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(57) A receiver receives in-vivo information on the
body of a patient through a receiving antenna through a
receiving antenna after a pill 1 is inserted into the body
of the patient and acquires the in-vivo information on the
body of the patient. The pill 1 receives a power-supply
signal supplied from the receiver through a power receiv-

ing antenna 17, and a power recovering circuit 19 recov-
ers the power-supply signal as electric power. A level
determining circuit 20 compares the power recovered
with a predetermined value to determine the strength of
the power-supply signal as a determination result signal
based on the result of comparison, and wirelessly trans-
mits the determination result signal to the receiver.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a wireless in-vi-
vo information acquiring system that acquires an image
of inside of the body of a patient using a capsule-type
endoscope, and a body-insertable device.

BACKGROUND ART

[0002] In the field of endoscopes, swallowable cap-
sule-type endoscopes (hereinafter, "pill") have been on
the market in recent years. The pill includes an imaging
function and a wiring function. The pill has a mechanism
such that the pill is swallowed by a patient for observation
(diagnosis), travels along the inside of organs of the pa-
tient such as stomach and small bowel due to peristalsis
of the organs, and successively imaging the inside of the
organs in an observation period since the pill is swallowed
until it is naturally excreted from the body of the patient.
[0003] In the observation period by the travel of the pill
along the inside of the organs, data for images captured
by the pill inside the body is successively transmitted to
the outside through wireless communications, and the
data is stored on memory. By carrying a receiver includ-
ing such a wireless communication function and a mem-
ory function, the patient can act freely during the obser-
vation period since the pill is swallowed until it is excreted.
After the observation, a doctor or a nurse displays the
image of the organs based on the image data stored on
the memory and performs diagnosis.
[0004] As for a supply of the power, there are systems
such as a battery supply system in which a battery is
incorporated in this type of pill, because the pill remains
inside the body of the patient, and supplies power to the
inside of the pill, and a power transmission system that
supplies power to the inside of the body by transmitting
the power from the outside of the body of the patient to
the pill.
[0005] The latter case of the power transmission sys-
tem has a configuration in which a power receiving an-
tenna is provided in the inside of the pill and power is
transmitted to the inside of a radio capsule (correspond-
ing to the pill) through the power receiving antenna to
operate the radio capsule remaining in the body of the
patient for a long time (see Japanese Patent Application
Laid Open No. 2001-231186)
[0006] As this type of pill at present, there are M2A
(trademark) produced by Given Imaging Ltd. of Israel and
NORIKA (trademark) produced by Kabushiki Kaisha RF
of Japan, which have already entered into its practical
stage.
[0007] As explained above, the conventional power
transmission system only supplies power from the out-
side of the body, and therefore, a situation of supplying
the power to the pill cannot be grasped.
[0008] It is an object of the present invention to provide

a wireless in-vivo information acquiring system with im-
proved usability by grasping a power receiving situation
in a device, like a pill, that is insertable into the body of
a patient, and a body-insertable device.

DISCLOSURE OF INVENTION

[0009] To solve the above problems and to achieve
the object, a wireless in-vivo information acquiring sys-
tem according to the present invention includes a
body-insertable device that is inserted into a body of a
patient, and an external device that is disposed on out-
side of the body of the patient. The external device in-
cludes a power source that outputs a power-supply signal
with a predetermined strength for wirelessly transmitting
power to the body-insertable device, a first power-supply
signal transmitting unit that is configured to wirelessly
transmit the power-supply signal output from the power
source to the body-insertable device and that has a pre-
determined directivity, and a second power-supply signal
transmitting unit that is configured to wirelessly transmit
the power-supply signal output from the power source to
the body-insertable device and that has a predetermined
directivity different from that of the first power-supply sig-
nal transmitting unit. The body-insertable device includes
a function executing unit that executes a predetermined
function to acquire in-vivo information on the body of the
patient, a power-supply signal receiving unit that is con-
figured to receive the power-supply signals wirelessly
transmitted from the first power-supply signal transmit-
ting unit and the second power-supply signal transmitting
unit, a power recovering unit that recovers electric power
from the power-supply signals received from the first
power-supply signal transmitting unit and the second
power-supply signal transmitting unit, a reception
strength determining unit that determines strength of the
power-supply signals received from the first power-sup-
ply signal transmitting unit and the second power-supply
signal transmitting unit based on a result of comparison
between a value of the recovered electric power and a
preset value, to output a determination result signal, and
a determination result transmitting unit that modulates
the determination result signal, and wirelessly transmits
the determination result signal output from the reception
strength determining unit to outside of the body-inserta-
ble device.
[0010] The preset value used in the reception strength
determining unit of the wireless in-vivo information ac-
quiring system according to the present invention may
have a plurality of different values.
[0011] The function executing unit of the wireless in-vi-
vo information acquiring system according to the present
invention includes a sensor that acquires the in-vivo in-
formation on the body of the patient, and the body-insert-
able device further includes an in-vivo information trans-
mitting unit that modulates the in-vivo information ac-
quired by the sensor and that wirelessly transmits it to
the outside of the body-insertable device.
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[0012] The in-vivo information transmitting unit of the
wireless in-vivo information acquiring system according
to the present invention may wirelessly transmit the in-vi-
vo information at a predetermined interval.
[0013] The determination result transmitting unit of the
wireless in-vivo information acquiring system according
to the present invention may transmit the determination
result signal in a period during which the in-vivo informa-
tion transmitting unit does not transmit the in-vivo infor-
mation.
[0014] A body-insertable device according to the
present invention includes a function executing unit that
executes a predetermined function to acquire in-vivo in-
formation on the body of the patient, a power-supply sig-
nal receiving unit that is configured to receive a plurality
of power-supply signals wirelessly transmitted from out-
side as electric power for driving the function executing
unit, a power recovering unit that recovers electric power
from the power-supply signals received by the pow-
er-supply signal receiving unit, a reception strength de-
termining unit that determines strength of each of the
power-supply signals based on a result of comparison
between a value of the electric power recovered by the
power recovering unit and a preset value, to output a
determination result signal, and a determination result
transmitting unit that modulates the determination result
signal output from the reception strength determining
unit, and wirelessly transmits it to outside of the body-in-
sertable device.
[0015] The preset value used in the reception strength
determining unit of the body-insertable device according
to the present invention has a plurality of different values.
[0016] The function executing unit of the body-insert-
able device according to present invention further in-
cludes a sensor that acquires the in-vivo information on
the body of the patient. The body-insertable device fur-
ther includes an in-vivo information transmitting unit that
modulates the in-vivo information acquired by the sensor,
and wirelessly transmits it to the outside of the body-in-
sertable device.
[0017] The in-vivo information transmitting unit of the
body-insertable device according to the present inven-
tion may wirelessly transmit the in-vivo information to the
outside of the body-insertable device at a predetermined
interval.
[0018] The determination result transmitting unit of the
body-insertable device according to the present inven-
tion may wirelessly transmit the determination result sig-
nal in a period during which the in-vivo information trans-
mitting unit does not transmit the in-vivo information.

BRIEF DESCRIPTION OF DRAWINGS

[0019]

Fig. 1 is a schematic diagram of a capsule-type en-
doscope system as an example of a wireless in-vivo
information acquiring system according to the

present invention;
Fig. 2 is a block diagram of the internal structure of
a pill according to an embodiment of the present in-
vention;
Fig. 3 is a block diagram of the internal structure of
a receiver according to the embodiment of the
present invention;
Fig. 4 is an external view of the whole structure of
the receiver according to the embodiment of the
present invention;
Fig. 5 illustrates a power supply antenna of the re-
ceiver according to the embodiment of the present
invention; and
Fig. 6 is a block diagram of a power supply unit for
supplying power to each unit of the receiver accord-
ing to the embodiment of the present invention.

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

[0020] Exemplary embodiments of the present inven-
tion are explained in detail below with reference to the
accompanying drawings.
[0021] A system concept is first explained. Fig. 1 is a
conceptual diagram of a capsule-type endoscope system
as an example of a wireless in-vivo information acquiring
system according to the present invention. The cap-
sule-type endoscope system includes a pill (body-insert-
able device) 1 that is insertable into a body BDY of a
patient, and a receiver 2 as an external device that is
provided outside the body and wirelessly communicates
various pieces of information with the pill 1.
[0022] The pill 1 is explained below. Fig. 2 is a block
diagram of the internal structure of a pill according to an
embodiment of the present invention. As shown in Fig.
2, the pill 1 is the body-insertable device that is insertable
into the body BDY of a patient. The pill 1 includes a light
emitting diode (LED) 11 (function executing unit) as a
light emitting element that emits illumination light for illu-
minating a portion to be diagnosed of the body BDY of
the patient, an LED drive circuit 12 that sends out an LED
drive signal for driving the LED 11, a charge coupled
device (CCD) 13 (function executing unit, sensor) that
captures images of the body of the patient obtained by
the illumination light, emitted from the LED 11, reflected
from the portion to be diagnosed, a CCD drive circuit 14
that drives the CCD 13, a radio frequency (RF) transmit-
ting unit 15 (determination result transmitting unit, in-vivo
information transmitting unit) that modulates an imaging
signal output from the CCD 13 to an RF signal, and an
RF antenna 16 that is a transmitting antenna for wire-
lessly transmitting the RF signal output from the RF trans-
mitting unit 15.
[0023] The CCD 13 is generally driven at an imaging
rate of about 2 frames per second, and the LED 11 re-
peats blinking in a period including at least an imaging
period of the CCD 13 or stays lit up during imaging.
[0024] Provided in the inside of the pill 1 are a power
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receiving antenna 17 (power-supply signal receiver) that
receives a radio signal transmitted from the receiver 2,
a separating circuit 18 that separates a power-supply sig-
nal from the signal received by the receiving antenna 17,
a power recovering circuit 19 (power recovering unit) that
recovers power from the power-supply signal, a level de-
termining circuit 20 (reception strength determining unit)
that determines the level of the power recovered and
sends out the result of determination to the RF transmit-
ting unit 15, a boosting circuit 21 that boosts the recov-
ered power, a capacitor 22 that stores the boosted power,
and a system control circuit 23 (function executing unit)
that controls the units of the pill 1 such as the CCD 13
and LED 11 by the power stored in the capacitor 22. The
LED 11, the CCD 13, the RF transmitting unit 15, and
the system control circuit 23 perform predetermined func-
tions of the pill 1 to acquire in-vivo information on the
body of a patient.
[0025] The CCD 13 sends out an image of the body of
the patient acquired by illumination light emitted from the
LED 11 that is the light emitting element, as an imaging
signal that is an in-vivo information signal, to the RF trans-
mitting unit 15. The RF transmitting unit 15 modulates
the in-vivo information signal sent out from the CCD 13
to be wirelessly transmitted to the outside of the pill 1
through the RF antenna 16 that is a transmitting antenna.
[0026] An analog-to-digital converter (ADC) may be
provided in a subsequent stage of the CCD 13, AD-con-
vert the in-vivo information signal to obtain a digital signal,
and wirelessly transmit the digital signal. The CCD 13 is
an example of the sensor that acquires in-vivo informa-
tion and further an example of the imaging unit that cap-
tures images as in-vivo information, but instead of the
unit, the CCD 13 may be another imaging element such
as a complementary metal oxide semiconductor (CMOS)
sensor or may be some other type of sensor that acquires
not information as an image of a body cavity but another
body information such as temperature information and
pH information.
[0027] The power receiving antenna 17 is formed with
a single coil member, and receives power supply radio
waves sent out from the receiver 2 explained later. After
the power receiving antenna 17 receives the power sup-
ply radio waves, the separating circuit 18 separates a
power-supply signal from the power supply radio waves,
the power recovering circuit 19 recovers the power-sup-
ply signal as power, and the boosting circuit 21 causes
the capacitor 22 to store it as power.
[0028] The capacitor 22 ensures a capacity to the ex-
tent that the pill 1 functions without a hitch even if the
power supply is interrupted caused by a state where pow-
er reception is disabled, continuously for about 10 min-
utes, according to the orientation of the power receiving
antenna 17 with respect to the respective power supply
antennas of the receiver 2 explained later (relative ori-
entation of the antennas). Note that by fully charging the
capacitor 22 in advance before the pill 1 is inserted into
the body BDY of the patient, deficiency is suppressed if

the power supply is interrupted for a longer time.
[0029] The system control circuit 23 controls the drive
of the units such as the LED 11 and the CCD 13 by using
the power stored in the capacitor 22, and controls a power
supply state for causing the units to drive. A level deter-
mining signal sent out from the level determining circuit
20 to the RF transmitting unit 15 is wirelessly transmitted
to the outside of the pill 1 in the same manner as that of
the in-vivo information signal. The RF transmitting unit
15 wirelessly transmits the level determining signal at
timing except when the in-vivo information signal is wire-
lessly transmitted. Therefore, an increase in power con-
sumption can be suppressed and consumption of power
stored in the capacitor 22 can also be suppressed. By
wirelessly transmitting the in-vivo information intermit-
tently, power consumption can be further suppressed.
[0030] There is a case where control information sig-
nals for controlling various functions of the pill 1 are su-
perposed on the power-supply signal by the receiver 2
to be transmitted. Therefore, a control information de-
tecting circuit 24 is provided. The control information de-
tecting circuit 24 is input with the control information sig-
nals that have been superposed on the power-supply
signal and that are separated from the power-supply sig-
nal in the separating circuit 18. The control information
detecting circuit 24 controls the units of the pill 1 accord-
ing to the control information signals input. In other words,
the control information detecting circuit 24 detects the
control information signals superposed on the pow-
er-supply signal that is supplied from the receiver 2, and
controls the drive of the LED 11, the CCD 13, the RF
transmitting unit 15, and the system control circuit 23
based on the control information signals.
[0031] The receiver 2 is explained next. Fig. 3 is a block
diagram of the internal structure of a receiver according
to the embodiment of the present invention; Fig. 4 is an
external view of the whole structure of the receiver ac-
cording to the embodiment of the present invention; Fig.
5 illustrates a power supply antenna of the receiver ac-
cording to the embodiment of the present invention; and
Fig. 6 is a block diagram of a power supply unit for sup-
plying power to each unit of the receiver according to the
embodiment of the present invention.
[0032] As shown in Fig. 3, the receiver 2 includes an
antenna unit 31 that performs communications with the
pill 1, and a receiver body 32 that handles information to
be communicated with the pill 1 through the antenna unit
31. In the embodiment, a case where the receiver 2 is
put on a vest is shown as an example.
[0033] The antenna unit 31 includes a plurality of re-
ceiving antennas A1 to An and a plurality of power supply
antennas B1 to Bm, where n and m are natural numbers.
The antennas of the antenna unit 31 are arranged at pre-
determined positions on the outer surface of the body
BDY of the patient when they are put on the body. Par-
ticularly, when body information is to be acquired from
any portion of stomach, small bowel, and large bowel, or
all of the portions, through esophageal of the body of the
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patient, the antenna unit 31 is put over the breast or the
abdominal portion of the body of the patient, or over the
breast to the abdominal portion.
[0034] The receiver body 32 includes an oscillator 41
(power source) that generates a power-supply signal.
The receiver body 32 also includes a control information
input unit 42 that receives control information with which
an operator controls the functions of the pill 1. Some in-
formation can be input from the control information input
unit 42.
[0035] In the embodiment, the following information
and the system control circuit 23 are controlled. That is,
the information includes information for changing the
number of frames that is an imaging rate of the CCD 13,
i.e., information for changing the number of frames of
images to be captured within a predetermined time, and
information on LED light-up time that changes the light-up
time of the LED 11 and the timing of lighting it up. By
controlling these, a power source ON/OFF information
is input from the control information input unit 42. The
power source ON/OFF information is used to switch be-
tween an active mode in which supplying the power to
the units causes acquisition of in-vivo information to be
executed and a standby mode in which suppressing the
power to the units causes acquisition of in-vivo informa-
tion to be postponed.
[0036] Provided in the subsequent stage of the oscil-
lator 41 is a superposing circuit 43. The superposing cir-
cuit 43 superposes the control information input from the
control information input unit 42 on the power-supply sig-
nal output from the oscillator 41. Next, the power-supply
signal with the control information superposed thereon
is amplified by an amplifying circuit 44 provided in the
subsequent stage of the superposing circuit 43 and is
output to a switching circuit 45. An amplifying factor of
the power-supply signal in the amplifying circuit 44 is
changeable, and the process of changing it is explained
later. The power-supply signal input to the switching cir-
cuit 45 is wirelessly transmitted from the power supply
antenna of the antenna unit 31.
[0037] It is assumed that an instruction to change the
imaging rate of the CCD 13 from a first imaging rate to a
second imaging rate is input from the control information
input unit 42. An information signal for changing the
number of frames sent out from the control information
input unit 42 is superposed on the power-supply signal
in the superposing circuit 43 to be input to the amplifying
circuit 34. Further, the information signal superposed on
the power-supply signal is amplified at a predetermined
amplifying factor in the amplifying circuit 44, is sent out
to an optimal power supply antenna of the power supply
antennas B1 to Bm in the switching circuit 35, and is
wirelessly transmitted from the power supply antenna.
[0038] The power-supply signal thus wirelessly trans-
mitted is received by the power receiving antenna 17 of
the pill 1 as explained above. The information signal for
changing the number of frames that is the control infor-
mation signal separated from the power-supply signal in

the separating circuit 18 is input to the control information
detecting circuit 24. Here, a frequency band of the control
information signal is made different from that of the pow-
er-supply signal, and the frequency band of the control
information signals is changed to another one depending
on the contents for control.
[0039] By thus doing, the control information signal can
be wirelessly transmitted as a multiple signal from the
receiver 2. Further, in the pill 1, the separating circuit 18
can separate the signals input from each other based on
the frequency bands, and the control information detect-
ing circuit 24 can detect the contents of the control infor-
mation. The control information detecting circuit 24 with
the control information signal input detects it as the in-
formation signal for changing the number of frames, and
controls the CCD drive circuit 14 so as to drive the CCD
13 according to the contents for control (change from the
first imaging rate to the second imaging rate).
[0040] When the LED 11 is configured to blink during
an imaging period of the CCD 13, a control signal may
be transmitted from the control information detecting cir-
cuit 24 to the LED drive circuit 12 so as to automatically
change the light-up period from a first light-up period,
which is a present light-up period, to a second light-up
period, which is suitable for the second imaging rate, ac-
cording to the imaging rate of the CCD 13 changed by
the contents for control (change from the first imaging
rate to the second imaging rate).
[0041] If the control information detected by the control
information detecting circuit 24 is the power source
ON/OFF information which causes to switch between the
active mode in which supplying the power to the units
causes acquisition of in-vivo information to be executed
and the standby mode in which suppressing the power
to the units causes acquisition of in-vivo information to
be postponed, the control information detecting circuit 24
sends out the control signal to the system control circuit
23 to control the control signal so as to switch between
the modes.
[0042] The superposing circuit 43 continues superpos-
ing the same control information on the power-supply
signal within at least a predetermined period unless new
information is input from the control information input unit
42. By thus doing, the pill 1 can receive the control infor-
mation even if the pill 1 cannot temporarily receive it in
some period. As explained above, the functions of the
pill 1 after being inserted into the body BDY of the patient
can be wirelessly controlled from the outside, which pre-
vents acquisition of in-vivo information on an unneces-
sary portion of the body of the patient too much or pre-
vents careless power consumption.
[0043] It is preferable that the antenna unit 31 be pre-
viously provided on clothes such as a vest 4 that is easily
put on and taken off, as shown in Fig. 4. If the antenna
unit 31 is provided on such a vest 4, the patient just puts
on this vest 4, and the antennas are thereby easily ar-
ranged at most appropriate positions with respect to the
body BDY of the patient.
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[0044] Although the antenna unit 31 is provided on the
outside surface of the vest 4 in the case of Fig. 4, it may
also be provided on the rear side thereof. Alternatively,
by using, for example, Magic Tape (trademark), the an-
tennas are made to be removable from the antenna unit
31, and therefore, the arrangement of the antennas may
be changed as required according to a purpose of per-
forming examination (a portion to be particularly ob-
served). It is noted that the vest 4 has a shield material
(not shown) provided on the outside surface of the vest
4 so that electromagnetic waves from the outside are not
received by the antennas of the antenna unit 31, that is,
the antennas receive only signals sent out from the inside
of the body BDY of the patient.
[0045] The receiving antennas A1 to An are connected
to an RF receiving unit 46 of the receiver 32. The power
supply antennas B1 to Bm are connected to the switching
circuit 45. Furthermore, the receiving antennas A1,
A2, ..., An are superposed on the power supply antennas
B1, B2, ..., Bm, respectively, and each antenna pair su-
perposed on each other is arranged on the same position
with respect to the body BDY of the patient. Therefore,
in the embodiment, a relation of n=m is obtained.
[0046] As shown in Fig. 5, the power supply antenna
B1 includes power supply antennas b11 (first power-sup-
ply signal transmitting unit) and b12 (second power-sup-
ply signal transmitting unit) that are two coil members
having different directivities and are disposed so that an
angle of 90° is formed between directions of magnetic
fields that are produced through energization thereto. Be-
cause of this configuration, deficiency such that power
supply is not satisfactorily performed depending on an
orientation of the power receiving antenna 17 of the pill
1 is resolved. Likewise, the power supply antenna B2
includes power supply antennas b21 and b22 that are
two coil members, and the same configuration is also
included in the power supply antenna B3 and thereafter.
The power supply antenna Bm includes power supply
antennas bm1 and bm2.
[0047] By causing the switching circuit 45 to operate,
the power supply antennas that receive the power-supply
signals and send out power supply radio waves to be
sequentially switched to the power supply antennas b11,
b12, the power supply antennas b21, b22, ..., and the
power supply antennas bm1 and bm2 in each predeter-
mined time.
[0048] Although the power supply antenna includes
the two coil members having directivities along two di-
rections, provision of one more coil member so that the
direction of its magnetic field is orthogonal to the direc-
tions of the magnetic fields of the other two coil members
may cause the power supply antenna to have directivities
along three directions.
[0049] The receiving antennas B1 to Bm receive the
in-vivo information signals and the level determining sig-
nals wirelessly transmitted from the pill 1, respectively,
and all the signals received are input to the RF receiving
unit 46. The RF receiving unit 46 is configured to demod-

ulate the input in-vivo information signals and level de-
termining signals. The subsequent stage of the RF re-
ceiving unit 46 is connected with an image processing
unit 47 and a power supply level detecting circuit 48. The
former that is the image processing unit 47 is input with
the in-vivo information signals demodulated in the RF
receiving unit 46, while the latter that is the power supply
level detecting circuit 48 is input with a signal for detecting
a power supply level from the RF receiving unit 46.
[0050] The image processing unit 47 to which the in-vi-
vo information signals are input performs a predeter-
mined process so that the in-vivo information signal is
subjected to imaging and an imaging signal is output.
The subsequent stage of the image processing unit 47
is connected with a storage unit 49 such as a built-in type
hard disk drive and a portable type CompactFlash (trade-
mark) memory, which stores the imaging signal.
[0051] On the other hand, the power supply level de-
tecting circuit 48 sequentially switches between the pow-
er supply antennas in the above-mentioned manner to
detect how the power to the capacitor 22 of the pill 1 is
supplied by the power supply radio waves transmitted
from the power supply antennas, based on the respective
level determining signals that the pill 1 sequentially gen-
erates and transmits. The power supply level detecting
circuit 48 detects the power supply levels each indicating
the supplied power by receiving the radio waves, wire-
lessly transmitted from the power supply antennas, by
the receiving antenna 17 of the pill 1.
[0052] A power·directivity detecting circuit 50 provided
in the subsequent stage of the power supply level detect-
ing circuit 48 decides an amplifying factor of power supply
radio waves in the amplifying circuit 44 based on the re-
sults of detection in the power supply level detecting cir-
cuit 48, and sends out a control signal so as to cause the
switching circuit 45 to select a power supply antenna that
is capable of performing the most effective power supply.
The amplifying circuit 44 performs an amplifying opera-
tion so as to amplify the power supply radio waves up to
a predetermined adequate level that has been previously
set, according to the control signal transmitted from the
power-directivity detecting circuit 50. The switching cir-
cuit 45 switches to a power supply antenna that is pos-
sible to perform the most effective power supply, accord-
ing to the control signal sent out from the power-directivity
detecting circuit 50. In this case, if the power supply an-
tenna b11 has a signal strength higher than that of the
power supply antenna b12 based on the result of detec-
tion in the power supply level detecting circuit 48, the
switching circuit 45 may be controlled so as to output a
power-supply signal only from the power supply antenna
b11.
[0053] For example, it is assumed that the level deter-
mining circuit 20 of the pill 1 determines power by setting
strength of the power to five levels according to the mag-
nitude of the strength. The five levels are divided into
those as follows: 5: maximum, 4: high, 3: adequate, 2:
low, 1: slight. Since different values are set previously

9 10 



EP 1 618 827 A1

7

5

10

15

20

25

30

35

40

45

50

55

for respective levels in order to determine the five levels,
the strength is determined by comparing each of the val-
ues with the strength of power. Assume that only in the
case of sending out the radio waves from the power sup-
ply antenna b11, "5" is determined as the result of deter-
mination by the level determining circuit 20, and that only
in the case of sending out the radio waves from another
power supply antenna, "4" or below is determined as the
result of determination. Then, for suppressing consump-
tion of the battery in the receiver 2 and effectively sup-
plying power, the power-directivity detecting circuit 50
sends out a control signal, for causing the amplifying cir-
cuit 44 to set an amplifying factor so that the result of
determination by the level determining circuit 20 be-
comes "3", to the switching circuit 45. The power·direc-
tivity detecting circuit 50 further sends out a control signal
for selecting the power supply antenna b11 to the switch-
ing circuit 45.
[0054] If the result of determination is "2" or below even
if the radio waves are sent out from any of the power
supply antennas, the power·directivity detecting circuit
50 controls the switching circuit 45 so as to sequentially
switch between the power supply antennas, and controls
the amplifying circuit 44 so as to increase the amplifying
factor until a power supply antenna for obtaining the result
of determination of "3" is detected.
[0055] Although the result of determination in the level
determining circuit 20 includes the five levels for conven-
ience as explained above, it is not limited to five, and
therefore, the levels may be less than or more than the
five levels.
[0056] The receiver 2 includes a power supply unit 51
that supplies power to the units. The power supply unit
51 is configured as shown in Fig. 6. The power supply
unit 51 includes a switching circuit 63 that selects a power
source from which power is supplied, of a plurality of pow-
er sources. The plurality of power sources are a main
battery 61, a spare battery 62, and an AC power source
64 that are removably connected to the switching circuit
63.
[0057] The power supply unit 51 also includes a resid-
ual amount detecting circuit 65 that detects a residual
amount of a battery selected as the power source from
the power input through the switching circuit 63, and an
informing unit 66, such as an LED and a speaker, that
informs the result of detection in the residual amount de-
tecting circuit 65. These components are provided in the
subsequent stage of the switching circuit 63.
[0058] The residual amount detecting circuit 65 out-
puts a signal to the informing unit 66 that blinks the LED
or outputs sounds by always detecting how the residual
amount of the battery is like, or in response to detection
that the residual amount of the battery connected to the
switching circuit 63 is close to a predetermined value
such as 0 (zero). The operation of the informing unit 66
allows the residual amount of the battery to be informed
to an operator. Alternatively, if a plurality of power sourc-
es is connected to the switching circuit 63, the switching

circuit 63 selects the AC power source 64, the battery
61, and the battery 62 in this preferential order.
[0059] When it is detected that the residual amount of
the battery is close to the predetermined value such as
0 (zero) as the result of detecting the residual amount of
the battery in the residual amount detecting circuit 65,
this information may be fed back to the switching circuit
63 to cause it to perform switching operation so as to
switch to a battery having the next priority.
[0060] When the AC power source 64 is connected to
the switching circuit 63, the batteries may be charged
simultaneously when power is supplied to the units.
When the AC power source 64 is connected thereto, the
switching circuit 63 may cause a power supply preferen-
tially from the AC power source 64.
[0061] As explained above, according to the embodi-
ment, it is possible to grasp a power receiving situation
in the device that is insertable into the body of the patient
(body-insertable device) such as the pill. As a result, us-
ability can be improved.
[0062] Although the capsule-type endoscope system
is explained as an example, the body-insertable device
is not necessarily limited to this, and changes may be
applicable without departing from the spirit and scope of
the present invention. In other words, not only the
body-insertable device measures the information on the
inside of the body of the patient to acquire the image of
the inside of the body, but also it can be applied to a
overall system to measure pH information, temperature
information, and pressure information by providing a pH
sensor, a temperature sensor, and a pressure sensor in
the pill, respectively.
[0063] As explained above, according to the present
invention, it is advantageous to provide the wireless in-vi-
vo information acquiring system with improved usability
by grasping a power receiving situation in the device,
such as the pill, that is insertable into the body of a patient
(body-insertable device).

INDUSTRIAL APPLICABILITY

[0064] As explained above, the wireless in-vivo infor-
mation acquiring system and the body-insertable device
according to the present invention are suitable for a cap-
sule-type endoscope to acquire an image of the inside
of the body of the patient, and an endoscope system
using the capsule-type endoscope.

Claims

1. A wireless in-vivo information acquiring system com-
prising:

a body-insertable device that is inserted into a
body of a patient; and
an external device that is disposed on outside
of the body of the patient, wherein

11 12 



EP 1 618 827 A1

8

5

10

15

20

25

30

35

40

45

50

55

the external device includes
a power source that outputs a power-supply sig-
nal with a predetermined strength for wirelessly
transmitting power to the body-insertable de-
vice;
a first power-supply signal transmitting unit that
is configured to wirelessly transmit the pow-
er-supply signal from the power source to the
body-insertable device and that has a predeter-
mined directivity; and
a second power-supply signal transmitting unit
that is configured to wirelessly transmit the pow-
er-supply signal output from the power source
to the body-insertable device that has a prede-
termined directivity different from that of the first
power-supply signal transmitting unit, and
the body-insertable device includes
a function executing unit that executes a prede-
termined function to acquire in-vivo information
on the body of the patient;
a power-supply signal receiving unit that is con-
figured to receive the power-supply signals wire-
lessly transmitted from the first power-supply
signal transmitting unit and the second pow-
er-supply signal transmitting unit;
a power recovering unit that recovers electric
power from the power-supply signals received
from the first power-supply signal transmitting
unit and the second power-supply signal trans-
mitting unit;
a reception strength determining unit that deter-
mines strength of the power-supply signals re-
ceived from the first power-supply signal trans-
mitting unit and the second power-supply signal
transmitting unit based on a result of comparison
between a value of the recovered electric power
and a preset value, to output a determination
result signal; and
a determination result transmitting unit that mod-
ulates the determination result signal, and wire-
lessly transmits the determination result signal
output from the reception strength determining
unit to outside of the body-insertable device.

2. The wireless in-vivo information acquiring system
according to claim 1, wherein the preset value used
in the reception strength determining unit has a plu-
rality of different values.

3. The wireless in-vivo information acquiring system
according to claim 1, wherein
the function executing unit includes a sensor that
acquires the in-vivo information on the body of the
patient, and
the body-insertable device further includes an in-vivo
information transmitting unit that modulates the in-vi-
vo information acquired by the sensor, and that wire-
lessly transmits the acquired in-vivo information to

the outside of the body-insertable device.

4. The wireless in-vivo information acquiring system
according to claim 3, wherein the in-vivo information
transmitting unit wirelessly transmits the in-vivo in-
formation at a predetermined interval.

5. The wireless in-vivo information acquiring system
according to claim 4, wherein the determination re-
sult transmitting unit transmits the determination re-
sult signal in a period during which the in-vivo infor-
mation transmitting unit does not transmit the in-vivo
information modulated.

6. A body-insertable device comprising:

a function executing unit that executes a prede-
termined function to acquire in-vivo information
on the body of the patient;
a power-supply signal receiving unit that is con-
figured to receive a plurality of power-supply sig-
nals wirelessly transmitted from outside as elec-
tric power driving the function executing unit;
a power recovering unit that recovers electric
power from the power-supply signals received
by the power-supply signal receiving unit;
a reception strength determining unit that deter-
mines strength of each of the power-supply sig-
nals based on a result of comparison between
a value of the electric power recovered by the
power recovering unit and a preset value, to out-
put a determination result signal; and
a determination result transmitting unit that mod-
ulates the determination result signal output
from the reception strength determining unit,
and wirelessly transmits the modulated determi-
nation result signal to outside of the body-insert-
able device.

7. The body-insertable device according to claim 6,
wherein the preset value used in the reception
strength determining unit has a plurality of different
values.

8. The body-insertable device according to claim 6,
wherein
the function executing unit includes a sensor that
acquires the in-vivo information on the body of the
patient, and
the body-insertable device further comprises an
in-vivo information transmitting unit that modulates
the in-vivo information acquired by the sensor, and
wirelessly transmits the modulated in-vivo informa-
tion to the outside of the body-insertable device.

9. The body-insertable device according to claim 8,
wherein the in-vivo information transmitting unit wire-
lessly transmits the in-vivo information to the outside
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of the body-insertable device at a predetermined in-
terval.

10. The body-insertable device according to claim 9,
wherein the determination result transmitting unit
wirelessly transmits the determination result signal
in a period during which the in-vivo information trans-
mitting unit does not transmit the in-vivo information.
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