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Description

Technical Field

[0001] The present invention relates to a medical device guidance system suitable for rotating, propelling, and guiding
a medical device main body inserted in a body cavity.

Background Art

[0002] Conventional examples of systems for propelling a micromachine in a subject by a rotating magnetic field are
set forth in Japanese Unexamined Patent Application Publication Nos. 2001-179700 and 2002-187100. These conven-
tional examples each disclose a movement control system for a movable micromachine, the system including magnetic
field generating sections for generating a rotating magnetic field; a robot main body rotating under this rotating magnetic
field and obtaining a thrust by the rotation; a position detecting section for detecting the position of the robot main body;
and magnetic field modifying means for modifying the orientation of the rotating magnetic field generated by the magnetic
field generating sections, for directing the robot main body toward the direction such that the robot main body reaches
a target destination, based on the position of the robot main body, detected by the position detecting section.
[0003] The above-described conventional examples have no description on a method of smoothly turning the above-
described micromachine when, for example, the micromachine abuts against a wall surface, thus being restricted in an
operational area of the micromachine. Also, the above-described conventional examples, which are of a type where the
micromachine advances while forming a hole with a drill, are not adaptable for advancing the micromachine in and along
a lumen organ such as an esophagus in a body cavity.
[0004] On the other hand, a capsule type medical device, typified by a capsule endoscope, is now applied to a
gastrointestinal tract (mainly, small intestine). However, the conventional capsule type medical device takes time for
inspection because the device moves along in the body cavity using peristalsis of a patient as a subject. For this reason,
it was concerned that the conventional capsule type medical device did not have a sufficient battery life for application
to a large intestine. Further, the conventional capsule type medical device, which relies on peristalsis, has difficulty in
thoroughly observing all lumen organs in the body cavity.
[0005] Such being the case, as set forth in Japanese Unexamined Patent Application Publication No. 2003-275170,
a capsule type medical device guidance system that guides a medical device by providing a guidance mechanism for
this capsule type medical device, is disclosed.
[0006] Furthermore, Japanese Unexamined Patent Application Publication No. 2004-229922 discloses a capsule
endoscope having a spiral structure section and being rotationally propelled. In this Japanese Unexamined Patent
Application Publication No. 2004-229922, studies about the height of a spiral, the pitch thereof, the number of threads
of the spiral are disclosed.
[0007] However, the above-described conventional medical device guidance system is required to move rotating in
order to make a turn, since the capsule type medical device includes a spiral structure section. In other words, the above-
described conventional medical device guidance system could not make a turn without the capsule type medical device
moving.
[0008] For this reason, with the above-described medical device guidance system, when the capsule type medical
device abuts against a wall surface of a gastrointestinal tract, for example, a haustra of colon in the large intestine, the
capsule type medical device is caused to make a directional change while generating a force in an advancing direction,
resulting in having a difficulty to make a smooth directional change, which prevents an easy observation of the haustra
of colon and onwards.
[0009] Document JP 2004 255174 A concerns a capsule main body inserted in a body cavity and including a thrust
generating mechanism such as a spiral projection. The capsule main body further forms an information providing unit
comprising at least one of a storing unit for storing a state of the thrust generating mechanism and a direction detecting
unit for detecting the direction of the capsule main body. An input unit instructs a thrust generating direction of the thrust
generating mechanism and thus a control unit changes continuously or the like a thrust generating state of the thrust
generating mechanism based on information from the information providing unit
[0010] The present invention has been made in light of the above-described circumstances, and it is an object of the
present invention to provide a medical device guidance system and a capsule type medical device that are capable of
improving a propulsion control characteristic.
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Disclosure of Invention

Means for Solving the Problem

[0011] Some or all of the above problems are overcome by a medical device guidance system having the features of
claim 1 and a method of operating a medical device guidance system having the features of claim 19.

Brief Description of the Drawings

[0012]

Fig. 1 is a schematic block diagram showing the overall configuration of a medical device guidance system according
to an embodiment of the present invention.
Fig. 2 is a block diagram showing a more detailed configuration than that in Fig. 1.
Fig. 3 is a side view showing the outer appearance of the capsule medical device main body.
Fig. 4 is an explanatory side view of the main body of the capsule medical device.
Fig. 5 is an explanatory front view of the main body of the capsule medical device in Fig. 4.
Fig. 6 is a schematic configuration view of an operation input device.
Fig. 7 is a schematic configuration view of a modification of the operation input device.
Fig. 8 is a schematic configuration view of a modification of a stick in Fig. 6.
Fig. 9A is a graph showing an example of signal waveform generated by a capsule rotational direction pattern
generator.
Fig. 9B is a graph showing another example of signal waveform generated by the capsule rotational direction pattern
generator.
Fig. 10 is an explanatory side view of the capsule medical device main body when it repeats an advance and a
retreat based on the signal in Fig. 9A.
Fig. 11 is an explanatory front view of the main body of the capsule medical device in Fig. 10.
Fig. 12 is a schematic explanatory view showing of a state of the capsule medical device main body when making
a turning motion based on the advance and retreat shown in Fig. 10.
Fig. 13 is an example of a display device and setting menu.
Fig. 14 is a modification of the setting menu in Fig. 13.
Fig. 15 is a side view showing the outer appearance of a cable-equipped medical device having a flexible tube
rotatably installed at its rear end.
Fig. 16 is a schematic side view showing a capsule medical device on which the pitch of a spiral projection is the
same at the central portion, front end side, and rear end side.
Fig. 17 is an explanatory side view showing parameters of the spiral structure section of the medical device guidance
system.
Fig. 18 is a developed view of an exterior cylindrical shape section of the medical device guidance system in Fig. 17.
Fig. 19 is an explanatory view showing a state in which the propulsion speed of the medical device guidance system
is measured by applying a rotating electromagnetic field.
Fig. 20 is a graph showing thrusts (propulsion forces) plotted against numbers of threads, based on the measurement
results in Fig. 19.
Fig. 21 is a graph showing thrusts (propulsion forces) plotted against projection intervals, based on the measurement
results in Fig. 19.
Fig. 22 is an explanatory view showing a spiral interval D when the cross section of the spiral projection is circular.
Fig. 23 is an explanatory view showing the spiral interval D when the cross section of the spiral projection is elliptical.
Fig. 24 is an explanatory view showing the spiral interval D and a projection interval d when the cross section of the
spiral projection is a rounded rectangle formed by rounding the corners of a rectangle.
Fig. 25 is a diagram showing a propelling direction of the capsule in a rotating magnetic field represented by a
Cartesian coordinate system.

Best Mode for Carrying Out the Invention

[0013] Hereinafter, an embodiment according to the present invention will be described with reference to the drawings.
[0014] Figs. 1 to 25 relate to the embodiment of the present invention. Fig. 1 is a schematic block diagram showing
the overall configuration of a medical device guidance system according to the embodiment of the present invention.
Fig. 2 is a block diagram showing a more detailed configuration than that in Fig. 1. Fig. 3 is a side view showing the
outer appearance of the capsule medical device main body. Fig. 4 is an explanatory side view of the main body of the
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capsule medical device. Fig. 5 is an explanatory front view of the main body of the capsule medical device in Fig. 4. Fig.
6 is a schematic configuration view of an operation input device. Fig. 7 is a schematic configuration view of a modification
of the operation input device. Fig. 8 is a schematic configuration view of a modification of a stick in Fig. 6. Figs. 9A and
9B are each a graph showing an example of signal waveform generated by a capsule rotational direction pattern generator,
wherein Fig. 9A is a graph showing an example of signal waveform when the rotational directions are interchanged at
set time intervals, and Fig. 9B is a graph showing an example of signal waveform when the capsule rotates in one
direction always at a low rotational speed. Fig. 10 is an explanatory side view of the capsule medical device main body
when it repeats an advance and a retreat based on the signal in Fig. 9A. Fig. 11 is an explanatory front view of the main
body of the capsule medical device in Fig. 10. Fig. 12 is a schematic view showing of a state of the capsule medical
device main body when making a turning motion based on the advance and retreat shown in Fig. 10. Fig. 13 is an
example of a display device and setting menu. Fig. 14 is a modification of the setting menu in Fig. 13. Fig. 15 is a side
view showing the outer appearance of a cable-equipped medical device having a flexible tube rotatably installed at the
rear end thereof. Fig. 16 is a schematic side view showing a capsule medical device on which the pitch of a spiral
projection is the same at the central portion, front end side, and rear end side. Fig. 17 is an explanatory side view showing
parameters of the spiral structure section of the medical device guidance system. Fig. 18 is a developed view of an
exterior cylindrical shape portion of the medical device guidance system in Fig. 17. Fig. 19 is an explanatory view showing
a state in which the propulsion speed of the medical device guidance system is measured by
[0015] applying a rotating electromagnetic field. Fig. 20 is a graph showing thrusts (propulsion forces) plotted against
numbers of threads, based on the measurement results in Fig. 19. Fig. 21 is a graph showing thrusts (propulsion forces)
plotted against projection intervals, based on the measurement results in Fig. 19. Fig. 22 is an explanatory view showing
a spiral interval D when the cross section of a spiral projection is circular. Fig. 23 is an explanatory view showing the
spiral intervals D when the cross section of the spiral projection is elliptical. Fig. 24 is an explanatory view showing the
spiral interval D and a projection interval d when the cross section of the spiral projection is a rounded rectangle formed
by rounding the corners of a rectangle. Fig. 25 is a diagram showing a propelling direction of the capsule in a rotating
magnetic field represented by a Cartesian coordinate system.
[0016] As shown in Figs. 1 and 2, the medical device guidance system (hereinafter abbreviated as "capsule guidance
system") 1 according to the embodiment of the present invention includes a capsule medical device main body (hereinafter
abbreviated as "capsule") 3 to be inserted into the body cavity of a patient (not shown) and functioning as a capsule
endoscope picking up images of the inside of the body cavity; a rotating electromagnetic field generating device 4
arranged around the patient, i.e., outside the body and applying a rotating electromagnetic field to the capsule 3; an
alternating-current power supply 5 for supplying an alternating-current power source for generating a rotating electro-
magnetic field to the rotating electromagnetic field generating device 4; a controller 6 arranged outside the body of patient
and performing processing for wireless communications with the capsule 3, as well as controlling the alternating-current
power supply 5 to control the direction and magnitude of the rotating electromagnetic field applied to the capsule 3; a
display device 7 connected to the controller 6 and displaying images and the like picked up by the capsule 3. Furthermore,
as operation input devices 8 connected to the controller 6 and inputting an instruction signal corresponding to an operation
performed by an operator, the capsule guidance system 1 includes, for example, a direction input device 8a for generating
a direction instruction signal with respect to the rotating electromagnetic field; a propulsion speed (or rotational speed)
input device 8b for generating frequency instruction signal with respect to a rotating electromagnetic field corresponding
to an operation, and a mode changeover switch 8c for switching a setting mode.
[0017] Also, the capsule guidance system 1 has a position/direction detector 9 for detecting electromagnetic waves
from a position/direction detection antenna 18 (described later) incorporated in the capsule 3 and detecting the position
and longitudinal orientation (or direction).
[0018] Moreover, the capsule guidance system 1 further has a setting device 10 for inputting a setting data for guiding
the capsule 3 under a desired condition.
[0019] The capsule guidance system 1 is adapted to propel (or guide) the capsule 3 in a smooth and efficient manner
by arranging the rotating electromagnetic field generating device 4 for generating a rotating electromagnetic field around
the patient (not shown), controlling the alternating-current power supply 5 from the controller 6 side, and applying a
rotating electromagnetic field to an electromagnetic field response section (described later) incorporated in the capsule
3 inserted in the body cavity tract of the patient, in a direction so as to propel the capsule 3.
[0020] The direction of rotating electromagnetic field by the rotating electromagnetic field generating device 4 can be
controlled by operating the operation input device 8 or the setting device 10 connected to the controller 6.
[0021] The position and longitudinal orientation (or direction) of the capsule 3 are detected by the position/direction
detector 9, and after having subjected to image processing of the controller 6, they are displayed on the display device
7 as described later.
[0022] First, descriptions on the capsule 3 will be given below.
[0023] As shown in Figs. 3 to 5, the capsule 3 has a substantially cylindrical or capsular shape, and a spiral projection
(or screw section) 12 forming a spiral structure section for converting rotation into thrust, is provided on the outer peripheral
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surface of the exterior container 11 also serving as a body insertion section.
[0024] The spiral projection 12 is formed as a rounded cross-sectional structure of a substantially hemispheric shape
on the outer peripheral surface of the exterior container 11, so as to be in smooth contact with inner wall surfaces in the
body.
[0025] In the sealed inside of the exterior container 11, there are provided an objective optical system 13, an image
pickup element 14 disposed at the image forming position thereof, and an illumination element 15 (refer to Fig. 3)
providing illumination for photographing, and besides, a magnet 16 functioning as an electromagnetic field response
section that exerts a force on a rotating magnetic field, or in a broad sense, on a rotating electromagnetic field, by
responding to it.
[0026] The magnet 16 to be used here may be a permanent magnet, such as a neodymium magnet, samarium-cobalt
magnet, ferrite magnet, iron-chromium-cobalt magnet, platinum magnet, alnico (Al-Ni-Co) magnet, or the like.
[0027] Rare-earth magnets such as the neodymium magnet and samarium-cobalt magnet have a strong magnetic
force and have an advantage of allowing the size-reduction of a magnet incorporated in the capsule. On the other hand,
the ferrite magnet is favorably inexpensive. Furthermore, the platinum magnet is superior in the anticorrosion charac-
teristic.
[0028] This embodiment is arranged so that, as a rotating electromagnetic field, a rotating magnetic field is generated
so as to act on the magnet 16 provided in the capsule 3. However, the arrangement may also be such that, as a rotating
electromagnetic field, a rotating electric field is generated so as to act on a ferroelectric substance (not shown) provided
in the capsule 3.
[0029] As shown in Fig. 4, the objective optical system 13 is arranged so that the optical axis thereof conforms with
the center axis of the cylindrical capsule 3, so to speak, an insertion axis in the capsule 3. The objective optical system
13 is disposed, for example, inside a front-end cover 11a that is transparent and hemispherical, in the exterior container
11. As shown in Fig. 5, the central portion of the front-end cover 11a provides an observation window 17. While it is not
shown in Figs. 4, the illumination element 15 is arranged around the objective optical system 13.
[0030] In this case, therefore, the direction of visual field of the objective optical system 13 is an optical axis direction
of the objective optical system 13, that is, a direction along the center axis C of the cylindrical section of the cylindrical
capsule 3.
[0031] Inside the capsule 3, for example, in the neighborhood of the rear end of the exterior container 11, there is
provided an antenna 18 for position/direction detection. This antenna 18 for position/direction detection is connected to
an oscillator 19, and transmits an electromagnetic wave at predetermined timing.
[0032] By receiving this electromagnetic wave transmitted from the antenna 18 for position/direction detection, the
position/direction detector 9 detects the position and longitudinal orientation (or direction) of the capsule 3.
[0033] Instead of this antenna 18 for position/direction detection, a coil incorporated in the capsule (not shown) may
be provided to form a resonance circuit. In this case, the position/direction detector 9 generates an alternating magnetic
field for generating a induced electromotive force, and detects a magnetic field generated by the resonance circuit that
has generated the induced electromotive force by this alternating magnetic field, whereby the position and longitudinal
orientation (or direction) of the capsule 3 is detected.
[0034] The magnet 16 is arranged in the neighborhood of the center in the longitudinal direction in the capsule 3, and
as shown in Fig. 4, disposed so that an N-pole and S-pole are formed in a direction orthogonal to the center axis.
[0035] The center of the magnet 16 is arranged to coincide with the barycentric position of the capsule 3. Therefore,
upon applying a magnetic field from the outside, the center of a magnetic force acting on the magnet 16 becomes the
barycentric position of the capsule 3. Thus, the capsule 3 is easy to be magnetically propelled in a smooth manner.
[0036] Also, as shown in Fig. 5, the direction of magnetization of the magnet 16, i.e., the direction of a dipole is arranged
to conform with a specified arrangement orientation of the image pickup element 14.
[0037] Specifically, the image pickup element 14 is set so that the upward direction thereof when a picked-up image
is displayed becomes a direction from the S-pole toward N-pole of the magnet 16.
[0038] The capsule guidance system 1 rotates the magnet 16 by applying a rotating magnetic field to the capsule 3
by the rotating electromagnetic field generating device 4. Thereby, the capsule guidance system 1 rotates the capsule
3 having therein the magnet 16 fixed, together with the magnet 16. Here, the spiral projection 12 provided on the outer
peripheral surface of the capsule 3 is rotated in contact with the body cavity inner wall, thereby propelling the capsule 3.
[0039] In this embodiment, as shown in Fig. 3, regarding the spiral projection 12 formed on the outer peripheral surface
of the capsule 3, the front end side thereof extends through the outer peripheral surface of the cylinder up to the side
contracted into the shape of a hemisphere, and the front end 12a thereof is formed at a mid-way portion contracted into
the hemisphere. Specifically, the end 12a is formed at a position outside an angle of view by the objective optical system 13.
[0040] On the other hand, the rear end 12b of the spiral projection 12 extends up to the neighborhood of the border
between the outer peripheral surface of the cylinder and the side contracted into a hemisphere. In the example shown
in Fig. 3, a spiral projection 12 is further provided in an intermediate position thereof, resulting in a double spiral.
[0041] As described above, when the capsule 3 having therein the magnet 16 incorporated is controlled by the rotating
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magnetic field, it can be known which direction is the upward direction of the image picked up by the capsule 3 from the
direction of rotating magnetic field.
[0042] As shown in Fig. 2, besides the above-described objective optical system 13, image pickup element 14, magnet
16, position/direction detection antenna 18, the capsule 3 contains a signal processing circuit 20 for performing signal
processing with respect to signals picked up by the image pickup element 14, a memory 21 for temporarily storing digital
video signals generated by the signal processing circuit 20, a radio transmission circuit 22 for modulating video signals
read from the memory 21 by a high-frequency signals to convert into signals to be radio-transmitted, and demodulating
a control signal transmitted from the controller 6; a capsule control circuit 23 for controlling the capsule 3 including the
signal processing circuit 20 and others; a battery 24 for supplying power source for operation to the electrical system
inside the capsule 3.
[0043] On the other hand, the controller 6 includes a radio transmission circuit 25 for performing wireless communi-
cations with the radio transmission circuit 22 in the capsule 3; a data processing circuit 26 connected with the radio
transmission circuit 25 and performing data processing and the like, such as image display with respect to image data
transmitted from the capsule 3; a control circuit 27 for controlling the data processing circuit 26, the alternating-current
power supply 5 and the like; and a storage circuit 28 for storing the state of rotating magnetic field functioning as a
rotating electromagnetic field generated by the rotating electromagnetic field generating device 4 via the above-described
alternating-current power supply 5, and more specifically, for storing information about the direction of the normal vector
of a rotating magnetic field (hereinafter, abbreviated to as the "orientation of a rotating magnetic field") and the orientation
of the magnetic field forming the rotating magnetic field.
[0044] A display device 7 is connected to the data processing circuit 26. The display device 7 displays images or the
like that has been picked up by the image pickup element 14, and processed by the data processing circuit 26 through
the radio transmission circuits 22 and 25. Because this data processing circuit 26 picks up images while the capsule 3
is being rotated, processing for correcting the orientation of the images when displayed on the display device 7 to be a
definite orientation is performed, thereby performing image treating that allows images easily visible for the operator to
be displayed (set forth in Japanese Patent Application No. 2002-105493).
[0045] The display device 7 can display the state of present rotating magnetic field, the state of function setting, and
the position and direction of the capsule 3, obtained from the position/direction detector 9.
[0046] Inputted to the control circuit 27, are instruction signals corresponding to operations from the direction input
device 8a and the propulsion speed (or rotational speed) input device 8b each constituting the operation input device
8, and the mode changeover switch 8c. The control circuit 27 is adapted to perform control operations corresponding
to the respective instruction signals.
[0047] The control circuit 27 is connected with the storage circuit 28, and controls the storage circuit 28 to always
store information about the orientation of the rotating magnetic field generated by the rotating electromagnetic field
generating device 4 via the alternating-current power supply 5, and the orientation of magnetic field. Furthermore, after
that, even when operations for changing the orientations of the rotating magnetic field and the magnetic field are per-
formed, the control circuit 27 controls the storage circuit 28 to be able to continuously change the orientation of the
rotating magnetic field or that of the magnetic field in a smooth manner. In short, the storage circuit 28 forms information
providing means for the control circuit 27 when it performs a control operation.
[0048] Specifically, the instruction signal for an operation in the operation input device 8 serving as a first operation
input means is inputted into the control circuit 27. The control circuit 27 outputs a control signal for generating a rotating
electromagnetic field (or rotating magnetic field) corresponding to the instruction signal to the alternating-current power
supply 5, and stores, into the storage circuit 28, information about the orientations of the rotating magnetic field and the
magnetic field. Here, the storage circuit 28 may be disposed inside the control circuit 27.
[0049] Also, the control circuit 27 is connected to the position/direction detector 9, and receives information about the
position and the longitudinal orientation (or direction) of the capsule 3, the information having been detected by the
position/direction detector 9. By the information stored in the storage circuit 28 and the information detected by the
position/direction detector 9, the control circuit 27 performs operations for generating a rotating magnetic field and/or
controlling the orientations of the generated rotating magnetic field and the like.
[0050] The alternating-current power supply 5 connected with the control circuit 27 generates an alternating current,
and includes an alternating-current generating and control section 31 comprising three alternating-current generating
and control circuits for controlling the frequency and phase of the alternating current, and three driver section 32 comprising
three drivers for amplifying respective alternating-current, respectively. The output currents from the three drivers are
supplied to three respective electromagnets 33a, 33b, and 33c constituting the rotating electromagnetic field generating
device 4.
[0051] The three electromagnets 33a, 33b, and 33c are each constituted of a pair of facing air-core coils, and are
arranged to substantially orthogonally intersect one another. Because a uniform electromagnetic field can be generated
in the space between the facing coils, an electromagnetic field can be generated in an arbitrary direction with the above-
described arrangement. Preferably, each of the facing coils forms a Helmholtz coil.
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[0052] It is arranged that an instruction signal for a magnetic field can be generated by operating the direction input
device 8a constituting the operation input device 8 shown in Fig. 6; an instruction signal for a rotating magnetic field at
a rotational frequency corresponding to the operation can be generated by operating the propulsion speed (or rotational
speed) input device 8b; and the setting can be switched to a turning mode by operating the mode changeover switch 8c.
[0053] Specifically, the operation input device 8 includes the direction input device 8a formed of a joystick Sa projecting
upward from the top surface of an operation box; the propulsion speed (or rotational speed) input device 8b formed of
a stick Sb; and the mode changeover switch 8c formed of, for example, two buttons Ta and Tb.
[0054] Upon setting a Cartesian coordinate system as shown in Fig. 25, and representing the direction of the normal
vector of a rotating plane of a rotating magnetic field, the direction of this normal vector becomes a propulsion direction
of the capsule 3, and this direction can be set by a tilting operation of the joystick Sa.
[0055] In this case, by tilting the joystick Sa toward a front side, rear side, left side, and right side, it is possible to
change the propulsion direction to the downside, upside, left side, and right side. The tilting amount in this case corre-
sponds to the speed of angular change. If the joystick Sa is tilted to an intermediate direction, for example, a lower left
direction or an upper right direction, the propulsion direction should be changeable to the corresponding directions.
[0056] Also, by tilting the stick Sb toward a front side, rear side, it is possible to set the rotational direction to the front
side, rear side, respectively. Furthermore, it is arranged that the rotational frequency can be changed in accordance
with a tilting angle.
[0057] The button Ta is a changeover button for selecting which input is to be enabled out of an input from the propulsion
speed (or rotational speed) input device 8b and an input from the above-described setting device 10. On the other hand,
the button Tb is a button for starting up a later-described graphical user interface (hereinafter, abbreviated as "GUI") by
the setting device 10, that is, a button for displaying the GUI in a pop-up manner.
[0058] Therefore, the button Ta is adapted to switch a setting mode to the turning mode, while the button Tb is adapted
to start up the GUI as a setting input to allow the input of the setting data by the setting device 10.
[0059] According to one modification shown in Fig. 6, the operation input device 8 may have a lever La that can be
tilted to the top side of a joystick Sc as shown in Fig. 7 and that varies the rotational speed of the capsule 3 by varying
the rotational frequency of the rotating magnetic field in accordance with the tilting amount; a button Tc for instructing
about the rotational direction of the rotating magnetic field by an ON/OFF operation; and a mode changeover switch Td.
In some case, the mode changeover switch Td may have the function of performing changeover to the turning mode
and of starting up the GUI.
[0060] Then, the operation input device 8 can be operated by one hand, and the operability thereof is improved as
compared with the case requiring a both-hand operation as shown in Fig. 6. Also, instead of the stick Sb shown in Fig.
6, for example, a foot switch F shown in Fig. 8 may be used to vary the rotational frequency in accordance with a degree
of depression thereof.
[0061] In addition to the joystick and the foot switch, the operation input device 8 may include a personal computer
or the like, and the operation may be performed by using a mouse, keyboard, GUI, and the like.
[0062] As shown in Fig. 2, the controller 6 includes a capsule rotational direction pattern generator 41 and mode
changeover section 42 as an electromagnetic field pattern generating section.
[0063] The capsule rotational direction pattern generator 41 generates a rotational direction pattern signal based on
setting data inputted from the above-described setting device 10.
[0064] As shown in Fig. 9A, this rotational direction pattern signal is a pattern signal in which the positive and negative
polarities of signal intensity thereof are interchanged with respect to time. Detailed explanations about Fig. 9A and the
subsequent drawings will be given later.
[0065] The output of the capsule rotational direction pattern generator 41 is connected to the mode changeover section
42. The propulsion speed (or rotational speed) input device 8b is also connected to the mode changeover section 42.
In the mode changeover section 42, an output from the capsule rotational direction pattern generator 41 and a signal
from the propulsion speed (or rotational speed) input device 8b are selectively received, and are outputted to the control
circuit 27.
[0066] Usually, in the control circuit 27, the rotational direction and rotational speed of the capsule 3 are determined
based on input from the propulsion speed (or rotational speed) input device 8b via the mode changeover section 42.
[0067] The maximum rotational speed at this time is not more than 5 Hz. The rotational speed during a usual operation
is 5 Hz or less; preferably, 2 Hz or less; and more preferably, 1 HZ or less. By providing a setting function, the maximum
rotational speed may be set to a value of 5 Hz or less.
[0068] Upon operating the mode changeover switch 8c and switching the signal outputted from the mode changeover
section 42 to the signal from the capsule rotational direction pattern generator 41, the control circuit 27 performs control
of the rotating electromagnetic field generating device 4 based on the output from the capsule rotational direction pattern
generator 41.
[0069] It is preferable that the rotational speed at this time be not more than the maximum rotational speed obtainable
by the input from the propulsion speed (or rotational speed) input device 8b. Furthermore, preferably, the rotational
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speed is not more than one half the maximum rotational speed; more preferably, not more than one fifth the maximum
rotational speed; still more preferably, not more than one tenth the maximum rotational speed.
[0070] In the representation by the absolute frequency, preferably, the above-described rotational speed is 5 Hz or
less, more preferably 1 Hz or less, and still more preferably 0.1 Hz or less.
[0071] Upon receipt of a signal shown in Fig. 9A, the capsule 3 performs movements for interchanging the rotational
directions at set time intervals. Here, the instruction signal from the capsule rotational direction pattern generator 41 is
a square-wave signal as shown in Fig. 9A. The positive polarity of an input signal with respect to the time axis corresponds
to the advance of the capsule 3, while the negative polarity thereof corresponds to the retreat of the capsule 3.
[0072] In Fig. 9A, numerals denote the turn of advance/retreat. Here, (1) and (3) denote "advance" and (2) and (4)
denote "retreat". By a rotating electromagnetic field (or rotating magnetic field) generated by this frequency instruction
signal, the capsule 3 advances by a clockwise rotation and retreats by a counterclockwise rotation, and thereby performing
movements as shown in Figs. 10 and 11.
[0073] As shown in Figs. 10 and 11, the capsule 3 repeats (1) advance, (2) retreat, (3) advance, and (4) retreat, and
positions thereof stay within a definite range. In accordance with an input from the direction input device 8a in Fig. 6 or
the joystick Sc in Fig. 7, the capsule 3 changes the orientation thereof. In other words, the capsule 3 is adapted to be
able to turn while holding the positions thereof within a definite range.
[0074] A signal when, as shown in Fig. 9B, the capsule 3 rotates at a low rotational speed always in one way direction
may be generated from the capsule rotational direction pattern generator 41. The rotational speed at this time is 1 Hz
or less, and preferably 0.1 Hz or less. Because such a setting allows the capsule 3 to sufficiently slowly rotate, the
capsule 3 changes the orientation thereof in accordance with the direction input device 8a in Fig. 6 and the joystick Sc
in Fig. 7, virtually without the need to change the position thereof.
[0075] With such an arrangement, an effect similar to the foregoing can be produced, as well.
[0076] The control circuit 27 is connected to the setting device 10 so as to communicate therewith.
[0077] The setting information of the setting device 10 is written in the setting device 10 after it has been adjusted by
the setting menu 53, functioning as the GUI shown in Fig. 13, or the setting menu 53B, functioning as the GUI shown
in Fig. 14.
[0078] The data adjusted by the setting menus 53 or 53B is stored into setting device 10 via the control circuit 27. The
control circuit 27 performs control based on data written in the setting device 10 as required. This control operation is
executed at the times of the settings of rotational speed, turning speed, or the like.
[0079] In this embodiment, upon operating the button Tb of the mode changeover switch 8c, the GUI is displayed on
the display device 7. According to an example of the setting menu 53B, the setting data at this time has two parameters:
the rotational angle in one direction when "one backward rotation after one forward rotation" or "one half back rotation
after one half forward rotation" is selected, and how much rotational speed is to be set.
[0080] Here, the button Tb of the mode changeover switch 8c is operated, and based on the outputted GUI starting
signal, the display device 7, for example, displays, in a pop-up manner, a setting menu in the setting device 10, as shown
in Fig. 13.
[0081] As shown in Fig. 13, the display screen of the display device 7 displays a capsule image 51 acquired by the
capsule 3 and usually displayed, and the position and orientation image display section 52 on which the position and
orientation of the capsule 3 in the body cavity is displayed.
[0082] The position and orientation image display section 52 displays the outline of a body shape of a patient. In the
body shape, at an approximate position where the capsule main body 3 was detected, an icon arrow 52a indicating the
position and direction of the capsule 3, acquired by the position/direction detector 9 is disposed. This icon arrow 52a
indicates the approximate position of the capsule 3 by the position thereof, and indicates the longitudinal orientation (or
direction) of the capsule 3 by the orientation thereof.
[0083] When operating the button Tb of the mode changeover switch 8c, the display screen of the display device 7
displays the setting menu 53 of the setting device 10. This setting menu 53 is a setting data input section of the setting
device 10.
[0084] In the setting menu 53, a basic setting section 61 is disposed on an upper stage and a turning alone setting
section 62 is disposed on a lower stage. The basic setting section 61 displays a rotational speed setting bar 61a for
setting a rotational speed or the maximum rotational speed by the operation of the above-described propulsion speed
(or rotational speed) input device 8b, as well as a turning speed setting bar 61b for setting a turning speed or the maximum
turning speed by the operation of the joystick Sa of the above-described direction input device 8a.
[0085] The turning alone setting section 62 displays a rotational speed setting bar 62a for setting the rotational speed
during the turning mode in which turning alone by the button Ta of the above-described mode changeover switch 8c,
as well as a rotational angle setting bar 62b for setting the rotational angle. Here, when control is performed by the
waveform in Fig. 9B, it suffices only to display the rotational speed setting bar 62a.
[0086] The ordinary operations in the basic operation are operations by the above-described joystick Sa in Fig. 6 and
stick Sb. By these operations, the control circuit 27 generates a rotating electromagnetic field (or rotating magnetic field)
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in accordance with input from the joystick Sa and stick Sb and performs control such that ordinary operations of the
capsule 3 are performed, based on the rotational speed or the maximum rotational speed, and turning speed or maximum
turning speed of the capsule 3, set in the basic setting section 61.
[0087] The operations in the turning mode are operations for performing turning alone by the repetitions by the above-
described advances and retreats by the depression operations of the button Ta. Also, the operations performed when
performing control using the waveform as shown in Fig. 9B, operations for performing turning alone at a definite slow
rotational speed.
[0088] By these operations, the control circuit 27 causes a rotating electromagnetic field (or rotating magnetic field)
to occur in accordance with the rotational speed and rotational angle set in the turning alone setting section 62. Thereby,
under inputs from the joystick Sa, the control circuit 27 performs control such that the capsule 3 performs a turning
operation while holding positions thereof within a definite range.
[0089] Specifically, during the advance and retreat of the capsule 3 in the turning mode, the control circuit 27 performs
control for generating a rotating electromagnetic field (or rotating magnetic field) so that the capsule 3 rotates at the
rotational speed set by the turning alone setting section 62 and rotational angle set by the rotational angle setting bar 62b.
[0090] Here, as shown in Fig. 14, the setting menu may be arranged so that the turning setting section thereof can
make more detailed setting.
[0091] As shown in Fig. 14, in the setting menu 53B, there is provided a turning alone setting section.
[0092] The turning alone setting section 62B displays the rotational speed setting bar 62a and turning speed setting
bar 62c, and besides, a counterclockwise rotational angle setting bar 62d for setting the counterclockwise rotational
angle, and a clockwise rotational angle setting bar 62e for setting the clockwise rotational angle.
[0093] Here, it is assumed that the clockwise rotation corresponds to an advance, and that counterclockwise rotation
corresponds to a retreat. Then, the counterclockwise rotational angle setting bar 62d sets a rotational angle at the time
of retreat, while the clockwise rotational angle setting bar 62e sets a rotational angle at the time of advance.
[0094] Then, the control circuit 27 performs control for generating rotating electromagnetic field (rotating magnetic
field) so that the capsule 3 rotates at a rotational angle set by the clockwise rotational angle setting bar 62e, at the time
of advance in the turning mode, and so that the capsule 3 rotates at a rotational angle set by the counterclockwise
rotational angle setting bar 62d, at the time of retreat in the turning mode.
[0095] This enables the capsule 3 to be operable so as to be different in the rotational angle between advance and
retreat in the turning mode.
[0096] Therefore, the control circuit 27 can perform control such that capsule 3 moves forward little by little, or moves
backward little by little while repeating an advance and a retreat.
[0097] Such control allows the capsule 3 to change in position little by little in a lumen while changing the visual field
direction of the capsule 3. Because, in a region to be observed in a more detail, the capsule 3 is to move slowly, an
appropriate operation can be performed.
[0098] The operation in present embodiment with these features will now be described.
[0099] When the inside of a body cavity is inspected by the capsule main body 3, the patient swallows this capsule
main body 3. When the capsule main body 3 swallowed into the body cavity passes through an esophagus and the like,
it is illuminated by the illumination element 15, and an image picked up by the image pickup element 14 is sent to the
extracorporeal controller 6 through the radio transmission circuit 22 by electromagnetic waves.
[0100] The controller 6 receives image data in the radio transmission circuit 25, and store demodulated image data
in an image storage device, such as a hard disk provided in the inside of a data processing circuit 26, or the like, as well
as performs display processing. Then, the controller 6 outputs the processed image signals to the display device 7, and
displays, on the display device 7, the image data successively picked up by the capsule main body 3 as capsule images
51, as described above.
[0101] The position/direction detector 9 receives electromagnetic waves transmitted from the position/direction de-
tection antenna 18 of the capsule 3, and outputs the received data to the controller 6. The controller 6 processes the
received data from the position/direction detector 9, and calculated data on the position and longitudinal orientation (or
direction) of the capsule 3, and image-processes the calculated data. Then, the data on the position and longitudinal
orientation (or direction) that has successively been obtained is displayed on the position and orientation image display
section 52 of the display device 7 as the icon arrow 52a, as described above.
[0102] The operator can recognize a current approximate position of the capsule main body 3 in the body cavity, from
the image displayed on the display device 7. While watching the icon arrows 52a on the capsule image 51 and position
and orientation image display section 52 each displayed on the display device 7, the operator operates the direction
input device 8a and propulsion speed (or rotational speed) input device 8b so that the capsule main body 3 makes a
desired movement.
[0103] Thereupon, the control circuit 27 performs control such that a rotating electromagnetic field (or rotating magnetic
field) occurs in response to the operations with respect to the above-described direction input device 8a and propulsion
speed (or rotational speed) input device 8b. The control circuit 27 causes the rotating electromagnetic field generating
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device 4 to generate a rotating magnetic field via the alternating-current power supply 5. Here, information about the
generation of the rotating magnetic field is stored into the storage circuit 28.
[0104] When tilting operation with respect to the lever La or stick Sb is performed, a rotating magnetic field at a
frequency corresponding to the tilting manipulated variable. Here, at starting and stopping times, the frequency may be
gradually changed so as not to rapidly change in the rotational frequency of the capsule main body. Alternatively, both
of the amplitude and frequency may be gradually changed.
[0105] In this manner, by applying the rotating magnetic field from the outside of the body, it is possible to rotate the
capsule main body 3, and cause a magnetic torque to act on the magnet 16 incorporated in the capsule main body 3
inserted in the body to thereby rotate the capsule main body 3. At this time, in a state where the spiral projection 12
arranged on the outer peripheral surface of the capsule main body 3 is in contact with the inner wall in the body cavity,
the capsule main body 3 can be speedily propelled as if a screw is rotated.
[0106] Herein, for example, there are cases where the capsule 3 is abutted against a haustra of colon in a large
intestine, so that it gets stuck there.
[0107] Then, the operator performs an operation for executing the turning mode.
[0108] The operator depresses the button Tb and sets the turning mode by the above-described setting menu 53.
Upon completing the setting input, the operator again depresses the button Tb and ends the setting. Then the operator
depresses the button Ta of the mode changeover switch 8c, thereby entering the turning mode.
[0109] Thereupon, in the controller 6, the setting data from the setting device 10 is inputted into the capsule rotational
direction pattern generator 41 and control circuit 27.
[0110] Based on the setting data inputted from the setting device 10, the capsule rotational direction pattern generator
41 generates a frequency instruction signal as shown in Fig. 9A, and outputs the instruction signal to the mode changeover
section 42.
[0111] Based on a mode changeover signal outputted by the operation of the button Ta of the mode changeover
switch 8c, the mode changeover section 42 switches the frequency instruction signal from the propulsion speed (or
rotational speed) input device 8b, to a frequency instruction signal from the capsule rotational direction pattern generator
41, and outputs the switched signal to the control circuit 27.
[0112] Then, by the mode changeover section 42 switching from the propulsion speed (or rotational speed) input
device 8b to the capsule rotational direction pattern generator 41, the control circuit 27 performs control such that the
capsule 3 repeats an advance and a retreat, as well as performs turning control with respect to the capsule 3 under the
operation by the joystick Sc or the joystick Sa.
[0113] If the signal generated by the capsule rotational direction pattern generator 41 is one as shown in Fig. 9B, the
capsule 3 performs a low-speed rotation in one direction, and the control circuit 27 performs turning control of the capsule
3 under the operation by the joystick Sc or the joystick Sa.
[0114] The control circuit 27 generates a rotating electromagnetic field (or rotational magnetic field) corresponding to
a signal from the capsule rotational direction pattern generator 41, and the joystick Sc or joystick Sa, by the rotating
electromagnetic field generating device 4 via the alternating-current power supply 5.
[0115] Thereupon, for example, the capsule 3 advances under a clockwise rotation and retreats under a counterclock-
wise rotation, and thereby it repeats an advance and retreat with the positions thereof staying within a definite range as
shown in Figs. 10 and 11, and changes the orientation thereof for turning as shown in Fig. 12 under the input by the
joystick Sc or joystick Sa.
[0116] If the signal generated by the capsule rotational direction pattern generator 41 is one as shown in Fig. 9B, the
capsule 3 advances at a low speed under a clockwise rotation and retreats at a low speed under a counterclockwise
rotation, and thereby it changes the orientation thereof for turning with the positions thereof staying under the input by
the joystick Sc or joystick Sa.
[0117] Thereby, since the capsule 3 can turn virtually without the need to change the position thereof, it is possible to
smoothly perform the direction change when the capsule 3 has been abutted against the haustra of colon or the like,
the direction change has hitherto been difficult.
[0118] The capsule guidance system 1 according to this embodiment, therefore, is capable of improving the propulsion
control characteristic.
[0119] Meanwhile, the capsule 3 according to this embodiment is of a cableless type that has neither line nor tube at
the rear portion, but a cable-equipped capsule guidance system may be used in which a flexible tube is rotatably attached
to the rear end of the capsule 3, i.e., on the opposite side of the front-end cover 39, as shown in Fig. 15.
[0120] As shown in Fig. 15, the capsule 3B has a cord, or a tubular guide member 70 having another end at the outside
of the subject. This guide member 70 has a diameter of, e.g., 1 mm or more, and is a flexible member capable of being
locked outside the subject.
[0121] In this case, combining the propulsion by the spiral projection 12 and the thrust/withdrawal by the guide member
70 enables the capsule 3 to be more effectively propelled/withdrawn.
[0122] This embodiment is constituted by incorporating the present invention into the capsule medical device main
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body functioning as a capsule endoscope, but the present invention is not limited to this. The present invention may also
be applied to a tissue-acquiring type capsule medical device having acquisition means for acquiring a living body tissue,
a drug discharge type capsule medical device for discharging drug, and a cauterization type capsule medical device for
cauterizing a living body tissue.
[0123] In the movement control systems set forth in the above-described Japanese Unexamined Patent Application
Publication Nos. 2001-179700 and 2002-187100, and the system set forth in the above-described Japanese Unexamined
Patent Application Publication No. 2003-275170, in particular, parameters in respective spiral structure sections are not
clearly described.
[0124] For this reason, in the conventional medical device guidance systems, the capsule medical devices thereof
each have been difficult to obtain a sufficient thrust.
[0125] With this being the situation, detailed parameters for the spiral structure section will now be elucidated to obtain
a sufficient thrust.
[0126] As shown in Fig. 16, regarding the pitch of the spiral projection 12 on the capsule 3, for example, the pitch "b"
in the center portion of the capsule 3, having the largest outer diameter, is set to be equal to the pitch "a" in the front
end side thereof, and the pitch "c" in the rear end side thereof, each having the diameters smaller than that of the center
portion, namely, "a" = "b" = "c".
[0127] Furthermore, the spiral projection 12 on the capsule 3 will be optimized as described below.
[0128] As shown in Fig. 17, the spiral projection 12 has parameters, such as the cylinder section length L; cylinder
section radius r; number of threads (represented by natural number); spiral interval D; spiral angle θ; spiral height h;
spiral width b; and spiral groove width x.
[0129] First, the thrust of the capsule 3 was measured. Fig. 19 shows a measurement system.
[0130] Fig. 19 shows a water tank 81 for measuring the propulsion using a sample 80 simulating the spiral projection
12. In this water tank 81, a silicone tube 82 simulating a lumen organ is inserted in a state in which the first sample 80
having an exterior structure of the capsule 3 according to this embodiment is inserted into this silicone tube, and water
is poured over the tube 82 to apply a water pressure thereto, the water level being, e.g., 20 cm.
[0131] The sample 80 is connected to a force gage 84 via the bar section 83, and this force gage 84 allows the
measurement of thrust. Here, the sample 80 is rotatably arranged so as to run idle with respect to the bar section 83.
In this state, the thrust was measured by applying a rotating magnetic field from the outside.
[0132] The specifications of the samples 80 used in the experiments are as follows: φ11 mm; cylindrical section length
= 2 mm; spiral height = 1 mm; and spiral width = 1 mm. As spiral angles and numbers of threads, the following combinations
were employed.

[0133] Fig. 21 shows thrust measurement results. Fig. 21 is a graph obtained by plotting spiral intervals of spirals on
capsules 3 on the horizontal axis, and the measured thrusts on the vertical axis.
[0134] Depending upon the distribution of thrusts, there exist a region A where the reduction in spiral interval improves
the thrust, and a region B where the reduction in spiral interval reduces the thrust.
[0135] Here, consideration will be given to the region A. First, regarding the capsules 3 described in the following list
out of the capsules 3 of which the data is distributed in the region A, a graph obtained by plotting numbers of threads
on the horizontal axis, and thrusts on the vertical axis is shown in Fig. 20.

[0136] These results indicate that the thrust increases in proportion to the number of threads. The comparison among
the capsules 3 with the same spiral angle indicates that the thrust increases in proportion to the entire length of a spiral.
[0137] Here, the entire length of spiral of the capsule 3 can be determined in the following method.
[0138] A developed view obtained by developing the exterior cylindrical section of the capsule 3 is shown in Fig. 18.
[0139] Based on the developed view of the exterior cylindrical section, the entire length is determined by the following
expression: 

Spiral angle Number of threads
30[deg.] 2, 3, 4, 6, and 8
45[deg.] 2, 3, 4, 6, and 8
60[deg.] 1, 2, 3, 4, 6, and 8

Spiral angle Number of threads
45[deg.] 2, 3, and 4
60[deg.] 1, 2, and 3
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[0140] Also, from the shape of spiral, the following expression is obtained. 

[0141] Here, the parameter contributing to the thrust is considered to be circumferential direction component of spiral.
[0142] Therefore, the thrust can be calculated by the following expression:

Here, K is a proportionality constant.
[0143] From the forgoing, it can be seen that the thrust depends upon the radius of cylindrical section, the length of
cylindrical section, and the spiral interval.
[0144] The comparison of these calculation results with the above-described measurement indicates that, in the region
A in Fig. 21, the calculation results when the proportionality constant K is set to 0.5 in the above expression (1) conform
very well with the corresponding measurement results.
[0145] Thus, when the spiral interval increases, the spiral length decreases, which results in a reduced thrust.
[0146] Next, the region B will be considered. It can be said that, in the region B, when the spiral interval decreases,
living body tissues cannot enter the spiral, and hence, the effect of the spiral cannot be sufficiently exerted, thereby
reducing the thrust.
[0147] Based on the above-described theorization, it can be said that, for the capsule 3 with a spiral height of 1[mm],
the spiral pitches of 3 to 12[mm] enable the occurrence of a sufficient thrust.
[0148] Here, we will carry this consideration a step further, regarding the spiral interval when the spiral height changes.
[0149] The entering of the living body tissue into the spiral is approximated by the deflection caused by a tare weight
of a double-end supported beam.
[0150] Herein, this beam is a double-end supported beam with a span 1, the beam being subject to a uniform load w
over the entire length thereof.
[0151] In this case, the deflection amount at the center portion caused by the tare weight (uniform load w) of the
double-end supported beam is represented by the following expression: 

[0152] Here, when the spiral height becomes k times, in order that the displacement becomes k times, the following
relational expression must be met. 

[0153] Therefore, the span 1 can be obtained by the following expression: 
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Here,

w: uniform load
l: width of beam (span)
E: modulus of longitudinal elasticity
I: geometrical moment of inertia
E x I: flexural rigidity

Thereby, it is known that the spiral interval D required for the defection of living body tissue is proportional to the fourth
root of the spiral height.
[0154] Therefore, the spiral interval D[mm] when the spiral height is h{mm}, is within the following range: 

[0155] In the above expression (2), depending upon the projection shape of the spiral projection 12, the spiral interval
D is used, or the projection interval d is used instead of the spiral interval D.
[0156] If the cross section of the spiral projection 12 is circular of elliptical as shown in Figs. 22 and 23, the spiral
interval D is used, which is the distance between the center axes of mutually adjacent spiral projection portions 12.
[0157] On the other hand, if the cross section of the spiral projection 12 is a rounded rectangle formed by rounding
the corners of the rectangle, the deflection of the living body tissue occurs at the starting point of the rounding portion.
Therefore, instead of the spiral interval D, the projection interval d is here used, which is the distance between the starting
points of the rounded portions of ellipses or substantial ellipses of mutually adjacent spiral projection portions 12, the
starting points being located at the insides of the respective rounded portions.
[0158] In this case, the above expression (2) adopts the following expression, by using the projection interval d instead
of the spiral interval D. 

[0159] As a result, since the parameters of its spiral structure section can be clarified, the capsule 3 can achieve a
sufficient thrust.
[0160] From the measurement results of thrusts in Fig. 21, when the capsule diameter is in the vicinity of φ11 mm (i.e.,
φ9 to φ13 mm) and the spiral width is about 1 mm, appropriate combinations of the numbers of threads with respect to
the spiral angle are obtained as follows:

[0161] Forming the spiral projection structure section so that the spiral angle becomes 40 degrees or more with respect
to the symmetry axis relative to the advancing direction, improves the operability when modifying the orientation of the
overall capsule guidance system.
[0162] Also, forming the spiral projection into 0.5 mm to 3 mm height prevents the diameter of the overall capsule
guidance system from becoming too large, and allows the occurrence of a sufficient thrust.
[0163] Moreover, the above-described exterior has an substantially cylindrical section and a diameter changing section,
and by forming the spiral structure section arranged on the diameter changing section and the spiral structure section
arranged on the substantially cylindrical section at the same pitch, the thrust of the capsule medical device is enhanced.
Simultaneously, equating the pitches of above-described both sections facilitates the manufacturing.
[0164] Embodiments structured by partially combining the above-described embodiment are also subsumed under
the present invention.
[0165] The medical device guidance system and the capsule medical device according to this embodiment have an
effect of improving the propulsion control characteristic.

Spiral angle Number of threads
30[den.] 8
45[deg.] 3 or 4
60[deg.] 4 or 5
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Industrial Applicability

[0166] The medical device guidance system and the capsule type medical device of the present invention can improve
the propulsion control characteristic, and therefore are suitable not only in the industrial field but also in the medical field,
in particular, for rotating, propelling, and guiding the device inserted in a body cavity.

Claims

1. A medical device guidance system (1) comprising:

a rotating electromagnetic field generating device (4) for generating a rotating electromagnetic field for applying
from the outside of a subject into the subject;
a medical device main body (3) insertable into a body cavity of the subject;
an electromagnetic field response section (16) provided in the medical device main body (3), and acting on the
rotating electromagnetic field generated by the rotating electromagnetic field generating device;
a spiral structure section (12) provided on the outer surface of the medical device main body (3), and converting
a rotational movement generated by the electromagnetic field response section (16) into a thrust;
a controller (27) for controlling the rotating electromagnetic field generating device (4) to continuously change
the state of the rotating electromagnetic field generated by the rotating electromagnetic field generating device
(4); and
a rotating electromagnetic field pattern generating section (41) for generating an electromagnetic field pattern
signal,
characterized in that
the electromagnetic field pattern signal interchanges the rotating directions of the rotating electromagnetic field
generated by the rotating electromagnetic field generating device (4), for each set rotational angle.

2. The medical device guidance system (1) according to Claim 1, wherein the set rotational angles are different between
the advance and the retreat of the medical device main body (3).

3. The medical device guidance system (1) according to Claim 1 or 2, wherein the controller (27) controls at least one
of the rotational direction, the rotational phase, the electromagnetic field intensity, and the rotational frequency of
the rotating electromagnetic field.

4. The medical device guidance system (1) according to any one of Claims 1 to 3, wherein the medical device main
body (3) is a capsule medical device.

5. The medical device guidance system (1) according to any one of Claims 1 to 4, wherein the rotating electromagnetic
field pattern generating section (41) comprising:

a rotational angle setting section for setting the rotational angles at which the directions are to be interchanged.

6. The medical device guidance system (1) according to any one of Claims 1 to 5, further comprising:

a rotational speed setting section for setting the rotational speed of the rotating electromagnetic field generated
by the rotating electromagnetic field generating device (4).

7. The medical device guidance system (1) according to any one of Claims 1 to 6, further comprising:

an operation input device (8) for generating instruction signals corresponding to an operation of an operator.

8. The medical device guidance system (1) according to Claim 7, further comprising:

a mode changeover section (42) for switching between at least one portion signal of the instruction signals
generated by the operation input device (8) and a signal generated in the rotating electromagnetic field pattern
generating section (41).

9. The medical device guidance system (1) according to claim 1,
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wherein the medical device main body (3) comprises a turning mode in which a direction of the medical device main
body (3) is changed while the medical device main body (3) repeats an advance and a retreat.

10. The medical device guidance system (1) according to Claim 9, further comprising:

the operation input device (8) having a direction input device (8a) for generating a direction instruction signal,
wherein, in the turning mode, the controller (27) controls the rotating electromagnetic field generating device
(4) to change the direction of the medical device, based on the direction instruction signal.

11. The medical device guidance system (1) according to Claim 1, further comprising:

a setting device (10) for inputting a setting data for guiding the medical device main body (3) under a desired
condition.

12. The medical device guidance system (1) according to Claim 11, wherein the electromagnetic field pattern signal is
a signal having a frequency corresponding to the setting data.

13. The medical device guidance system (1) according to Claim 1, wherein the electromagnetic field pattern signal is
a pattern signal showing a rotation of the medical device main body (3).

14. The medical device guidance system (1) according to Claim 1, wherein the electromagnetic field pattern signal is
a pattern signal that keeps the rotational speed of the rotating electromagnetic field constant.

15. The medical device guidance system (1) according to Claim 1, further comprising:

a direction input device (8a) for generating a direction instruction signal,
wherein the controller (27) controls the rotating electromagnetic field generating device (4) to change the direction
of the medical device, based on the direction instruction signal.

16. The medical device guidance system (1) according to Claim 1, further comprising:

a rotational speed input device for generating a rotational speed signal,
wherein the controller (27) controls the rotating electromagnetic field generating device to change the rotational
speed of the medical device, based on the rotational speed signal.

17. The medical device guidance system (1) according to Claim 1, further comprising:

an operation input device (8) for generating instruction signals that constitute setting data; and
a mode changeover section (42) for switching between at least one portion of instruction signals and the elec-
tromagnetic field pattern signal generated in the electromagnetic field pattern generating section (41).

18. The medical device guidance system (1) according to Claim 1, further comprising:

a graphical user interface, the interface comprising a display device for displaying setting data.

19. A method of operating a medical device guidance system (1), the method comprising the steps of:

displaying a setting menu;
changing a setting of an electromagnetic field pattern signal of an operation mode;
storing the setting of the electromagnetic field pattern signal of the operation mode; and
undisplaying the setting menu,
characterized in that
the setting of the electromagnetic field pattern signal is a setting of rotational angles at which the rotational
directions of the rotating electromagnetic field are interchanged.

20. The method of operating a medical device guidance system according to Claim 19, wherein the rotational angles
differ between advance and retreat of a medical device main body.
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21. The method of operating a medical device guidance system according to Claim 20, wherein the rotating electro-
magnetic field is controlled by at least any one of rotational direction, rotational phase, electromagnetic field intensity,
and rotational frequency.

22. The method of operating a medical device guidance system according to any one of Claims 19 to 21, the method
further comprising the steps of:

changing the operation mode;
receiving an instruction signal; and
generating the electromagnetic field pattern signal in accordance with the instruction signal and the changed
operation mode.

23. The method of operating a medical device guidance system according to Claim 22, wherein the operation mode
includes a mode for interchanging rotational directions of a rotating electromagnetic field.

Patentansprüche

1. Führungssystem (1) für eine medizinische Einrichtung, aufweisend:

eine ein rotierendes elektromagnetisches Feld erzeugende Einrichtung (4) zum Erzeugen eines rotierenden
elektromagnetischen Feldes zum Anlegen von außerhalb eines Subjektes in das Subjekt;
ein Hauptkörper (3) einer medizinischen Einrichtung, der in einen Körperhohlraum des Subjektes einführbar ist;
einen auf ein elektromagnetisches Feld reagierenden Abschnitt (16), der in dem Hauptkörper (3) der medizini-
schen Einrichtung vorgesehen ist und der auf ein rotierendes elektromagnetisches Feld reagiert, das durch die
Erzeugungseinrichtung für ein rotierendes elektromagnetisches Feld erzeugt wird;
einen Spiralstrukturabschnitt (12), der auf der äußeren Oberfläche des Hauptkörpers (3) der medizinischen
Einrichtung vorgesehen ist und eine Drehbewegung, die durch den auf ein elektromagnetisches Feld reagie-
renden Abschnitt (16) erzeugt wird, in einen Vorschub umwandelt;
eine Steuerungseinrichtung (27) zum Steuern der das rotierende elektromagnetische Feld erzeugenden Ein-
richtung (4), um kontinuierlich den Zustand des rotierenden elektromagnetischen Feldes zu ändern, das durch
die Erzeugungseinrichtung (4) für das rotierende elektromagnetische Feld erzeugt wird;
einen Erzeugungsabschnitt (41) zum Erzeugen eines rotierenden elektromagnetischen Feldmusters zum Er-
zeugen eines elektromagnetischen Feldmustersignals,
dadurch gekennzeichnet, dass
das elektromagnetische Feldmustersignal die Drehrichtungen des rotierenden elektromagnetischen Feldes,
das durch die Erzeugungseinrichtung (4) für ein rotierendes elektromagnetisches Feld erzeugt wird, für jeden
festgelegten Drehwinkel wechselt.

2. Führungssystem (1) für eine medizinischen Einrichtung nach Anspruch 1, wobei sich die festgelegten Drehwinkel
zwischen der Vorwärtsbewegung und der Rückwärtsbewegung des Hauptkörpers (3) der medizinischen Einrichtung
unterscheiden.

3. Führungssystem (1) für eine medizinische Einrichtung nach Anspruch 1 oder 2, wobei die Steuerungseinrichtung
(27) die Drehrichtung, die Drehphase, die Intensität des elektromagnetischen Feldes und/oder die Drehfrequenz
des rotierenden elektromagnetischen Feldes steuert.

4. Führungssystem (1) für eine medizinischen Einrichtung nach einem der Ansprüche 1 bis 3, wobei der Hauptkörper
(3) der medizinischen Einrichtung eine kapselartige medizinische Einrichtung ist.

5. Führungssystem (1) für eine medizinischen Einrichtung nach einem der Ansprüche 1 bis 4, wobei der Erzeugungs-
abschnitt (41) für das rotierende elektromagnetische Feldmuster umfasst:

einen Drehwinkelfestlegungsabschnitt zum Festlegen der Drehwinkel, bei denen die Richtungen zu wechseln
sind.

6. Führungssystem (1) für eine medizinische Einrichtung nach einem der Ansprüche 1 bis 5, ferner aufweisend:
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einen Drehgeschwindigkeitseinstellabschnitt zum Einstellen der Drehgeschwindigkeit des rotierenden elektro-
magnetischen Feldes, das durch die Erzeugungseinrichtung (4) für das rotierende elektromagnetische Feld
erzeugt wird.

7. Führungssystem (1) für eine medizinische Einrichtung nach einem der Ansprüche 1 bis 6, ferner aufweisend:

eine Betriebseingabeeinrichtung (8) zum Erzeugen von Anweisungssignalen, die einer Betätigung eines Be-
dieners entsprechen.

8. Führungssystem (1) für eine medizinische Einrichtung nach Anspruch 7, ferner aufweisend:

einen Modusumschaltabschnitt (42) zum Schalten zwischen zumindest einem Bereichssignal der Anweisungs-
signale, die durch die Betriebseingabeeinrichtung (8) erzeugt werden, und einem Signal, das in dem Erzeu-
gungsabschnitt (41) für das rotierende elektromagnetische Feld erzeugt wird.

9. Führungssystem (1) für eine medizinische Einrichtung nach Anspruch 1,
wobei der Hauptkörper (3) der medizinischen Einrichtung einen Drehmodus aufweist, in dem eine Richtung des
Hauptkörpers (3) der medizinischen Einrichtung geändert wird, während der Hauptkörper (3) der medizinischen
Einrichtung einer Vorwärtsbewegung und einer Rückwärtsbewegung wiederholt.

10. Führungssystem (1) für eine medizinische Einrichtung nach Anspruch 9, ferner aufweisend:

die Betriebseingabeeinrichtung (8) mit einer Richtungseingabeeinrichtung (8a) zum Erzeugen eines Richtungs-
anweisungssignals,
wobei im Drehmodus die Steuerungseinrichtung (27) die Erzeugungseinrichtung (4) für das rotierende elektro-
magnetische Feld steuert, um die Richtung der medizinischen Einrichtung auf Grundlage des Richtungsanwei-
sungssignals zu ändern.

11. Führungssystem (1) für eine medizinische Einrichtung nach Anspruch 1, ferner aufweisend:

eine Einstelleinrichtung (10) zum Eingeben von Einstelldaten zum Führen des Hauptkörpers (3) der medizini-
schen Einrichtung unter einer gewünschten Bedingung.

12. Führungssystem (1) für eine medizinische Einrichtung nach Anspruch 11, wobei das elektromagnetische Feldmu-
stersignal ein Signal mit einer Frequenz ist, die den Einstelldaten entspricht.

13. Führungssystem (1) für eine medizinische Einrichtung nach Anspruch 1, wobei das elektromagnetische Feldmu-
stersignal ein Mustersignal ist, das eine Drehung des Hauptkörpers (3) der medizinischen Einrichtung zeigt.

14. Führungssystem (1) für eine medizinische Einrichtung nach Anspruch 1, wobei das elektromagnetische Feldmu-
stersignal ein Mustersignal ist, das die Drehgeschwindigkeit des rotierenden elektromagnetischen Feldes konstant
hält.

15. Führungssystem (1) für eine medizinische Einrichtung nach Anspruch 1, ferner aufweisend:

eine Richtungseingabeeinrichtung (8a) zum Erzeugen eines Richtungsanweisungssignals,
wobei die Steuerungseinrichtung (27) die Erzeugungseinrichtung (4) für das rotierende elektromagnetische
Feld auf Grundlage des Richtungsanweisungssignals steuert, um die Richtung der medizinischen Einrichtung
zu ändern.

16. Führungssystem (1) für eine medizinische Einrichtung nach Anspruch 1, ferner aufweisend:

eine Drehgeschwindigkeitseingabeeinrichtung zum Erzeugen eines Drehgeschwindigkeitssignals,
wobei die Steuerungseinrichtung (27) die Erzeugungseinrichtung für das rotierende elektromagnetische Feld
auf Grundlage des Drehgeschwindigkeitssignals steuert, um die Drehgeschwindigkeit der medizinischen Ein-
richtung zu ändern.

17. Führungssystem (1) für eine medizinische Einrichtung nach Anspruch 1, ferner aufweisend:
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eine Betriebseingabeeinrichtung (8) zum Erzeugen von Anweisungssignalen, die Einstelldaten darstellen; und
einen Moduswechselabschnitt (42) zum Schalten zwischen mindestens einem Bereich von Anweisungssignalen
und/oder dem elektromagnetischen Feldmustersignal, das in dem Erzeugungsabschnitt (41) für ein elektroma-
gnetisches Feld erzeugt wird.

18. Führungssystem (1) für eine medizinische Einrichtung nach Anspruch 1, ferner aufweisend:

eine graphische Nutzerschnittstelle, wobei die Schnittstelle eine Anzeigeeinrichtung zum Anzeigen von Ein-
stelldaten aufweist.

19. Verfahren zum Betreiben eines Führungssystems (1) einer medizinischen Einrichtung, wobei das Verfahren folgende
Schritte aufweist:

Anzeigen eines Einstellmenüs;
Ändern einer Einstellung eines elektromagnetischen Feldmustersignals eines Betriebsmodus;
Speichern der Einstellung des elektromagnetischen Feldmustersignals des Betriebsmodus; und
Entfernen des Einstellmenüs,
dadurch gekennzeichnet, dass

das Einstellen des elektromagnetischen Feldmustersignals ein Einstellen von Drehwinkeln ist, bei denen die Dreh-
richtungen des rotierenden elektromagnetischen Feldes gewechselt werden.

20. Verfahren zum Betreiben eines Führungssystems einer medizinischen Einrichtung nach Anspruch 19, wobei sich
die Drehwinkel zwischen einer Vorwärtsbewgung und einer Rückwärtsbewegung eines Hauptkörpers einer medi-
zinischen Einrichtung unterscheiden.

21. Verfahren zum Betreiben eines Führungssystems für eine medizinische Einrichtung nach Anspruch 20, wobei das
rotierende elektromagnetische Feld durch eine Drehrichtung, eine Drehphase, eine Intensität des elektromagneti-
schen Feldes und/oder einer Drehfrequenz gesteuert wird.

22. Verfahren zum Betreiben eines Führungssystems einer medizinischen Einrichtung nach einem der Ansprüche 19
bis 21, wobei das Verfahren ferner die folgenden Schritte aufweist:

Ändern des Betriebsmodus;
Empfangen eines Anweisungssignals; und
Erzeugen des elektronischen Feldmustersignals gemäß dem Anweisungssignal und dem geänderten Betriebs-
modus.

23. Verfahren zum Betreiben eines Führungssystems einer medizinischen Einrichtung nach Anspruch 22, wobei der
Betriebsmodus einen Modus zum Wechseln der Drehrichtungen eines rotierenden elektromagnetischen Feldes
aufweist.

Revendications

1. Système de guidage de dispositif médical (1) comprenant :

un dispositif de génération de champ électromagnétique rotatif (4) pour générer un champ électromagnétique
rotatif pour application de l’extérieur d’un sujet à l’intérieur du sujet ;
un corps principal (3) de dispositif médical insérable à l’intérieur d’une cavité corporelle du sujet ;
une section de réponse au champ électromagnétique (16) prévue dans le corps principal (3) de dispositif médical,
et agissant sur le champ électromagnétique rotatif généré par le dispositif de génération de champ électroma-
gnétique rotatif ;
une section de structure en spirale (12) prévue sur la surface extérieure du corps principal (3) de dispositif
médical, et convertissant un mouvement de rotation généré par la section de réponse au champ électroma-
gnétique (16) en une poussée ;
un contrôleur (27) pour commander le dispositif de génération de champ électromagnétique rotatif (4) pour
changer de manière continue l’état du champ électromagnétique rotatif généré par le dispositif de génération
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de champ électromagnétique rotatif (4) ; et
une section de génération de motif de champ électromagnétique rotatif (41) pour générer un signal de motif de
champ électromagnétique,
caractérisé en ce que
le signal de motif de champ électromagnétique change les sens de rotation du champ électromagnétique rotatif
généré par le dispositif de génération de champ électromagnétique rotatif (4), pour chaque angle de rotation fixé.

2. Système de guidage de dispositif médical (1) selon la revendication 1, dans lequel les angles de rotation fixés sont
différents entre l’avance et le retrait du corps principal (3) de dispositif médical.

3. Système de guidage de dispositif médical (1) selon la revendication 1 ou 2, dans lequel le contrôleur (27) commande
au moins l’un du sens de rotation, de la phase de rotation, de l’intensité du champ électromagnétique et de la
fréquence de rotation du champ électromagnétique rotatif.

4. Système de guidage de dispositif médical (1) selon l’une quelconque des revendications 1 à 3, dans lequel le corps
principal (3) de dispositif médical est un dispositif médical de type capsule.

5. Système de guidage de dispositif médical (1) selon l’une quelconque des revendications 1 à 4, dans lequel la section
de génération de motif de champ électromagnétique rotatif (41) comprenant :

une section de fixation d’angle de rotation pour fixer les angles de rotation auxquels les sens doivent être changés.

6. Système de guidage de dispositif médical (1) selon l’une quelconque des revendications 1 à 5, comprenant en outre :

une section de fixation de vitesse de rotation pour fixer la vitesse de rotation du champ électromagnétique rotatif
généré par le dispositif de génération de champ électromagnétique rotatif (4).

7. Système de guidage de dispositif médical (1) selon l’une quelconque des revendications 1 à 6, comprenant en outre :

un dispositif d’entrée d’opération (8) pour générer des signaux d’instruction correspondant à une opération d’un
opérateur.

8. Système de guidage de dispositif médical (1) selon la revendication 7, comprenant en outre :

une section de changement de mode (42) pour commuter entre au moins une partie des signaux d’instruction
générés par le dispositif d’entrée d’opération (8) et un signal généré dans la section de génération de motif de
champ électromagnétique rotatif (41).

9. Système de guidage de dispositif médical (1) selon la revendication 1,
dans lequel le corps principal (3) de dispositif médical comprend un mode de rotation dans lequel un sens du corps
principal (3) de dispositif médical est changé tandis que le corps principal (3) de dispositif médical répète une avance
et un retrait.

10. Système de guidage de dispositif médical (1) selon la revendication 9, comprenant en outre :

le dispositif d’entrée d’opération (8) ayant un dispositif d’entrée de sens (8a) pour générer un signal d’instruction
de sens,
dans lequel, dans le mode rotatif, le contrôleur (27) commande le dispositif de génération de champ électro-
magnétique rotatif (4) pour changer le sens du dispositif médical, sur la base du signal d’instruction de sens.

11. Système de guidage de dispositif médical (1) selon la revendication 1, comprenant en outre :

un dispositif de réglage (10) pour entrer des données de réglage pour guider le corps principal (3) de dispositif
médical sous une condition désirée.

12. Système de guidage de dispositif médical (1) selon la revendication 11, dans lequel le signal de motif de champ
électromagnétique est un signal ayant une fréquence correspondant aux données de réglage.



EP 1 795 113 B1

20

5

10

15

20

25

30

35

40

45

50

55

13. Système de guidage de dispositif médical (1) selon la revendication 1, dans lequel le signal de motif de champ
électromagnétique est un signal de motif montrant une rotation du corps principal (3) de dispositif médical.

14. Système de guidage de dispositif médical (1) selon la revendication 1, dans lequel le signal de motif de champ
électromagnétique est un signal de motif qui maintient la vitesse de rotation du champ électromagnétique rotatif
constante.

15. Système de guidage de dispositif médical (1) selon la revendication 1, comprenant en outre :

un dispositif d’entrée de sens (8a) pour générer un signal d’instruction de sens,
dans lequel le contrôleur (27) commande le dispositif de génération de champ électromagnétique rotatif (4)
pour changer le sens du dispositif médical, sur la base du signal d’instruction de sens.

16. Système de guidage de dispositif médical (1) selon la revendication 1, comprenant en outre :

un dispositif d’entrée de vitesse de rotation pour générer un signal de vitesse de rotation,
dans lequel le contrôleur (27) commande le dispositif de génération de champ électromagnétique rotatif pour
changer la vitesse de rotation du dispositif médical, sur la base du signal de vitesse de rotation.

17. Système de guidage de dispositif médical (1) selon la revendication 1, comprenant en outre :

un dispositif d’entrée d’opération (8) pour générer des signaux d’instructions qui constituent des données de
réglage ; et
une section de changement de mode (42) pour commuter entre au moins une partie des signaux d’instruction
et le signal de motif de champ électromagnétique généré dans la section de génération de motif de champ
électromagnétique (41).

18. Système de guidage de dispositif médical (1) selon la revendication 1, comprenant en outre :

une interface utilisateur graphique, l’interface comprenant un dispositif d’affichage pour afficher les données
de réglage.

19. Procédé d’utilisation d’un système de guidage de dispositif médical (1), le procédé comprenant les étapes de :

affichage d’un menu de réglage ;
changement d’un réglage d’un signal de motif de champ électromagnétique d’un mode d’opération ;
mémorisation du réglage du signal de motif de champ électromagnétique du mode d’opération ; et
arrêt de l’affichage du menu de réglage,
caractérisé en ce que
le réglage du signal de motif de champ électromagnétique est un réglage d’angles de rotation auxquels les
sens de rotation du champ électromagnétique rotatif sont changés.

20. Procédé d’utilisation d’un système de guidage de dispositif médical selon la revendication 19, dans lequel les angles
de rotation diffèrent entre l’avance et le retrait d’un corps principal de dispositif médical.

21. Procédé d’utilisation d’un système de guidage de dispositif médical selon la revendication 20, dans lequel le champ
électromagnétique rotatif est commandé par au moins l’un quelconque d’un sens de rotation, d’une phase de rotation,
d’une intensité de champ électromagnétique, et d’une fréquence de rotation.

22. Procédé d’utilisation d’un système de guidage de dispositif médical selon l’une quelconque des revendications 19
à 21, le procédé comprenant en outre les étapes de :

changement du mode d’opération ;
réception d’un signal d’instruction ; et
génération du signal de motif de champ électromagnétique conformément au signal d’instruction et au mode
d’opération changé.

23. Procédé d’utilisation d’un système de guidage de dispositif médical selon la revendication 22, dans lequel le mode
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d’opération inclut un mode pour changer des sens de rotation d’un champ électromagnétique rotatif.
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