US 20050119577A1

a2 Patent Application Publication o) Pub. No.: US 2005/0119577 Al

a9 United States

Taniguchi

(43) Pub. Date: Jun. 2, 2005

(54) INTRACOELOMIC MOBILE BODY, AND
CAPSULE-TYPE ULTRASONIC ENDOSCOPE

(75) Inventor: Yuko Taniguchi, Tokyo (JP)

Correspondence Address:

SCULLY SCOTT MURPHY & PRESSER, PC

400 GARDEN CITY PLAZA

SUITE 300

GARDEN CITY, NY 11530 (US)

Publication Classification

(51) It CL7 oo A61B 8/14
(52) US.Cl oo 600/459; 600/160
7) ABSTRACT

An intracoelomic mobile body comprising: a capsule body

(73)  Assignee: Olympus Corporation, Tokyo (JP) which has a body to be rotated and can be introduced into the
‘ human body; and a rotation drive unit which has a rotation
(1) Appl. No- 10/981,054 shaft for freely rotating the body to be rotated back and forth.
(22) Filed: Nov. 4. 2004 The rotation drive unit is arranged in the capsule body in
’ such a way that a first line obtained by linking the positions
(30) Foreign Application Priority Data of center of gravity of cross-sections formed up to a limit of
the formation when the capsule body is cut along a plane
Nov. 6, 2003 (JP) ccocoeceecrcccrceicrececens 2003-377487 perpendicular to the rotation shaft does not overlap a second
Oct. 4, 2004 (JP) cooeevevrreermrrecccnrecirreernnne 2004-291679  line obtained by extending the rotation shaft as the same

Oct. 29, 2004 (JP) cccovenvccirrrrerencniennns 2004-316929  line.

1
A— /
P 10a |
16a 16b 14 13 10b | 24 10 17
; :
32 /
'( ’O“ =< - \__—\ NS 1
\K\ s ’ S i
% )
A -




US 2005/0119577 Al

Patent Application Publication Jun. 2,2005 Sheet 1 of 7

g 2

/ G

< IS N N 4

SN AN /




Patent Application Publication Jun. 2, 2005 Sheet 2 of 7 US 2005/0119577 A1

FIG2




Patent Application Publication Jun. 2, 2005 Sheet 3 of 7 US 2005/0119577 A1

FIG.3

AT T

41(1




US 2005/0119577 Al

Patent Application Publication Jun. 2, 2005 Sheet 4 of 7

0z Doz 6b 22 8} 4
: I
N L) ) s

l
£ 4. L L] 7 \\m \\ L 1 7 4 I N N NV N N /|| &
) / 2¢
.A \ . .
Zl Ol ke a0t &I 174/ QoL D9}
DO} I

J

SOl



Patent Application Publication Jun. 2, 2005 Sheet 5 of 7 US 2005/0119577 A1

FIG.6

16
16a 16b




US 2005/0119577 Al

0z DOZ 22 81 LI 8 | az

AR . W AR 4 | \_\ Z

/_%//,. SNSS

0

. \—\N
M

N

~N

Patent Application Publication Jun. 2, 2005 Sheet 6 of 7

=)
-

St g9 Do}
v {
qoi S|

ASTE



US 2005/0119577 Al

Patent Application Publication Jun. 2, 2005 Sheet 7 of 7

O PO <cc 61 i

) (]

Z N\ L 2] L

\ .




US 2005/0119577 Al

INTRACOELOMIC MOBILE BODY, AND
CAPSULE-TYPE ULTRASONIC ENDOSCOPE

[0001] This application claims benefit of Japanese Appli-
cation Nos. 2003-377487 filed in Japan on Nov. 6, 2003,
2004-291679 filed in Japan on Oct. 4, 2004, and 2004-
316929 filed in Japan on Oct. 29, 2004, the contents of
which are incorporated by this reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an intracoelomic
mobile body for introduction into a body cavity, and a
capsule-type ultrasonic endoscope.

[0004] 2. Description of the Related Art

[0005] In recent years, capsule-type medical apparatuses
came into use as intracoelomic mobile bodies for introduc-
tion into body cavities.

[0006] Such capsule-type medical apparatuses do not
require long and thin insertion portions typical for the
endoscopes and are so formed as to be easily swallowed by
a patient.

[0007] For example, a capsule-type ultrasonic endoscope
described in Japanese Patent Application Laid-open No.
H9-135832 has been proposed as such a conventional cap-
sule-type medical apparatus.

[0008] In the capsule-type ultrasonic endoscope described
in Japanese Patent Application Laid-open No. H9-135832,
ultrasonic tomographic images (referred to hereinbelow as
ultrasonic images) are obtained based on echo information
obtained by transmitting ultrasonic pulses to a living body
tissue and receiving them therefrom. Therefore, with the
above-described conventional capsule-type ultrasonic endo-
scope, ultrasonic images could be acquired by passing the
capsule-type ultrasonic endoscope through zones where a
long thin insertion portion of the usual ultrasonic endoscope
was difficult to insert.

[0009] In the conventional capsule-type ultrasonic endo-
scope, an ultrasonic transducer unit, which is a unit to be
rotated, and a drive unit for rotating the ultrasonic transducer
unit freely back and forth are enclosed in a capsule sheath
serving as a casing. The configuration of the conventional
capsule-type ultrasonic endoscope is such that the ultrasonic
transducer unit transmits and receives ultrasonic pulses, for
example, in the radial direction perpendicular to the longi-
tudinal central axis of the capsule sheath, when the ultra-
sonic transducer unit is rotated by the drive unit.

SUMMARY OF THE INVENTION

[0010] The intracoelomic mobile body in accordance with
the present invention comprises: a capsule body which has
a body to be rotated and can be introduced into the human
body; and a rotation drive unit which has a rotation shaft for
freely rotating the body to be rotated back and forth, the
rotation drive unit being arranged in the capsule body in
such a way that a first line obtained by linking the positions
of center of gravity of cross-sections formed up to a limit of
the formation when the capsule body is cut along a plane
perpendicular to the rotation shaft does not overlap a second
line obtained by extending the rotation shaft as the same
line.
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[0011] Further, the capsule-type medical apparatus in
accordance with the present invention comprises: a capsule
body which has a body to be rotated and can be introduced
into the human body; and a rotation drive unit which has a
rotation shaft for freely rotating the body to be rotated back
and forth, the rotation drive unit being arranged in the
capsule body in such a way that a first line obtained by
linking the positions of center of gravity of cross-sections
formed up to a limit of the formation when the capsule body
is cut along a plane perpendicular to the rotation shaft does
not overlap a second line obtained by extending the rotation
shaft as the same line.

[0012] Furthermore, the capsule-type ultrasonic endo-
scope in accordance with the present invention comprises:
an ultrasonic transducer which can generate ultrasonic
waves; a capsule body which has the ultrasonic transducer
and can be introduced into the human body; and a rotation
drive unit which has a rotation shaft for rotating the ultra-
sonic transducer, the rotation drive unit being arranged in the
capsule body in such a way that a first line obtained by
linking the positions of center of gravity of cross-sections
formed up to a limit of the formation when the capsule body
is cut along a plane perpendicular to the rotation shaft does
not overlap a second line obtained by extending the rotation
shaft as the same line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a structural diagram of the capsule-type
ultrasonic endoscope of a first embodiment;

[0014] FIG. 2 is an A-A cross-sectional view of the
capsule-type ultrasonic endoscope shown in FIG. 1;

[0015] FIG. 3 is a schematic drawing illustrating the case
in which the rotation center of a rigid body is in the center
of gravity and only friction drag acts;

[0016] FIG. 4 is a schematic drawing illustrating the case
in which the rotation center of a rigid body is not in the
center of gravity and pressure drag acts;

[0017] FIG. 5 is a structural diagram illustrating the
modification example of the capsule-type ultrasonic endo-
scope shown in FIG. 1;

[0018] FIG. 6 is a structural diagram of the capsule-type
ultrasonic endoscope of a second embodiment,

[0019] FIG. 7 is a structural diagram of the capsule-type
ultrasonic endoscope of a third embodiment; and

[0020] FIG. 8 is a structural diagram illustrating the
modification example of the capsule-type ultrasonic endo-
scope shown in FIG. 7.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0021] The preferred embodiments of the present inven-
tion will be described hereinbelow with reference to the
appended drawings.

[0022] In the preferred embodiments, the present inven-
tion is applied to a capsule-type ultrasonic endoscope as an
intracoelomic mobile body as one embodiment.

First Embodiment

[0023] FIGS. 1 to 5 illustrate a first embodiment of the
capsule-type ultrasonic endoscope in accordance with the
present invention.
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[0024] As shown in FIG. 1, in a capsule-type ultrasonic
endoscope 1 of the first embodiment as an intracoelomic
mobile body, a body cover 11 with the end portions formed
1o have a semispherical shape and a transducer cover 12 are
integrated as a capsule sheath with a base part 10 of an
almost tubular shape. Thus, with the base part 10 as a basic
structure and the body cover 11 and transducer cover 12 as
a casing, the capsule-type ultrasonic endoscope 1 is formed
as a capsule body.

[0025] The body cover 11 is water-tightly and fixedly
disposed in one end portion of the base part 10, and the
transducer cover 12 is water-tightly and fixedly disposed in
the other end portion. A central through hole comprising a
central large-diameter hole 10z and a central small-diameter
hole 10b is formed in the central portion of the base part 10.

[0026] An O-ring 13 is disposed in the central small-
diameter hole 10b. This O-ring 13 is in intimate contact with
the outer peripheral surface of a transducer shaft 14 and the
inner peripheral surface of the central small-diameter hole
10b, thereby ensuring hermeticity and also supporting the
transducer shaft 14. An ultrasonic transfer medium 15 such
as fluid paraffin, water, and aqueous solution of carboxym-
ethyl cellulose is sealed in the inner space formed by the
transducer cover 12, base part 10, and O-ring 13.

[0027] On the other hand, a rotation drive unit 17 is
provided in the central large-diameter hole 10a. The rotation
drive unit 17 serves to rotate an ultrasonic transducer unit 16
as a body to be rotated serving as an information acquisition
unit for acquiring biological information. An image pickup
unit or the like (not shown in the figure) which is rotated by
the rotation drive unit 17 may be also provided as the
information acquisition unit.

[0028] The rotation drive unit 17 comprises a slip ring 18,
an encoder 19, and a drive motor 20. The transducer shaft 14
is rotatably supported, for example, by a ball bearing pro-
vided in the slip ring 18. A rotation shaft 20a which is the
drive shaft of the drive motor 20 and the transducer shaft 14
are mechanically integrated.

[0029] The ultrasonic transducer unit 16 is provided in the
distal end portion of the transducer shaft 14. The ultrasonic
transducer unit 16 comprises an ultrasonic transducer 16«
and a transducer holding member 165 for holding the
ultrasonic transducer 16a.

[0030] A power source unit 21 and a circuit substrate 22
are also provided in the base part 10.

[0031] A drive motor rotation control circuit, a transmit-
ting and receiving circuit, a signal processing circuit, and a
wireless transmission circuit (not shown in the figure) are
provided at the circuit substrate 22.

[0032] The drive motor rotation control circuit is designed
to conduct rotation control of the drive motor 20 with
electric power supplied from the power source unit 21. The
transmitting and receiving circuit is designed to conduct
transmission of ultrasonic pulses to the ultrasonic transducer
16a and reception of pulses therefrom via the slip ring 18.
The signal processing circuit is designed to process the
signals received from the transmitting and receiving circuit.
The wireless transmission circuit serves to conduct the
prescribed signal processing of echo signals processed with
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the signal processing circuit and wireless transmit them to
the ultrasonic observation apparatus.

[0033] An input/output cable (not shown in the figure) of
the ultrasonic transducer 164 is electrically connected to a
ring portion (not shown in the figure) of the slip ring 18
which is rotation-type signal transmission means and, via a
metal brush, to a cable on the output side of the slip ring 18.

[0034] Here, in the present embodiment, the rotation drive
unit 17 is arranged such that a capsule center of gravity line
31 (first line) obtained by linking the positions of center of
gravity of cross-sections formed up to a limit of the forma-
tion of the capsule-type endoscope 1, i.e. within the casing
(body cover 11 and transducer cover 12) when the capsule-
type ultrasonic endoscope 1 is cut along a plane perpen-
dicular to the rotation shaft 20z of the rotation drive unit 17
(drive motor 20) calculated in case a constant mass distri-
bution is assumed, does not overlap the center line 32
(second line) of the rotation drive unit 17, i.e. the axis line
obtained by extending the rotation shaft 20a of the rotation
drive unit 17 as the same line.

[0035] More specifically, the capsule-type ultrasonic
endoscope 1 is disposed such that the rotation shaft 20a of
the rotation drive unit 17, i.e. the center axis 32 is inclined
by a predetermined angle with respect to the capsule center
of gravity line 31 by arranging the rotation drive unit 17
inclined with respect to the capsule center of gravity line 31.

[0036] As a result, in the capsule-type ultrasonic endo-
scope 1 shown in FIG. 2, the capsule center of gravity line
31 and the central axis 32 of the rotation drive unit 17 do not
overlap, at least partially. As shown in FIG. 1, the capsule
center of gravity line 31 forms a curved line which is bent
toward the ultrasonic transducer 16 in the distal end side
thereof and toward the rotation drive unit 17 in the rear end
side thereof. The distance between the capsule center of
gravity line 31 and the central axis 32 of the rotation drive
unit 17 is less than about 10 mm.

[0037] Here, the equation of motion of a rigid body having
a fixed axis is generally as follows:

Ia=N
[0038]
[0039]
[0040]
[0041]

[0042] Therefore, if we consider a case where a certain
constant moment is applied, the larger the inertia moment of
the rigid body is, the harder it is for the rigid body to move.

[0043] On the other hand, if the inertia moment around an
axis passing through the center of gravity is denoted by I,
then the inertia moment around the parallel axis at a distance
of h from the center of gravity will be as follows:

where
I: inertia moment,
o angular acceleration,

N: moment of external force.

=l MI>
[0044] where

[0045]

[0046] Therefore, if the center of rotation is located in the
position at a distance from the center of gravity, then the
inertia moment further increases. Thus, it is hard for the rigid
body to rotate.

M: mass of the rigid body.
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[0047] In the above-described case, the rigid body was in
vacuum, but actually a fluid is present. Therefore, fluid
resistance acting on the body surface has to be taken into
account.

[0048] When the cross section is round, only a friction
drag acts between a body surface and a fluid when the body
rotates about the axis passing through the center of gravity.
On the other hand, when the body rotates about an axis
located at a distance from the center of gravity, the rotations
are similar to rotations in a wooden pestle. Therefore, a
pressure drag acts in addition to the aforementioned friction
drag.

[0049] The pressure drag is generally larger than the
friction drag. Furthermore, because the pressure drag
increases with the distance of the rotation center from the
center of gravity, the rotation load on the body increases.
This also shows that if the rotation center is located in a
position at a distance from the center of gravity, it is hard for
the body to rotate.

[0050] When the rotation center of the rigid body 414 is in
the center of gravity, as shown in FIG. 3, only the friction
drag acts and the body rotates easily.

[0051] On the other hand, when the rotation center of the
rigid body 41b is not in the center of gravity, as shown in
FIG. 4, the pressure drag acts and the body is hard to rotate.

[0052] Therefore, when the rotation drive unit 17 drives
and the ultrasonic transducer unit 16 rotates, producing a
moment, the larger is the distance between this rotation
shaft, that is, the central axis 32 of the rotation drive unit 17,
and the axis passing through the center of gravity of the
capsule contour, that is, the capsule center of gravity line 31,
the harder it is for the capsule-type ultrasonic endoscope 1
to rotate.

[0053] Therefore, when the rotation drive unit 17 is driven
and the ultrasonic transducer unit 16 rotates, no inertia force
is generated with respect to the capsule center of gravity line
31 and the capsule-type ultrasonic endoscope 1 can be
prevented from rotating.

[0054] In the present embodiment, as described herein-
above, the rotation shaft 20a of the rotation drive unit 17 is
inclined at the prescribed angle in the direction tilted with
respect to the longitudinal central axis of the casing (body
cover 11 and transducer cover 12). As a result, in the
capsule-type ultrasonic endoscope 1, the ultrasonic trans-
ducer 16« transmits and receives ultrasonic pulses from the
radial direction inclined at the prescribed angle from the
vertical direction with respect to the longitudinal central axis
of the casing and an ultrasonic image is obtained from the
direction inclined at the prescribed angle from the vertical
direction with respect to the longitudinal central axis of the
casing.

[0055] The capsule-type ultrasonic endoscope 1 is swal-
lowed by a patient and ultrasonic observations are con-
ducted.

[0056] If the power source umt 21 in the capsule-type
ultrasonic endoscope 1 is set in a power supply mode, a drive
signal is outputted from the drive motor rotation control
circuit located on the circuit substrate 22 and the rotation
shaft 20a of the rotation drive unit 17 starts rotating. As a
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result, in the capsule-type ultrasonic endoscope 1, the trans-
ducer shaft 14 rotates and the ultrasonic transducer unit 16
starts rotating.

[0057] In the capsule-type ultrasonic endoscope 1, as
described hereinabove, the rotation shaft 20a of the rotation
drive unit 17 is positioned with inclination at the prescribed
angle in the direction tilted with respect to the longitudinal
central axis of the casing (body cover 11 and transducer
cover 12). Therefore, the capsule center of gravity line 31
and central axis 32 of the rotation drive unit 17 assume
different positions, that is, do not overlap, at least partially.

[0058] Therefore, when the rotation drive unit 17 is driven
and the ultrasonic transducer unit 16 rotates, as described
hereinabove, the action of the friction drag hardly causes
rotation, no inertia force is generated with respect to the
capsule center of gravity line 31, and no rotation proceeds.

[0059] Further, a transducer drive signal is outputted to the
ultrasonic transducer 164 from the transmitting and receiv-
ing circuit located on the circuit substrate 22. This trans-
ducer drive signal is supplied to the ultrasonic transducer
164 via the slip ring 18 or the like. As a result, the ultrasonic
transducer 164 transmits ultrasonic pulses to a living body
tissue and receives them therefrom, conducts radial scan-
ning, and obtains echo signals from the living body tissue.

[0060] The echo signals obtained from the ultrasonic
transducer 16a are transmitted to the transmitting and
receiving circuit via the slip ring 18 and transmitted to the
signal processing circuit. The signal processing circuit gen-
erates ultrasonic signals from the received echo signals and
sends the ultrasonic signals to the ultrasonic observation
apparatus via a wireless transmission circuit. The ultrasonic
observation apparatus conducts signal processing of the
echo signals obtained from the capsule-type ultrasonic endo-
scope 1, creates ultrasonic image data, and displays the
ultrasonic image data on a monitor (not shown in the figure).

[0061] As a result, the capsule-type ultrasonic endoscope
1 of the first embodiment is not only small and easy to
swallow, but it also makes it possible to prevent the rotation
of the base part 10 even if the rotation drive unit 17 is driven
and the ultrasonic transducer unit 16 rotates.

[0062] Although the capsule center of gravity line 31 (first
line) and the central line 32 (second line) are drawn in the
two-dimensional relation, it is possible as a matter of course
that the capsule center of gravity line 31 (first line) and the
central line 32 (second ling) are in the three-dimensional
relation. It is also possible as a matter of course that the
capsule center of gravity line 31 (first line) and the central
line 32 (second line) are in a twisted relation. On such
occasion, it makes it possible to further prevent the capsule-
type ultrasonic endoscope 1 from rotating by the rotation of
the rotation drive unit 17.

[0063] Further, in the capsule-type ultrasonic endoscope 1,
as described hereinabove, the rotation shaft 204 of the
rotation drive unit 17 is inclined at the prescribed angle in
the direction tilted with respect to the longitudinal central
axis of the casing (body cover 11 and transducer cover 12).
Therefore, the ultrasonic image obtained is also inclined at
the prescribed angle from the vertical direction with respect
to the longitudinal central axis.

[0064] Here, as shown in FIG. 5, a configuration may be
used in which a flexible coupling is used to obtain an
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ultrasonic image in the direction perpendicular to the lon-
gitudinal central axis of the casing (body cover 11 and
transducer cover 12).

[0065] As shown in FIG. 5, the capsule-type ultrasonic
endoscope 1B has a configuration in which a flexible cou-
pling 33 is connected to the transducer shaft 14 and the
ultrasonic transducer unit 16 becomes parallel to the longi-
tudinal central axis of the casing (body cover 11 and
transducer cover 12).

[0066] As a result, in the capsule-type ultrasonic endo-
scope 1B, the ultrasonic transducer 164 can transmit and
receive ultrasonic pulses in the radial direction, which is a
direction perpendicular to the longitudinal central axis of the
casing (body cover 11 and transducer cover 12), and obtain
ultrasonic images in the direction perpendicular to the
longitudinal central axis. The flexible coupling shown in
FIG. 5 may be a gear, a flexible shaft, or the like.

Second Embodiment

[0067] FIG. 6 shows a second embodiment of the capsule-
type ultrasonic endoscope in accordance with the present
invention.

[0068] In the above-described first embodiment, the rota-
tion shaft 20a of the rotation drive unit 17 was set in a
position inclined at the prescribed angle with respect to the
longitudinal central axis of the casing by disposing the
rotation drive unit 17 with inclination with respect to the
longitudinal central axis of the casing (body cover 11 and
transducer cover 12). However, in the lower half-circle
portion in the radial scanning plane where the distance from
the ultrasonic transducer unit 16 to the transducer cover 12
is large, the attenuation quantity of ultrasonic pulses emitted
from the transducer cover 12 becomes large. Accordingly, in
the second embodiment, a configuration is employed in
which the distance from the rotation center of the ultrasonic
transducer 16a to the transducer cover 12 is constant (equi-
distant configuration) in the radial scanning plane. Other
configurations are identical to those of the first embodiment
and the explanation thereof is omitted. In the explanation
below, identical structural components are assigned with the
same reference symbols.

[0069] Thus, as shown in FIG. 6, in the capsule-type
ultrasonic endoscope 1C of the second embodiment, the
transducer cover 12C is formed to have a tumbler-like shape
so that the distance from the rotation center of the ultrasonic
transducer 16« in the radial scanning plane can be the same
(equidistant configuration).

[0070] In the capsule-type ultrasonic endoscope 1C, simi-
larly to the configuration explained in the first embodiment,
the rotation shaft 20a of the rotation drive unit 17 is
positioned with inclination at the prescribed angle in the
tilted direction with respect to the longitudinal central axis
of the casing (body cover 11 and transducer cover 12C).
Therefore, the configuration of the capsule-type ultrasonic
endoscope 1C is such that the capsule center of gravity line
31C and the central axis 32 of the rotation drive unit 17
assume different positions, that is, do not overlap, at least
partially.

[0071] Because the ultrasonic transducer 16 is disposed on
the lower side, the capsule center of gravity line 31C forms
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a curved line which rapidly decreases and then somewhat
rises on the distal end side, as compared with the capsule
center of gravity line 31.

[0072] Therefore, with the capsule-type ultrasonic endo-
scope 1C, when the rotation drive unit 17 is driven and the
ultrasonic transducer unit 16 rotates, the rotation of the
endoscope 1s made difficult by the action of the friction drag,
as described hereinabove, no inertia force is generated with
respect to the capsule center of gravity line 31C and the
endoscope is not rotated.

[0073] Further, in the capsule-type ultrasonic endoscope
1C, a flexible coupling 33 is connected to the transducer
shaft 14 and the ultrasonic transducer unit 16 becomes
parallel to the longitudinal central axis of the casing (body
cover 11 and transducer cover 12C). Other configurations
are identical to those of the first embodiment and the
explanation thereof is omitted.

[0074] The capsule-type ultrasonic endoscope 1C is swal-
lowed by a patient and ultrasonic observations are conducted
in the same manner as was explained in the first embodi-
ment.

[0075] If the power source unit 21 in the capsule-type
ultrasonic endoscope 1C is set in a power supply mode, a
drive signal is outputted from the drive motor rotation
control circuit located on the circuit substrate 22 and the
rotation shaft 20a of the rotation drive unit 17 starts rotating.
As a result, in the capsule-type ultrasonic endoscope 1C, the
transducer shaft 14 rotates and the ultrasonic transducer unit
16 starts rotating.

[0076] Further, a transducer drive signal is outputted to the
ultrasonic transducer 16a from the transmitting and receiv-
ing circuit located on the circuit substrate 22. This trans-
ducer drive signal is supplied to the ultrasonic transducer
164 via the slip ring 18 or the like. As a result, the ultrasonic
transducer 164 transmits ultrasonic pulses to a living body
tissue and receives them therefrom, conducts radial scan-
ning, and obtains echo signals from the living body tissue.

[0077] In the capsule-type ultrasonic endoscope 1C, as
described hereinabove, the transducer cover 12C is formed
so that the distance from the rotation center of the ultrasonic
transducer 164 is constant (equidistant configuration) in the
radial scanning plane. Therefore, in the capsule-type ultra-
sonic endoscope 1C, the attenuation quantity of ultrasonic
pulses produced by the ultrasonic transducer 164 is constant
regardless of the orientation of the ultrasonic transducer 16a.

[0078] The echo signals obtained from the ultrasonic
transducer 16a are transmitted to the transmitting and
receiving circuit via the slip ring 18 and transmitted to the
signal processing circuit. The signal processing circuit gen-
erates ultrasonic signals from the received echo signals and
sends the ultrasonic signals to the ultrasonic observation
apparatus via a wireless transmission circuit. The ultrasonic
observation apparatus conducts signal processing of the
echo signals obtained from the capsule-type ultrasonic endo-
scope 1C, creates ultrasonic image data, and displays the
ultrasonic-image data on a monitor (not shown in the figure).

[0079] Therefore, in the capsule-type ultrasonic endo-
scope 1C, the attenuation quantity of ultrasonic pulses in the
radial scanning plane is constant, regardless of the orienta-
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tion of the ultrasonic transducer 164, and echo signals from
the living body tissue can be obtained.

[0080] As a result, with the capsule-type ultrasonic endo-
scope 1C, in addition to obtaining the same effect as in the
first embodiment, the attenuation quantity of ultrasonic
pulses produced by the ultrasonic transducer 16« is constant,
regardless of the orientation of the ultrasonic transducer 16«,
and good ultrasonic image can be obtained.

Third Embodiment

[0081] FIG. 7 and FIG. 8 illustrate a third embodiment of
the capsule-type ultrasonic endoscope in accordance with
the present invention.

[0082] The configuration of the above-described first and
second embodiments was such that the rotation shaft 20a of
the rotation drive unit 17 was in a position inclined at the
prescribed angle in the direction tilted with respect to the
longitudinal central axis of the casing. By contrast, the
configuration of the third embodiment is such that the
rotation drive unit 17 is disposed eccentrically with respect
to the longitudinal central axis of the casing. As a result, the
rotation shaft 20z of the rotation drive unit 17 assumes a
position which is eccentric with respect to the longitudinal
central axis of the casing. Other configurations are identical
to those of the first embodiment and the explanation thereof
is therefore omitted. The explanation hereinbelow will be
conducted by assigning the same components with the same
reference symbols.

[0083] Thus, as shown in FIG. 7, the configuration of the
capsule-type ultrasonic endoscope 1D of the third embodi-
ment is such that the rotation shaft 20a of the rotation drive
unit 17 assumes a position which is eccentric with respect to
the longitudinal central axis of the casing (body cover 11 and
transducer cover 12D).

[0084] More specifically, in the capsule-type ultrasonic
endoscope 1D, because the rotation drive unit 17 is disposed
eccentrically with respect to the longitudinal central axis of
the casing (body cover 11 and transducer cover 12D), the
rotation shaft 20a of the rotation drive unit 17 is eccentric
with respect to the longitudinal central axis of the casing
(body cover 11 and transducer cover 12D).

[0085] For this reason, in the capsule-type ultrasonic
endoscope 1D, because the rotation shaft 20a of the rotation
drive unit 17 is eccentric with respect to the longitudinal
central axis of the casing (body cover 11 and transducer
cover 12D), the capsule center of gravity line 31D and the
central axis 32D of the rotation drive unit 17 assume
different positions, that is, do not overlap, at least partially.

[0086] Further, because the rotation drive unit 17 is dis-
posed, parallel to the longitudinal central axis of the casing
(body cover 11 and transducer cover 12D) and also the
rotation shaft 20z thereof is disposed parallel to the longi-
mdinal central axis of the casing (body cover 11 and
transducer cover 12D) and the transducer cover 12D is
formed to have an almost R-like shape, the capsule center of
gravity line 31D is formed so that straight lines formed on
the distal end side and rear end side are connected by a
curved line.

[0087] Therefore, with the capsule-type ultrasonic endo-
scope 1D, when the rotation drive unit 17 is driven and the
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ultrasonic transducer unit 16 rotates, as described herein-
above, the action of the friction drag hardly causes rotation,
no inertia force is generated with respect to the capsule
center of gravity line 31D, and no rotation proceeds.

[0088] Further, in the capsule-type ultrasonic endoscope
1D, because the ultrasonic transducer unit 16 is parallel to
the longitudinal central axis of the base part 10, ultrasonic
pulses can be transmitted and received in the radial direction
which is a direction perpendicular to the longitudinal central
axis of the base part 10.

[0089] Further, in the capsule-type ultrasonic endoscope
1D, the transducer cover 12D is formed to have an almost
R-like shape so that the distance from the rotation center of
the ultrasonic transducer 16a in the radial scanning plane
becomes constant (equidistant configuration). Other features
are identical to those of the first embodiment and the
explanation thereof is omitted.

[0090] The capsule-type ultrasonic endoscope 1D is swal-
lowed by a patient and ultrasonic observations are conducted
in the same manner as was explained in the first embodi-
ment.

[0091] If the power source unit 21 in the capsule-type
ultrasonic endoscope 1D is set in a power supply state, a
drive signal is outputted from the drive motor rotation
control circuit located on the circuit substrate 22 and the
rotation shaft 20a of the rotation drive unit 17 starts rotating.
As aresult, in the capsule-type ultrasonic endoscope 1D, the
transducer shaft 14 rotates and the ultrasonic transducer unit
16 starts rotating.

[0092] Here, in the capsule-type ultrasonic endoscope 1D,
as mentioned above, because the rotation shaft 20a of the
rotation drive unit 17 is eccentric with respect to the longi-
tudinal central axis of the casing (body cover 11 and
transducer cover 12D), the capsule center of gravity line
31D and the central axis 32D of the rotation drive unit 17
assume different positions, that is, do not overlap, at least
partially.

[0093] Therefore, with the capsule-type ultrasonic endo-
scope 1D, when the rotation drive unit 17 is driven and the
ultrasonic transducer unit 16 rotates, as described herein-
above, the action of the friction drag hardly causes rotation,
no inertia force is generated with respect to the capsule
center of gravity line 31D, and no rotation proceeds.

[0094] Further, a transducer drive signal is outputted to the
ultrasonic transducer 16a from the transmitting and receiv-
ing circuit located on the circuit substrate 22. This trans-
ducer drive signal is supplied to the ultrasonic transducer
164 via the slip ring 18 or the like. As a result, the ultrasonic
transducer 16a transmits the ultrasonic pulses to a living
body tissue and receives them therefrom, conducts radial
scanning, and obtains echo signals from the living body
tissue.

[0095] Further, as described hereinabove, in the capsule-
type ultrasonic endoscope 1D, the ultrasonic transducer unit
16 is parallel to the longitudinal central axis of the base part
10. Therefore, in the capsule-type ultrasonic endoscope 1D,
the ultrasonic transducer 164 can transmit and receive
ultrasonic pulses in the radial direction which is the direction
perpendicular to the longitudinal central axis of the casing
(body cover 11 and transducer cover 12D).
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[0096] Further, as described hereinabove, in the capsule-
type ultrasonic endoscope 1D, the transducer cover 12D is
formed so that the distance from the rotation center of the
ultrasonic transducer 16a in the radial scanning plane
becomes constant (equidistant configuration). Therefore, in
the capsule-type ultrasonic endoscope 1D, the attenuation
quantity of ultrasonic pulses produced by the ultrasonic
transducer 16a is constant regardless of the orientation of the
ultrasonic transducer 16a.

[0097] Therefore, in the capsule-type ultrasonic endo-
scope 1D, as described hereinabove, the attenuation quantity
of ultrasonic pulses produced by the ultrasonic transducer
164 in the radial scanning plane is constant, regardless of the
orientation of the ultrasonic transducer 164, and echo signals
from the living body tissue can be obtained.

[0098] The echo signals obtained from the ultrasonic
ransducer 164 are transmitted to the transmitting and
receiving circuit via the slip ring 18 and transmitted to the
signal processing circuit. The signal processing circuit gen-
erates ultrasonic signals from the received echo signals and
sends the ultrasonic signals to the ultrasonic observation
apparatus via a wireless transmission circuit. The ultrasonic
observation apparatus conducts signal processing of the
echo signals obtained from the capsule-type ultrasonic endo-
scope 1D, creates ultrasonic image data, and displays the
ultrasonic image data on a monitor (not shown in the figure).

[0099] As a result, with the capsule-type ultrasonic endo-
scope 1D, in addition to obtaining the same effect as in the
second embodiment, the ultrasonic transducer 16a transmits
and receives ultrasonic pulses in the radial direction which
is a direction perpendicular to the longitudinal central axis of
the casing (body cover 11 and transducer cover 12D) and an
ultrasonic image with orientation perpendicular to the lon-
gitudinal central axis can be obtained despite the fact that the
flexible coupling 33 is not used.

[0100] Further, in the capsule-type ultrasonic endoscope
1D, the drive motor 20 is disposed eccentrically and parallel
1o the longitudinal axis direction, without inclination. There-
fore, the inner space of the base part 10 can be used more
effectively than in the first and second embodiment. Another
advantage is that the circuit substrate 22 and power source
unit 21 can be easily disposed (laid out).

[0101] The capsule center of gravity line 31D is formed so
that straight lines formed on the distal end side and rear end
side are connected by a curved line.

[0102] Here, as shown in FIG. 8, the capsule center of
gravity line may be formed as a straight light parallel to the
central axis of the rotation drive unit 17.

[0103] As shown in FIG. 8, the capsule-type ultrasonic
endoscope 1E is formed to have an almost cylindrical casing
shape similar to that of the first embodiment. As a result,
because the upper side of the transducer cover 12 in the
capsule-type ultrasonic endoscope 1E is filled with an ultra-
sonic transfer medium 15, the capsule center of gravity line
31E is formed as a straight line parallel to the central shaft
32E of the rotation drive unit 17.

[0104] Therefore, in the capsule-type ultrasonic endo-
scope 1E of the present modification example, the drive
motor 20 is disposed eccentrically and parallel to the lon-
gitudinal axis direction, without inclination, in the same
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manner as in the capsule-type ultrasonic endoscope 1D. As
a result, the inner space of the base part 10 can be used more
effectively than in the first and second embodiment and the
circuit substrate 22 and power source unit 21 can be easily
disposed (laid out). Yet another advantage is that the endo-
scope has the same diameter from the distal end to the rear
end thereof, rather than having an almost R-like shape as in
the transducer cover 12D, and can therefore be easily
processed.

[0105] Having described the preferred embodiments of the
invention referring to the accompanying drawings, it should
be understood that the present invention is not limited to
those precise embodiments and various changes and modi-
fications thereof could be made by one skilled in the art
without departing from the spirit or scope of the invention as
defined in the appended claims.

What is claimed is:
1. An intracoelomic mobile body comprising:

a capsule body which has a body to be rotated and can be
introduced into the human body; and

a rotation drive unit which has a rotation shaft for freely
rotating the body to be rotated back and forth, the
rotation drive unit being arranged in the capsule body
in such a way that a first line obtained by linking the
positions of center of gravity of cross-sections formed
up to limit of the formation when the capsule body is
cut along a plane perpendicular to the rotation shaft
does not overlap a second line obtained by extending
the rotation shaft as the same line.

2. The intracoelomic mobile body according to claim 1,
wherein the body to be rotated is an information acquisition
unit for acquiring biological information.

3. The intracoelomic mobile body according to claim 2,
wherein the information acquisition unit is an ultrasonic
transducer unit for transmitting and receiving ultrasonic
waves.

4. The intracoelomic mobile body according to claim 3,
wherein the first line and the second line do not overlap at
all.

5. The intracoelomic mobile body according to claim 3,
wherein the first line is a straight line.

6. The intracoelomic mobile body according to claim 5,
wherein the first line and the second line are not parallel.

7. The intracoelomic mobile body according to claim 3,
wherein the first line is formed from a combination of a
straight line and a curved line.

8. The intracoelomic mobile body according to claim 5,
wherein the first line and the second line are substantially
parallel.

9. The intracoelomic mobile body according to claim 7,
wherein the first line has at least two straight lines and at
least one of the straight lines overlaps the second line.

10. The intracoelomic mobile body according to claim 2,
wherein the information acquisition unit is an image pickup
unit for picking up optical images.

11. The intracoelomic mobile body according to claim 8§,
wherein the distance between the first line and the second
line is less than about 10 mm.

12. The intracoelomic mobile body according to claim 3,
wherein the rotation drive unit is arranged in the capsule
body in such a way that the first line and the second line form
an angle.
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13. The intracoelomic mobile body according to claim 3,
wherein the rotation drive unit is arranged in the capsule
body in such a way that the second line is eccentric from the
first line.

14. A capsule-type ultrasonic endoscope comprising;

a capsule body which has a body to be rotated and can be
introduced into the human body; and

a rotation drive unit which has a rotation shaft for freely
rotating the body to be rotated back and forth, the
rotation drive unit being arranged in the capsule body
in such a way that a first line obtained by linking the
positions of center of gravity of cross-sections formed
up to a limit of the formation when the capsule body is
cut along a plane perpendicular to the rotation shaft
does not overlap a second line obtained by extending
the rotation shaft as the same line.

15. The capsule-type ultrasonic endoscope according to
claim 14, wherein the body to be rotated is an information
acquisition unit for acquiring biological information.

16. The capsule-type ultrasonic endoscope according to
claim 15, wherein the information acquisition unit is an
ultrasonic transducer unit for transmitting and receiving
ultrasonic waves.

17. The capsule-type ultrasonic endoscope according to
claim 16, wherein the first line and the second line do not
overlap at all.

18. The capsule-type ultrasonic endoscope according to
claim 16, wherein the first line is a straight line.

19. The capsule-type ultrasonic endoscope according to
claim 18, wherein the first line and the second line are not
parallel.

20. The capsule-type ultrasonic endoscope according to
claim 16, wherein the first line 1s formed from a combination
of a straight line and a curved line.

21. The capsule-type ultrasonic endoscope according to
claim 18, wherein the first line and the second line are
substantially parallel.

22. The capsule-type ultrasonic endoscope according to
claim 20, wherein the first line has at least two straight lines
and at least one of the straight lines overlaps the second line.
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23. The capsule-type ultrasonic endoscope according to
claim 15, wherein the information acquisition unit is an
image pickup unit for picking up optical images.

24. The capsule-type ultrasonic endoscope according to
claim 21, wherein the distance between the first line and the
second line is less than about 10 mm.

25. The capsule-type ultrasonic endoscope according to
claim 16, wherein the rotation drive unit is arranged in the
capsule body in such a way that the first line and the second
line form an angle.

26. The capsule-type ultrasonic endoscope according to
claim 16, wherein the rotation drive unit is arranged in the
capsule body in such a way that the second line is eccentric
from the first line.

27. A capsule-type ultrasonic endoscope comprising;

an ultrasonic transducer which can generate ultrasonic
waves,

a capsule body which has the ultrasonic transducer and
can be introduced into the human body; and

a rotation drive unit which has a rotation shaft for rotating
the ultrasonic transducer, the rotation drive unit being
arranged in the capsule body in such a way that a first
line obtained by linking the positions of center of
gravity of cross-sections formed up to a limit of the
formation when the capsule body is cut along a plane
perpendicular to the rotation shaft does not overlap a
second line obtained by extending the rotation shaft as
the same line.

28. The capsule-type ultrasonic endoscope according to
claim 27, wherein the rotation drive unit is arranged in the
capsule body in such a way that the first line and the second
line form an angle.

29. The capsule-type ultrasonic endoscope according to
claim 27, wherein the rotation drive unit is arranged in the
capsule body in such a way that the second line is eccentric
from the first line.
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