
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

00
6 

89
2

A
1

TEPZZ¥ZZ689 A_T
(11) EP 3 006 892 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
13.04.2016 Bulletin 2016/15

(21) Application number: 14808353.8

(22) Date of filing: 03.06.2014

(51) Int Cl.:
G01B 11/24 (2006.01) A61B 1/00 (2006.01)

G01B 11/26 (2006.01) G02B 23/24 (2006.01)

(86) International application number: 
PCT/JP2014/064720

(87) International publication number: 
WO 2014/196524 (11.12.2014 Gazette 2014/50)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(30) Priority: 07.06.2013 JP 2013121188

(71) Applicant: Olympus Corp.
Shibuya-ku
Tokyo 151-0072 (JP)

(72) Inventors:  
• KUBOI, Toru

Tokyo 151-0072 (JP)
• OHARA, Satoshi

Tokyo 151-0072 (JP)

(74) Representative: Winter, Brandl, Fürniss, Hübner, 
Röss, Kaiser, Polte - Partnerschaft mbB
Patent- und Rechtsanwaltskanzlei 
Alois-Steinecker-Strasse 22
85354 Freising (DE)

(54) SHAPE SENSOR AND TUBULAR INSERTION SYSTEM

(57) A shape sensor comprises a shape sensor main
body which comprises an optical fiber capable, a detec-
tion object section, and a light detecting section to detect
the detection light and which is capable of measuring a
shape of a measurement target object by utilizing a
change in characteristics of the light detected through
the detection object section in accordance with a change
in curvature of the optical fiber when the optical fiber

curves; and a curving direction regulating section which
is provided on at least a part of the optical fiber along an
optical axis thereof and regulates a curvable direction of
the optical fiber to a desired direction; wherein the curving
direction regulating section is a core member which is
disposed in at least a part of the shape sensor main body
along the light propagating direction of the optical fiber
and whose main curving direction is regulated.
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Description

BACKGROUND Art

1. Technical Field

[0001] The present invention relates to a shape sensor
to detect a shape of a measurement target object, and a
tubular insertion system having the shape sensor mount-
ed therein.

2. Description of Related Art

[0002] An endoscope inserting section that has a curv-
ing section and is inserted into a body cavity bends along
curves in the body cavity. For example, Japanese Patent
No. 4714570 describes a shape detection probe (which
will hereinafter be referred to as the shape sensor) that
is assembled to the inserting section of the endoscope,
bends integrally with the inserting section, and detects a
bent shape. Herein, detection light emitted from a light
source to detect a curvature is transmitted to a distal end
side through a light supply fiber.
[0003] At an exit end of the light supply fiber, a mirror
is provided, and reflected light of the detection light re-
flected by the mirror enters a curvature detection fiber,
and this reflected light is received by a light receiving
element. Further, in the vicinity of a surface of the curva-
ture detection fiber, optical loss sections that absorb a
part of the reflected light are provided. Amounts of the
reflected light absorbed by the optical loss sections differ
depending on curvatures of fiber bundles at positions
where the optical loss sections are provided. Thus, in the
patent literature, there is described a configuration to cal-
culate the curvatures of the fiber bundles based on in-
tensities of the reflected lights before and after passing
through the optical loss sections.
[0004] The shape sensor in Japanese Patent No.
4714570 described above is detachably disposed and
used on an exposed inner peripheral surface or the like
of a flexible tube which is a measurement target object.
When disposing the shape sensor to the flexible tube,
the shape sensor and the flexible tube can be held and
fixed only in a limited range, e.g., a front end or a rear
end of the shape sensor in some circumstances. In such
a case, there is a possibility that the shape sensor is
distorted at a location apart from a held and fixed portion
in an axial direction. If the shape sensor is distorted, a
curving axis of the flexible tube does not coincide with a
curving axis of the shape sensor, and hence, it is difficult
to accurately measure a shape of the flexible tube as the
measurement target object.
[0005] In particular, a measurement target object con-
figured with uniform flexibility in all directions with a center
axis of the flexible tube as the measurement target object
at the center is considered to have an easily distorted
configuration. It is difficult to adopt the shape sensor de-
scribed in Japanese Patent No. 4714570 as it is for the

measurement of the measurement target object having
such a configuration.
[0006] The present invention provides a shape sensor
that is hardly affected by torsion or the like and can meas-
ure a curving shape in a desired curving direction alone,
and a tubular insertion system.

Summary of Invention

[0007] According to an embodiment of the present in-
vention, there is provided an shape sensor comprising:
a shape sensor main body which comprises a light
source, an optical fiber configured to propagate desired
detection light emitted from the light source, a detection
object section arranged in a part of the optical fiber, and
a light detecting section to detect the detection light prop-
agated through the optical fiber and which is configured
to measure a shape of a measurement target object by
utilizing a change in characteristics of the light detected
through the detection object section in accordance with
a change in curvature of the optical fiber when the optical
fiber curves, and a curving direction regulating section
which is provided on at least a part of the optical fiber
along an optical axis thereof and regulates a curvable
direction of the optical fiber to a desired direction, wherein
the curving direction regulating section is a core member
which is disposed in at least a part of the shape sensor
main body along the light propagating direction of the
optical fiber and whose main curving direction is regulat-
ed.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0008]

FIG. 1 is a longitudinal sectional view showing an
outline configuration of an entire shape sensor ac-
cording to a first embodiment of the present inven-
tion;
FIG. 2 is a cross-sectional view taken along a line
P0-P0 depicted in FIG. 1;
FIG. 3 is a schematic block diagram for explaining a
principle of the shape sensor according to the first
embodiment;
FIG. 4 is a transverse sectional view of a detection
object section of the shape sensor in FIG. 3;
FIG. 5A is a transverse sectional view of a detection
object section of a shape sensor according to a sec-
ond embodiment of the present invention taken
along a line P1-P1;
FIG. 5B is a transverse sectional view of a detection
object section of a shape sensor according to a third
embodiment of the present invention taken along a
line P2-P2;
FIG. 6 is a longitudinal sectional view showing an
outline configuration of an entire shape sensor ac-
cording to a fourth embodiment of the present inven-
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tion;
FIG. 7 is a cross-sectional view taken along a line
P3-P3 depicted in FIG. 6;
FIG. 8 is a longitudinal sectional view showing an
outline configuration of an entire shape sensor ac-
cording to a fifth embodiment of the present inven-
tion;
FIG. 9 is a cross-sectional view taken along a line
P4-P4 depicted in FIG. 8;
FIG. 10 is a longitudinal sectional view showing an
outline configuration of an entire shape sensor ac-
cording to a sixth embodiment of the present inven-
tion;
FIG. 11 is a cross-sectional view taken along a line
P5-P5 depicted in FIG. 10;
FIG. 12 is a longitudinal sectional view showing an
internal configuration of a distal end part of a distal
end insertion tube of an endoscope according to a
seventh embodiment of the present invention; and
FIG. 13 is a cross-sectional view taken along a line
P6-P6 depicted in FIG. 12.

Description of Embodiments

[0009] A shape sensor and a tubular insertion system
having this shape sensor mounted therein according to
each embodiment of the present invention will now be
described hereinafter with reference to the drawings.

[First Embodiment]

[0010] FIG. 1 is a longitudinal sectional view showing
an outline configuration of an entire shape sensor 1 ac-
cording to a first embodiment of the present invention,
and FIG. 2 is a cross-sectional view taken along a line
P0-P0 in FIG. 1. The shape sensor 1 according to this
embodiment includes a shape sensor main body 4 that
has one optical fiber 2 which can guide detection light
having desired characteristics and a curving direction
regulating section 3 which regulates a curvable direction
of this optical fiber 2 to a desired direction. Further, FIG.
3 and FIG. 4 are schematic views for explaining a prin-
ciple of the shape sensor 1.
[0011] The principle of the shape sensor 1 will be first
described with reference to FIG. 3 and FIG. 4.
[0012] The shape sensor 1 is mainly constituted of a
light source 5 that emits light, the optical fiber 2 that
guides the light emitted from the light source 5, a detec-
tion object section 6, and a light receiving section (a light
detecting section) 7 such as a light receiving sensor that
detects the detection light propagated through the optical
fiber 2. The light source 5 is, e.g., a light-emitting diode
(LED) or a laser light source.
[0013] The optical fiber 2 has a Y-like shape forked
into three directions by a coupling section (an optical cou-
pler) 8, and one detection optical fiber 2a is bifurcated
into two fibers, i.e., a light supply optical fiber 2b and a
light reception optical fiber 2c.

[0014] A reflecting section 9 that reflects the guided
light is provided at a distal end of the detection optical
fiber 2. Here, as shown in FIG. 4, the optical fiber 2 is
constituted of a core 10 and a cladding 11 that covers an
outer periphery of the core 10. Furthermore, it may also
have a covering member (a jacket) 12 as the outermost
exterior.
[0015] The light supply optical fiber 2b is a light intro-
duction path, and it guides the light emitted from the light
source 5 provided at the end portion to the coupling sec-
tion 8. The coupling section 8 has a function of guiding
a great part of the light that has entered from the light
source optical fiber 2b to the detection optical fiber 2a,
and guiding at least a part of the light reflected by the
reflecting section 9 to the light reception optical fiber 2c.
[0016] The shape sensor 1 according to this embodi-
ment has the detection optical fiber 2a integrally mounted
therein along a measurement target object, e.g., an elon-
gated flexible curving structure, and detects a bent state
and a bending direction of the flexible curving structure.
Here, at the time of mounting the shape sensor 1 to the
measurement target object, the shape sensor 1 can be
disposed on an appropriate position of the measurement
target object by positioning a bent portion of the meas-
urement target object to the detection object section 6 of
the shape sensor 1. The detection optical fiber 2a follows
a flexible operation of the measurement target object,
reflects the light that has entered from the light supply
optical fiber 2b by the reflecting section 9 at the distal
end, and allows the light to travel back and forth. That is,
the light from the light supply optical fiber 2b via the cou-
pling section 8 is guided to the reflecting section 9, and
the light reflected by this reflecting section 9 is guided to
return to the coupling section 8.
[0017] The light reception optical fiber 2c guides the
light reflected by the reflecting section 9 and branched
by the coupling section 8 to the light receiving section 7
provided at the end portion. The detection optical fiber
2a has at least one detection object section 6.
[0018] As shown in FIG. 4, the detection object section
6 has an opening portion 13 which is provided by remov-
ing a part of the cladding 11 from an outer periphery of
the detection optical fiber 2a and through which a part of
the core 10 is exposed, and an optical characteristic con-
version member 14 arranged in the opening portion 13.
It is to be noted that the detection object section 6 could
enable the light passing through a light guide path to
reach the opening portion 13 even if the core 10 is not
exposed.
[0019] The optical characteristic conversion member
14 has a function of converting a characteristic of the
guided light. The optical characteristic conversion mem-
ber 14 is, e.g., a light guide loss member or a wavelength
conversion member. For example, there is a light absorb-
er as the light guide loss member, or there is a fluorescent
material as the wavelength conversion member. In this
embodiment, the optical characteristic conversion mem-
ber is used as a light guide loss member.

3 4 



EP 3 006 892 A1

4

5

10

15

20

25

30

35

40

45

50

55

[0020] The light emitted from the light source 5 is guid-
ed through the light supply optical fiber 2b, the coupling
section 8, and the detection optical fiber 2a and reflected
by the reflecting section 9 as an outward route. The re-
flected light is detection light, and it is branched in the
coupling section 8, guided through the light reception op-
tical fiber 2c, and reaches the light receiving section 7 as
a return route. The light receiving section 7 photoelectri-
cally converts the received detection lights, and outputs
an electrical signal representing a light quantity.
[0021] In the shape sensor 1 having the above-de-
scribed configuration, when the light guided through the
optical fiber 2 enters the optical characteristic conversion
member 14, a loss is produced. This light guide loss
amount varies depending on the direction of bending and
oscillation and a bending amount of the light reception
optical fiber 2c. Even if the detection optical fiber 2a is
linear, a given light quantity is lost in the optical charac-
teristic conversion member 14 in accordance with a width
of the opening portion 13.
[0022] Assuming that this light loss amount is used as
a reference, for example, if the optical characteristic con-
version member 14 is arranged on an outer peripheral
surface of the bending detection optical fiber 2a in a bend-
ing direction, a larger light guide loss amount than the
reference light guide loss amount is produced. In con-
trast, if the optical characteristic conversion member 14
is arranged on an inner peripheral surface of the bending
detection optical fiber 2a in the bending direction, a small-
er light guide loss amount than the reference light guide
loss amount is produced. This change in light guide loss
amount is reflected in an amount of detection light re-
ceived by the light receiving section 7. That is, it is re-
flected in an output signal from the light receiving section
7.
[0023] Thus, a bending direction and a bending
amount (angle) at a position of the detection object sec-
tion 6 of the shape sensor 1, i.e., a position on the meas-
urement target object where the optical characteristic
conversion member 14 is provided can be detected by
using the output signal from the light receiving section 7.
Furthermore, the curving direction regulating section 3
has a substantially tabular core member 15 displaced on
at least a part of the shape sensor main body 4, e.g., the
detection optical fiber 2a along a light propagating direc-
tion of the optical fiber 2.
[0024] This core member 15 is formed of an elastic
member made of a metal or a resin. As the metal elastic
member, for example, a spring single-core steel wire or
a leaf spring member (SUS) is preferred. Moreover, as
the resin elastic member, polycarbonate, polyacetal, or
PEEK is preferred.
[0025] The core member 15 is bonded and fixed on a
side surface of the outer peripheral surface of the detec-
tion optical fiber 2a on the opposite side of a direction of
the detection object section 6 by a bonding member 16.
As the bonding member 16, for example, an elastic ad-
hesive of epoxy or a silicon resin is preferred. Here, the

bonding member 16 may be continuously applied over
an overall length of the optical fiber 2 in an axial direction
or may be discontinuously applied (spotted) at desired
intervals.
[0026] This core member 15 is formed to have a cross-
sectional structure such that a cross-sectional shape in
a planar direction orthogonal to the axial direction of the
optical fiber (the light propagating direction) is a planar
shape that enhances bending rigidity in a specific direc-
tion. Here, in FIG. 2, the axial direction of the optical fiber
2 (the light propagating direction) is a Z axis direction, a
direction of the detection object section 6 in a plane or-
thogonal to this Z axis is an X axis direction, and a direc-
tion orthogonal to the X axis is a Y axis direction. In the
example shown in FIG. 2, the cross-sectional structure
of the core member 15 is formed into a rectangle having
a short length L1 in the X axis direction and a long length
L2 in the Y axis direction.
[0027] The shape sensor 1 can easily bend in a peri-
axial direction of the Y axis (the periaxial direction means
a circling direction orthogonal to the axis hereinafter) but
hardly bends in a periaxial direction of the X axis due to
the tabular shape, and its main curvable direction is reg-
ulated. That is, the shape sensor 1 can readily bend on
a long side of the core member 15, but hardly bends on
a short side of the same.
[0028] In this embodiment, a direction of the detection
object section 6 of the shape sensor 1 is a detection sen-
sitivity direction, and the detection optical fiber 2a of the
optical fiber 2 is disposed so that the direction of the de-
tection object section 6 of this shape sensor 1 coincides
with the Y axis. In this state, the optical fiber 2 and the
core member 15 can be readily curved in the periaxial
direction of the Y axis. Thus, it is desirable to fix the de-
tection optical fiber 2a to the core member 15 so that the
detection object section 6 having directivity to the curving
direction can oscillate in a flexible direction (the X direc-
tion) of the core member 15.
[0029] Moreover, the shape sensor 1 according to this
embodiment has the detection optical fiber 2a integrally
mounted to become parallel to a longitudinal direction of
a (non-illustrated) measurement target object (e.g., an
inserting section main body including a curving section
of an endoscope) that is long and has flexibility, thereby
detecting a bent state and a bending direction of the
measurement target object.
[0030] At the time of mounting the shape sensor 1 to
the measurement target object, when positioning is per-
formed so that the detection object section 6 of the de-
tection optical fiber 2a is applied to a bent portion of the
measurement target object, the detection object section
6 is disposed at an appropriate position on the measure-
ment target object. For example, in this embodiment, at
least a part of the shape sensor 1 is bonded and fixed to
a channel arranged in a flexible curving structure by, e.g.,
an adhesive.
[0031] A function of the shape sensor 1 according to
this embodiment having the above-described configura-
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tion will now be described.
[0032] As to this shape sensor 1, an integrally mounted
measurement target object (not shown) curves, and the
shape sensor 1 also curves upon receiving an external
force provided by this curving. As described above, in
FIG. 2, the shape sensor 1 easily bends in the X direction
(a rotating direction with the Y axis at the rotation center)
on the long side of the core member 15 but is hard to
bend in the Y direction (a rotating direction with the X
axis at the rotation center) on the short side of the same,
which is curving that gives priority to one axis.
[0033] Further, when the shape sensor 1 curves, a light
quantity of the detection light leaking to the outside from
a direction of the detection object section 6 changes due
to its curvature. Thus, with the change in leaking light
quantity, a light quantity of the detection light that reaches
the light receiving section 7 also changes, and a meas-
urement value to be output also varies. At this time, as
the curvature of the shape sensor 1 is increased, a return
light quantity of the detection light from the detection op-
tical fiber 2a greatly varies. Furthermore, the return light
quantity changes to increase when the detection object
section 6 of the detection optical fiber 2a curves in a com-
pressing direction (in FIG. 1, when the detection optical
fiber 2a curves into a downwardly curved shape), or the
return light quantity changes to decrease when the de-
tection object section 6 of the detection optical fiber 2a
curves in a pulling direction (in FIG. 1, when the detection
optical fiber 2a curves into an upwardly curved shape).
[0034] The above-described shape sensor 1 according
to this embodiment exercises the following effect.
[0035] The shape sensor 1 according to this embodi-
ment includes the curving direction regulating section 3
that regulates the optical fiber 2 to hardly curve in a de-
sired direction on at least a part of the optical fiber 2, e.g.,
the detection optical fiber 2a along the optical axis direc-
tion. Since this curving direction regulating section 3 is
included, it is possible to provide the shape sensor 1 that
is hardly affected by, e.g., torsion due to an external force
other than in a one axis direction along which the sensor
can easily bend and that can measure a curved shape
in a desired curving direction alone.
[0036] Thus, even if the shape sensor 1 is disposed
and fixed to the measurement target object at few holding
points such as a front end or a rear end, the shape sensor
1 is hardly distorted, can curve in a desired curving di-
rection only, and can precisely measure a curved shape.
It is to be noted that the example where the cross-sec-
tional structure of the core member 15 is formed into a
rectangular shape has been described in this embodi-
ment, but the cross-sectional structure of the core mem-
ber 15 may have an elliptic cross-sectional shape.

[Second Embodiment]

[0037] A shape sensor 1 according to a second em-
bodiment will now be described. FIG. 5A is a transverse
sectional view of a detection object section of a shape

sensor according to the second embodiment of the
present invention taken along a line P1-P1.
[0038] This embodiment is a modification of the curving
direction regulating section 3 of the shape sensor 1 ac-
cording to the first embodiment (see FIG. 1 and FIG. 2).
It is to be noted that parts other than a modified part are
the same as those in the first embodiment, and like ref-
erence numerals denote constituent parts in FIG. 5A
equal to those in FIG. 1 and FIG. 2 to omit a description
thereof.
[0039] In the shape sensor 1 according to this embod-
iment, as shown in FIG. 5A, as a curving direction regu-
lating section 3, a core member 21 having an X-like cross-
sectional shape in a direction vertical to a light propagat-
ing direction of an optical fiber 2 is provided. This core
member 21 is integrally made of, e.g., a synthetic resin
material. As a cross-sectional structure of the core mem-
ber 21 according to this embodiment, there are two
planes forming an X-like shape (a first plane 21a and a
second plane 21b) orthogonal to each other at 90°, and
bending rigidity is strong in respective planar directions
of the first plane 21a and the second plane 21b, but the
bending rigidity is weak in a direction dividing an angle
between the first plane 21a and the second plane 21b
into two (a direction of a reference line P1 indicted by an
alternate long and short dash line in FIG. 5A (an X axis
direction)).
[0040] The core member 21 is bonded and fixed to a
side surface of an outer peripheral surface of a detection
optical fiber 2a on the opposite side of a direction of a
detection object section 6 by a bonding member 22 such
as an adhesive. At the time of bonding and fixing this
core member 21, positioning and fixation are carried out
in a state that a direction of the reference line P1 dividing
the angle between the first plane 21a and the second
plane 21b of the core member 21 into two is positioned
in a direction toward the detection object section 6. Con-
sequently, the core member 21 has the cross-sectional
structure that the cross-sectional shape in the direction
vertical to the light propagating direction of the optical
fiber 2 is a shape that enhances the bending rigidity in a
specific direction.
[0041] A function and an effect of the shape sensor 1
according to the present invention will now be described.
[0042] The curving direction regulating section 3 of the
shape sensor 1 has the configuration that the core mem-
ber 21 having the X-like cross-sectional structure is pro-
vided and the bending rigidity is strong in the respective
planar directions of the first plane 21a and the second
plane 21b forming the X-like shape. Furthermore, it also
has the configuration that the rigidity is weak in the di-
rection dividing the angle between the first plane 21a and
the second plane 21b into two (an extending direction of
the alternate long and short dash line of the reference
line P1 shown in FIG. 5A). Thus, a main curvable direction
of the shape sensor 1 is regulated like the first embodi-
ment, and the shape sensor 1 that is hardly affected by,
e.g., torsion and can measure a curved shape in a desired
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curving direction can be provided.

[Third Embodiment]

[0043] A shape sensor 1 according to a third embodi-
ment will now be described.
[0044] FIG. 5B is a transverse sectional view of a de-
tection object section of a shape sensor according to the
third embodiment taken along a line P2-P2. This embod-
iment is a modification of the curving direction regulating
section 3 of the shape sensor 1 according to the first
embodiment (see FIG. 1 and FIG. 2). It is to be noted
that parts other than a modified part are the same as
those in the first embodiment, and like reference numer-
als denote constituent parts in FIG. 5B equal to those in
FIG. 1 and FIG. 2 to omit a description thereof.
[0045] In the shape sensor 1 according to this embod-
iment, as a curving direction regulating section 3, a core
member 31 having a cross-sectional structure shown in
FIG. 5B is provided. The cross-sectional structure of the
core member 31 according to the present invention is a
structure in which four outwardly protruding ribs 33a, 33b,
33c, and 33d are allocated on an outer periphery of a
center member 32 having a circular cross-sectional
shape at equal angles of 90°. This core member 31 is
integrally molded by using, e.g., a synthetic resin mate-
rial.
[0046] The cross-sectional structure of the core mem-
ber 31 according to this embodiment has a first planar
direction connecting the two ribs 33a and 33c arranged
at positions of 180° in the four ribs 33a, 33b, 33c, and
33d allocated at equal angles of 90° and a second planar
direction connecting the ribs 33b and 33d in the same.
The respective first planar direction and second planar
direction are configured to have strong bending rigidity
in the planar directions. Moreover, a direction dividing an
angle between the first planar direction and the second
planar direction into two (a direction of a reference line
P2 indicated by an alternate long and short dash line in
FIG. 5B (an X axis direction)) is configured to have weak
bending rigidity.
[0047] The core member 31 is bonded and fixed on a
side surface of an outer peripheral surface of a detection
optical fiber 2a on the opposite side of a direction of a
detection object section 6 by a bonding member 34 such
as an adhesive. At the time of bonding and fixing this
core member 21, positioning and fixation are carried out
in a state that a direction of the reference line P1 dividing
the angle between the first plane 21a and the second
plane 21b of the core member 21 into two is positioned
in a direction toward the detection object section 6. Con-
sequently, the core member 21 has the cross-sectional
structure that the cross-sectional shape in the direction
vertical to the light propagating direction of the optical
fiber 2 is a shape that enhances the bending rigidity in a
specific direction.
[0048] A function and an effect of the shape sensor 1
according to the present invention will now be described.

[0049] The curving direction regulating section 3 of the
shape sensor 1 has the configuration that the core mem-
ber 31 having the cross-sectional structure shown in FIG.
5B is provided, the first planar direction connecting the
two ribs 33a and 33b arranged at positions of 180° and
the second planar direction connecting the ribs 33b and
33d are included, and the respective planar directions
have the strong bending rigidity. Additionally, the direc-
tion dividing the angle between the first planar direction
and the second planar direction into two (the direction of
the reference line P2 indicated by the alternate long and
short dash line in FIG. 5B (the X axis direction)) is con-
figured to have the weak bending rigidity. Thus, like the
above-described first embodiment, a main curvable di-
rection of the shape sensor 1 is regulated, and the shape
sensor 1 that is hardly affected by, e.g., distortion and
can measure a curved shape in a desired curving direc-
tion alone can be provided.

[Fourth Embodiment]

[0050] A shape sensor 41 according to a fourth em-
bodiment of the present invention will now be described.
[0051] FIG. 6 is a longitudinal cross-sectional view
showing an outline configuration of an entire shape sen-
sor 41 according to the fourth embodiment, and FIG. 7
is a cross-sectional view taken along a line P3-P3 in FIG.
6. In the shape sensor 41 according to this embodiment,
as shown in FIG. 7, there is provided a shape sensor
main body 44 having, e.g., four optical fibers 42 (42a,
42b, 42c, and 42d) and multiple, e.g., three substantially
discoid fiber holding members 43 that hold the four optical
fibers 42a to 42d aligned in parallel. It is to be noted that
the four optical fibers 42a to 42d are equivalent to the
detection optical fiber 2a according to the first embodi-
ment (see FIG. 1 and FIG. 2), and like reference numerals
denote constituent parts shown in FIG. 6 and FIG. 7 equal
to those in FIG. 1 and FIG. 2 to omit a description thereof.
[0052] The fiber holding members 43 are aligned along
a light propagating direction of an optical fiber at appro-
priate intervals. In each fiber holding member 43, fiber
insertion holes (fiber holding sections) 44a to 44d formed
of circular holes are formed on the top, bottom, left,’and
right of a center point O in FIG. 7, respectively.
[0053] The respective fiber insertion holes 44a to 44d
are arranged at equal intervals. The four optical fibers
42a to 42d are inserted into these fiber insertion holes
44a to 44d and fixed in this state. Consequently, the four
optical fibers 42a to 42d are held without coming into
contact with each other.
[0054] Further, each detection object section 6 of the
four optical fibers 42a to 42d is arranged between two
fiber holding members 43 as shown in FIG. 6. Here, in
FIG.7, the detection object sections 6 of the optical fiber
42a at an upper position and the optical fiber 42c at a left
position are arranged to face upward, and the detection
object sections 6 of the optical fiber 42b at a lower position
and the optical fiber 42d at a right position are arranged
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to face downward.
[0055] Furthermore, a curving direction regulating sec-
tion 45 that regulates curvable directions of the optical
fibers 42a to 42d to desired directions is provided to the
shape sensor main body 44 at a lower end portion of
each fiber holder member 43 in FIG. 7. The curving di-
rection regulating section 45 has a substantially tabular
core member 46 arranged to be parallel to the light prop-
agating directions of the respective optical fibers 42a to
42d.
[0056] The tabular core member 46 is arranged on or
near outer peripheries of the respective fiber holding
members 43 of the shape sensor main body 44, and
bonded and fixed to outer peripheral surfaces of the re-
spective fiber holding members 43 by a bonding member
47 such as an adhesive. It is to be noted that the core
member 46 may be configured to be screwed to the outer
peripheral surfaces of the respective fiber holding mem-
bers 43 of the shape sensor main body 44.
[0057] The optical fibers 42a to 42d are arranged in a
maximum circumscribed circle 48 defined by the outer-
most peripheral portion of the tabular core member 46.
Moreover, in this embodiment, the example where the
number of the optical fibers 42 incorporated in the shape
sensor main body 44 is four and the number of the fiber
holding members 43 is three has been described, but
these numbers can be changed as required without being
restricted.
[0058] Additionally, in the shape sensor 41 according
to this embodiment, the shape sensor main body 44 is
integrally mounted along a non-illustrated measurement
target object which is, e.g., an elongated flexible member.
At this time, when a bent portion of the measurement
target object is positioned to be applied to the detection
object sections 6 of the respective optical fibers 42a to
42d, the detection object sections 6 of the respective op-
tical fibers 42a to 42d are disposed at appropriate posi-
tions on the measurement target object.
[0059] In this state, light emitted from a light source 5
of the respective optical fibers 42a to 42d is guided
through a light supply optical fiber 2b, a coupling section
8, and a detection optical fiber 2a and reflected by a re-
flecting section 9 as an outward route. The light reflected
by the reflecting section 9 turns to detection light, and is
branched in the coupling section 8, guided through a light
reception optical fiber 2c, and reaches the light receiving
section 7 as a return route. The light receiving section 7
photoelectrically converts the received detection light,
and outputs an electrical signal representing a light quan-
tity. Consequently, a bent state and a bending direction
of the measurement target object are detected.
[0060] A function and an effect of this embodiment will
now be described.
[0061] In the shape sensor 41 according to this em-
bodiment, when a non-illustrated measurement target
object curves, the shape sensor 41 disposed in the meas-
urement target object receives external force from the
measurement target object and curves. At this time, the

shape sensor 41 can easily curve in a periaxial direction
of a Y axis shown in FIG. 7 but is hard to curve in a
periaxial direction of an X axis due to the cross-sectional
shape of the core member 46. Thus, as shown in FIG.
7, an X axis direction component of the external force
enables the shape sensor 41 to curve, which is curving
that gives priority to one axis with the Y axis at the rotation
center in a coordinate system.
[0062] Further, when the shape sensor 41 curves, a
light quantity of the detection light leaking to the outside
from directions of the detection object sections 6 of the
respective optical fibers 42a to 42d changes due to a
curvature. Therefore, with this change in leaking light
quantity, a light quantity of the detection light that reaches
the light receiving section 7 also changes, and a meas-
urement value to be output also varies. At this time, as
the curvature of the shape sensor 41 is increased, a re-
turn light quantity of the detection light from the detection
optical fiber 2a greatly varies.
[0063] Furthermore, when the detection object section
6 of the detection optical fiber 2a curves in a compressing
direction (in FIG. 6, when the respective optical fibers
42a to 42d curve into downwardly curved shapes), the
return light quantities change to increase in the optical
fiber 42a at the upper position and the optical fiber 42c
at the left position in FIG. 7. On the other hand, the return
light quantities change to decrease in the optical fiber
42b at the lower position and the optical fiber 42d at the
right position.
[0064] Moreover, when the detection object section 6
of the detection optical fiber 2a curves in the compressing
direction (when the respective optical fibers 42a to 42d
shown in FIG. 7 curve in the X direction), the return light
quantities change to decrease in the optical fiber 42a at
the upper position and the optical fiber 42c at the left
position, and the return light quantities change to in-
crease in the optical fiber 42b at the lower position and
the optical fiber 42d at the right position.
[0065] As described above, in the shape sensor 41 ac-
cording to this embodiment, the curving direction regu-
lating section 45 that regulates curvable directions of the
optical fibers 42a to 42d to desired directions is provided
at the lower end portions of the respective fiber holding
members 43 of the shape sensor main body 44, and this
curving direction regulating section 45 is formed of the
substantially tabular core member 46 installed to be par-
allel to the light propagating directions of the respective
optical fibers 42a to 42d.
[0066] With the use of this core member 46, the shape
sensor 41 can easily bend in the X direction shown in
FIG. 7 but is hard to bend in the Y direction by the curving
direction regulating section 45, and bending except for
one direction is regulated. Thus, like the first embodi-
ment, it is possible to provide the shape sensor 41 that
is hardly affected by, e.g., distortion and can measure a
curved shape in a desired curving direction alone.
[0067] Additionally, in the shape sensor 41 according
to this embodiment, since the optical fibers 42a to 42d
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can be disposed in one shape sensor main body 44, a
curved shape of the non-illustrated measurement target
object can be measured at multiple positions in addition
to the effect of the first embodiment. It is to be noted that
the shape sensor having many detection points in the
axial direction by moving the positions of the detection
object sections 6 of the optical fibers 42a to 42d in the
axial direction can be provided.

[Fifth Embodiment]

[0068] A shape sensor 51 according to a fifth embod-
iment of the present invention will now be described with
reference to FIG. 8 and FIG.9. FIG. 8 is a longitudinal
sectional view showing an outline configuration of an en-
tire shape sensor according to the fifth embodiment of
the present invention, and FIG. 9 is a cross-sectional
view taken along a line P4-P4 depicted in FIG. 8.
[0069] This embodiment is a modification of the curving
direction regulating section 45 of the shape sensor 41
according to the fourth embodiment (see FIG. 6 and FIG.
7). It is to be noted that parts other than a modified part
are the same as those in the fourth embodiment, and like
reference numerals denote constituent parts which are
shown in FIG. 8 and FIG. 9 and equal to those in FIG. 6
and FIG. 7 to omit a description thereof.
[0070] In the shape sensor 51 according to this em-
bodiment, two core material insertion holes (core material
holding sections) 53 into which two tabular core materials
52 are inserted respectively are provided in an inner por-
tion of fiber insertion holes 44a to 44d of each fiber holding
member 43 as shown in FIG. 9. The two core materials
52 are arranged to be aligned parallel to a Y axis direction
in FIG.9. The two core materials 52 inserted into the two
core material insertion holes 53 respectively are bonded
by bonding members 54, e.g., an adhesive. It is to be
noted that the two core materials 52 may be held by a
holding and fixing method using no bonding member,
e.g., fusion of the fiber holding member 43, press fitting
(in this case, a hole diameter of each core material in-
sertion hole 53 is slightly smaller than a radial cross-sec-
tional shape of the core material 52), screwing, or the like.
[0071] Further, in this embodiment, the two aligned
core members 52 form a core member 55 constituting a
curving direction regulating section 3 that regulates cur-
vable directions of optical fibers 42a to 42d to desired
directions. In this case, a bending rigidity of the core
member 55 is weak in a direction along which the core
materials 52 are aligned (an X direction), and the bending
rigidity is strong in a direction orthogonal to the aligning
direction of the core materials 52 (a Y direction). It is to
be noted that the number of the core materials 52 is not
restricted to two, and may be one, three, or more.
[0072] Furthermore, a position of each core material
insertion hole 53 is not restricted to the vicinity of the
center of each fiber holding member 43, and may be,
e.g., on the same axes as the optical fibers 42a to 42d
or the outside of the optical fibers 42a to 42d as long as

it is provided within the fiber holding member 43.
[0073] Moreover, a method of mounting the shape sen-
sor 51 according to this embodiment to a non-illustrated
measurement target object is the same as that of the
shape sensor 41 according to the fourth embodiment.
Additionally, detection object sections 6 of the respective
optical fibers 42a to 42d are disposed at appropriate po-
sitions on a measurement target object by positioning a
bent portion of the measurement target object to the de-
tection object sections 6 of the respective optical fibers
42a to 42d. Consequently, a bent state and a bending
direction of the measurement target object are detected.
[0074] A function and an effect of this embodiment will
now be described.
[0075] The shape sensor 51 according to this embod-
iment detects a bent state and a bending direction of the
measurement target object like the shape sensor 41 ac-
cording to the fourth embodiment. In the shape sensor
51, the two tabular core materials 52 are arranged in
parallel in an inside portion of the fiber insertion holes
44a to 44d of each fiber holding member 43. Further, a
main curvable direction of the shape sensor 51 is regu-
lated by the core member 55 constituted of the two tabular
core materials 52 in a state that the shape sensor 51 can
readily bend in the X direction and a periaxial direction
of a Y axis but is hard to bend in a periaxial direction of
an X axis. Thus, it is possible to provide the shape sensor
51 that is hardly affected by distortion or the like and can
measure a curved shape in a desired curving direction
alone like the first embodiment.
[0076] Furthermore, in the shape sensor 51 according
to this embodiment, since the core member 55 constitut-
ed of the two tabular core materials 52 is arranged in the
inside portion of the fiber insertion holes 44a to 44d of
each fiber holding member 43, an effect of reducing a
diameter of the shape sensor 51 can be provided as com-
pared with a case where the core member 46 is mounted
on the outer peripheral surface of each fiber holding
member 43.

[Sixth Embodiment]

[0077] A shape sensor 61 according to a sixth embod-
iment of the present invention will now be described with
reference to FIG. 10 and FIG. 11. FIG. 10 is a longitudinal
sectional view showing an outline configuration of the
entire shape sensor 61 according to the sixth embodi-
ment, and FIG. 11 shows a cross-sectional view taken
along a line P5-P5 in FIG. 10.
[0078] In the shape sensor 61 according to this em-
bodiment is provided a shape sensor main body 64 that
has multiple, four in this embodiment as shown in FIG.
11, optical fibers 62 (62a, 62b, 62c, and 62d) and multiple,
three in this embodiment, substantially discoid fiber hold-
ing members 63 that hold the four optical fibers 62a to
62d aligned in parallel. It is to be noted that the four optical
fibers 62a to 62d have the same configuration as the
detection optical fiber 2a according to the first embodi-
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ment (see FIG. 1 and FIG. 2), respectively. Thus, in FIG.
10 and FIG. 11, like reference numerals denote parts
equal to those in FIG. 1 and FIG. 2 to omit a description
thereof.
[0079] In the shape sensor 61 according to this em-
bodiment, as the four optical fibers 62a to 62d, two types
of optical fibers having different bending rigidities are
used. Here, the two optical fibers 62a and 62b vertically
arranged in FIG. 1 have narrower outer diameters and
lower bending rigidities than the two horizontally ar-
ranged optical fibers 62c and 62d. Thus, the bending
rigidity of the entire shape sensor main body 64 is greatly
affected by the two horizontally arranged optical fibers
62c and 62d having the high bending rigidities. Thus, the
two optical fibers 62c and 62d horizontally arranged in
FIG. 11 have functions corresponding to the core mem-
ber 46 in the shape sensor 41 according to the fourth
embodiment (see FIG. 6 and FIG. 7) and the core mem-
ber 55 of the shape sensor 51 according to the fifth em-
bodiment (see FIG. 8 and FIG. 9).
[0080] Therefore, the shape sensor main body 64 ac-
cording to this embodiment can easily curve in a periaxial
direction of a Y axis shown in FIG. 11 but is hard to curve
in a periaxial direction of an X axis. Thus, as shown in
FIG. 11, the shape sensor 61 can curve by an X axis
direction component of an external force, which is curving
giving priority to one axis with the Y axis at a rotation
center in a coordinate system.
[0081] It is to be noted that, in this embodiment, the
description has been given as to the example where
thicknesses of the two optical fibers 62c and 62d hori-
zontally arranged in FIG. 11 and the two optical fibers
62a and 62b vertically arranged in FIG. 11 are changed
to provide the bending rigidity with directivity. The levels
of the bending rigidity may be changed to provide the
bending rigidities of the optical fibers with the directivity
by differentiating a diameter of at least one constituent
element of four constituent elements, i.e., a core, a clad-
ding, a coat, and a jacket of each optical fiber.
[0082] Moreover, the directivity may be provided to the
bending rigidity by changing a material of the core or the
jacket constituting each optical fiber (for example, chang-
ing the material of the core to a combination of quartz
glass and a resin or changing the material of the jacket
to a combination of a fluorine resin and a polyimide resin).
Additionally, the directivity may be provided to the bend-
ing rigidity by using a combination of a diameter and a
material. Further, in the shape sensor 61 according to
this embodiment, metallic spring materials each having
an isotropically circular cross-sectional shape may be
adopted in place of the two optical fibers 62c and 62d
horizontally arranged in FIG. 11.
[0083] A function and an effect of this embodiment will
now be described.
[0084] In the shape sensor 61 according to this em-
bodiment, when the two types of optical fibers having
different bending rigidities are used as the four optical
fibers 62a to 62d incorporated in the shape sensor main

body 64, the two optical fibers 62c and 62d horizontally
arranged in FIG. 11 can provide the functions corre-
sponding to the core member 46 in the shape sensor 41
according to the fourth embodiment (see FIG. 6 and FIG.
7) and the core member 55 in the shape sensor 51 ac-
cording to the fifth embodiment (see FIG. 8 and FIG. 9).
Thus, the shape sensor 61 according to this embodiment
can provide the same function and effect as those of the
shape sensor 1 according to the first embodiment. Addi-
tionally, in the shape sensor 61 according to this embod-
iment, since core materials other than the optical fibers
do not have to be used, besides the effect of the first
embodiment, component costs or assembling costs can
be decreased as compared with the shape sensor 41
according to the fourth embedment or the shape sensor
51 according to the fifth embodiment, and a more inex-
pensive shape sensor can be provided.

[Seventh Embodiment]

[0085] A shape sensor 73 according to a seventh em-
bodiment of the present invention will now be described
with reference to FIG. 12 and FIG. 13. This embodiment
has a configuration such that a shape sensor 73 is mount-
ed in a distal end insertion tube 72 of an endoscope 71
which is a measurement target object to measure a
curved shape of the distal end insertion tube 72.
[0086] FIG. 12 is a longitudinal cross-sectional view
showing an internal configuration of a distal end part of
the distal end insertion tube 72 of the endoscope 71, and
[0087] FIG. 13 is a cross-sectional view taken along a
line P6-P6 in FIG. 12.
[0088] A configuration of the distal end insertion tube
72 of the endoscope 71 will be described first.
[0089] The distal end insertion tube 72 is constituted
of a hard distal end section 74 and a flexible curving struc-
ture 75. The flexible curving structure 75 is a curving di-
rection regulating section with a curving directivity, in-
cluding a curving easiness by which curving in a specific
direction other than a center line direction (a Z axis di-
rection in FIG. 12) is easy, and a curving difficulty by
which curving in any other direction is difficult.
[0090] As shown in FIG. 12, an illuminating section 76
and an observing section 77 are provided in the distal
end section 74. A light guide 76a is provided to the illu-
minating section 76. A proximal end portion of this light
guide 76a is extended to a connector section side of a
non-illustrated universal cord.
[0091] Further, when the connector section is connect-
ed to a light source apparatus, illumination light emitted
from the light source apparatus is supplied to the illumi-
nating section 76 through the light guide 76a, and applied
to the outside. An objective optical system 77a and an
image sensor 77b are provided to the observing section
77.
[0092] An endoscope observation image of an obser-
vation target formed by an imaging optical system is pho-
toelectrically converted by the image sensor 77b, and an
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image signal is generated. The image signal is transmit-
ted to a non-illustrated video processor side through a
signal line 77c, and the endoscope observation image is
displayed in a non-illustrated monitor.
[0093] A flexible curving structure 75 is constituted of
a curving regulating section 78 and a free curving section
79. The curving regulating section 78 is formed of an
operation curving section 80 and a second curving sec-
tion 81. The operation curving section 80 is formed of a
two-direction curving section that can curve in two direc-
tions, e.g., up and down directions (up-down) of the en-
doscope 71. The second curving section 81 is formed of
a four-direction curving section that can curve in four di-
rections, e.g., up and down directions (up-down) and left
and right directions (left-right) of the endoscope 71.
[0094] The curving regulating section 78 can curve in
desired two directions (up-down) at a desired curvature
by an operation of a dial such as a non-illustrated curving
operation knob provided on a non-illustrated hand oper-
ating section of the endoscope 71.
[0095] An internal configuration of the distal end inser-
tion tube 72 will now be described with reference to FIG.
12. The illuminating section 76, the observing section 77,
a treatment tool insertion channel 84 into which a non-
illustrated treatment tool or the like can be inserted, a
non-illustrated air supply/water supply nozzle, a non-il-
lustrated jet water supply opening portion, and others are
arranged in the distal end section 74. A distal end portion
of the operation curving section 80 is coupled with a rear
end side of the distal end section 74.
[0096] The operation curving section 80 is a coupling
structure of curving piece members 83a having ring-
shaped curving piece members 83a coupled along a
center line direction (a Z axis direction in FIG. 12) of the
flexible curving structure 75. A pair of tongue-shaped
frontward protruding portions 83a1 protruding frontward
are formed at a front end portion of each curving piece
member 83a, and a pair of tongue-shaped rearward pro-
truding portions 83a2 protruding rearward are formed at
a rear end portion of the same. The pair of frontward
protruding portions 83a1 are arranged at positions apart
from each other at 180° in a circumferential direction of
each curving piece member 83a. The pair of rearward
protruding portions 83a2 are likewise arranged at posi-
tions apart from each other at 180° in the circumferential
direction of each curving piece member 83a.
[0097] Moreover, the pair of frontward protruding por-
tions 83a1 and the pair of rearward protruding portions
83a2 of each curving piece member 83a are arranged at
positions corresponding to front and rear directions (the
same positions in the circumferential direction of each
curving piece member 83a). As shown in FIG. 13, a turn-
ing shaft 83b such as a hinge pin or a rivet for curving in
up and down directions is inserted into each of portions
(two positions) where the rearward protruding portion 83a
of the front curving piece member 83a overlaps the front-
ward protruding portion 83a1 of the adjacent rear curving
piece member 83a. Thus, the front and rear curving piece

members 83a are coupled with each other to allow their
turning motion around each turning shaft 83b in one di-
rection only (around an X axis in FIG. 12 and FIG. 13).
[0098] With such a coupling structure allowing the turn-
ing motion, the operation curving section 80 regulates a
curving easy direction to only one direction, which is a
periaxial direction of a center line of the flexible curving
structure 75, as indicated by an arrow A in FIG. 13, there-
by forming a one-direction curving regulating section that
can curve in two directions, i.e., up and down directions
(up-down) of the endoscope 71.
[0099] It is to be noted that a rearward protruding por-
tion 74a2 having the same structure as the rearward pro-
truding portion 83a2 of the curving piece member 83a is
protruded on a rear end side of the distal end section 74.
The turning shaft 83b for the up and down directions is
inserted into each of portions (two positions) where this
rearward protruding portion 74a2 overlaps the frontward
protruding portion 83a1 of the curving piece member 83a
at a forefront end position of the operation curving section
80, and the rear end side of the distal end section 74 is
thereby coupled with the curving piece member 83a at
the forefront end position in the operation curving section
80 to allow their turning motion in one direction alone
around the turning shaft 83b (around the X axis in FIG.
12 and FIG. 13).
[0100] Furthermore, two wire holding members 83d
are fixed on an inner peripheral surface of the curving
piece member 83a. These two wire holding members
83d are arranged at positions apart from each other by
180° in the circumferential direction of each curving piece
member 83a, and each of these members is arranged at
an intermediate position between the pair of frontward
protruding portions 83a1 (a position apart from the front-
ward protruding portion 83a1 at 90° in the circumferential
direction).
[0101] Distal end portions of two operation wires 84
inserted into the respective wire holding members 83d
are fixed to the distal end section 74.
[0102] Moreover, proximal end portions of the two op-
eration wires 84 are coupled with the up-down direction
curving operation knob of the dial in the hand operating
section. When the curving operation knob is operated,
the operation curving section 80 can curve around the
turning shafts 83b as the X axis in the up and down turning
directions at a desired angle. A distal end portion of the
second curving section 81 is coupled with a rear end side
of the operation curving section 80.
[0103] The second curving section 81 is a coupled
structure of second curving piece members 85a in which
the second curving piece members 85a are aligned along
the center line direction of the flexible curving structure
75. A pair of tongue-shaped frontward protruding portions
85a1 protruding frontward are formed at a front end por-
tion of each second curving piece member 85a, and a
pair of tongue-shaped rearward protruding portions 85a2
protruding rearward are formed at a rear end portion of
the same. The pair of frontward protruding portions 85a1

17 18 



EP 3 006 892 A1

11

5

10

15

20

25

30

35

40

45

50

55

are arranged at positions apart from each other by 180°
in the circumferential direction of each second curving
piece member 85a. The pair of rearward protruding por-
tions 85a are likewise arranged at positions apart from
each other by 180° in the circumferential direction of each
second curving piece member 85a.
[0104] Additionally, in the second curving section 81,
the pair of frontward protruding portions 85a1 and the
pair of rearward protruding portions 85a2 of each second
curving piece member 85a are arranged at positions de-
viating from positions corresponding to front and back
directions (the same positions in the circumferential di-
rection of each second curving piece member 85a) by
90°. Further, a turning shaft 85b1 such as a hinge pin or
a rivet for curving in left and right directions is inserted
into each of portions (two positions) where the rearward
protruding portion 85a2 of the front second curving piece
member 85a overlaps the frontward protruding portion
85a1 of the adjacent rear curving piece member 85a, and
the front and rear curving piece members 85a are cou-
pled with each other to allow their turning motion around
each turning shaft 85b1 in one direction only (around the
Y axis in FIG. 12).
[0105] Further, in the second curving section 81, since
the pair of frontward protruding sections 85a1 and the
pair of rearward protruding section 85a2 of each second
curving piece member 85a are arranged at the positions
deviating from the positions corresponding to the front
and back directions (the same positions in the circumfer-
ential direction of each second curving piece member
85a) by 90° respectively, turning shafts 85b2 for curving
in the up and down directions are arranged adjacent to
the turning shafts 85b1 for the left and right directions
respectively. Furthermore, coupling is achieved to allow
a turning motion in only one direction around each turning
shaft 85b2 for the up and down directions (around the X
axis in FIG. 12). Thus, in the second curving section 81,
the turning shafts 85b1 for the left and right directions
and the turning shafts 85b2 for the up and down directions
are alternately arranged along the center line direction
of the flexible curving structure 75. Consequently, the
curving easy direction is regulated to four directions, i.e.,
the up and down directions and the left and right direc-
tions of the endoscope 71 by the second curving section
81, thereby forming a two-direction curving regulating
section whose curving easy direction is regulated to two
directions, i.e., the up and down directions (up-down) of
the endoscope 71 indicated by the arrow A in FIG. 13,
and two directions, i.e., the left and right directions (left-
right) indicated by an arrow B in FIG. 13 to the periaxial
direction of the center line of the flexible curving structure
75.
[0106] It is to be noted that, in the coupling portion of
the rear end side of the operation curving section 80 and
the distal end portion of the second curving section 81,
the turning shaft 85b2 for the up and down directions is
inserted into each of portions (two positions) where the
rearward protruding portion 83a2 of the curving piece

member 83a at the rearmost end position of the operation
curving section 80 overlaps the frontward protruding por-
tion 85a1 of the second curving piece member 85a at the
foremost end position of the second curving section 81,
and the curving piece member 83a at the rearmost end
position of the operation curving section 80 is thereby
coupled with the second curving piece section 85a at the
foremost end position of the second curving section 81
to allow their turning motion around each turning shaft
85b2 (around the X shaft in FIG. 12) in one direction only.
[0107] Since the operation wires 84 are not connected
to the second curving piece member 85a of the second
curving section 81, the second curving piece members
85a do not turn even if the operation wires 84 are pulled,
but they can curve in desired two directions (directions
to rotate around the X axis and the Y axis in FIG. 13)
around the turning shafts 85b1 for the left and right di-
rections and the turning shafts 85b2 for the up and down
directions when an external force acts on the distal end
insertion tube 72 due to pressing of the distal end inser-
tion tube 72 against an external structure. A distal end
portion of the free curving section 79 is coupled with the
rear end side of the second curving section 81.
[0108] The free curving section 79 is formed of a flex-
ible tube 86 such as a fluorine-containing tube having,
e.g., a bucking prevention coil which can curve in free
directions wound thereon. Since the operation wires 84
are not connected to the free curving section 79 either,
the free curving section 79 cannot be curved by an op-
eration of the curving operation knob of the hand oper-
ating section, but can be curved in a shape similar to a
shape of, e.g., an external structure having the distal end
insertion tube 72 inserted therein.
[0109] It is to be noted that a frontward protruding por-
tion 79a1 having the same configuration as the frontward
protruding portion 85a1 of the second curving piece
member 85a is protruded at the distal end portion of the
free curving section 79. The turning shaft 85b2 for the up
and down directions is inserted into each of portions (two
positions) where this frontward protruding portion 79a1
overlaps the rearward protruding portion 85a2 of the sec-
ond curving piece member 85a at the rearmost end po-
sition of the second curving section 81, and the rearward
protruding portion 85a2 on the rear end side of the second
curving piece member 85a is coupled with the frontward
protruding portion 79a1 at the distal end portion of the
free curving section 79 to allow their turning motion
around each turning shaft 85b2 in one direction only
(around the X axis in FIG. 12 and FIG. 13).
[0110] Moreover, the shape sensor 73 according to this
embodiment is arranged to be parallel to an outer periph-
eral surface of a treatment tool insertion channel 82 ar-
ranged in the distal end insertion tube 72 of the endo-
scope 71 and, in this state, is fixed and held on at least
a part thereof by using an adhesive or the like. In the
shape sensor 73, a first shape sensor constituent section
91 arranged at a position corresponding to the operation
curving section 80, a second shape sensor constituent
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section 92 arranged at a position corresponding to the
second curving section 81, and a third shape sensor con-
stituent section 93 arranged at a position corresponding
to the free curving section 79 are provided. The first
shape sensor constituent section 91 has at least one de-
tection object section 94a disposed in the range of the
operation curving section 80. Additionally, the second
shape sensor constituent section 92 has at least two de-
tection object sections 94b disposed in the range of the
second curving section 81, and the third shape sensor
constituent section 93 has at least two detection object
sections 94c disposed in the range of the free curving
section 79.
[0111] Further, the first shape sensor constituent sec-
tion 91 has, e.g., the curving direction regulating section
3 of the shape sensor 1 according to the first embodiment
(see FIG. 1 and FIG 2) or the curving direction regulating
section 45 of the shape sensor 41 according to the fourth
embodiment (see FIG. 6 and FIG. 7) incorporated there-
in. Consequently, in the range corresponding to the op-
eration curving section 80, coupling is achieved by sen-
sor pieces 96 that can curve in a direction to rotate around
the X axis by a shaft 95 parallel to the turning shafts 83b.
The second shape sensor constituent section 92 has,
e.g., the core member 21 of the shape sensor 1 according
to the second embodiment (see FIG. 5A) or the core
member 31 of the shape sensor 1 according to the third
embodiment (see FIG. 5B) incorporated therein. Conse-
quently, in the range corresponding to the second curving
section 81, coupling is achieved by the sensor pieces 96
that can curve in a direction to rotate around the X axis
or the Y axis by an axis parallel to the turning shafts 85b2
and an axis parallel to the turning shafts 85b1. Moreover,
the third shape sensor constituent section 93 has no
mechanism to regulate a curving direction provided in
the range corresponding to the free curving section 79
in particular, and can curve in free directions.
[0112] A function and an effect of this embodiment will
now be described.
[0113] In the shape sensor 73, for example, the curving
piece members 83a curve in the up and down turning
directions alone around the turning shafts 83b corre-
sponding to the X axis by operating the operation wires
84 in the operation curving section 80. At this time, the
channel 82 also curves in tandem with the curving piece
members 83a, and the first shape sensor constituent sec-
tion 91 of the shape sensor 73 disposed in the channel
82 likewise curves. At this time, since the sensor pieces
96 in the first shape sensor constituent section 91 curve
in a curvable direction A to rotate around the X axis by
the shaft 95, the curving direction of the distal end inser-
tion tube 72 of the endoscope 71 substantially coincides
with the curving direction of the first shape sensor con-
stituent section 91.
[0114] Additionally, in the second curving section 81,
curving is likewise possible in the direction to rotate
around the X axis or the Y axis, and the curving direction
of the distal end insertion tube 72 of the endoscope 71

substantially coincides with the curving direction of the
second shape sensor constituent section 92 of the shape
sensor 73. In the free curving section 79, both the distal
end insertion tube 72 of the endoscope 71 and the third
shape sensor constituent section 93 of the shape sensor
73 can curve in free directions.
[0115] As described above, in the shape sensor 73 ac-
cording to this embodiment, since both the first shape
sensor constituent section 91 and the second shape sen-
sor constituent section 92 of the shape sensor 73 are
arranged so that they can curve in a direction along which
the distal end insertion tube 72 of the endoscope 71 can
curve in the range where the curvable direction of the
distal end insertion tube 72 of the endoscope 71 is reg-
ulated, it is possible to provide the tubular insertion sys-
tem in which the shape sensor 73 can be hardly distorted
even though the distal end insertion tube 72 of the en-
doscope 71 curves. Thus, it is possible to provide the
tubular insertion system that can highly possibly detect
a shape of the distal end insertion tube 72 of the endo-
scope 71 with a high accuracy.
[0116] Further, in this embodiment, the shape sensor
73 is disposed on the channel 82, but it may be disposed
on any other curvable built-in element arranged in the
flexible curving structure 75, e.g., an air supply/water
supply A/W tube 101 connected to a non-illustrated air
supply/water supply nozzle of the distal end section 74
or a jet water supply J tube 102 connected to a non-
illustrated jet water supply opening portion of the distal
end section 74 as shown in FIG.13.
[0117] It is to be noted that the present invention is not
restricted to the foregoing embodiments and, as a matter
of course, it can be modified in many ways without de-
parting from the gist of the present invention.
[0118] Each of the foregoing embodiments has the fol-
lowing characteristics.
[0119] Firstly, each embodiment is characterized in
that the curvable direction of the core member is regu-
lated by forming the cross-sectional structure whose
cross-sectional shape in the direction vertical to the light
propagating direction of the optical fiber is a shape that
enhances the bending rigidity in a specific direction.
[0120] Secondly, each embodiment is characterized in
that the cross-sectional structure has a rectangular or
elliptic cross-sectional shape.
[0121] Each embodiment is characterized in that this
cross-sectional structure has the X-like two planes or-
thogonal to each other at 90°, and the bending rigidity is
strong in the planar directions of the respective two
planes, but the bending rigidity is weak in a direction di-
viding an angle between the two planes into two.
[0122] Thirdly, each embodiment is characterized in
that the cross-sectional structure is configured by allo-
cating the outwardly protruding four ribs at equal angles
of 90° on the outer periphery of the central member hav-
ing the circular cross-sectional shape.
[0123] Fourthly, each embodiment is characterized in
that the core member has the core materials aligned
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therein, and the bending rigidity of the core member is
weak in the aligning direction of the core materials, but
the bending rigidity is strong in the direction orthogonal
to the aligning direction of the core materials.
[0124] Fifthly, each embodiment is characterized in
that the shape sensor main body has the fiber holding
members each having the fiber holding section which
can hold the optical fiber arranged along the light prop-
agating direction of the optical fibers, and the bending
rigidity of the core member is regulated by the arrange-
ment of the core materials having the same or different
bending rigidities in the fiber holding members.
[0125] Sixthly, each embodiment is characterized in
that the optical fibers also function as the core materials.
[0126] Seventhly, each embodiment is characterized
in that the core material is the optical fiber in which at
least one constituent element contributing to a level of
the bending rigidity most in the four constituent elements,
i.e., the core, the cladding, the coat, and the jacket con-
stituting the optical fiber has a different diameter.
[0127] Eighthly, each embodiment is characterized in
that the core material is the optical fiber in which a ma-
terial of the core or the coat in the constituent elements
of the optical fiber is different.
[0128] Ninthly, each embodiment is characterized in
that the curving direction regulating section is arranged
near the center of the fiber holding member, and the op-
tical fiber is arranged on the outer peripheral side of the
curving direction regulating section.
[0129] Tenthly, each embodiment is characterized in
that the curving direction regulating section is arranged
on or near the outer periphery of the fiber holding mem-
ber, and the optical fiber is arranged inside the maximum
circumscribed circle defined by the outermost peripheral
portion of the curving direction regulating section.
[0130] Eleventhly, each embodiment is characterized
in that the curvable direction of the shape sensor and a
detection bending direction of the detection object sec-
tion are positioned to coincide with each other at least in
the range where the bending direction is regulated, and
the optical fiber and each fiber holding member are bond-
ed.
[0131] Twelfthly, the tubular insertion system is a tu-
bular insertion system comprising the insertion tube that
is inserted into a tube space and has a curving section
that curves, and a shape sensor according to claim 1 that
detects a curved shape of at least a part of the insertion
tube and is mounted or incorporated in the insertion tube,
the tubular insertion system being characterized in that
the shape sensor has a degree of freedom enabling curv-
ing to a direction along which the insertion tube in a por-
tion where the shape sensor is incorporated has a degree
of freedom enabling curving.
[0132] Still another aspect of the present invention is
characterized in that, in the tubular insertion system com-
prising the insertion tube that is inserted into a tube space
and has a curving section which curves, and a shape
sensor according to claim 1 that detects a curved shape

of at least a part of the insertion tube and is mounted or
incorporated in the insertion tube, a strength required to
curve the insertion tube is larger than a strength required
to curve the shape sensor in a direction along which the
insertion tube in a portion where the shape sensor is in-
corporated can curve.
[0133] Thirteenthly, each embodiment is character-
ized in that the curving tube formed of coupled curving
pieces is arranged in the insertion tube, and the curving
tube also functions as the curving direction regulating
section.
[0134] Furthermore, the shape sensor also functions
as the shape sensor main body and the curving direction
regulating section. The curving direction regulating sec-
tion is a core member that is disposed along the light
propagating direction of each optical fiber and has a reg-
ulated main curving direction. The shape sensor main
body propagates detection light emitted from the light
source through each optical fiber, has the detection ob-
ject section arranged in a part of each optical fiber, de-
tects the detection light propagated through each optical
fiber by the light receiving section, and measures a shape
of a measurement target object by utilizing a change in
characteristics of the light detected by the detection ob-
ject section in accordance with a change in curvature of
each optical fiber when the optical fiber curves.
[0135] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the spe-
cific 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 ap-
pended claims and their equivalents.

Claims

1. A shape sensor (1) comprising:

a shape sensor main body (4) characterized
by comprises a light source (5), an optical fiber
(2) configured to propagate desired detection
light emitted from the light source, a detection
object section (6) arranged in a part of the optical
fiber, and a light detecting section (7) to detect
the detection light propagated through the opti-
cal fiber and which is configured to measure a
shape of a measurement target object by utiliz-
ing a change in characteristics of the light de-
tected through the detection object section in
accordance with a change in curvature of the
optical fiber when the optical fiber curves, and
a curving direction regulating section (3) which
is provided on at least a part of the optical fiber
along an optical axis thereof and regulates a cur-
vable direction of the optical fiber to a desired
direction,
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wherein the curving direction regulating section
is a core member (15) which is disposed in at
least a part of the shape sensor main body along
the light propagating direction of the optical fiber
and whose main curving direction is regulated.

2. The shape sensor according to claim 1,
characterized in that a curvable direction of the
core member is regulated by constituting a cross-
sectional shape in a direction vertical to the light
propagating direction of the optical fiber to enhance
a bending rigidity in a specific direction.

3. The shape sensor according to claim 2,
characterized in that the cross-sectional structure
has a rectangular or elliptic cross-sectional shape.

4. The shape sensor according to claim 2,
characterized in that the cross-sectional structure
has two X-shaped planes orthogonal to each other
at 90°, and the bending rigidity is strong in planar
directions of each of the two planes, but the bending
rigidity is weak in a direction dividing, into two equal
portions, an angle between the two planes.

5. The shape sensor according to claim 2,
characterized in that the cross-sectional structure
is configured by allocating four outwardly protruding
ribs at equal angles of 90° on an outer periphery of
a central member having a circular cross-sectional
shape.

6. The shape sensor according to claim 1,
characterized in that the core member has core
materials aligned therein, and
a bending rigidity of the core member is weak in a
direction along which the core materials are aligned,
but the bending rigidity is strong in a direction orthog-
onal to the aligning direction of the core materials.

7. The shape sensor according to claim 6,
characterized in that the shape sensor main body
has fiber holding members (43) each of which has a
fiber holding section configured to hold the optical
fiber and which is arranged along the light propagat-
ing direction of the optical fibers, and
the bending rigidity of the core member is regulated
by the arrangement of the core materials having the
same or different bending rigidities in the fiber hold-
ing members.

8. The shape sensor according to claim 6,
characterized in that the optical fibers also function
as the core materials.

9. The shape sensor according to claim 8,
characterized in that each core material is the op-
tical fiber in which at least one constituent element

contributing most to a level of the bending rigidity in
four constituent elements of a core (10), a cladding
(11), a coat, and a jacket 12 constituting the optical
fiber has a different diameter.

10. The shape sensor according to claim 8,
characterized in that each core material is the op-
tical fiber in which a material of the core or the coat
in the constituent elements of the optical fiber is dif-
ferent.

11. The shape sensor according to claim 7,
characterized in that the curving direction regulat-
ing section is arranged near the center of the fiber
holding member, and the optical fiber is arranged on
an outer peripheral side of the curving direction reg-
ulating section.

12. The shape sensor according to claim 7,
characterized in that the curving direction regulat-
ing section is arranged on or near an outer periphery
of the fiber holding member, and the optical fiber is
arranged inside the maximum circumscribed circle
defined by the outermost peripheral portion of the
curving direction regulating section.

13. The shape sensor according to claim 7,
characterized in that a curvable direction of the
shape sensor and a detection bending direction of
the detection object section are positioned to coin-
cide with each other at least in the range where the
bending direction is regulated, and the optical fiber
and each fiber holding member are bonded.

14. A tubular insertion system characterized by com-
prising:

an insertion tube (72) that is inserted into a tube
space and has a curving section that curves; and
a shape sensor according to claim 1 that detects
a curved shape of at least a part of the insertion
tube and is mounted or incorporated in the in-
sertion tube,
wherein the shape sensor has a degree of free-
dom enabling curving to a direction along which
the insertion tube in a portion where the shape
sensor is incorporated has a degree of freedom
which enables curving.

15. A tubular insertion system characterized by com-
prising:

an insertion tube that is inserted into a tube
space and has a curving section that curves; and
a shape sensor according to claim 1 that detects
a curved shape of at least a part of the insertion
tube and is mounted or incorporated in the in-
sertion tube,
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wherein a strength required to curve the inser-
tion tube is larger than a strength required to
curve the shape sensor in a direction along
which the insertion tube in a portion where the
shape sensor is incorporated is curvable.

16. The system according to one of claims 14 and 15,
characterized in that a curving tube formed of cou-
pled curving pieces is arranged in the insertion tube,
and the curving tube also functions as the curving
direction regulating section.
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