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(57) Acapsule medical apparatus (1) includes a func- receives electric power to charge the secondary battery

tion executing unit(15), a secondary battery (10), a power
input unit (11), and a connecting circuit (12). The function
executing unit (15) performs a predetermined function.
The secondary battery (10) supplies electric power to the
function executing unit (15). The power input unit (11)

(10). The connecting circuit (12) releasably connects the
secondary battery (10) and the power input unit (11), and
releases a connection between the secondary battery
(10) and the power input unit (11) to inhibit charging the
secondary battery (10).
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a capsule med-
ical apparatus that is introduced into the organs inside a
subject, such as a patient, to acquire in-vivo information
of the subject. The present invention also relates to a
method of charging a capsule medical apparatus.

BACKGROUND ART

[0002] Swallowable capsule medical apparatuses that
have imaging and wireless-communication functions are
used in the medical field. Usually for internal observation
of a subject, a capsule medical apparatus is swallowed
by a subject and, as it moves thorough the organs of the
subject, it sequentially takes images of the interior of the
organs of the subject and wirelessly transmits signals of
the images to the outside of the subject. Images of the
interior of the organs can be referred to as in-vivo images.
The capsule medical apparatus repeatedly taking in-vivo
images of the subject and wirelessly transmits signals of
the images until it is naturally excreted by the subject.
[0003] The signals of the images that are wirelessly
transmitted by the capsule medical apparatus inside the
subject are received by a receiving device outside the
subject. The receiving device includes receiving anten-
nas that are arranged on the body surface of the subject.
The receiving device receives the signals of the images
from the capsule medical apparatus through the receiv-
ing antennas. A predetermined recording medium is pre-
viously attached to the receiving device. The receiving
device then sequentially records to the recording medium
the in-vivo images of the subject received from the cap-
sule medical apparatus.

[0004] Afterthe capsule medical apparatus is naturally
excreted by the subject, the recording medium is de-
tached from the receiving device and attached to a pre-
determined image display device. The image display ap-
paratus reads an image-data group, i.e., a group of in-
vivo images taken by the capsule medical apparatus,
from the recording medium and displays the image-data
group on a display. A user, such as a doctor or a nurse,
can diagnose the subject by observing the group of in-
vivo images displayed on the image display device.
[0005] Most capsule medical apparatuses incorporate
button-shaped primary batteries as power supply units;
however, some incorporate rechargeable secondary bat-
teries (accumulator batteries) as power supply units (see
Japanese Patent Application Laid-open  No.
2002-306491). Capsule-type medical apparatuses use
electric power from incorporated primary or secondary
batteries to take in-vivo images and transmit signals of
the images.

[0006] Before they are used, capsule medical appara-
tuses that are introduced into subjects, such as patients,
usually undergo a sterilization process (e.g., after man-
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ufacture or when they are stored or shipped). Subjects
introduce sterilized capsule medical apparatuses into
themselves. Itis desirable that used capsule medical ap-
paratuses having been excreted by subjects are not in-
troduced into subjects again but are collected and dis-
carded. Inotherwords, itis desired that a capsule medical
apparatus is not unintentionally used again after being
used for in-vivo examination of a subject, i.e., the number
of times a capsule medical apparatus is used is limited
to once.

DISCLOSURE OF INVENTION

[0007] A capsule medical apparatus according to an
aspect of the present invention includes a function exe-
cuting unit that executes a predetermined function; a sec-
ondary battery that supplies electric power to the function
executing unit; a power input unit in which electric power
tocharge the secondary battery is input; and a connecting
circuit that releasably connects the secondary battery
and the power input unit to each other. The connecting
circuit releases a connection between the secondary bat-
tery and the power input unit to inhibit charging the sec-
ondary battery.

[0008] A method according to another aspect of the
present invention is for charging a capsule medical ap-
paratus that includes a function executing unit that exe-
cutes a predetermined function; a secondary battery that
supplies electric power to the function executing unit; a
power input unit in which electric power to charge the
secondary battery is input by receiving an external ener-
gy; and a fuse that connects the secondary battery and
the power input unit. The method includes charging the
secondary battery by applying an external energy to the
capsule medical apparatus; detecting that charging the
secondary battery is complete; and disconnecting the
fuse to inhibit charging the secondary battery, when
charging the secondary battery is complete.

[0009] A method according to still another aspect of
the present invention is for charging a capsule medical
apparatus thatincludes a function executing unit that per-
forms a predetermined function; a secondary battery that
supplies electric power to the function executing unit; a
power input unit in which electric power to charge the
secondary battery is input by receiving an external ener-
gy; and a semiconductor switching device that connects
the secondary battery and the powerinput unit. The meth-
od includes charging the secondary battery by applying
a predetermined external energy to the capsule medical
apparatus; detecting that charging the secondary battery
is complete; and causing the semiconductor switching
device to open to inhibit charging the secondary battery,
when charging the secondary battery is complete.
[0010] The above and other features, advantages and
technical and industrial significance of this invention will
be better understood by reading the following detailed
description of presently preferred embodiments of the
invention, when considered in connection with the ac-
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companying drawings.
BRIEF DESCRIPTION OF DRAWINGS
[0011]

FIG. 1 is a schematic cross-sectional view of a con-
figuration example of a capsule medical apparatus
according to a first embodiment of the presentinven-
tion.

FIG. 2 is a schematic block diagram of a functional
configuration example of the capsule medical appa-
ratus according to the first embodiment of the
present invention.

FIG. 3 is a schematic diagram of an example of the
state where the capsule medical apparatus accord-
ing to the first embodiment of the present invention
is charged.

FIG. 4 is a schematic block diagram of a functional
configuration example of a capsule medical appara-
tus according to Modification 1 of the first embodi-
ment.

FIG. 5 is a schematic block diagram of a functional
configuration example of a capsule medical appara-
tus according to Modification 2 of the first embodi-
ment.

FIG. 6 is a schematic block diagram of a functional
configuration example of a capsule medical appara-
tus according to a second embodiment of the present
invention.

FIG. 7 is a schematic block diagram of a functional
configuration example of a capsule medical appara-
tus according to Modification 1 of the second em-
bodiment.

FIG. 8 is a schematic block diagram of a functional
configuration example of a capsule medical appara-
tus according to Modification 2 of the second em-
bodiment.

FIG. 9 is a schematic block diagram of a functional
configuration example of a capsule medical appara-
tus according to a third embodiment of the present
invention.

FIG. 10 is a flowchart of a procedure performed by
a power-supply controller of the capsule medical ap-
paratus according to the third embodiment of the
present invention.

FIG. 11 is a schematic diagram representing how
the capsule medical apparatus according to the third
embodiment of the present invention is introduced
into a subject from the mouth and excreted by the
subject.

FIG. 12 is a block diagram of an example of another
arrangement of a fuse of a power supply unit of the
capsule medical apparatus according to the first em-
bodiment of the preset invention.

FIG. 13 is a block diagram of an example of another
arrangement of a fuse of a power supply unit of the
capsule medical apparatus according to Modification
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1 of the first embodiment.

BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0012] FIG. 1 is a cross-sectional schematic diagram
of a configuration example of a capsule medical appara-
tus according to a first embodiment of the present inven-
tion. FIG. 2 is a schematic block diagram of a functional
configuration example of the capsule medical apparatus
according to the first embodiment of the present inven-
tion. As shown in FIGS. 1 and 2, a capsule medical ap-
paratus 1 according to the firstembodiment of the present
invention includes a capsule casing 2 in a size that can
be introduced into a subject; illuminating units 3 and 5
that illuminate the interior of the subject in different direc-
tions; an imaging unit 4 that takes images of objects illu-
minated by the illuminating unit 3; and an imaging unit 6
that takes in-vivo images of objects illuminated by the
illuminating unit 5. The capsule medical apparatus 1 fur-
ther includes a wireless transmitter 7 that wirelessly
transmits in-vivo images taken by the imaging units 4 and
6; a control unit 8 that controls the units constituting the
capsule medical apparatus 1; and a power supply unit 9
that is rechargeable and supplies electric power to the
units constituting the capsule medical apparatus 1.
[0013] The capsule casing 2 is in a size that can be
easily introduced into the organs of a subject from, for
example, the mouth. As shown in FIG. 1, the capsule
casing 2 has dome-shaped end portions and a cylindrical
body portion. Both open ends of a cylindrical casing 2a
ofthe capsule casing 2, which serves as the body portion,
are closed respectively with dome-shaped casings 2b
and 2c. The cylindrical casing 2a is impenetrable by a
visible light, and the dome-shaped casings 2b and 2c are
penetrable by a visible light. The capsule casing 2 formed
ofthe cylindrical casing 2a and the dome-shaped casings
2b and 2c houses watertight the units constituting the
capsule medical apparatus 1, specifically, the illuminat-
ing unit 3 and 5, the imaging units 4 and 6, the wireless
transmitter 7, the control unit 8, and the power supply
unit 9.

[0014] The illuminating units 3 are, for example, light
emitting devices such as LEDs. The illuminating unit 3
emits lights in a predetermined wavelength band to illu-
minate the interior of the subject, which is the object of
the imaging unit 4, through the dome-shaped casing 2b.
[0015] Theimaging unit 4 functions as an in-vivo infor-
mation acquiring unit that acquires in-vivo images that
are an example of in-vivo information of the subject. Spe-
cifically, the imaging unit 4 includes a solid-state imaging
device, such as a CCD or a CMOS image sensor, and
an optical system. The imaging unit 4 focuses the light
that is reflected from an object illuminated by the illumi-
nating unit 3, so that an optical image of the object is
formed. The imaging unit 4 receives the optical image of
the subject, using the solid-state imaging device, so that
an image of the subject, i.e., an image of the interior of
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an organ on the side of the direction F1 is taken. The
direction F1 is the direction in which the imaging unit 4
takesimages, andis the direction on the side of the dome-
shaped casing 2b defined by the center axis CL in the
longitudinal direction of the capsule casing 2.

[0016] The illuminating units 5 are, for example, light
emitting devices such as LEDs. The illuminating units 5
emit light in a predetermined wavelength band to illumi-
nate the interior of the subject (specifically, interior of
organs), which is the object of the imaging unit 6, through
the dome-shaped casing 2c.

[0017] The imaging unit 6 functions as an in-vivo infor-
mation acquiring unit that acquires in-vivo images that
are an example of in-vivo information of the subject. Spe-
cifically, the imaging unit 6 includes a solid-state imaging
device, such as a CCD or a CMOS image sensor, and
an optical system. The imaging unit 6 focuses the light
that is reflected from an object illuminated by the illumi-
nating units 5, so that an optical image of the object is
formed. The imaging unit 6 receives the optical image of
the subject, using the solid-state imaging device, so that
an image of the subject, i.e., the image of the interior of
an organ on the side of the direction F2 is taken. The
direction F2 is the direction in which the imaging unit 6
takesimages, andis the direction on the side of the dome-
shaped casing 2c defined by the center axis CL in the
longitudinal direction of the capsule casing 2.

[0018] The wireless transmitter 7 wirelessly transmits
the in-vivo information of the subject to the outside. Spe-
cifically, the wireless transmitter 7 includes a coil-shaped
or loop-shaped transmitting antenna 7a. The wireless
transmitter 7 sequentially receives signals of the in-vivo
images taken by the imaging units 4 and 6, performs a
predetermined modulating process on the signals of the
in-vivo images to generate wireless signals containing
the in-vivo images taken by the imaging unit 4 or 6. The
wireless transmitter 7 sequentially transmits the wireless
signals containing the in-vivo images to the outside
through the transmitting antenna 7a. The wireless signals
containing the in-vivo images of the subject transmitted
by the wireless transmitter 7 are received by the external
receiving device that is, for example, carried by the sub-
ject.

[0019] The control unit 8 controls operations of the
units constituting the capsule medical apparatus 1, i.e.,
the illuminating units 3 and 5, the imaging units 4 and 6,
and the wireless transmitter 7, and controls input and
output of signals between the units. Specifically, the con-
trol unit 8 controls the operation timing of the illuminating
unit 3 and the imaging unit 4 such that in-vivo images of
the side of the direction F1 illuminated by the illuminating
unit 3 are taken, and controls the operation timing of the
illuminating unit 5 and the imaging unit 6 such that in-
vivo images on the side of the direction F2 illuminated
by the illuminating unit 5 are taken. The control unit 8
further includes a signal processor 8a. The signal proc-
essor 8a has various types of parameters concerning the
image processing on, such as white balance, and gen-
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erates signals of in-vivo images taken by the imaging
units 4 and 6. The control unit 8 sequentially sends the
signals of the in-vivo images to the wireless transmitter
7, and controls the wireless transmitter 7 such that it se-
quentially transmits wireless signals containing the in-
vivo images to the outside.

[0020] The illuminating units 3 and 5, the imaging units
4 and 6, the wireless transmitter 7, and the control unit
8 constitute a function executing unit 15 that executes
predetermined functions. The functions executed by the
function executing unit 15 include the function of illumi-
nating an object, which is performed by the illuminating
units 3 and 5; the function of taking in-vivo images, which
is performed by the imaging units 4 and 6; and the func-
tion of wirelessly transmitting in-vivo images, which is
performed by the wireless transmitter 7. The units con-
stituting the function executing unit 15 and the power
supply unit 9 are electrically connected to one another in
the capsule casing 2 through, for example, a rigid circuit
board or a flexible circuit board.

[0021] The power supply unit 9 is rechargeable with
external energy, such as a magnetic field applied from
the outside, and supplies electric power stored therein
by the charging to the function executing unit 15. Specif-
ically, the power supply unit 9 includes a rechargeable
secondary battery 10; a receiving coil 11 to which electric
power to charge the secondary battery 10 is input; a con-
necting circuit 12 that releasably connects the secondary
battery 10 and the receiving coil 11, a magnetic switch
13 that switches ON/OFF the power supply unit9, and a
power-supply controller 14 that controls supply of electric
power to the function executing unit 15.

[0022] The secondary battery 10 supplies electric pow-
er to the function executing unit 15. Specifically, the sec-
ondary battery 10 is electrically connected to the receiv-
ing coil 11 through the connecting circuit 12, and receives
the electric power generated by the receiving coil 11
through the connecting circuit 12. Thus, electric power
necessary for operations of the function executing unit
15 is stored in the secondary battery 10. The secondary
battery 10 having been charged supplies electric power
to the units constituting the function executing unit 15
under the control of the power-supply controller 14.
[0023] The numberofsecondary batteriesis notlimited
to two. It may be any number including one as long elec-
tric power necessary for operations of the function exe-
cuting unit 15 can be stored. The secondary battery 10
may be button-shaped, platy, or sheet-shaped.

[0024] The receiving coil 11 functions as a power input
unit that inputs electric power to charge the secondary
battery 10, i.e., charging power. Specifically, the receiv-
ing coil 11 receives an external magnetic field applied by
an external charging device (not shown), and converts
the external magnetic field to electric power. The receiv-
ing coil 11 supplies the electric power, which is based on
the magnetic field, to the secondary battery 10 through
the connecting circuit 12.

[0025] The connecting circuit 12 releasably connects
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the secondary battery 10 and the receiving coil 11. Spe-
cifically, the connecting circuit 12 includes a rectifier cir-
cuit 12a that rectifies a current of the electric power gen-
erated in the receiving coil 11; and a fuse 12b that con-
nects the secondary battery 10 and the receiving coil 11.
[0026] The rectifier circuit 12a includes a diode D1 and
a capacitor C1, and forms a part of a conduction path
between the secondary battery 10 and the receiving coil
11. The diode D1 is arranged such that the current direc-
tion from the receiving coil 11 toward the secondary bat-
tery 10 is the forward direction of the diode. One terminal
of the capacitor C1 is connected to an output terminal of
the diode D1, and the other terminal of the capacitor C1
is connected to a ground potential. The rectifier circuit
12a performs rectification such that the current direction
of the conduction path between the secondary battery
10 and the receiving coil 11 is from the receiving coil 11
toward the secondary battery 10.

[0027] The fuse 12b releasably connects the second-
ary battery 10 and the receiving coil 11. Specifically, one
terminal of the fuse 12b is connected to the receiving coil
11, and the other terminal of the fuse 12b is connected
to an input terminal of the diode D1 of the rectifier circuit
12a, which forms a part of the conduction path between
the secondary battery 10 and the receiving coil 11, i.e.,
other parts of the conduction path excluding the part
formed by the rectifier circuit 12a. When the current of
the electric power from the receiving coil 11 is smaller
than a predetermined value, the fuse 12b maintains the
state where the secondary battery 10 and the receiving
coil 11 are connected. In contrast, when the current of
the electric power from the receiving coil 11 is equal to
or larger than the predetermined value, the fuse 12b is
disconnected, so that the connection between the sec-
ondary battery 10 and the receiving coil 11 is released.
In this manner the fuse 12b releases the connection be-
tween the secondary battery 10 and the receiving coil
11, thereby inhibiting charging the secondary battery 10.
[0028] The magnetic switch 13 switches ON/OFF the
power supply unit 9. Specifically, when a magnetic signal
in a predetermined pattern is applied from the outside,
the magnetic switch 13 receives the magnetic signal of
the pattern, and then sends, to the power-supply control-
ler 14, an instruction signal for starting supplying electric
power to the function executing unit 15 based on the re-
ceived magnetic signal. In other words, the magnetic
switch 13 functions as an instructing unit that issues an
instruction for starting supplying the electric power from
the secondary battery 10 to the function executing unit 15.
When a magnetic signal of a pattern that is different from
that of the magnetic signal serving as an instruction for
starting supplying electric power is applied, the magnetic
switch 13 may receive the magnetic signal of the different
pattern and transmit, to the power-supply controller 14,
aninstruction signal for stopping supplying electric power
to the function executing unit 15 based on the magnetic
signal.
[0029]

The power-supply controller 14 controls
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ON/OFF of the power supply unit 9. Specifically, in the
initial state before the instruction signal for starting sup-
plying electric power is input from the magnetic switch
13, the power-supply controller 14 maintains the state
where supplying the electric power from the secondary
battery 10 to the function executing unit 15 is stopped,
i.e., the OFF state. In contrast, when the power-supply
controller 14 receives the instruction signal for starting
supplying electric power from the magnetic switch 13, it
starts to supply the electric power from the secondary
battery 10 to the function executing unit 15 based on the
received instruction signal. Thereafter, the power-supply
controller 14 maintains the where the supply of the elec-
tric power from the secondary battery 10 to the function
executing unit 15 is started, i.e., the ON state. During the
ON state, the electric power from the secondary battery
10 is supplied to the units constituting the function exe-
cuting unit 15. The power-supply controller 14 may stop
supplying the electric power from the secondary battery
10 to the function executing unit 15 based on the received
instruction signal based on an instruction signal received
for stopping to supply electric power from the magnetic
switch 13.

[0030] A method of charging the capsule medical ap-
paratus 1 and inhibition of the charging according to the
first embodiment of the present invention are explained
below, taking the case where the capsule medical appa-
ratus 1 incorporates the secondary battery 10 that is not
recharged.

FIG. 3 is a schematic diagram of an example of the state
where the capsule medical apparatus 1 according to the
first embodiment of the present invention is charged. To
simplify the explanation, only the secondary battery 10,
the receiving coil 11, the rectifier circuit 12a, and the fuse
12b of the units incorporated in the capsule medical ap-
paratus 1 are shown in FIG. 3.

[0031] As shownin FIG. 3, the capsule medical appa-
ratus 1 incorporates the secondary battery 10 that is un-
charged, the receiving coil 11 to which electric power to
charge the secondary battery 10 is input, and the con-
necting circuit 12 that releasably connects the secondary
battery 10 and the receiving coil 11. The secondary bat-
tery 10 is charged by an external charging device 16 just
before the user, such as a doctor or nurse, uses the cap-
sule medical apparatus 1, for example, before the cap-
sule medical apparatus 1 is introduced into the subject.
[0032] The external charging device 16 charges the
secondary battery 10 inside the capsule medical appa-
ratus 1 by applying an external magnetic field M to the
capsule medical apparatus 1. The external charging de-
vice 16 includes a magnetic-field detector 16a that de-
tects the external magnetic field M applied to the capsule
medical apparatus 1, and the external charging device
16 determines whether charging the secondary battery
10 is complete based on a result the detection by the
magnetic-field detector 16a. The magnetic field strength
of the external magnetic field M can be adjusted to a
desired strength by the external charging device 16.
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[0033] After the external magnetic field M is applied
from the external charging device 16 to the capsule med-
ical apparatus 1, the receiving coil 11 converts the applied
external magnetic field M to electric power to charge the
secondary battery 10. The current generated in the re-
ceiving coil 11 is not enough to disconnect the fuse 12b.
The electric power generated in the receiving coil 11 is
supplied to the secondary battery 10 through the fuse
12b and the rectifier circuit 12a. Accordingly, the second-
ary battery 10 stores therein electric power necessary
for operations of the function executing unit 15, i.e., en-
ters the charged state. In this manner, the secondary
battery 10 of the capsule medical apparatus 1 is charged.
[0034] In addition to applying the external magnetic
field M to the capsule medical apparatus 1, the external
charging device 16 monitors the magnetic field strength
of the external magnetic field M near the capsule medical
apparatus 1, using the magnetic-field detector 16a. When
charging the secondary battery 10 of the capsule medical
apparatus 1 is not complete, there is a difference equal
toorlargerthan a predetermined value between the mag-
netic field strength of the external magnetic field M that
is applied by the external charging device 16 and the
magnetic field strength detected by the magnetic-field
detector 16a. In this case, the external charging device
16 determines that charging the secondary battery 10 is
not complete based on the difference in magnetic field
intensity, and maintains the state where the external
magnetic field M is applied to the capsule medical appa-
ratus 1. In contrast, when charging the secondary battery
10 is complete, the difference between the magnetic field
strength of the external magnetic field M and the mag-
netic field strength detected by the magnetic-field detec-
tor 16a is smaller than the predetermined value. In this
case, the external charging device 16 determines that
charging the secondary battery 10 is complete based on
the difference in magnetic field strength, and sets the
magnetic field intensity of the external magnetic field M
to the capsule medical apparatus to a value equal to or
larger than a predetermined value.

[0035] When the external charging device 16 applies
the external magnetic field M having the magnetic field
intensity equal to or larger than the predetermined value
to the capsule medical apparatus 1, the receiving coil 11
receives the external magnetic field M and generates
electric power having a current equal to or larger than
the predetermined value. The current generated in the
receiving coil 11 is large enough to disconnect the fuse
12b. The electric power generated in the receiving coil
11 is input to the fuse 12b, and the fuse 12b is discon-
nected by the overcurrent of the electric power. The fuse
12b releases the connection between the secondary bat-
tery 10 and the receiving coil 11 in this manner, thereby
inhibiting supplying electric power from the receiving coil
11 to the secondary battery 10, i.e., inhibiting charging
the secondary battery 10.

[0036] After charging the secondary battery 10 of the
capsule medical apparatus 1 is inhibited due to the dis-
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connection of the fuse 12b, the secondary battery 10 can-
not be recharged. In other words, the number of times
the secondary battery 10 of the capsule medical appa-
ratus 1 is charged is limited to once. After the charging
is complete, the capsule medical apparatus 1 is switched
ON by the magnetic switch 13, i.e., starts to supply the
electric power from the secondary battery 10 to the func-
tion executing unit 15. Thereafter, the capsule medical
apparatus 1 is introduced into the subject. In the subject,
the capsule medical apparatus 1 executes the functions
of the function executing unit 15 by using the electric
power from the secondary battery 10. When the electric
power from the secondary battery 10 is consumed, elec-
tric power is not stored in the secondary battery 10 again,
so that the functions are stopped. Accordingly, the
number of times the capsule medical apparatus 1 is used
is limited to once.

[0037] Advantages of the case where the capsule
medical apparatus 1 incorporates the secondary battery
10 are explained below. It is usually difficult to replace
batteries of capsule medical apparatuses after they are
shipped. For this reason, when adapting a primary bat-
tery that is not rechargeable, it is required to incorporate
a primary battery that has electric power larger than that
necessary for operations of a function executing unit in
a capsule medical apparatus during assembling. In other
words, itis required that the primary battery incorporated
in the capsule medical apparatus has a large amount of
electric power including not only electric power for oper-
ations of the function executing unit but also electric pow-
er that is naturally excreted during the period from the
assembling of the apparatus until a user uses the appa-
ratus, including the period in which the apparatus is
stored before it is shipped. Therefore, it is required that
the capsule medical apparatus incorporate an unneces-
sarily-large capsule medical apparatus or alarge number
of primary batteries, which makes it difficult to downsize
the capsule medical apparatus and make full use of the
performance of the incorporated battery.

[0038] In contrast, with the capsule medical apparatus
1 that incorporates the secondary battery 10 that is re-
chargeable, the secondary battery 10 can be charged at
desired timing, for example, when the user uses the ap-
paratus. Therefore, it is not necessary to store, in the
secondary battery 10, electric power other than electric
power for operations of the function executing unit 15,
i.e., unnecessary electric power that is naturally excreted
in, for example, the storage period. This makes it possible
to downsize the capsule medical apparatus 1 and make
full use of the performance of the secondary battery 10
which is incorporated. Incorporating the secondary bat-
tery 10 leads to advantages that downsizing the capsule
medical apparatus 1 can be promoted, and that the elec-
tric power stored in the capsule medical apparatus 1 can
be efficiently used for operations of the function executing
unit 15.

[0039] As described above, in the first embodiment of
the present invention, the receiving coil that converts an
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external magnetic field to electric power and the second-
ary battery that supplies electric power to the function
executing unit are connected through the fuse, and the
electric power input by the receiving coil is supplied to
the secondary battery through the fuse to charge the sec-
ondary battery. After charging the secondary battery is
complete, the fuse is disconnected, so that the connec-
tion between the receiving coil and the secondary cell is
disconnected, which inhibits charging the secondary bat-
tery. Therefore, the number of times the incorporated
secondary battery is used is limited to once, which as-
suredly inhibits the function executing unit from operating
after the electric power, which is stored in the secondary
battery by charging it only once, is consumed. Accord-
ingly, can be achieved a capsule medical apparatus that
has advantages obtained by incorporating the secondary
battery, and that is inhibited from being reused uninten-
tionally after being used for a subject, which limits the
number the apparatus is used to only one, and a method
of charging the capsule medical apparatus.

[0040] Modification 1 of the first embodiment of the
present invention is explained below. In the first embod-
iment, the conduction path between the secondary bat-
tery 10 and the receiving coil 11 is a single path that does
not branch off. In contrast, in Modification 1 of the first
embodiment, a discharging path that branches off the
conduction path between the secondary battery 10 and
the receiving coil 11 is formed, and electric power used
todisconnectthe fuse 12bflows into the discharging path.
[0041] FIG. 4 is a schematic block diagram of a func-
tional configuration example of a capsule medical appa-
ratus according to Modification 1 of the first embodiment.
As shown in FIG. 4, a capsule medical apparatus 21 ac-
cording to Modification 1 of the first embodiment includes
a power supply unit 29 instead of the power supply unit
9 of the capsule medical apparatus 1 according to the
first embodiment. The power supply unit 29 includes a
rectifier circuit 22a that has a discharging path for dis-
charging electric power instead of the rectifier circuit 12a
of the connecting circuit 12. Although is not shown in FIG.
4,the capsule medical apparatus 21 includes the capsule
casing 2 identical with that (see FIG.1) of the capsule
medical apparatus 1 according to the first embodiment.
The configuration of the Modification 1 excluding the
above aspects is the same as that of the first embodi-
ment, and the identical elements are denoted by the
same reference numerals.

[0042] The power supply unit 29 includes a connecting
circuit 22 having the discharging path instead of the con-
necting circuit 12 of the capsule medical apparatus 1 ac-
cording to the first embodiment. In addition to including
the connecting circuit 22, the power supply unit 29 has
the function identical with that of the power supply unit 9
of the capsule medical apparatus 1 according to the first
embodiment.

[0043] The connecting circuit 22 includes the rectifier
circuit 22ainstead of the rectifier circuit 12a of the capsule
medical apparatus 1 according to the first embodiment,
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and includes the fuse 12b. The connecting circuit 22 re-
leasably connects the secondary battery 10 and the re-
ceiving coil 11, using the fuse 12b and the rectifier circuit
22a.

[0044] The rectifier circuit 22a includes the diode D1
and the capacitor C1, and further includes the diodes D2
and D3 that form the discharging path that branches off
the conduction path, which is formed by the fuse 12b and
the diode D1, between the secondary battery 10 and the
receiving coil 11.

[0045] Specifically, an input terminal of the diode D2
is connected to an output terminal of the diode D1, and
an output terminal of the diode D2 is connected to an
input terminal of the diode D3. An output terminal of the
diode D3 is connected to a ground potential. The electric
power supplied from the receiving coil 11 to the second-
ary battery 10 is partly discharged to the discharging path
formed by the diodes D2 and D3 in the period in which
the secondary battery 10 is charged. A part of the electric
power that flows into the discharging path does notinhibit
charging the secondary battery 10. When charging the
secondary battery 10 is complete, i.e., when disconnect-
ing the fuse 12b to inhibit charging the secondary battery
10, a current that is generated in the receiving coil 11
due to the external magnetic field, and that is large
enough to disconnect the fuse 12b, flows into the dis-
charging path formed by the diodes D2 and D3. After the
fuse 12 is disconnected, the overcurrent from the receiv-
ing coil 11 hardly flows into the conduction path on the
side of the secondary battery and flows into the discharg-
ing path formed by the diodes D2 and D3. Thus, when
causing the overcurrent to flow into the conduction path
between the secondary battery 10 and the receiving coll
11 to disconnect the fuse 12b, the load of the secondary
battery 10 having been charged can be reduced, and the
excessive current sufficient to disconnect the fuse 12b
can be easily input to the fuse 12b.

[0046] It is desirable that the sum of forward voltages
of the diodes D2 and D3 that form the discharging path
be equal to or higher than an open circuit voltage of the
secondary battery 10, which prevents the electric power
in the secondary battery 10 from flowing toward the dis-
charging path formed by the diodes D2 and D3. The
number of diodes that form the discharging path is not
limited to two, and it suffices that at least one diode is
used. Itis also desirable that the sum of forward voltage
of at least one diode be equal to or higher than the open
circuit voltage of the secondary battery 10.

[0047] Asexplained above, in Modification 1 according
to the first embodiment of the present invention, the dis-
charging path that branches off the conduction path be-
tween the secondary battery and the receiving coil is
formed by at least one diode. When inhibiting charging
the secondary battery, an overcurrent sufficient to dis-
connect the fuse in the conduction path is caused to flow
into the discharging path through the fuse. The configu-
ration of Modification 1 of the first embodiment excluding
the above aspects is the same as that of the first embod-
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iment. Because of the configuration, a current that flows
toward the secondary battery having been charged can
be reduced, and an overcurrent sufficient to disconnect
the fuse can be caused to flow into the fuse easily. Ac-
cordingly, the same functions and effects as those of the
first embodiment can be achieved. In addition, after
charging the secondary battery is complete, while the
load of the secondary battery having been charged is
reduced, the fuse in the conduction path is assuredly
disconnected to assuredly inhibit charging the secondary
battery.

[0048] Modification 2 of the first embodiment of the
present invention is explained below. In the first embod-
iment, the fuse 12b is disconnected with an overcurrent
generated in the receiving coil 11 due to an external mag-
netic field. In contrast, in Modification 2 of the first em-
bodiment, the fuse 12b is disconnected using a part of
the electric power stored in the secondary battery 10.
[0049] FIG. 5 is a schematic block diagram of a func-
tional configuration example of a capsule medical appa-
ratus according to Modification 2 of the first embodiment
of the present invention. As shown in FIG. 5, a capsule
medical apparatus 31 according to Modification 2 of the
first embodiment includes a power supply unit 39 instead
of the power supply unit 9 of the capsule medical appa-
ratus 1 according to the first embodiment. The power
supply unit 39 includes a connecting circuit 32 instead of
the connecting circuit 12, and further includes a charging
detector 34 that detects that charging the secondary bat-
tery 10 is complete. The fuse 12b is arranged between
the diode D1 and the capacitor C1. Although it is not
shown in FIG. 5, the capsule medical apparatus 31 in-
cludes the capsule casing 20 identical with that (see FIG.
1) of the capsule medical apparatus 1 according to the
first embodiment. The configuration of Modification 2 ex-
cluding the above aspects is the same as that of the first
embodiment, and the identical elements are denoted by
the same reference numerals.

[0050] The power supply unit 39 detects that charging
the secondary battery 10 is complete using the charging
detector 34. When charging the secondary battery 10 is
complete, power supply unit 39 disconnects the fuse 12b
using a part of the electric power in the secondary battery
10 having been charged, thereby inhibiting charging the
secondary battery 10. The power supply unit 39 has the
same functions as those of the power supply unit 9 of the
capsule medical apparatus 1 according to the first em-
bodiment, excluding the above function of inhibiting
charging the secondary battery 10.

[0051] The connecting circuit 32 includes the fuse 12b,
the diode D1, and the capacitor C1, and releasably con-
nects the secondary battery 10 and the receiving coil 11
using the fuse 12b and the diode D1. The connecting
circuit 32 includes a switching unit 33 that forms a dis-
charging path that branches off a conduction path be-
tween the secondary battery 10 and the receiving coil
11. In the connecting circuit 32, the fuse 12b and the
diode D1 form the conduction path between the second-
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ary battery 10 and the receiving coil 11, and the diode
D1 and the capacitor C1 constitute a rectifier circuit of
the conduction path between the secondary battery 10
and the receiving coil 11 like the rectifier circuit 12a. One
terminal of the fuse 12bis connected to an output terminal
of the diode D1 and the switching unit 33, and the other
terminal of the fuse 12b is connected to the capacitor C1
and the secondary battery 10.

[0052] One terminal of the switching unit 33 is connect-
ed to the output terminal of the diode D1 and the fuse
12b, and the other terminal of the switching unit 33 is
connected to a ground potential, thereby forming the dis-
charging path that branches off the conduction path be-
tween the secondary battery 10 and the receiving coil
11. At an initial state before charging the secondary bat-
tery 10 is complete, the switching unit 33 is open and the
discharging path is blocked. In contrast, when charging
the secondary battery 10 is complete, the switching unit
33 is closed under the control of the charging detector
34, thereby unblocking the discharging path. A part of
the electric power from the secondary battery 10 is dis-
charged to the discharging path, which is achieved while
the switching unit 33 is closed, through the fuse 12b.
[0053] The charging detector 34 monitors the current
or voltage of the electric power that is supplied from the
receiving coil 11 to the secondary battery 10 through the
connecting circuit 32. When the current is below a pre-
determined threshold or the voltage is equal to or over a
predetermined threshold, the charging detector 34 de-
tects that charging the secondary battery 10 is complete.
When charging the secondary battery 10 is not complete,
the charging detector 34 controls the switching unit 33
such that it enters the open state to block the discharging
path achieved by the switching unit 33. When charging
the secondary battery 10 is complete, the charging de-
tector 34 controls the switching unit 33 such that it is
closed to electrically connect the discharging path, which
is achieved by the switching unit 33 and the secondary
battery 10 through the fuse 12b.

[0054] When the discharging path achieved by the
switching unit 33 and the secondary battery 10 are elec-
trically connected through the fuse 12b, a part of the elec-
tric power stored in the secondary battery 10 flows as a
current into the fuse 12b rapidly and is discharged to the
discharging path achieved by the switching unit 33
through the fuse 12b. In this case, the fuse 12b is dis-
connected due to the action of the rapid current from the
secondary battery 10, thereby inhibiting charging the sec-
ondary battery 10. At the same time, the switching unit
33 and the secondary battery 10 are not electrically con-
nected due to disconnection of the fuse 12b, so that dis-
charging to the fuse 12b by the secondary battery 10 is
stopped. The switching unit 33 may maintain the closed
state after the fuse 12b is disconnected, or returns to the
open state under the control of the charging detector 34.
Furthermore, a resistor (not shown) that limits currents
discharged from the secondary battery 10 may be pro-
vided in the path from the secondary battery 10 to the
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ground potential through the fuse 12b and the switching
unit 33.

[0055] Asexplained above, in Modification 2 of the first
embodiment of the present invention, the switching unit
that can be open or closed forms the discharging path
that branches off the conduction path between the sec-
ondary battery and the receiving coil. The charging de-
tector detects that charging the secondary battery is com-
plete. When charging the secondary battery is complete,
the charging detector opens or closes the switching unit
to allow a rapid current from the secondary battery having
been charged flow into the discharging path through the
fuse in the conduction path. The configuration of Modifi-
cation 2 of the first embodiment excluding the above as-
pects is the same as that of the first embodiment. Be-
cause of the configuration, when disconnecting the fuse
in the conduction path between the secondary battery
and the receiving coil to inhibit charging the secondary
battery, the fuse in the conduction path can be discon-
nected due to the rapid current from the secondary bat-
tery having been charged without input of an excessive
current generated by the receiving coil from an external
magnetic field to the fuse. Accordingly, the same func-
tions and effects as those of the first embodiment can be
achieved. In addition, after charging the secondary bat-
tery is complete, the fuse in the conduction path can be
easily disconnected to easily inhibit charging the second-
ary battery easily, while the load of the secondary battery
having been discharged is reduced.

[0056] A second embodiment of the present invention
is explained below. In the first embodiment, charging the
secondary battery 10 is inhibited by disconnecting the
fuse 12b that serves as a part of the conduction path
between the secondary battery 10 and the receiving coil
11. In contrast, in the second embodiment, a semicon-
ductor switching device is arranged in the conduction
path between the secondary battery 10 and the receiving
coil 11, and charging the secondary battery 10 is inhibited
by switching the semiconductor switching device to the
open state.

[0057] FIG. 6 is a schematic block diagram of a func-
tional configuration example of a capsule medical appa-
ratus according to the second embodiment of the present
invention. As shown in FIG. 6, a capsule medical appa-
ratus 41 according to the second embodiment includes
a power supply unit 49 instead of the power supply unit
9 of the capsule medical apparatus 1 according to the
first embodiment. The power supply unit 49 includes a
connecting circuit 42 instead of the connecting circuit 12,
and includes a power-supply controller 44 instead of the
power-supply controller 14. Although it is not shown in
FIG. 6, the capsule medical apparatus 41 includes the
capsule casing 2 identical with that (see FIG. 1) of the
capsule medical apparatus 1 according to the first em-
bodiment. The configuration of the second embodiment
excluding the above aspects is the same as that of the
first embodiment, and the identical elements are denoted
by the same reference numerals.
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[0058] Inthe OFF state where the electric power from
the secondary battery 10 is not supplied to the function
executing unit 15, the power supply unit 49 connects the
secondary battery 10 and the receiving coil 11 through
the connecting circuit42. In the ON state where the elec-
tric power from the secondary battery 10 is supplied to
the function executing unit 15, the power supply unit 49
releases the connection between the secondary battery
10 and the receiving coil 11 through the connecting circuit
42, thereby inhibiting charging the secondary battery 10.
The power supply unit 49 has the same function as those
of the power supply unit 9 of the capsule medical appa-
ratus 1 according to the first embodiment, excluding the
function of switching between the state where the sec-
ondary battery 10 and the receiving coil 11 are electrically
connected through the connecting circuit 42 and the state
where they are not electrically connected through the
connecting circuit 42.

[0059] The connecting circuit 42 releasably connects
the secondary battery 10 and the receiving coil 11 by
switching the conductive/non-conductive state of the
conduction path between the secondary battery 10 and
the receiving coil 11. The connecting circuit 42 includes
the diode D1, the capacitor C1, and a semiconductor
switching device 43 that switches the conductive/non-
conductive state of the conduction path between the sec-
ondary battery 10 and the receiving coil 11. The diode
D1 and the capacitor C1 constitutes the rectifier circuit
12a of the conduction path between the secondary bat-
tery 10 and the receiving coil 11, which is formed by the
connecting circuit 42.

[0060] The semiconductor switching device 43 releas-
ably connects the secondary battery 10 and the receiving
coil 11. Specifically, the semiconductor switching device
43 is a field-effect transistor, and it is arranged between
the diode D1 and the capacitor C1 as shown in FIG. 6.
The semiconductor switching device 43 forms a part of
the conduction path between the secondary battery 10
and the receiving coil 11, i.e., the parts of the conduction
path excluding the part formed by the rectifier circuit 12a.
The semiconductor switching device 43 opens or is
closed under the control of the power-supply controller
44 to switch the conduction path to the conductive state
or the non-conductive state. More specifically, before the
electric power from the secondary battery 10 is supplied
to the function executing unit 15, i.e., during the OFF
state, the semiconductor switching device 43 maintains
the closed state under the control of the power-supply
controller 44 to maintain the state where the secondary
battery 10 and the receiving coil 11 are connected to
each other. In contrast, after supplying the eclectic power
from the secondary battery 10 to the function executing
unit 15 is started, i.e., during the ON state, the semicon-
ductor switching device 43 is switched to the open state
under the control of the power-supply controller 44, there-
by releasing the connection between the secondary bat-
tery 10 and the receiving coil 11. Thereafter, the semi-
conductor switching device 43 maintains the open state
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to continue releasing the connection between the sec-
ondary battery 10 and the receiving coil 11, thereby in-
hibiting charging the secondary battery 10.

[0061] The power-supply controller 44 has a function
of controlling ON/OFF of the power supply unit 49 as the
power-supply controller 14 according to the fist embod-
iment has. The power-supply controller 44 also functions
as a connection control unit that controls releasing of the
connection between the secondary battery 10 and the
receiving coil 11 through the connecting circuit 42. Spe-
cifically, the power-supply controller 44 maintains the
OFF state of the power supply unit 49 in the initial state
before an instruction signal for starting supplying electric
power is input from the magnetic switch 13, and controls
the semiconductor switching device 43 such that it enters
the closed state, thereby maintaining the conductive
state of the conduction path between the secondary bat-
tery 10 and the receiving coil 11. When the power-supply
controller 44 receives the instruction signal for starting
supplying electric power from the magnetic switch 13,
the power-supply controller 44 switches the power supply
unit 49 ON to start supplying the electric power from the
secondary battery 10 to the function executing unit 15,
and controls the semiconductor switching device 43 such
that it enters the open state, thereby switching the con-
duction path between the secondary battery 10 and the
receiving coil 11 to the non-conductive state as in the
case of the first embodiment. In this manner, the power-
supply controller 44 releases the connection between the
secondary battery 10 and the receiving coil 11. Thereaf-
ter, the power-supply controller 44 maintains the ON
state of the power supply unit 49 and maintains the open
state of the semiconductor switching device 43 to con-
tinue releasing the connection between the secondary
battery 10 and the receiving coil 11, thereby inhibiting
charging the secondary battery 10. The power-supply
controller 44 continues releasing the connection between
the secondary battery 10 and the receiving coil 11 to in-
hibit charging the secondary battery 10, even after the
electric power in the secondary battery 10 is consumed.
[0062] When the power-supply controller 44 receives
the instruction signal for stopping supplying electric pow-
er from the magnetic switch 13, after starting supplying
the electric power from the secondary battery 10 to the
function executing unit 15, the power-supply controller
44 may stop supplying the electric power from the sec-
ondary battery 10 to the function executing unit 15 based
on the received instruction signal. Even after stopping to
supply the electric power from the secondary battery 10,
the power-supply controller 44 maintains the open state
of the semiconductor switching device 43 to continue re-
leasing the connection between the secondary battery
10 and the receiving coil 11, thereby inhibiting charging
the secondary battery 10.

[0063] As explained above, inthe second embodiment
of the present invention, the receiving coil that converts
an external magnetic field to electric power and the sec-
ondary battery that supplies electric power to the function
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executing unit are connected to each other through the
semiconductor switching device. The electric powerinput
by the receiving coil is supplied to the secondary battery
through the semiconductor switching device to charge
the secondary battery. After supplying the electric power
from the secondary battery to the function executing unit
is started, the semiconductor switching device is
switched to the open state (non-conductive state) to re-
lease the connection between the receiving coil and the
secondary battery, thereby inhibiting charging the sec-
ondary battery. The configuration of the second embod-
iment excluding the above aspects is the same as that
of the first embodiment. Because of the configuration,
the number of times the secondary battery can be
charged is limited to once as in the case of the first em-
bodiment, and the electric power necessary for releasing
the connection between the receiving coil and the sec-
ondary battery can be reduced. Accordingly, the same
functions and effects as those of the first embodiment
can be achieved, and the electric power necessary for
inhibiting charging the secondary battery can be reduced.
[0064] Modification 1 of the second embodiment of the
present invention is explained below. In the second em-
bodiment, the connection between the secondary battery
10 and the receiving coil 11 is released when the power
supply unit 49 is switched ON from OFF. In contrast, in
Modification 1 of the second embodiment, the apparatus
further includes a detector that detects predetermined
external information, and the connection between the
secondary battery 10 and the receiving coil 11 is released
when the detector detects external information.

[0065] FIG. 7 is a schematic block diagram of a func-
tional configuration example of a capsule medical appa-
ratus according to Modification 1 of the second embod-
iment of the present invention. As shown in FIG. 7, a
capsule medical apparatus 51 according to the modifi-
cation 1 of the second embodiment includes a power
supply unit 59 instead of the power supply unit 49 of the
capsule medical apparatus 41 according to the second
embodiment. The power supply unit 59 includes a power-
supply controller 54 instead of the power-supply control-
ler 44, and further includes a detector 53 that detects
predetermined external information. Although it is not
shown in FIG. 7, the capsule medical apparatus 51 in-
cludes the capsule casing 2 identical with that (see FIG.
1) of the capsule medical apparatus 1 according to the
first embodiment. The configuration of Modification 1 of
the second embodiment excluding the above aspects is
the same as that of the second embodiment, and identical
elements are denoted by the same reference numerals.
[0066] The power supply unit 59 releases the connec-
tion between the secondary battery 10 and the receiving
coil 11 through the connecting circuit 42 based on aresult
of detecting external information, such as information
about magnetic field or light outside of the capsule med-
ical apparatus, instead of the magnetic signal of the pre-
determined pattern applied to switch the ON/OFF state,
thereby inhibiting charging the secondary battery 10. The
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power supply unit 59 has the same functions as those of
the power supply unit 49 of the capsule medical appara-
tus 41 according to the second embodiment, excluding
the function of releasing the connection between the sec-
ondary battery 10 and the receiving coil 11.

[0067] The detector 53 functions as an information de-
tecting unit that detects external information, such as in-
formation about magnetic field or light outside the cap-
sule medical apparatus. The detector 53 monitors wheth-
er there is the predetermined external information. When
there is the predetermined external information outside
the capsule medical apparatus 51, the detector 53 de-
tects the external information and sends a detection sig-
nal representing the result of detecting the external in-
formation to the power-supply controller 54.

[0068] The externalinformation detected by the detec-
tor 53 is, for example, information in a predetermined
pattern about any one of magnetic field, light, high fre-
quency, ultrasound, temperature, and pH outside the
capsule medical apparatus 51. The information about
magnetic field, light, high frequency, and ultrasound may
be applied to the capsule medical apparatus 51 by a pre-
determined external device, and the information about
temperature and pH information may be the temperature
or pHthatis detectable by the capsule medical apparatus
51 inside the subject.

[0069] The power-supply controller 54 controls releas-
ing the connection between the secondary battery 10 and
the receiving coil 11 through the connecting circuit 42
based on the result of detecting the external information
by the detector 53. Specifically, before the detector 53
detects the predetermined external information, the pow-
er-supply controller 54 controls the semiconductor
switching device 43 such that it is closed to maintain the
conductive state of the conduction path between the sec-
ondary battery 10 and the receiving coil 11. In contrast,
when the power-supply controller 54 receives the detec-
tion signal representing that the external information is
detected from the detector 53, the power-supply control-
ler 54 controls the semiconductor switching device 43
such that it enters the open state to switch the conduction
path between the secondary battery 10 and the receiving
coil 11 to the non-conductive state, thereby releasing the
connection between the secondary battery 10 and the
receiving coil 11. Thereafter, the power-supply controller
54 maintains the open state of the semiconductor switch-
ing device 43 to continue releasing the connection be-
tween the secondary battery 10 and the receiving coil
11, thereby inhibiting charging the secondary battery 10.
Other functions of the power-supply controller 54 are the
same as those of the power-supply controller 44 of the
capsule medical apparatus 41 according to the second
embodiment.

[0070] After charging the secondary battery 10 is com-
plete, the information in the predetermined pattern about
any one of magnetic field, light, high frequency, and ul-
trasound, which is external information, is applied to the
capsule medical apparatus 51 having the above config-
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uration attiming that the user desires, for example, before
the capsule medical apparatus 51 is introduced into the
subject. The detector 53 detects the applied external in-
formation. The power-supply controller 54 controls the
semiconductor switching device 43 such that it enters
the open state based on the result of detecting the ex-
ternal information by the detector 53 to release the con-
nection between the secondary battery 10 and the re-
ceiving coil 11. Thereafter, the capsule medical appara-
tus 51 maintains the state where charging the secondary
battery 10 is inhibited.

[0071] Alternatively, the capsule medical apparatus 51
is introduced into the subject after charging the second-
ary battery 10 is complete, and the detector 53 detects
the temperature inside the subject or pH as the external
information outside the capsule medical apparatus 51.
The power-supply controller 54 controls the semiconduc-
tor switching device 43 such that it enters the open state
based on the result of detecting the information about
temperature or pH in the subject to release the connec-
tion between the secondary battery 10 and the receiving
coil 11. Thereafter, the capsule medical apparatus 51
maintains the state where charging the secondary battery
is inhibited.

[0072] Asexplainedabove,in Modification 1 ofthe sec-
ond embodiment of the present invention, the detector
detects the predetermined external information different
from the external magnetic field for switching ON/OFF
the power supply unit. Based on the result of detecting
the external information, the semiconductor switching
device in the conduction path between the secondary
battery and the receiving coil is switched to the open
state, i.e., non-conductive state. This releases the con-
nection between the receiving coil and the secondary
battery, thereby inhibiting charging the secondary bat-
tery. The configuration of Modification 1 of the second
embodiment excluding the above aspects is the same
as that of the second embodiment. Because of the con-
figuration, the same functions and effects as those of the
second embodiment can be achieved, and charging the
secondary battery can be inhibited not at the timing at
which ON/OFF of the power supply unit is switched but
at desired timing after charging the secondary battery is
complete.

[0073] Modification 2 of the second embodiment of the
present invention is explained below. In the second em-
bodiment, the connection between the secondary battery
10 and the receiving coil 11 is released when the power
supply unit 49 is switched to ON from OFF. In contrast,
in Modification 2 of the second embodiment, the connec-
tion between the secondary battery 10 and the receiving
coil 11 is released when charging the secondary battery
10 is competed.

[0074] FIG. 8 is a schematic block diagram of a func-
tional configuration example of a capsule medical appa-
ratus according to Modification 2 of the second embod-
iment. As shown in FIG. 8, a capsule medical apparatus
61 according to Modification 2 of the second embodiment
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includes a power supply unit 69 instead of the power
supply unit 49 of the capsule medical apparatus 41 ac-
cording to the second embodiment. The power supply
unit 69 includes, instead of the power-supply controller
44, the power-supply controller 14 identical with that of
the capsule medical apparatus 1 according to the first
embodiment, and further includes a charging detector 64
that detects that charging the secondary battery 10 is
complete. Although it is not shown in FIG. 8, the capsule
medical apparatus 61 includes the capsule casing 2 (see
FIG. 1) identical with that of the capsule medical appa-
ratus 1 according to the first embodiment. The configu-
ration of Modification 2 of the second embodiment ex-
cluding the above aspects is the same as that of the sec-
ond embodiment, and identical elements are denoted by
the same reference numerals.

[0075] The power supply unit 69 releases the connec-
tion between the secondary battery 10 and the receiving
coil 11 through the connecting circuit 42 at the timing at
which charging the secondary battery 10 is complete,
thereby inhibiting charging the secondary battery 10. The
power supply unit 69 has the same functions as those of
the power supply unit 49 of the capsule medical appara-
tus 41 according to the second embodiment, excluding
the above function of releasing the connection between
the secondary battery 10 and the receiving coil 11.
[0076] The charging detector 64 monitors the current
or voltage of the electric power that is supplied from the
receiving coil 11 to the secondary battery 10 through the
connecting circuit 42. When the current is below a pre-
determined threshold or the voltage is equal to or over a
predetermined threshold, the charging detector 64 de-
tects that charging the secondary battery 10 is complete.
When charging the secondary battery 10 is not complete,
the charging detector 64 controls the semiconductor
switching device 43 such that it is closed to maintains
the conductive state of the conduction path between the
secondary battery and the receiving coil 11. In contrast,
When charging the secondary battery 10 is complete,
the charging detector 64 controls the semiconductor
switching device 43 such that it enters the open state to
switch the conduction path between the secondary bat-
tery 10 and the receiving coil 11 to the conductive state,
thereby releasing the connection between the secondary
battery 10 and the receiving coil 11. Thereafter, the
charging detector 64 maintains the open state of the sem-
iconductor switching device 43 to continue releasing the
connection between the secondary battery 10 and the
receiving coil 11, thereby inhibiting charging the second-
ary battery 10.

[0077] Asexplained above, in Modification 2 of the sec-
ond embodiment of the present invention, the charging
detector detects that charging the secondary battery is
complete. When charging the secondary battery is com-
plete, the semiconductor switching device in the conduc-
tion path between the receiving coil and the secondary
battery is switched to the open state, i.e., the non-con-
ductive state. This releases the connection between the
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receiving coil and the secondary battery, which inhibits
charging the secondary battery. The configuration of
Modification 2 of the second embodiment excluding the
above aspects is the same as that of the second embod-
iment. Because of the configuration, the same functions
and effects as those of the second embodiment can be
achieved, and charging the secondary battery can be
assuredly inhibited after charging the secondary battery
is complete.

[0078] A third embodiment of the present invention is
explained below. In the first and second embodiments
and each of Modifications, the number of times a capsule
medical apparatus is used is limited to once by inhibiting
inhibition charging the secondary battery 10. In contrast,
in the third embodiment, after supplying the electric pow-
er from the secondary battery 10 to the function executing
unit 15 is started, supplying electric power to the function
executing unit 15 is stopped at predetermined timing.
Thereafter, the state where supplying electric power is
stopped is maintained. This limits the number of times
the capsule medical apparatus is used to one.

[0079] FIG. 9 is a schematic block diagram of a con-
figuration example of a capsule medical apparatus ac-
cording to the third embodiment of the present invention.
As shown in FIG. 9, a capsule medical apparatus 71 ac-
cording to the third embodiment includes a power supply
unit 79 instead of the power supply unit 9 of the capsule
medical apparatus 1 according to the first embodiment.
The power supply unit 79 includes a power-supply con-
troller 74 instead of the power-supply controller 14. The
power supply unit 79 does not include the fuse 12b, and
the conduction path between the secondary battery 10
and the receiving coil 11 is formed by the rectifier circuit
12a. Although it is not shown in FIG. 9, the capsule med-
ical apparatus 71 includes the capsule casing 2 (see FIG.
1) identical with that of the capsule medical apparatus 1
according to the first embodiment. The configuration of
the third embodiment excluding the above aspects is the
same as that of the first embodiment, and identical ele-
ments are denoted by the same reference numerals.
[0080] The power supply unit 79 has the function of
supplying electric power to the function executing unit 15
as the power supply unit 9 of the capsule medical appa-
ratus 1 according to the firstembodiment has. In addition,
instead of the function of inhibiting charging the second-
ary battery, the power supply unit 79 has a function of
stopping to supply electric power to the function execut-
ing unit 15 at predetermined timing after supplying elec-
tric power to the function executing unit 15 is started.
[0081] The power-supply controller 74 has the function
of controlling ON and OFF of the power supply unit 79
based on instruction information from the magnetic
switch 13, as the power-supply controller 14 according
to the first embodiment has. In addition, the power-supply
controller 74 has a function of controlling the operation
period of the function executing unit 15 by stopping to
supply electric power to the function executing unit 15 at
timing when a predetermined time elapses from when
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supplying the electric power from the secondary battery
10 to the function executing unit 15 is started.

[0082] Specifically, the power-supply controller 74 in-
cludes a power generator 74a that generates electric
power to be supplied to the function executing unit 15,
and a timer 74b that measures a time that elapses from
when supplying electric power to the function executing
unit 15 is started. The power generator 74a generates
operation power for the function executing unit 15 based
on the electric power in the secondary battery 10. The
power-supply controller 74 starts supplying the generat-
ed operation power to the function executing unit 15
based on an instruction signal for starting supplying elec-
tric power from the magnetic switch 13. The timer 74b
starts a counting process for time information at timing
when the timer 74b receives instruction information for
starting supply electric power from the magnetic switch
13, i.e., the timing where supplying the operation power
to the function executing unit 15 is started. Specifically,
the timer 74b successively counts pulses from, for ex-
ample, a crystal oscillator to measure the elapsed time
from when supplying the operation power to the function
executing unit 15 is started. When the counted value that
is the time information obtained through the counting
process of the timer 74b, i.e., the elapsed time from when
supplying the operation power to the function executing
unit 15 is started, reaches a predetermined value, the
power-supply controller 74 stops supplying the operation
power to the function executing unit 15, thereby stopping
operations of the function executing unit 15.

[0083] When the power-supply controller 74 receives
the instruction signal for stopping to supply electric power
from the magnetic switch 13 after starting supplying the
electric power from the secondary battery 10 to the func-
tion executing unit 15, the power-supply controller 74
may temporarily stop supplying the electric power to the
function executing unit 15 based on the instruction infor-
mation for stopping supplying electric power, or maintain
the state where supplying the operation power is stopped
not depending on a result of the counting process of the
timer 74b. When the power-supply controller 74 tempo-
rarily stops supplying the operation power based on the
instruction information for stopping supplying electric
power, the power-supply controller 74 may temporarily
stop the counting process of the timer 74b as well, or
continue performing the counting process of the timer
74b not depending on the state where supplying the op-
eration power is temporarily stopped.

[0084] Subsequently, a procedure performed by the
power-supply controller 74 for controlling supplying elec-
tric power from the secondary battery 10 to the function
executing unit 15 of the capsule medical apparatus 71
to control stopping and starting operations of the function
executing unit 15. FIG. 10 is a flowchart of an example
of the procedure performed by the power-supply control-
ler 74 of the capsule medical apparatus 71 according to
the third embodiment.

[0085] AsshowninFIG. 10, the power-supply control-
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ler 74 determines whether charging the secondary bat-
tery 10 is complete (step S101). At step S101, the power-
supply controller 74 acquires a value of the current or
voltage of electric power supplied from the receiving coil
11 to the secondary battery 10 through the rectifier circuit
12a. When the current is below a predetermined thresh-
old, or when the voltage is equal to or above a predeter-
mined threshold, the power-supply controller 74 deter-
mines that charging the secondary battery 10 is com-
plete.

[0086] When charging the secondary battery 10 is not
complete (NO at step S101), the power-supply controller
74 repeats the process at step S101 until charging the
secondary battery 10 is complete. In contrast, when
charging the secondary battery 10 is complete (YES at
step S101), the power-supply controller 74 performs a
resetting process for initializing the counted value in the
counting process of the timer 74b to, for example, zero
(step S102), and determines whether there is an instruc-
tion for starting the function executing unit 15 (step S103).
[0087] Atstep S103, when the power-supply controller
74 does notreceive the instruction information for starting
supplying power from the magnetic switch 13, the power-
supply controller 74 determines that there is no instruc-
tion for starting the function executing unit 15 (NO at step
S103), and repeats the process at step S103. In other
words, the power-supply controller 74 waits until the mag-
netic switch 13 inputs instruction information for starting
power supply. In contrast, when the power-supply con-
troller 74 receives instruction information for starting sup-
plying electric power from the magnetic switch 13, the
power-supply controller 74 determines that there is an
instruction for starting the function executing unit 15 (YES
at step S103), the power-supply controller 74 starts the
timer 74b and starts supplying the electric power from
the secondary battery 10 to the function executing unit
15 (step S104).

[0088] At step S104, the power generator 74a gener-
ates operation power for the function executing unit 15
based on the electric power stored in the secondary bat-
tery 10, and starts supplying the generated operation
power to the function executing unit 15. In this manner,
the power-supply controller 74 causes the function exe-
cuting unit 15 to start to operate. The timer 74b starts the
counting process for time information at the same time
when supplying the operation power to the function ex-
ecuting unit 15 is started, and obtains information about
the elapsed time from when supplying the operation pow-
eris started, i.e., information about the operation time of
the function executing unit 15.

[0089] Thereafter, the power-supply controller 74 de-
termines whether a predetermined time elapses from
when supplying the operation power to the function ex-
ecuting unit 15 is started (step S105). When the prede-
termined time does not elapse after supplying the oper-
ation power (NO at step S105), the power-supply con-
troller 74 repeats the process at step S105. In this case,
the timer 74b continues counting the elapsed time from
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when supplying the operation power is started, and the
power generator 74a continues performing the process
for generating operation power for the function executing
unit 15. The power-supply controller 74 continues sup-
plying the operation power to the function executing unit
15 to cause the function executing unit 15 to continue its
operations.

[0090] Incontrast, when the predetermined time elaps-
es after starting supplying the operation power to the
function executing unit 15 (YES at step S105), the power-
supply controller 74 stops supplying the operation power
to the function executing unit 15 (step S106) and com-
pletes the process. At steps S105 and S106, the timer
74b continues counting the elapsed time from when sup-
plying electric power of the operation power is started.
The power-supply controller 74 monitors the result of the
counting process of the timer 74b. When the result of the
counting process reaches a predetermined value, i.e.,
when the predetermined settime elapses from when sup-
plying the operation power is started, the power-supply
controller 74 stops supplying the operation power to the
function executing unit 15. In this case, the power gen-
erator 74a stops the process for generating operation
power for the function executing unit 15. In this manner,
the power-supply controller 74 stops operations of the
function executing unit 15. Thereafter, the power-supply
controller 74 maintains the state where supplying the op-
eration power to the function executing unit 15 is stopped
to maintain the state where operations of the function
executing unit 15 are stopped even when electric power
remains in the secondary battery 10.

[0091] Operations of the capsule medical apparatus
71 before its operation is stopped when a predetermined
time elapses after it is started are explained in detail be-
low, taking the case where the capsule medical appara-
tus 71 is introduced into a subject from the mouth after
itis booted. FIG. 11 is a schematic diagram representing
how the capsule medical apparatus according to the third
embodiment of the present invention is introduced into a
subject from the mouth and excreted by the subject.
[0092] As shown in FIG. 11, the capsule medical ap-
paratus 71 is started in response to a magnetic signal in
a predetermined pattern from a predetermined external
device (not shown) and then introduced into a subject 80
from the mouth. The capsule medical apparatus 71 in
the subject 80 moves through the alimentary canal by
peristalsis. Inthe capsule medical apparatus 71, the pow-
er generator 74a shown in FIG. 9 generates operation
power for the function executing unit 15 based on the
electric power in the secondary battery 10, and continues
supplying the operation power to the function executing
unit 15. The timer 74b continues counting the elapsed
time from when supplying the operation power is started.
The function executing unit 15 sequentially performs pre-
determined functions by consuming the operation power
generated by the power generator 74a. Specifically, the
function executing unit 15 takes in-vivo images of the
subject 80 and wirelessly transmits signals containing
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the in-vivo images, sequentially.

[0093] In contrast, a receiving device 81 is carried by
the subject 80 into which the capsule medical apparatus
71 is introduced from the mouth, and receiving antennas
81ato 81h are separately arranged on the body surface
of the subject 80. The receiving device 81 sequentially
receives wireless signals from the capsule medical ap-
paratus 71, and performs a predetermined decoding
process on the received wireless signals to extract the
signals of the in-vivo images. The receiving device 81
generates in-vivo images of the subject 80 based on the
signals of the in-vivo images. A portable recording me-
dium (not shown) is detachably attached to the receiving
device 81, and the receiving device 81 stores the in-vivo
images of the subject 80 in the recording medium. After
the capsule medical apparatus 71 is excreted by the sub-
ject 80, the recording medium in the receiving device 81
is attached to an image display device (not shown) that
displays the in-vivoimages of the subject 80. The number
of receiving antennas of the receiving device 81 is not
limited to eight. It suffices that at least one receiving an-
tenna is used.

[0094] The capsule medical apparatus 71 in the sub-
ject 80 moves forward in the alimentary canal by, for ex-
ample, peristalsis and is naturally excreted by the subject
80. At this point, a predetermined time has elapsed from
when the capsule medical apparatus 71 is started, and
the result of the counting process of the timer 74b in the
capsule medical apparatus 71, i.e., the time information,
reaches the predetermined value. In the capsule medical
apparatus 71, the power generator 74a stops generating
operation power for the function executing unit 15, there-
by stopping operations of the function executing unit 15.
Thereafter, the capsule medical apparatus 71 having
been excreted, i.e., having been used, maintains the
state where operations of the function executing unit 15
are stopped even when electric power remains in the
secondary battery 10. Accordingly, the number of times
the capsule medical apparatus 71 is used can be limited
to once.

[0095] As explained above, in the third embodiment of
the present invention, predetermined information suc-
cessive from when operations of the function executing
unit are started, such as time information, is obtained
through the counting process. Instead of inhibiting charg-
ing the secondary battery, supplying the operation power
to the function executing unit is stopped to stop opera-
tions of the function executing unit at the timing when the
result of the counting process for the predetermined in-
formation reaches the predetermined set value. There-
after, the state where operations of the function executing
unit are stopped is maintained. The configuration of the
third embodiment excluding the above aspects is the
same as that of the first embodiment. Because of the
configuration, advantages obtained by incorporating the
secondary battery can be obtained as in the case of the
firstembodiment. Inaddition, the period in which the func-
tion executing unit can operate can be assuredly limited
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to the period from when the function executing unit is
started, i.e., supplying the operation power is started, to
when the predetermined time elapses. Accordingly, a
capsule medical apparatus can be achieved that is not
unintentionally reused even when operation power for
the function executing unit remains in the power supply
unit, which limits the number of times the capsule medical
apparatus is used to once.

[0096] In the first embodiment of the present invention
and Modification 1 of the first embodiment, the fuse 12b
is arranged between the receiving coil 11 and the diode
D1. Alternatively, the fuse 12b may be arranged in a de-
sired position in the conduction path between the sec-
ondary battery 10 and the receiving coil 11. Specifically,
in the power supply unit 9 of the capsule medical appa-
ratus 1 according to the first embodiment, the fuse 12b
may be arranged between the diode D1 and the capacitor
C1 as shown in FIG. 12, or between the capacitor C1
and the secondary battery 10. In the power supply unit
29 of the capsule medical apparatus 21 according to
Modification 1 of the first embodiment, the fuse 12b may
be arranged between the diode D1 and the diode D2 as
shown in FIG. 13, or between the diode D2 and the ca-
pacitor D2.

[0097] In Modification 2 of the first embodiment of the
present invention, the fuse 12b is arranged between the
switching unit 33 and the capacitor C1. Alternatively, the
fuse 12b may be arranged in a desired position as long
as it is in the conduction path between the secondary
battery 10 and the switching unit 33. For example, the
fuse 12b may be arranged between the capacitor C1 and
the secondary battery 10.

[0098] Inthe second embodiment of the presentinven-
tion and Modifications 1 and 2 of the second embodiment,
the semiconductor switching device 43 is arranged be-
tween the diode D1 and the capacitor C1. Alternatively,
the semiconductor switching device 43 may be arranged
in a desired position in the conduction path between the
secondary battery 10 and the receiving coil 11. For ex-
ample, the semiconductor switching device 43 may be
arranged between the receiving coil 11 and the diode D1
or between the capacitor C1 and the secondary battery
10.

[0099] In the first embodiment of the present invention
and Modifications 1 and 2 of the first embodiment, a part
of the conduction path between the secondary battery
10 and the receiving coil 11 is formed by the fuse 12b.
Alternatively, the conduction path between the second-
ary battery 10 and the receiving coil 11 may be formed
by only the fuse 12b. In other words, the fuse 12b forms
at least a part of the conduction path between the sec-
ondary battery 10 and the receiving coil 11.

[0100] Inthe second embodiment of the presentinven-
tion and Modifications 1 and 2 of the second embodiment,
a part of the conduction path between the secondary bat-
tery 10 and the receiving coil 11 is formed by the semi-
conductor switching device 43. Alternatively, the conduc-
tion path between the secondary battery 10 and the re-
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ceiving coil 11 may be formed by only the semiconductor
switching device 43. In other words, the semiconductor
switching device 43 forms at least a part of the conduction
path between the secondary battery 10 and the receiving
coil 11.

[0101] Inthe second embodiment of the presentinven-
tion and Modifications 1 and 2 of the second embodiment,
the semiconductor switching device 43 is a field-effect
transistor. The field-effect transistor that is the semicon-
ductor switching device may be any one of PNP-type and
NPN-type transistors. The semiconductor switching de-
vice 43 is not limited to field-effect transistors, and it may
be a PNP-type or NPN-type transistor whose open/
closed state is controlled with a base current.

[0102] Inthe firstembodiment of the presentinvention,
Modifications 1 and 2 of the first embodiment, the second
embodiment of the presentinvention, Modifications 1 and
2 of the second embodiment, and the third embodiment
of the present invention, the magnetic switch 13 is used
as the switching unit for switching ON/OFF the power
supply unit. However, the switching unit is not limited to
this. It suffices that the switching unit for switching
ON/OFF the power supply unit may be any device that
can detect a control signal from the outside. For example,
an optical switch that detects light, such as infrared light,
incident in a predetermined pattern from the outside and
switches ON/OFF the power supply unit; a ultrasound
switch detects an ultrasound signal in a predetermined
pattern from the outside and switches ON/OFF the power
supply unit; or a wireless switch receives a high-frequen-
cy signal, such as a wireless signal, in a predetermined
pattern from the outside and switches ON/OFF the power
supply unit.

[0103] Inthe firstembodiment of the presentinvention,
Modifications 1 and 2 of the first embodiment, the second
embodiment of the presentinvention, Modifications 1 and
2 of the second embodiment, and the third embodiment
of the present invention, the receiving coil 11 that con-
verts an external magnetic field to electric power is used
as a power input unit that inputs electric power to be
supplied to the secondary battery 10. However, the pow-
er input unit is not limited to this. It suffices that the power
input unit of the capsule medical apparatus receives an
external energy and inputs electric power to charge the
secondary battery 10. For example, the power input unit
may be an input terminal, such as an electric contact,
that inputs electric power from an eternal power supply
unit.

[0104] Inthe second embodiment of the presentinven-
tion, a magnetic signal in the predetermined pattern for
switching ON/OFF the power supply unit 49 is applied to
the magnetic switch 13 to release the connection be-
tween the secondary battery 10 and the receiving coil
11. Alternatively, a magnetic signal of a pattern different
from that of the magnetic signal for switching ON/OFF
the power supply unit 49 may be applied to the magnetic
switch 13 to release the connection between the second-
ary battery 10 and the receiving coil 11. In this case, the
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magnetic switch 13 receives the magnetic signal in the
different pattern and sends instruction information for re-
leasing the connection to the power-supply controller 44.
The power-supply controller 44 controls the semiconduc-
tor switching device 43 such that it enters the open state
based on the instruction information for releasing the con-
nection from the magnetic switch 13, thereby releasing
the connection between the secondary battery 10 and
the receiving coil 11.

[0105] Inthe second embodiment of the presentinven-
tion and Modification 1 of the second embodiment, the
connection between the secondary battery 10 and the
receiving coil 11 isreleased by applyingamagnetic signal
or external information in the predetermined pattern to
the capsule medical apparatus. Alternatively, the semi-
conductor switching device 43 can be switched from the
open state to the closed state by applying a magnetic
signal or external information of a pattern for examina-
tion, which is different from the predetermined pattern,
may be applied to the capsule medical apparatus. In other
words, the power-supply controller 44 may switch the
semiconductor switching device 43 from the open state
to the closed state to restore the state where the second-
ary battery 10 and the receiving coil 11 are connected,
based on instruction information from the magnetic
switch that receives the magnetic signal in the pattern
for examination. The power-supply controller 54 may re-
store the state where the secondary battery 10 and the
receiving coil 11 are connected to each other by switching
the semiconductor switching device 43 from the open
state to the closed state, based on a detection signal from
the detector 53 that detects the external information in
the pattern for examination. In this case, in the steps of
assembling or examining the capsule medical apparatus,
the state of the capsule medical apparatus can be
switched between the rechargeable state and the
charged state. This makes it possible to easily examine
the function of inhibiting charging that the capsule med-
ical apparatus has.

[0106] Inthe firstembodiment of the presentinvention,
Modifications 1 and 2 of the first embodiment, the second
embodiment of the present invention, and Modifications
1 and 2 of the second embodiment, the connection be-
tween the secondary battery 10 and the receiving coil 11
is released at any one of the timing at which charging the
secondary battery 10 is competed, the timing at which
supplying electric power to the function executing unit 15
is started, and the timing at which the predetermined ex-
ternal information is applied to the capsule medical ap-
paratus. Alternatively, a timer that measures the elapsed
time from when supplying electric power to the function
executing unit 15 is started may be provided to the power-
supply controller. In this case, when a predetermined
time elapses from when supplying electric power to the
function executing unit 15 is started, the power-supply
controller releases the connection between the second-
ary battery 10 and the receiving coil 11.

[0107] In the third embodiment, the timer 74b meas-
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ures the time from when supplying electric power to the
function executing unit 15 is started. When the counted
value obtained through the counting process, i.e., the
elapsed time, reaches the predetermined value, supply-
ing operation power to the function executing unit 15 is
stopped. Alternatively, the information obtained by the
timer 74b by performing the counting process is not lim-
ited to this. It suffices that the information is predeter-
mined information successive during the operation peri-
od of the function executing unit 15. For example, the
information may be the number of in-vivo images taken
by the imaging unit of the function executing unit 15, the
number of synchronizing signals, a clock used for oper-
ation of the function executing unit 15, or a dividing clock
of the clock. In the case where the function executing
unit 15 acquires in-vivo information about, for example,
temperature, pH, or pressure, the predetermined infor-
mation may be the number of times such information is
acquired or sent. When synchronizing signals are used
for acquiring or sending in-vivo information, the synchro-
nizing signals may be counted. In this case, each time
the function executing unit takes in-vivo images, the pow-
er-supply controller 74 acquires synchronizing signals of
in-vivo images from the function executing unit 15, and
sequentially counts the synchronizing signals. When the
counted value of synchronizing signals that is a result of
the counting process of the timer 74b, i.e., the number
of in-vivo images taken by the function executing unit 15,
reaches a predetermined value, the power-supply con-
troller 74 stops supplying the operation power to the func-
tion executing unit 15 to stop operations of the function
executing unit 15. In this case, the same functions and
effects as those of the third embodiment can be achieved.
[0108] In the third embodiment of the present inven-
tion, the counted value of the timer 74b is reset when
charging the secondary battery 10 is complete. Alterna-
tively, the counted value of the timer 74b may be reset
based on a control signal that is input from the outside.
[0109] In the third embodiment, the capsule medical
apparatus 71 includes the secondary battery 10. Alter-
natively, the capsule medical apparatus 71 may include
a primary battery that is not rechargeable. In this case,
the capsule medical apparatus 71 that includes the pri-
mary battery is not required to include the receiving coll
11 and the rectifier circuit 12a.

[0110] In the third embodiment, the state where oper-
ations of the function executing unit 15 are stopped is
maintained after the predetermined time elapses from
when the function executing unit 15 is started, which limits
the number of times the capsule medical apparatus 71
is used is limited to once. Alternatively, the first embod-
iment, Modifications 1 and 2 of the first embodiment, the
second embodiment, Modifications 1 and 2 of the second
embodiment, and the third embodiment of the present
invention may be appropriately combined. In other words,
by providing the fuse 12b and the semiconductor switch-
ing device 43 to the capsule medical apparatus 71, the
function of releasing the connection between the sec-
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ondary battery 10 and the receiving coil 11 can be
achieved as in the case of any one of the first embodi-
ment, Modifications 1 and 2 of the first embodiment, the
second embodiment, and Modifications 1 and 2 of the
second embodiment.

[0111] Inthe firstembodiment of the presentinvention,
Modifications 1 and 2 of the first embodiment, the second
embodiment of the presentinvention, Modifications 1 and
2 of the second embodiment, and the third embodiment
of the present invention, the function executing unit 15
includes two imaging units 4 and 6 that takes in-vivo im-
ages of a subject, and the wireless transmitter 7 that
transmits the in-vivo images to the outside. Alternatively,
the function executing unit of the capsule medical appa-
ratus may include a single imaging unit or at least three
imaging units. In this case, the direction in which the func-
tion executing unit takes in-vivo images may be different
depending on each part whose image is taken. The func-
tion executing unit may include an in-vivo information ac-
quiring unit that measures the pH or temperature inside
the subject as in-vivo information of the subject, or in-
vivo information acquiring unit that detects the state of a
tissue as the in-vivo information. Alternatively, the func-
tion executing unit may include a mechanism for applying
or injecting medicine into the subject or a tissue sampling
unit that samples an in-vivo substance of, such as a tis-
sue.

[0112] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the spe-
cific details and representative embodiments shown and
described herein. Accordingly, various modifications
may be made without departing from the scope of the
general inventive concept as defined by the appended
claims and their equivalents.

Claims

1. A capsule medical apparatus (1; 21; 31; 41; 51; 61;
71) comprising:

a function executing unit (15) that executes a
predetermined function;

a secondary battery (10) that supplies electric
power to the function executing unit (15);

a power input unit (11) in which electric power
to charge the secondary battery (10) is input;
and

a connecting circuit (12; 22; 32; 42) that releas-
ably connects the secondary battery (10) and
the power input unit (11) to each other, wherein
the connecting circuit (12; 22; 32; 42) releases
a connection between the secondary battery
(10) and the powerinputunit (11) toinhibit charg-
ing the secondary battery (10).

2. Thecapsule medical apparatus (1;21; 31) according
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to claim 1, wherein

the connecting circuit (12; 22; 32) includes a fuse
(12b) that forms at least a part of a conduction path
between the secondary battery (10) and the power
input unit (11), and

the fuse (12b) is disconnected when the electric pow-
er input by the power input unit (11) is equal to or
larger than a predetermined amount to release the
connection between the secondary battery (10) and
the power input unit (11), which inhibits charging the
secondary battery (10).

The capsule medical apparatus (21) according to
claim 2, wherein the connecting circuit (22) includes
at least one diode (D2; D3) that forms a discharging
path that branches off the conduction path.

The capsule medical apparatus (21) according to
claim 3, wherein a sum of forward voltage of at least
one diode (D2; D3) is equal to or higher than an open
circuit voltage of the secondary battery (10).

The capsule medical apparatus (31) according to
claim 2, further comprising a charging detecting unit
(34) that detects that charging the secondary battery
(10) is complete, wherein

the connecting circuit (32) includes a switching unit
(33) that forms a discharging path that branches off
a conduction path between the power input unit (11)
and the fuse (12b),

when charging the secondary battery (10) is not com-
plete, the charging detector (34) opens the switching
unit (33) to disconnect the discharging path, and
when charging the secondary battery (10) is com-
plete, the charging detector (34) closes the switching
unit (33) to electrically connect the discharging path
and the secondary battery (10) through the fuse
(12b).

The capsule medical apparatus (41; 51; 61) accord-
ing to claim 1, further comprising a connection con-
trol unit (14; 44; 54) that controls releasing the con-
nection between the secondary battery (10) and the
power input unit (11) through the connecting circuit
(42), wherein

the connecting circuit (42) includes a semiconductor
switching device (43) that forms at least a part of a
conduction path between the secondary battery (10)
and the power input unit (11), and

the connection control unit (44) controls opening and
closing the semiconductor switching device (43) to
control releasing the connection between the sec-
ondary battery (10) and the power input unit (11) via
the connecting circuit (42).

The capsule medical apparatus (41) according to
claim 6, further comprising an instructing unit that
issues an instruction for starting supplying the elec-
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tric power from the secondary battery (10) to the
function executing unit (15), wherein

the connection controller (44) controls the semicon-
ductor switching device (43) so that the semiconduc-
tor switching device (43) is closed to connect the
secondary battery (10) and the power input unit (11)
through the connecting circuit (42), and

when the instructing unit (13) issues the instruction
for starting supplying the electric power, the connec-
tion controller (44) controls the semiconductor
switching device (43) so that the semiconductor
switching device (43) opens to release the connec-
tion between the secondary battery (10) and the
power input unit (11).

The capsule medical apparatus (51) according to
claim 6, further comprising an information detecting
unit (53) that detects predetermined external infor-
mation, wherein

the connection controller (54) controls the semicon-
ductor switching device (43) so that the semiconduc-
tor switching device (43) is closed to connect the
secondary battery (10) and the power input unit (11)
through the connecting circuit (42), and

when the information detecting unit (53) detects the
predetermined external information, the connection
controller (54) controls the semiconductor switching
device (43) so that the semiconductor switching de-
vice (43) opens to release the connection between
the secondary battery (10) and the power input unit

(11).

The capsule medical apparatus (51) according to
claim 8, wherein the external information is informa-
tion about any one of magnetic field, light, high fre-
quency, ultrasound, temperature, and pH outside the
capsule medical apparatus (51).

The capsule medical apparatus (61) according to
claim 6, further comprising a charging detecting unit
(64) that detects that charging the secondary battery
(10) is complete, wherein

when charging the secondary battery (10) is not com-
plete, the connection controller (14) controls the
semiconductor switching device (43) so that the
semiconductor switching device (43) is closed to
connect the secondary battery (10) and the power
input unit (11) through the connecting circuit (42),
and

when charging the secondary battery (10) is com-
plete, the connection controller (14) controls the
semiconductor switching device (43) so that the
semiconductor switching device (43) opens to re-
lease the connection between the secondary battery
(10) and the power input unit (11).

The capsule medical apparatus (1; 21; 31; 41; 51;
61; 71) according to claim 1, wherein the function
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executing unit (15) includes an in-vivo information
acquiring unit (4; 6) that acquires in-vivo information
of a subject.

The capsule medical apparatus (1; 21; 31; 41; 51;
61; 71) according to claim 11, wherein the in-vivo
information acquiring unit (4; 6) is an imaging unit
that takes in-vivo images of the subject.

A method (1; 21; 31) of charging a capsule medical
apparatus thatincludes a function executing unit (15)
that executes a predetermined function; a secondary
battery (10) that supplies electric power to the func-
tion executing unit (15); a power input unit (11) in
which electric power to charge the secondary battery
(10) is input by receiving an external energy; and a
fuse (12b) that connects the secondary battery (10)
and the power input unit (11), the method compris-

ing:

charging the secondary battery (10) by applying
an external energy to the capsule medical ap-
paratus;

detecting that charging the secondary battery
(10) is complete; and

disconnecting the fuse (12b) to inhibit charging
the secondary battery (10), when charging the
secondary battery (10) is complete.

A method (41; 51; 61) of charging a capsule medical
apparatus thatincludes a function executing unit (15)
that performs a predetermined function; a secondary
battery (10) that supplies electric power to the func-
tion executing unit (15); a power input unit (11) in
which electric power to charge the secondary battery
(10) is input by receiving an external energy; and a
semiconductor switching device (43) that connects
the secondary battery (10) and the power input unit
(11), the method comprising:

charging the secondary battery (10) by applying
a predetermined external energy to the capsule
medical apparatus;

detecting that charging the secondary battery
(10) is complete; and

causing the semiconductor switching device
(43) to open to inhibit charging the secondary
battery (10), when charging the secondary bat-
tery (10) is complete.
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FIG.11
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