[0058] The storage circuit 120 stores various kinds of
information being necessary for arithmetic operations that
are executed by the shape arithmetic circuit 110. The storage
circuit 120 stores, for example, programs including a cal-
culation algorithm, and a light amount estimation relation-
ship including shape characteristic information (to be
described later) of the sensing parts 410.

[0059] The shape arithmetic circuit 110 calculates the
shape of each sensing part 410, based on the light amount
information acquired via the input circuit 130, and the
information stored in the storage circuit 120. The shape
arithmetic circuit 110 includes a shape optimization circuit
200 to be used for shape calculation. The details of the shape
optimization circuit 200 will be described later. The shape
arithmetic circuit 110 transmits the calculated shape of the
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sensing part 410 to the endoscope shape calculator 140 and
output circuit 160. In addition, the shape arithmetic circuit
110 outputs to the photodetector driver 150 the information
relating to the operation of the photodetector 320 being
necessary for the shape calculation, such as a gain of the
photodetector 320.

[0060] The endoscope shape calculator 140 including the
controller includes, for example, a CPU or an ASIC. Based
on the shape of each sensing part 410 calculated by the shape
arithmetic circuit 110, the endoscope shape calculator 140
calculates the shape of the insertion section 812 of the
endoscope 810, in which the sensing parts 410 are arranged.
The calculated shape of the insertion section 812 is trans-
mitted to the output circuit 160. The endoscope shape
calculator 140 may be assembled in the shape arithmetic
circuit 110.

[0061] The photodetector driver 150 generates a driving
signal of the photodetector 320, based on the information
acquired from the input circuit 130. By this driving signal,
the photodetector driver 150 switches on/off the operation of
the photodetector 320, for example, based on the user’s
instruction input to the input device 190 and is acquired via
the input circuit 130, or adjusts the gain of the photodetector
320, based on the information acquired from the shape
arithmetic circuit 110. In addition, the photodetector driver
150 may be configured to also control the operation of the
light source 310. The photodetector driver 150 transmits the
generated driving signal to the output circuit 160.

[0062] The output circuit 160 outputs to the display 180
the shape of the insertion section 812 acquired from the
endoscope shape calculator 140 to the display 180, and
causes the display 180 to display the shape of the insertion
section 812. In addition, the output circuit 160 outputs to the
endoscope controller 820 the shape of the sensing part 410
acquired from the shape arithmetic circuit 110. The endo-
scope controller 820 controls the operation of the endoscope
810, based on the acquired shape of the insertion section 812
and the acquired shape of the sensing part 410. Besides, the
output circuit 160 outputs the driving signal acquired from
the photodetector driver 150 to the photodetector 320, and
drives the photodetector 320.

[0063] Next, the operation of the endoscope system 1
according to the present embodiment will be described. The
insertion section 812 of the endoscope 810 is inserted in an
insertion target by the user. During insertion, the insertion
section 812 bends in accordance with the shape of the
insertion target. The endoscope 810 performs image by an
image device provided in the distal end of the insertion
section 812. The image signal acquired by the image is
transmitted to the image processor 822 of the endoscope
controller 820. The image processor 822 creates an endo-
scopic image, based on the acquired image signal. The
image processor 822 causes the display 180 to display the
created endoscopic image.

[0064] When the user wishes to cause the display 180 to
display the shape of the insertion section 812, or when the
user wishes to cause the endoscope controller 820 to per-
form various operations using the shape of the insertion
section 812, the user inputs the corresponding instruction to
the controller 100 through the input device 190. Then, the
shape estimation device 10 operates.

[0065] Ifthe shape estimation device 10 operates, the light
source 310 of the sensor driver 300 emits light of a prede-
termined emission wavelength region. The light emitted
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from the light source 310 is guided to the light guide 420 of
the sensor unit 400 via the optical branch 330. The guided
light is reflected on the reflector 430 provided on the distal
end of the light guide 420, and propagated in the light guide
420 from the proximal-end side to the distal-end side. When
the light travels in the light guide 420, light amount of each
wavelength varies in accordance with the shape of the
sensing parts 410. The light reaches the photodetector 320
via the optical branch 330.

[0066] The photodetector 320 detects the intensity of the
light, which has reached at the photodetector 320, at each
wavelength. The photodetector 320 outputs the detected
light intensity to the input circuit 130 of the controller 100.
The shape arithmetic circuit 110 calculates the shape of each
sensing part 410, based on the light intensity detected by the
photodetector 320 and acquired via the input circuit 130.
[0067] The endoscope controller 820 acquires information
of the shape of each sensing part 410 from the shape
arithmetic circuit 110 via the output circuit 160. The endo-
scope controller 820 controls the operation of the endoscope
810 by using the information of the shape of each sensing
part 410.

[0068] In addition, the endoscope shape calculator 140
acquires information of the shape of each sensing part 410
from the shape arithmetic circuit 110. Based on the shape of
each sensing part 41, the endoscope shape calculator 140
calculates the shape of the insertion section 812 of the
endoscope 810. The endoscope shape calculator 140 causes,
via the output circuit 160, the display 180 to display the
calculated shape of the insertion section 812. Furthermore,
the endoscope controller 820 acquires information of the
shape of the insertion section 812 from the endoscope shape
calculator 140 via the output circuit 160, and uses the
information for the control of the endoscope 810.

[0069] In this manner, according to the shape estimation
device 10, the shape of each sensing part 410 is acquired.
Based on the acquired shape of the sensing part 410, the
endoscope shape calculator 140 calculates the shape of the
insertion section 812 of the endoscope 810. Thereby, the
user can understand the shape of the insertion section 812
while operating the endoscope 810. In addition, the endo-
scope controller 820 performs various arithmetic calculation
based on the shape of the sensing parts 410. Thereby, the
endoscope controller 820 can properly control the operation
of the endoscope 810 in accordance with the shape of the
insertion section 812.

[0070] Next, a detailed description will be given of arith-
metic operations which are executed by the arithmetic
circuit 101 in the shape estimation device 10 of the present
embodiment. For easier understanding, a case in which only
the first sensing part 411 and second sensing part 412 are
included in the sensing parts 410 is described by way of
example.

[0071] To begin with, information to be prepared in
advance before the use of the endoscope system 1, will be
described. A light amount D,,, of light of wavelength An,
which is detected by the photodetector 320, is given by the
following equation (1).

D, ,,=E;,x4;,%B5,%L;,, equation (1)

Here, E,,, is a light amount of light of wavelength An, which
is emitted from the light source 310; A,,, is an absorptivity
of light of wavelength An in the first sensing part 411; B, ,
is an absorptivity of light of wavelength An in the second
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sensing part 412; and L,, is an absorptivity of light of
wavelength An by members other than the sensing parts 410,
such as the optical branch 330, light guide 420 and reflector
430.

[0072] The emission light amount E,,, and absorptivity
L,,, do not depend on the shape of the sensing part 4'10.
Accordingly, the light amount D,, can be rewritten as
hereinafter. Specifically, the light amount of light of wave-
length An, which is detected by the photodetector 320 when
each sensing part 410 is in a predetermined referenced shape
(hereinafter referred to as “reference shape™), is calculated in
advance as a reference light amount I, ,,. In addition, the ratio
between the light amount of light of wavelength An, which
is detected by the photodetector 320 when all sensing parts
410 (in this example, the second sensing part 412), other
than the first sensing part 411, are in the referenced shape,
and the reference light amount 1,,,, is set as a variation ratio
a,,, in the first sensing part 411. Besides, the ratio between
the light amount of light of wavelength A,,, which is detected
by the photodetector 320 when all sensing parts 410 (in this
example, the first sensing part 411), other than the second
sensing part 412, are in the referenced shape, and the
reference light amount I, , is set as a variation ratio f3,,, in
the second sensing part 412. At this time, the light amount
D,,, is given by the following equation (2).

Dy, =0} 0, % B equation (2)

[0073] The light absorptivity in each sensing part 410
varies in accordance with the shape of each sensing part 410,
for example, curvature k. Accordingly, the above-described
ratio «,,, in the first sensing part 411 is given by the
following equation (3).

A, =frn(Ke) equation (3)

Here, K, is the curvature of the first sensing part 411, and a
function f,,, is a variation ratio which is stored in the storage
circuit 120 as a curvature characteristic information.
[0074] Similarly, the above-described ratio 3,,, is given by
the following equation (4).

Brn=8nrn(Kp) equation (4)

Here, K is the curvature of the second sensing part 412, and
a function g,, is a variation ratio which is stored in the
storage circuit 120 as a curvature characteristic information.
[0075] From equation (2), equation (3) and equation (4),
the following equation (5) is obtained.

Dhn(KeoKp) =D fin(Ke) X Gon(Kp) equation (5)

[0076] For the reference shape for determining the refer-
ence light amount I,,,, for example, the case is adopted in
which all of the sensing parts 410 are in the straight shape,
that is, the case in which the curvature is 0 and the radius of
curvature thereof is . However, the reference shape is not
limited to this case, and the reference shape may be a shape
other than the straight shape. In addition, the reference shape
may not be the same shape with respect to all sensing parts,
and arbitrary shapes may be set for the respective sensing
parts.

[0077] Hereinafter, a description will be given of the case
in which the reference shape that is the straight shape is
adopted for all sensing parts 410. The relationship between
wavelength and a reference light amount I shows a spectrum
such as FIG. 8. A light amount D,, (0, 0) at a time when all
sensing parts 410 are in the reference shape is, by definition,
given by the following equation (6).
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D, (0,0=1,,, equation (6)

Specifically, by definition, the reference light amount is I, ,,
f,,(0)=1, and g, (0)=1.

[0078] The function f,,, and function g,,, being curvature
characteristic information can be obtained by varying, in a
state in which the shapes of the sensing parts, other than a
target sensing part, are set to be the reference shape, the
curvature of the target sensing part within a possible range.
[0079] The curvature characteristic information of the first
sensing part 411, that is, the relationship between the wave-
length and variation ratio, is indicated by spectra as shown
in, for example, FIG. 9. Here, the curvature ko is
K;<K;,<K;3<K,,. In addition, the curvature characteristic
information of the second sensing part 412, that is, the
relationship between the wavelength and variation ratio, is
indicated by spectra as shown in, for example, FIG. 10.
Here, the curvature Kg 15 K, <K5,<K,3<K,y.

[0080] Each of FIG. 9 and FIG. 10 shows curvature
characteristic information relating to four curvatures. How-
ever, as the curvature characteristic information, the rela-
tionship between the wavelength and variation ratio in the
emission wavelength range are obtained with respect to
various curvatures as shown in FIG. 9 and FIG. 10. In this
manner, the curvature characteristic information of the first
sensing part 411, which represents the relationship between
the curvature x, and variation ratio a,,,, and the curvature
characteristic information of the second sensing part 412,
which represents the relationship between the curvature kg
and variation ratio f3,,,, are obtained as shown in FIG. 11.
[0081] In the meantime, from equation (5), the function
f,,.(k,) is given by the following equation (7).

Fnlka) = DM;KO,, 0) equation (7)
An
[0082] Similarly, the function g;,(kg) is given by the

following equation (8).

D (0, x5) equation (8)
&anlkp) = -
An
[0083] The curvature characteristic information and refer-

ence light amount information I,,,, as shown in FIG. 8, are
acquired in advance, for example, when the endoscope
system 1 is manufactured, or when the endoscope system 1
is installed, and are prestored in the storage circuit 120. The
curvature characteristic information and reference light
amount I,,, may be acquired at each time of use. For
example, at a time of starting the endoscope system 1, the
reference light amount I,, may be actually measured by
setting the insertion section 812 in the straight shape, and
then the shape of the insertion section 812 may be succes-
sively changed to predetermined bent shapes, and the cur-
vature characteristic information may be acquired from the
light amount detected at this time.

[0084] The curvature characteristic information and refer-
ence light amount I, ,, may be stored not in the storage circuit
120 provided in the controller 100, but in a storage provided
in the sensor driver 300 or sensor unit 400. By doing so, such
characteristic information can be used even when the sensor
driver 300 or sensor unit 400 is connected to other devices.
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[0085] Additionally, for example, such a configuration
may be adopted that the sensor driver 300 or sensor unit 400
is provided with identification information including a value
inherent to the device, and the storage circuit 120 may store
the curvature characteristic information and reference light
amount I, associated with this identification information.
By doing so, the controller 100 can manage and use the
curvature characteristic information and reference light
amounts I, , of a plurality of sensor drivers 300 and sensor
units 400. The identification information may be input from
akeyboard that is the input device 190, may be read out from
an RF-ID tag, or may be read out from the storage provided
in the sensor driver 300 or sensor unit 400.

[0086] Next, arithmetic operations to be executed at the
time of using the endoscope system 1 will be described. The
case is now considered in which the curvatures of the first
sensing part 411 and the second sensing part 412 are
arbitrary curvatures k, and K, respectively. Here, a light
amount D (k,, Kg) indicates a spectrum shown in, for
example, FIG. 12. This light amount D (x, Kp) is acquired
by the photodetector 320.

[0087] Based on equation (5) and the pre-acquired refer-
ence light amount I, as shown in FIG. 8, f(k,)xg(kg) can
be calculated, which is a product of variation ratio of the first
sensing part 411 and the variation ratio of the second sensing
part 412. The relationship between the wavelength and
1k, )xg(Kp) is, for example, as shown in FIG. 13.

[0088] For example, if the relationship between the wave-
length and f{(x)xg(kp), which is shown in FIG. 13, can be
separated into the relationship between the wavelength and
f(K,) and the relationship between the wavelength and
g(kp), as shown in FIG. 14, the curvature x, of the first
sensing part 411 and the curvature K of the second sensing
part 412 can be calculated from the light amount D (x,, Kg).
[0089] As an example, in order to calculate the curvature
K,, of the first sensing part 411 and the curvature K, of the
second sensing part 412, attention is now paid to the first
wavelength Al and second wavelength A2, and consider-
ation is given to the following equation (9) with respect to
the light amount D,, and light amount D, , at respective
wavelengths detected by the photodetector 320.

{D/\l (Ka» Kg) = I X fa1(Ke) X ga1 (kp) equation (9)

Dia(Kas Kg) = Ia X faz(Ka) X ga2(Kp)

[0090] The storage circuit 120 prestores I, ; and I, , being
reference light amounts, and f, , f,,, g,, and g,, being
curvature characteristic information. Thus, based on the
light amount D, ; and light amount D, ,, the curvature «, of
the first sensing part 411 and the curvature K of the second
sensing part 412 can be calculated.

[0091] Although the case in which the sensing parts 410
includes two sensing parts, namely the first sensing part 411
and second sensing part 412, was described by way of
example, the same calculations can be executed even when
the number of sensing parts is three or more.

[0092] In the above example, in order to calculate the
curvature K, of the first sensing part 411 and the curvature
Kp of the second sensing part 412, the first wavelength A1
and second wavelength A.2 are used, but the restriction to this
is unnecessary. Wavelengths other than the first wavelength
A and second wavelength A2 may be used. However, the
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precision in calculation of curvature is enhanced if use is
made of the wavelength at which the light absorptivity of the
light absorber 429 of each sensing part 410 becomes maxi-
mum.

[0093] Additionally, the wavelength used here may have a
certain degree of band width. However, it is preferable that
the band including the wavelength, at which the light
absorptivity of the light absorber 429 becomes maximum, is
used. By using the light amount for the wavelength having
a bandwidth for arithmetic operations, it becomes unneces-
sary to greatly increase the resolution of the photodetector
320, and the reduction in cost of the shape estimation device
10 can be realized. Besides, since local wavelengths are not
used, the robustness to the influence of noise is advanta-
geously increased. A plurality of wavelength bands to be
used for arithmetic operations may partly overlap. As
regards the wavelengths to be used in arithmetic operations,
the same applies to the following description.

[0094] Additionally, as regards the above equation (9),
logarithms may be taken. By using logarithms, the calcula-
tion can be facilitated.

[0095] [First Calculation Method]

[0096] Inthe above description, the example was shown in
which the number of sensing parts 410 is two, and the
curvature K, of the first sensing part 411 and the curvature
Kp, of the second sensing part 412 are calculated. However,
in general, the number of sensing parts is arbitrary, and the
case of two or more is considered here. In addition, the
parameter representing the shape of the sensing part 410 is
not limited to the curvature, and may include rotation, etc.
In the description below, consideration will be given to
shape information k1 to km being information representing
the shapes of the sensing parts of the first sensing part 411
to the m-th sensing part 41m. The shape information may
include various values representing shapes, such as curva-
ture, a radius of curvature, an angle of bend, an angle of
rotation, etc. The information referred to as “curvature
characteristic information” in the above example, will be
referred to as “shape characteristic information”.

[0097] Hereinafter, in order to calculate the shape infor-
mation k1 to km, an example of executing a convergence
calculation is described. Specifically, it is now considered
that, when a light amount estimation value repeatedly cal-
culated in the convergence calculation is set as E,_, the
shape information k1 to km is obtained by converging the
light amount estimation value E,, to a light amount D,
detected by the photodetector 320.

[0098] For example, in the case of the sensing parts 410
including only the first sensing part 411 and second sensing
part 412 described with reference to the above equation (5),
the light amount estimation value E, . corresponds to the
following equation (10).

Ep (K 1560)=h oot (K 1)X (1) equation (10)
Here, Kk, is an estimation value of the curvature of the first
sensing part 411, and x, is an estimation value of the
curvature of the second sensing part 412. In this manner, the
light amount estimation value E,, is given as a function of
the shape information k1 to km of the first to m-th sensing
parts. For example, a light amount estimation equation for
calculating the light amount estimation value corresponding
to equation (10) is stored in the storage circuit 120.
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[0099] Using the light amount D, detected by the photo-
detector 320 and the light amount estimation value E, , an
evaluation value J is defined as in the following equation

(11).

pl equation (11)
J= Z (De = Exc(kl, ..., km))?

x=1

Here, p is the number of wavelengths used for arithmetic
operations, and p is m or more. Specifically, the evaluation
value J is a value obtained by adding the square of an error
of the light amount estimation value E, , calculated by using
the light amount estimation value, relative to the detected
light amount D, .

[0100] The convergence calculation is executed by the
shape optimization circuit 200 in the shape arithmetic circuit
110. FIG. 15 shows the outline of a configurational example
of the shape optimization circuit 200 according to the
present calculation method. As shown in FIG. 15, the shape
optimization circuit 200 includes an estimation value arith-
metic circuit 212 and an evaluation value arithmetic circuit
214.

[0101] The estimation value arithmetic circuit 212
acquires the light amount estimation equation from the
storage circuit 120. A calculation start signal is input to the
estimation value arithmetic circuit 212. When the calcula-
tion start signal has been input, the estimation value arith-
metic circuit 212 starts calculation of the light amount
estimation value E, . The estimation value arithmetic circuit
212 outputs the calculated light amount estimation value E,
and shape information k1 to km to the evaluation value
arithmetic circuit 214.

[0102] The evaluation value arithmetic circuit 214 calcu-
lates the evaluation value J by using the equation (11), based
on the light amount estimation value E, . acquired from the
estimation value arithmetic circuit 212 and the light amount
D, acquired by the photodetector 320. If the evaluation
value J is greater than a predetermined threshold A, the
evaluation value arithmetic circuit 214 returns the evaluation
value J to the estimation value arithmetic circuit 212, and
causes the estimation value arithmetic circuit 212 to repeat
the calculation of the light amount estimation value E, . On
the other hand, if the evaluation value J is not greater than
the predetermined threshold A, the evaluation value arith-
metic circuit 214 outputs the shape information acquired
from the estimation value arithmetic circuit 212 to the
endoscope shape calculator 140 and output circuit 160.
[0103] The algorithm used in the present calculation
method is a single optimization algorithm, or a composite
optimization method in which some optimization algorithms
are combined. The algorithm that is used may be any kind
of algorithm. Examples of the algorithm that is used include
population-based descent methods including Particle Swarm
Optimization (PSO) and Differential Evolution (DE),
Genetic Algorithm (GA), Simulated Annealing (SA), New-
ton’s method, steepest descent method, least squares
method, and simplex method.

[0104] The operation of the controller 100 using the first
calculation method will now be described with reference to
a flowchart of FIG. 16. The operation to be described here
is an operation of displaying on the display 180 the shape of
the insertion section 812 of the endoscope 810. The opera-
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tion is started, for example, when the user has requested,
with use of the input device 190, that the shape of the
insertion section 812 be displayed on the display 180.
[0105] In step S101, the controller 100 reads in position
information of the sensing parts 410 stored in the storage
circuit 120. Here, the position information is information
relating to the position of each sensing part 410 relative to
the insertion section 812 of the endoscope 810. The position
information is used when the shape of the insertion section
812 is calculated based on the shapes of the sensing parts
410.

[0106] In step S102, the controller 100 determines
whether a predetermined update time has come. Here, the
update time means a time of updating the display of the
shape of the insertion section 812 on the display 18. Spe-
cifically, in the present operation, the calculation and display
of'the shape of the insertion section 812 are repeated at every
update time. In the determination of step S102, if it is
determined that the update time has not come, the process
repeats step S102, and stands by until the update time has
come. On the other hand, if it is determined that the update
time has come, the process advances to step S103.

[0107] In step S103, the controller 100 executes a shape
information calculation process according to the first calcu-
lation method. Specifically, the calculation start signal is
input to the estimation value arithmetic circuit 212, and the
shape information calculation process by the shape optimi-
zation circuit 200 is started. Referring to a flowchart of FIG.
17, the shape information calculation process will be
described.

[0108] Instep S201, the estimation value arithmetic circuit
212 of the shape optimization circuit 200 reads in the light
amount estimation equation and predetermined threshold A
from the storage circuit 120, the light amount estimation
equation and predetermined threshold A being used in
subsequent arithmetic operations.

[0109] In step S202, based on the light amount estimation
equation, the estimation value arithmetic circuit 212 calcu-
lates the light amount estimation value E,, and the shape
information k1 to km. The estimation value arithmetic
circuit 212 sends the calculated light amount estimation
value E, . and shape information k1 to km to the evaluation
value arithmetic circuit 214.

[0110] Instep S203, the evaluation value arithmetic circuit
214 of the shape optimization circuit 200 acquires the light
amount D, detected by the photodetector 320 from the
photodetector 320 via the input circuit 130. In step S204, the
evaluation value arithmetic circuit 214 of the controller 100
calculates the evaluation value J by using the equation (11),
based on the light amount estimation value E, . acquired
from the estimation value arithmetic circuit 212 and the light
amount D, acquired from the photodetector 320.

[0111] In step S205, the evaluation value arithmetic circuit
214 determines whether the evaluation value J is equal to or
less than the predetermined threshold A. If it is determined
that the evaluation value J is not equal to or less than the
predetermined threshold A, the process returns to step S202.
Specifically, the evaluation value arithmetic circuit 214
causes the estimation value arithmetic circuit 212 to calcu-
late once again the light amount estimation value E, . On the
other hand, in step S205, if it is determined that the evalu-
ation value J is equal to or less than the predetermined
threshold A, the process advances to step S206. In step S206,
the evaluation value arithmetic circuit 214 of the controller
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100 outputs the shape information k1 to km calculated by the
estimation value arithmetic circuit 212. Thereafter, the pro-
cess returns to the process described with reference to FIG.
16.

[0112] Referring back to FIG. 16, a further description will
be given. In step S104, the endoscope shape calculator 140
of the controller 100 calculates the shape of the insertion
section 812 of the endoscope 810, based on the shape
information k1 to km calculated by the shape optimization
circuit 200 and the position information of the sensing parts
410. Since the distance between the respective sensing parts
410 is included in the position information, the shape of the
insertion section 812 is calculated if the positions of the
respective sensing parts 410 are connected based on the
shape information k1 to km. In step S105, the controller 100
causes the display 180 to display the calculated shape of the
insertion section 812.

[0113] Instep S106, the controller 100 determines whether
an instruction to end the operation has been input. If the
instruction to end the operation has not been input, the
process returns to step S102 and repeats the above-described
operation. On the other hand, if the instruction to end the
operation has been input, the process relating to this opera-
tion is terminated. Such a configuration may be adopted that
the present operation is terminated also when the instruction
to end the operation has been input in the repeating operation
of step S102, or that the present operation is terminated also
when the instruction to end the operation has been input in
the repeating operation of step S202 to step S205.

[0114] Although the example in which the optimal light
amount estimation value E, is calculated by the repetitive
arithmetic operations was shown, a method may be used in
which the optimal light amount estimation value E, is
calculated for the light amount D, acquired by a one-time
arithmetic operation, such as least squares method. In the
optimization arithmetic operation, use may be made of a
light amount estimation table expressed by the form of a
table, not limited to the light amount estimation equation
expressed by the form of a function. The light amount
estimation relationships, which can be expressed in such
various forms, are stored in the storage circuit 120. In this
manner, use may be made of various optimization arithmetic
operations by which the optimal light amount estimation
value E, | can be calculated for the light amount D, acquired
by the photodetector 320.

[0115] Additionally, the evaluation value J is not limited to
equation (11), and may be any value which properly
expresses the difference between the light amount D,
detected by the photodetector 320 and the calculated optimal
light amount estimation value E, .

[0116] According to the above operation, the shape esti-
mation device 10 can calculate the shape of the insertion
section 812 of the endoscope 810. According to the present
embodiment, the sensor unit 400 is generally composed of
only the light guide 420 which is, for example, an optical
fiber. Furthermore, the information of each of the plural
sensing parts 410 is separated by the difference in wave-
length. These are advantageous in reducing the size of the
insertion section 812.

[0117] According to the first calculation method, the shape
of each sensing part 410 can be easily calculated with high
precision by the execution of the optimization arithmetic
operation. In addition, in the first calculation method, the
number of wavelengths which are used, that is, p in equation
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(11), can be arbitrarily set if this number is set to be the
number of sensing parts, i.e., m, or more. By making p
greater, the shapes of sensing parts 410 can be calculated
more precisely.

[0118] The shape estimation device 10 according to the
embodiment can be used for estimating shapes of various
kinds of articles. Specifically, the shape estimation device 10
can be used for estimating shapes of endoscopes for medical
use and industrial use, can be used for estimating the shapes
of, for example, a catheter and a surgery-assisting robot, and
can be used for estimating the shapes of various robots and
deformable instruments, not limited to medical uses.
[0119] [Second Calculation Method]

[0120] A second calculation method will be described.
Different points from the first calculation method will be
described, and a description of common parts is omitted.
FIG. 18 shows the outline of a configurational example of a
shape optimization circuit 200 according to the second
calculation method. As shown in FIG. 18, the shape opti-
mization circuit 200 includes a first estimation value arith-
metic circuit 222, a second estimation value arithmetic
circuit 224, an evaluation value arithmetic circuit 226, and
a selection circuit 228. In this manner, the second calculation
method differs from the first calculation method in that the
two estimation value arithmetic circuits are included in the
shape optimization circuit 200.

[0121] The first estimation value arithmetic circuit 222
executes a first optimization arithmetic operation. The first
optimization arithmetic operation is a global optimization
arithmetic operation. Here, the global optimization arithme-
tic operation is a method which can derive an optimal
solution without falling into a local solution, such as Particle
Swarm Optimization (PSO), Differential Evolution (DE),
Genetic Algorithm (GA) and Simulated Annealing (SA).
The first estimation value arithmetic circuit 222 outputs the
light amount estimation value E, . and shape information k1
to km, which were calculated by the global optimization
arithmetic operation, to the evaluation value arithmetic
circuit 226. In addition, the first estimation value arithmetic
circuit 222 may output, where necessary, the shape infor-
mation k1 to km to the second estimation value arithmetic
circuit 224. Further, the first estimation value arithmetic
circuit 222 counts the calculation number of times, and
retains the counted result as a calculation number of times
Calc_num. Moreover, the first estimation value arithmetic
circuit 222 outputs the calculation number of times Calc_
num to the selection circuit 228.

[0122] On the other hand, the second estimation value
arithmetic circuit 224 executes a second optimization arith-
metic operation. The second optimization arithmetic opera-
tion is a local optimization arithmetic operation with quick
convergence. Here, the optimization arithmetic operation
with quick convergence is a neighborhood search method
for finding a local solution, such as Newton’s method, a
steepest descent method, and a simplex method. The second
estimation value arithmetic circuit 224 outputs the light
amount estimation value E,, and shape information k1 to
km, which were calculated by the local optimization arith-
metic operation, to the evaluation value arithmetic circuit
226.

[0123] The above-described first arithmetic operation and
second arithmetic operation are merely examples. The first
arithmetic operation requires a longer calculation time than
the second arithmetic operation, but can derive a proper
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solution with high precision. On the other hand, there is
concern that the second arithmetic operation, compared to
the first arithmetic operation, may derive, for example, an
improper local solution, but the calculation time in the
second arithmetic operation is shorter. If the first arithmetic
operation has higher precision than the second arithmetic
operation, and if the second arithmetic operation has quicker
convergence than the first arithmetic operation, the first
arithmetic operation and second arithmetic operation may be
any combination of methods.

[0124] The evaluation value arithmetic circuit 226 calcu-
lates the evaluation value J by using the equation (11), based
on the light amount estimation value E, . acquired from the
first estimation value arithmetic circuit 222 or second esti-
mation value arithmetic circuit 224, and the light amount
D, . acquired by the photodetector 320. The evaluation value
arithmetic circuit 226 outputs the evaluation value J and
shape information k1 to km to the selection circuit 228.
[0125] A calculation start signal is input to the selection
circuit 228. When the calculation start signal has been input,
the selection circuit 228 causes the first estimation value
arithmetic circuit 222 to start the optimization arithmetic
operation. In addition, based on the evaluation value J and
shape information k1 to km acquired from the evaluation
value arithmetic circuit 226 and the calculation number of
times Calc_num acquired from the first estimation value
arithmetic circuit 222, the selection circuit 228 selects and
executes one of an operation of causing the first estimation
value arithmetic circuit 222 to execute the optimization
arithmetic operation, an operation of causing the second
estimation value arithmetic circuit 224 to execute the opti-
mization arithmetic operation, and an operation of output-
ting the shape information k1 to km which is the result of the
arithmetic operation. When the selection circuit 228 causes
the first estimation value arithmetic circuit 222 to execute
the optimization arithmetic operation, the selection circuit
228 outputs the currently retained shape information k1 to
km to the first estimation value arithmetic circuit 222. In
addition, when the selection circuit 228 causes the second
estimation value arithmetic circuit 224 to execute the opti-
mization arithmetic operation, the selection circuit 228 out-
puts the currently retained shape information k1 to km to the
second estimation value arithmetic circuit 224.

[0126] The operation of the controller 100 using the
second calculation method will now be described with
reference to a flowchart of FIG. 19. In step S301, the
controller 100 reads in position information of the sensing
parts 410 stored in the storage circuit 120.

[0127] The process of step S302 to step S305 is executed
by the shape optimization circuit 200. In step S302, the
shape optimization circuit 200 of the controller 100 executes
a first shape information calculation process. Referring to a
flowchart of FIG. 20, the first shape information calculation
process will be described.

[0128] In step S401, the selection circuit 228 of the shape
optimization circuit 200 reads in various thresholds which
are stored the storage circuit 120. In addition, the first
estimation value arithmetic circuit 222 of the shape optimi-
zation circuit 200 reads in the light amount estimation
equation stored in the storage circuit 120. In step S402, the
shape optimization circuit 200 causes the display 180 to
display, for example, “waiting state”.

[0129] In step S403, the first estimation value arithmetic
circuit 222 of the shape optimization circuit 200 calculates
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the light amount estimation value E, by the global optimi-
zation arithmetic operation. In step S404, the first estimation
value arithmetic circuit 222 of the shape optimization circuit
200 updates the calculation number of times Calc_num.
Specifically, the calculation number of times Calc_num is
updated as follows:

Calc_num=Calc_num+1

The first estimation value arithmetic circuit 222 outputs the
light amount estimation value E, . and shape information k1
to km, which are the calculation result, to the evaluation
value arithmetic circuit 226. In addition, the first estimation
value arithmetic circuit 222 outputs the calculation number
of times Calc_num to the selection circuit 228. Besides,
since the second estimation value arithmetic circuit 224
utilizes the light amount estimation value E, and shape
information k1 to km, the first estimation value arithmetic
circuit 222 may output the light amount estimation value E,
and shape information k1 to km to the second estimation
value arithmetic circuit 224. Specifically, the second esti-
mation value arithmetic circuit 224 may acquire the light
amount estimation value E,_ to be used in the arithmetic
operation, from the evaluation value arithmetic circuit 226,
or from the first estimation value arithmetic circuit 222.

[0130] Instep S405, the evaluation value arithmetic circuit
226 of the shape optimization circuit 200 reads in the light
amount D,  from the photodetector 320. In step S406, the
evaluation value arithmetic circuit 226 of the shape optimi-
zation circuit 200 calculates the evaluation value J by using
the equation (11), based on the light amount estimation
value E, . and calculation number of times Calc_num, which
were acquired from the first estimation value arithmetic
circuit 222, and the light amount D, acquired from the
photodetector 320. The evaluation value arithmetic circuit
226 outputs to the selection circuit 228 the evaluation value
J, and the light amount estimation value E, _ and shape
information k1 to km, which were acquired from the first
estimation value arithmetic circuit 222.

[0131] In step S407, the selection circuit 228 of the shape
optimization circuit 200 determines whether the evaluation
value J is equal to or less than the predetermined threshold
A, or whether Calc_num is greater than a predetermined
threshold A2. If the evaluation value J is greater than the
predetermined threshold A, and Calc_num is not greater
than the predetermined threshold A2, the process returns to
step S403. At this time, the calculation of the light amount
estimation value E, is repeatedly executed. On the other
hand, if the evaluation value I is equal to or less than the
predetermined threshold A, or if Calc_num is greater than
the predetermined threshold A2, the process advances to
step S408.

[0132] In step S408, the selection circuit 228 of the shape
optimization circuit 200 sets “1” as the value of a flag F
which indicates that the global optimization arithmetic
operation has properly been finished. Thereafter, the process
returns to the process described with reference to FIG. 19.

[0133] Referring back to FIG. 19, a further description
will be given. After the first shape information calculation
process, in step S303, the selection circuit 228 included in
the shape optimization circuit 200 of the controller 100
determines whether a predetermined update time has passed.
If it is determined that the predetermined update time has not
passed, the process repeats step S303, and stands by. On the
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other hand, if it is determined that the predetermined update
time has passed, the process advances to step S304.
[0134] In step S304, the shape optimization circuit 200 of
the controller 100 executes a second shape information
calculation process. Referring to a flowchart of FIG. 21, the
second shape information calculation process will be
described.

[0135] In step S501, the selection circuit 228 of the shape
optimization circuit 200 reads in various thresholds which
are stored the storage circuit 120. In addition, the second
estimation value arithmetic circuit 224 of the shape optimi-
zation circuit 200 reads in the light amount estimation
equation stored in the storage circuit 120. In step S502, the
selection circuit 228 of the shape optimization circuit 200
causes the display 180 to display, for example, “driving
OK”.

[0136] In step S503, the second estimation value arithme-
tic circuit 224 of the shape optimization circuit 200 calcu-
lates the light amount estimation value E, by the local
optimization arithmetic operation with quick convergence.
The second estimation value arithmetic circuit 224 outputs
the light amount estimation value E, . and shape information
k1 to km, which are the calculation result, to the evaluation
value arithmetic circuit 226.

[0137] Instep S504, the evaluation value arithmetic circuit
226 of the shape optimization circuit 200 reads in the light
amount D, from the photodetector 320. In step S505, the
evaluation value arithmetic circuit 226 of the shape optimi-
zation circuit 200 calculates the evaluation value J by using
the equation (11), based on the light amount estimation
value E, . acquired from the second estimation value arith-
metic circuit 224, and the light amount D, acquired from
the photodetector 320. The evaluation value arithmetic cir-
cuit 226 outputs to the selection circuit 228 the evaluation
value J, and the light amount estimation value E, . and shape
information k1 to km, which were acquired from the second
estimation value arithmetic circuit 224.

[0138] In step S506, the selection circuit 228 of the shape
optimization circuit 200 determines whether the evaluation
value J is equal to or less than a predetermined threshold A3.
Here, the threshold A3 is less than the threshold Al. If the
evaluation value J is equal to or less than the predetermined
threshold A3, the process advances to step S507. In step
S507, the selection circuit 228 of the shape optimization
circuit 200 outputs the shape information k1 to km of the
sensing parts calculated by the light amount estimation
equation, and the calculation number of times Calc_num, to,
for example, the endoscope shape calculator 140 or output
circuit 160. Thereafter, the process returns to the process
described with reference to FIG. 19.

[0139] In the determination of step S506, if it is deter-
mined that the evaluation value J is not equal to or less than
the predetermined threshold A3, the process goes to step
S508. In step S508, the selection circuit 228 of the shape
optimization circuit 200 determines whether the evaluation
value J is greater than a predetermined threshold A4. Here,
the predetermined threshold A4 is greater than the prede-
termined threshold Al. If it is determined that the evaluation
value J is not greater than the predetermined threshold A4,
the process returns to step S503. At this time, the calculation
of the light amount estimation value E,, is repeatedly
executed. On the other hand, if it is determined that the
evaluation value J is greater than the predetermined thresh-
old A4, the process advances to step S509. In step S509, the
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selection circuit 228 of the shape optimization circuit 200
sets “0” as the value of the flag F. Thereafter, the process
returns to the process described with reference to FIG. 19.
[0140] Referring back to FIG. 19, a further description
will be given. After the second shape information calcula-
tion process, in step S305, the selection circuit 228 included
in the shape optimization circuit 200 of the controller 100
determines whether the flag F is “1” or not. If the flag F is
not “1”, the process returns to step S302. Specifically, while
the second shape information calculation process is being
executed, if convergence to an improper solution is about to
occur, the flag F becomes “0” in step S509, and the first
shape information calculation process is executed once
again. On the other hand, if it is determined that the flag F
is “1”, the process advances to step S306. In this manner, the
convergence to an improper solution by the second shape
information calculation process with relatively low preci-
sion can be prevented.

[0141] In step S306, the endoscope shape calculator 140
of the controller 100 calculates the shape of the insertion
section 812 of the endoscope 810, based on the shape
information k1 to km calculated by the shape optimization
circuit 200 and the position information of the sensing parts
410. In step S307, the controller 100 causes the display 180
to display the calculated shape of the insertion section 812.
In step S308, the controller 100 determines whether an
instruction to end the operation has been input. If the
instruction to end the operation has not been input, the
process returns to step S303. On the other hand, if the
instruction to end the operation has been input, the process
relating to this operation is terminated.

[0142] According to the process using the second calcu-
lation method, while the calculation of an improper local
solution is prevented by the global optimization arithmetic
operation by the first estimation value arithmetic circuit 222,
proper shape information can be quickly calculated by the
optimization arithmetic operation with high convergence by
the second estimation value arithmetic circuit 224. Accord-
ing to the second calculation method, the calculation of
shape information, which is quick and exact as a whole, can
be realized.

[0143] While the global optimization arithmetic operation
by the first estimation value arithmetic circuit 222 is being
executed, it is preferable that the shape of the insertion
section 812 does not vary, in order to converge the arithmetic
operation. Thus, “waiting state” is displayed on the display
180, and the user is prompted not to move the insertion
section 812. In addition, while the optimization arithmetic
operation with high convergence by the second estimation
value arithmetic circuit 224 is being executed, it is possible
to adapt to a change in shape of the insertion section 812,
and thus “driving OK” is displayed on the display 180. By
such display, the arithmetic operation is prevented from
failing to converge. The display of “waiting state” or “driv-
ing OK” is merely an example, and any kind of display may
be adopted. In addition, not limited to display, such a
configuration as to notify the user by sound may be adopted.
[0144] In the second calculation method, the selection
circuit 228 selects the execution of the first optimization
arithmetic operation or the execution of the second optimi-
zation arithmetic operation. However, the shape estimation
device 10 may be configured to enable the user to make such
selection. In this case, the shape estimation device 10 is
provided with a selection input circuit for the user to input
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his/her own selection. By the configuration which enables
the user to select the kind of arithmetic operation, the user
can select by himself/herself either the exactness or the
quickness of display, which is necessary for the user.
[0145] [Third Calculation Method]

[0146] A third calculation method will be described. Dif-
ferent points from the second calculation method will be
described, and a description of common parts is omitted.
FIG. 22 shows the outline of a configurational example of a
shape optimization circuit 200 according to the third calcu-
lation method. As shown in FIG. 22, the shape optimization
circuit 200 includes a first estimation value arithmetic circuit
231, a second estimation value arithmetic circuit 232, a first
evaluation value arithmetic circuit 233, a second evaluation
value arithmetic circuit 234, and a selection circuit 235.
[0147] Like the first estimation value arithmetic circuit
222 in the second calculation method, the first estimation
value arithmetic circuit 231 is an estimation value arithmetic
circuit which executes the global optimization arithmetic
operation. The first estimation value arithmetic circuit 231
calculates a first light amount estimation value E, | based on
first shape information k1' to km'. The first estimation value
arithmetic circuit 231 outputs the first light amount estima-
tion value E,, and first shape information k1' to km' to the
first evaluation value arithmetic circuit 233.

[0148] The first evaluation value arithmetic circuit 233
calculates, based on the following equation (12), a first
evaluation value J1 for the first light amount estimation
value E, , calculated by the first estimation value arithmetic
circuit 231.

4 equation (12)
Jl= Z (Dae = Exa k17, .., k')

x=1

The first evaluation value arithmetic circuit 233 outputs the
first evaluation value J1 and first shape information k1' to
km' to the selection circuit 235.

[0149] Like the second estimation value arithmetic circuit
224 in the second calculation method, the second estimation
value arithmetic circuit 232 is an estimation value arithmetic
circuit which executes the local optimization arithmetic
operation. The second estimation value arithmetic circuit
232 calculates a second light amount estimation value E, _,
based on second shape information k1" to km". The second
estimation value arithmetic circuit 232 outputs the second
light amount estimation value E, ., and second shape infor-
mation k1" to km" to the second evaluation value arithmetic
circuit 234.

[0150] The second evaluation value arithmetic circuit 234
calculates, based on the following equation (13), a second
evaluation value J2 for the second light amount estimation
value E, ., calculated by the second estimation value arith-
metic circuit 232.

4 equation (13)
J2 = Z (Dre = Exa (K17, oo k™))

x=1

The second evaluation value arithmetic circuit 234 outputs
the second evaluation value J2 and second shape informa-
tion k1" to km" to the selection circuit 235.
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[0151] In the third calculation method, the global optimi-
zation arithmetic operation by the first estimation value
arithmetic circuit 231 and first evaluation value arithmetic
circuit 233 and the local optimization arithmetic operation
by the second estimation value arithmetic circuit 232 and
second evaluation value arithmetic circuit 234 are executed
in parallel.

[0152] The selection circuit 235 determines the evaluation
value J, based on the first evaluation value J1 and second
evaluation value J2. Based on the evaluation vale I, the
selection circuit 235 determines whether the optimization
arithmetic operation is repeatedly executed, or the arithmetic
operation is finished and the calculation result is output. The
selection circuit 235 outputs, as shape information k1 to km,
either the first shape information k1' to km' or the second
shape information k1" to km", which is more appropriate.

[0153] The operation of the controller 100 using the third
calculation method will be described. This operation is
similar to the operation of the controller 100 using the first
calculation method described with reference to FIG. 16.
However, the operation of the shape information calculation
process is different. Referring to a flowchart of FIG. 23, a
description will be given of the operation of the shape
information calculation process using the third calculation
method.

[0154] In step S601, the shape optimization circuit 200
reads in the light amount estimation equation and threshold.
Specifically, the first estimation value arithmetic circuit 231
reads in the light amount estimation equation to be used in
the calculation of the first light amount estimation value
E,.;. The second estimation value arithmetic circuit 232
reads in the light amount estimation equation to be used in
the calculation of the second light amount estimation value
E,.>. The selection circuit 235 reads in the threshold A.

[0155] The process of step S602 to step S604 by the first
estimation value arithmetic circuit 231 and first evaluation
value arithmetic circuit 233 and the process of step S605 to
step S607 by the second estimation value arithmetic circuit
232 and second evaluation value arithmetic circuit 234 to be
executed after step S601, are parallel processes.

[0156] In step S602, the first estimation value arithmetic
circuit 231 of the shape optimization circuit 200 calculates
the first light amount estimation value E, . The first esti-
mation value arithmetic circuit 231 outputs the calculated
first light amount estimation value E, , to the first evaluation
value arithmetic circuit 233.

[0157] In step S603, the first evaluation value arithmetic
circuit 233 of the shape optimization circuit 200 reads in the
light amount D, from the photodetector 320. In step S604,
the first evaluation value arithmetic circuit 233 of the shape
optimization circuit 200 calculates the first evaluation value
J1 by using the equation (12), based on the first light amount
estimation value E,, ., acquired from the first estimation
value arithmetic circuit 231 and the light amount D,
acquired from the photodetector 320. The first evaluation
value arithmetic circuit 233 outputs to the selection circuit
235 the calculated first evaluation value J1 and first shape
information k1' to km' relating to the first light amount
estimation value E, ;.

[0158] In step S605, the second estimation value arithme-
tic circuit 232 of the shape optimization circuit 200 calcu-
lates the second light amount estimation value E,_,. The
second estimation value arithmetic circuit 232 outputs the
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calculated second light amount estimation value E, , to the
second evaluation value arithmetic circuit 234.

[0159] In step S606, the second evaluation value arithme-
tic circuit 234 of the shape optimization circuit 200 reads in
the light amount D, from the photodetector 320. In step
S607, the second evaluation value arithmetic circuit 234 of
the shape optimization circuit 200 calculates the second
evaluation value J2 by using the equation (13), based on the
second light amount estimation value E, , , acquired from the
second estimation value arithmetic circuit 232 and the light
amount D, acquired from the photodetector 320. The sec-
ond evaluation value arithmetic circuit 234 outputs to the
selection circuit 235 the calculated second evaluation value
J2 and second shape information k1" to km" relating to the
second light amount estimation value E, .

[0160] After the process of step S602 to step S604 and the
process of step S605 to step S607, the selection circuit 235
of the shape optimization circuit 200 compares, in step
S608, the first evaluation value J1 acquired from the first
evaluation value arithmetic circuit 233 and the second
evaluation value J2 acquired from the second evaluation
value arithmetic circuit 234, and determines the smaller one
as the evaluation value J.

[0161] In step S609, the selection circuit 235 of the shape
optimization circuit 200 determines whether the evaluation
value J is equal to or less than the predetermined threshold
A. If it is determined that the evaluation value J is not equal
to or less than the predetermined threshold A, the process
returns to the parallel arithmetic operations of step S602 and
step S605. At this time, the first estimation value arithmetic
circuit 231 and second estimation value arithmetic circuit
232 may use the shape information calculated by themselves
in the previous arithmetic operations, or the first estimation
value arithmetic circuit 231 and second estimation value
arithmetic circuit 232 may both use the shape information of
the smaller evaluation value. On the other hand, if it is
determined that the evaluation value J is equal to or less than
the predetermined threshold A, the process advances to step
S610.

[0162] In step S610, the selection circuit 235 of the shape
optimization circuit 200 compares the first evaluation value
J1 and second evaluation value J2. When the first evaluation
value J1 is smaller, the selection circuit 235 determines the
first shape information k1" to km" as the shape information
k1 to km. In addition, when the second evaluation value J2
is smaller, the selection circuit 235 determines the second
shape information k1" to km" as the shape information k1 to
km.

[0163] In step S611, the selection circuit 235 of the shape
optimization circuit 200 outputs the shape information k1 to
km determined in step S610, to, for example, the endoscope
shape calculator 140. Thereafter, the process returns to the
process described with reference to FIG. 16.

[0164] If the third calculation method is used, a proper
optimal solution can be quickly calculated by the parallel
arithmetic operations of the global optimization arithmetic
operation by the first estimation value arithmetic circuit 231
and the optimization arithmetic operation with high conver-
gence by the second estimation value arithmetic circuit 232.
Furthermore, while the global optimization arithmetic
operation does not properly converge, the result of the
optimization arithmetic operation with high convergence is
output. When the global optimization arithmetic operation
properly converges, the result of the global optimization
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arithmetic operation with high precision is output. There-
fore, unlike the case of the second calculation method, the
shape information can constantly be output.

[0165] Additional advantages and modifications will read-
ily occur to those skilled in the art. Therefore, the invention
in its broader aspects is not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. A shape estimation device comprising:

an input circuit configured to receive light amount infor-
mation which is a relationship between a wavelength
and a light amount, the light amount information being
acquired by using a sensor configured such that the
light amount to be detected with respect to the wave-
length corresponding to each of a plurality of sensing
parts varies in accordance with a shape of each of the
plurality of sensing parts;

a storage circuit configured to store a light amount esti-
mation relationship including shape characteristic
information representing a relationship between the
shape, the wavelength and the light amount with
respect to each of the plurality of sensing parts; and

a shape arithmetic circuit configured to calculate shape
information being an estimation value of the shape by
calculating a light amount estimation value by an
optimization arithmetic operation such that the light
amount estimation value calculated based on the light
amount estimation relationship and the light amount
information satisfy a predetermined condition, the light
amount estimation value which is a relationship
between the wavelength and the light amount.

2. The shape estimation device according to claim 1,
wherein the optimization arithmetic operation to be executed
by the shape arithmetic circuit includes at least two kinds of
arithmetic methods,

at least one of the at least two kinds of arithmetic methods
includes a convergence calculation, and

the at least two kinds of arithmetic methods have different
convergences.

3. The shape estimation device according to claim 2,
wherein the at least two kinds of arithmetic methods include
a first optimization arithmetic operation and a second opti-
mization arithmetic operation,

the first optimization arithmetic operation has a higher
precision than the second optimization arithmetic
operation, and

the second optimization arithmetic operation has a higher
convergence than the first optimization arithmetic
operation.

4. The shape estimation device according to claim 3,
wherein the shape arithmetic circuit is configured to suc-
cessively execute the at least two kinds of arithmetic meth-
ods.

5. The shape estimation device according to claim 4,
wherein the shape arithmetic circuit is configured to execute
the second optimization arithmetic operation after executing
the first optimization arithmetic operation.

6. The shape estimation device according to claim 5,
wherein the shape arithmetic circuit is configured to use, in
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the second optimization arithmetic operation, the shape
information calculated by the first optimization arithmetic
operation.

7. The shape estimation device according to claim 3,
wherein the shape arithmetic circuit is configured:

to execute the second optimization arithmetic operation

after executing the first optimization arithmetic opera-
tion,

to use, in the second optimization arithmetic operation,

the shape information calculated by the first optimiza-
tion arithmetic operation, and

to suspend the second optimization arithmetic operation

and execute the first optimization arithmetic operation,
when an error between the light amount information
and the light amount estimation value has become
greater than a predetermined threshold while the shape
arithmetic circuit is executing the second optimization
arithmetic operation.

8. The shape estimation device according to claim 2,
wherein the shape arithmetic circuit is configured:

to execute, in parallel, operations using the at least two

kinds of arithmetic methods, respectively, and

to select optimal said shape information from between at

least two pieces of the shape information obtained as
results of the arithmetic operations.

9. The shape estimation device according to claim 8,
wherein the shape arithmetic circuit is configured to select
the shape information, based on a magnitude of an error
between the light amount information and the light amount
estimation value.

10. The shape estimation device according to claim 1,
wherein the optimization arithmetic operation includes a
convergence calculation, and

the shape arithmetic circuit is configured to terminate the

convergence calculation and determine the shape infor-
mation, when an error between the light amount infor-
mation and the light amount estimation value has
become less than a predetermined threshold.

11. The shape estimation device according to claim 3,
further comprising a selection input circuit configured to
receive an input of selection between the first optimization
arithmetic operation and the second optimization arithmetic
operation,

wherein the shape arithmetic circuit is configured to

execute either the first optimization arithmetic opera-
tion or the second optimization arithmetic operation, in
accordance with the input to the selection input circuit.

12. The shape estimation device according to claim 3,
wherein the shape arithmetic circuit is configured to output
a signal indicative of a waiting state, while the shape
arithmetic circuit is executing the first optimization arith-
metic operation.

13. The shape estimation device according to claim 12,
wherein the signal indicative of the waiting state is a signal
for causing a display to display the wait state.

14. The shape estimation device according to claim 1,
wherein the shape arithmetic circuit is configured to store a
result of the optimization arithmetic operation previously
executed.

15. The shape estimation device according to claim 1,
further comprising:

a light source configured to emit light; and

the sensor,
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the sensor including:

a light guide configured to guide the light emitted from the
light source;

a plurality of the sensing parts including a plurality of
optical members provided on the light guide and con-
figured to exert mutually different effects on a spectrum
of light guided by the light guide; and

a photodetector configured to detect light guided by the
light guide and affected by the plurality of optical
members, and to output the light amount information.

16. An endoscope system comprising:

the shape estimation device according to claim 15;

an endoscope configured such that the light guide is
provided in an insertion section; and

an endoscope shape calculator configured to calculate a
shape of the insertion section, based on the shape
information.

17. A shape estimation method comprising:

acquiring light amount information which is a relationship
between a wavelength and a light amount, the light
amount information being acquired by using a sensor
configured such that the light amount to be detected
with respect to the wavelength corresponding to each of
a plurality of sensing parts varies in accordance with a
shape of each of the plurality of sensing parts;

acquiring a light amount estimation relationship including
shape characteristic information representing a rela-
tionship between the shape, the wavelength and the
light amount with respect to each of the plurality of
sensing parts; and
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calculating shape information being an estimation value
of the shape, by calculating a light amount estimation
value by an optimization arithmetic operation such that
the light amount estimation value calculated based on
the light amount estimation relationship and the light
amount satisfy a predetermined condition, the light
amount estimation value which is a relationship
between the wavelength and the light amount.

18. A program for shape estimation, which causes a

computer to execute:

acquiring light amount information which is a relationship
between a wavelength and a light amount, the light
amount information being acquired by using a sensor
configured such that the light amount to be detected
with respect to the wavelength corresponding to each of
a plurality of sensing parts varies in accordance with a
shape of each of the plurality of sensing parts;

acquiring a light amount estimation relationship including
shape characteristic information representing a rela-
tionship between the shape, the wavelength and the
light amount with respect to each of the plurality of
sensing parts; and

calculating shape information being an estimation value
of the shape, by calculating a light amount estimation
value by an optimization arithmetic operation such that
the light amount estimation value calculated based on
the light amount estimation relationship and the light
amount information satisfy a predetermined condition,
the light amount estimation value which is a relation-
ship between the wavelength and the light amount.
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