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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a transmitting/receiving system in which various types of data are exchanged
by wireless communication between a transmitting apparatus and a receiving device, and, more particularly, to a trans-
mitting/receiving system and a medical system in which various types of data including image data are exchanged by
broadband wireless communication and a received electric-field strength at which data is received is detected.

BACKGROUND ART

[0002] EP 0667 115discloses aninvivo video camera system such as for the digestive system, comprising a swalloable
capsule for viewing inside the digestive system of a patient and for transmitting at least video data, a reception system
located outside the patient, and a data processor for processing video data and operating two monitors, viz. a position
monitor on which the current location of the capsule within the digestive system is displayed and an image monitor on
which the image currently viewed by the capsule is displayed. The capsule comprises a light source, a camera system
and a transmitter which transmits the video signal of the camera system, and which comprises a modulator receiving
the video signal having a cut-off frequency fc and converting the video signal to an RF signal having a bandwidth fc.
The reception system comprises an antenna array wrapped around the patient and a signal sampler comprising multiple
receivers, one for each antenna, and a multiplexer which continually scans the output of the receivers and provides the
combined antenna data as a single output signal.

[0003] In operation, the data processor determines the image to be provided on the image monitor by continually
determining which antenna provides the strongest signal by separating the signal from the reception system into the
components from each antenna, determining the amount of power in the signals and then selecting the one with the
highest power. To determine the location of the capsule, the data processor separates the signal from the reception
system into the components from each antenna, then determines the location by comparing the output of certain ones
of the antennas.

[0004] EP 1 867 280 discloses an intra-subject information acquiring system comprising a receiving apparatus; a
capsule endoscope to be inserted into a subject, pick-up images from inside a cavity of the patient and transmitting data
to the receiving apparatus; a viewer as a compact display device for displaying subject cavity images based on an image
signal received by the receiving apparatus, and a communication cable for delivering data between the receiving appa-
ratus and the viewer. The system further comprises a detector which detects a connection between the compact display
device and the receiving apparatus by the cable and a switching controller which switches a display of the display unit
to a display of the intra-subject information taken in via the cable, based on a result of detection by the detector.
[0005] Inthe field of endoscopes, capsule endoscopes with an image capturing function and a wireless communication
function have been used, and a transmitting/receiving system including a capsule endoscope that wirelessly transmits
data about captured images (an example of a transmitting apparatus) and a receiving device provided outside a subject,
such as a patient, has been proposed. In the transmitting/receiving system, the capsule endoscope is introduced into
the subject from the mouth for observation (examination). Thereafter, until being naturally excreted from the subject, the
capsule endoscope sequentially captures images of the internal of the organs (hereinafter, sometimes referred to as
"in-vivo images") at predetermined intervals of, for example, 0.5 second while moving through the alimentary canal.
Each time when the capsule endoscope captures in-vivo images in the subject, the capsule endoscope wirelessly and
sequentially transmits data about the in-vivo images (hereinafter, "in-vivo image data") to the outside.

[0006] The in-vivo image data wirelessly transmitted by the capsule endoscope inside the subject is sequentially
received by the receiving device. The receiving device receives a wireless signal from the capsule endoscope via a
plurality of receiving antennas arranged on the body surface of the subject, and performs predetermined processing
including decoding on the wireless signal. In this manner, the receiving device obtains the in-vivo image data about the
subject. The in-vivo image data received by the receiving device is sequentially stored in a recording medium inserted
into the receiving device. Thereafter, the recording medium is detached from the receiving device and inserted into an
image display device. The image display device reads the image data from the receiving device, stores the in-vivo image
data in its memory, and displays the in-vivo images on its display based on the in-vivo image data. A user, such as a
doctor or a nurse, observes the in-vivo images displayed on the image display device and diagnoses the subject.
[0007] As such a system configured to wirelessly exchange various types of data including image data, there is a
conventional system in which a signal received via an antenna is branched to a signal strength detecting system and a
signal processing system, the signal strength detecting system detects a signal strength of the signal, and the signal
processing system performs predetermined signal processing on the signal (for example, see Japanese Patent Appli-
cation Laid-open No. 2007-049730 or No. 2004-310420).

[0008] Inthe conventional system described above, the external receiving device provided outside a subject receives
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in-vivo images from a capsule endoscope via a plurality of antennas and detects field intensities at which the in-vivo
images are received (i.e., received electric-field strengths) on a per receiving-antenna basis. Received electric-field
strengths of the respective receiving antennas are important parameters used for an application for, for example, detecting
(calculating) information about the position inside the subject at which the capsule endoscope captures an in-vivo image.
[0009] In the conventional system, because in-vivo images are sequentially exchanged between the capsule endo-
scope inside the subject and the receiving device outside the subject, broadband (for example, a frequency bandwidth
of, for example, few MHz) wireless communication, which is advantageous for high-speed data communication is usually
performed. However, along with increase in the frequency bandwidth for wireless communication, a frequency bandwidth
of a bandpass filter of the receiving device increases. Along with the increase in the frequency bandwidth of the bandpass
filter, the noise level increases and a lower limit of the received electric-field strength detectable by the receiving device
increases, which results in instability in detecting a received electric-field strength, particularly in detecting a low-level
received electric-field strength.

DISCLOSURE OF INVENTION

[0010] Itis an object of the present invention to at least partially solve the problems in the conventional technology.
[0011] In order to achieve this object, as claimed, there is provided a transmitting/receiving system comprising a
transmitting apparatus that is adapted to generate a modulated signal comprising a broadband signal component, and
to transmit the modulated signal to the outside; and a receiving device that is adapted to receive the modulated signal
via at least one receiving antenna. The receiving device comprises a signal processing system that is adapted to process
the broadband signal component comprised in the modulated signal; and areceived-strength detecting system. According
to the invention; the modulated signal further comprises a narrowband signal component, and the received-strength
detecting system is adapted to process the narrowband signal component comprised in the modulated signal.

[0012] As further claimed, there is provided a medical system comprising a wireless transmitting medical apparatus
that is adapted to generate a modulated signal comprising a broadband signal component, and to transmit the modulated
signal to the outside of the wireless medical apparatus; and a receiving device that is adapted to receive the modulated
signal via at least one receiving antenna. The receiving device comprises a signal processing system that is adapted to
process the broadband signal component comprised in the modulated signal; and a received-strength detecting system.
According to the invention, the modulated signal further comprises a narrowband signal component, the received-strength
detecting system is adapted to process the narrowband signal component comprised in the modulated signal. Further
according to the invention, data about the narrowband signal component processed by the received-strength detecting
system is used to detect a position of the wireless transmitting medical apparatus.

BRIEF DESCRIPTION OF DRAWINGS

[0013]

FIG. 1 is a schematic diagram of a configuration of a transmitting/receiving system according to a first embodiment
of the present invention.

FIG. 2 is a section diagram of a configuration of a capsule endoscope, which serves as a transmitting apparatus,
according to the first embodiment.

FIG. 3 is a schematic diagram of a signal format of a transmission signal from a capsule endoscope according to
the first embodiment.

FIG. 4 is a schematic diagram of frequency characteristics of a narrowband signal component contained in a strength
detection section of a modulated signal from the capsule endoscope according to the first embodiment.

FIG. 5 is a schematic diagram of frequency characteristics of a broadband signal component contained in the mod-
ulated signal from the capsule endoscope according to the first embodiment.

FIG. 6 is a section diagram of the configuration of the receiving device according to the first embodiment.

FIG. 7 is a schematic diagram of filter characteristics of a narrowband filter and a broadband filter of the receiving
device according to the first embodiment.

FIG. 8 is a section diagram of operation timing of the receiving device according to the first embodiment.
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FIG. 9 is a section diagram of a configuration of a receiving device of a transmitting/receiving system according to
a second embodiment of the present invention.

FIG. 10 s a section diagram of a configuration of a receiving device of a transmitting/receiving system according to
a third embodiment of the present invention.

FIG. 11  isaschematic diagram of a configuration of a transmitting/receiving system according to a fourth embodiment
of the present invention.

[0014] FIG. 12isasectiondiagram of a configuration of a capsule endoscope, which serves as a transmitting apparatus,
according to the fourth embodiment of the present invention.

[0015] FIG. 13is aschematic diagram of a signal format of a transmission signal from the capsule endoscope according
to the fourth embodiment.

[0016] FIG. 14 is a schematic diagram of frequency characteristics of a plurality of narrowband signal components
contained in an strength detection section of a modulated signal from the capsule endoscope according to the fourth
embodiment.

[0017] FIG. 15 is a section diagram of a configuration of a receiving device according to the fourth embodiment.
[0018] FIG. 16 is a schematic diagram of operation timing of the receiving device according to the fourth embodiment.
[0019] FIG. 17 is a schematic diagram of a modified example of the signal format of the transmission signal from the
capsule endoscope.

BEST MODE(S) FOR CARRYING OUT THE INVENTION

[0020] Exemplary embodiments of the present invention are explained in detail below with reference to the accom-
panying drawings.

[0021] A transmitting/receiving system according to a first embodiment of the present invention is explained below.
FIG. 1 is a schematic diagram of a configuration of the transmitting/receiving system according to the first embodiment.
The transmitting/receiving system serves as a medical system that transmits or receives in-vivo data about a subject 1.
As shownin FIG. 1, the transmitting/receiving system includes a capsule endoscope 2 that is to be introduced into organs
of the subject 1; areceiving device 3 that receives in-vivo data about in-vivo images of the subject 1 wirelessly transmitted
from the capsule endoscope 2; an image display device 4 that displays the in-vivo images based on the in-vivo image
data received by the receiving device 3; and a recording medium 5 used for exchanging data between the receiving
device 3 and the image display device 4.

[0022] The capsule endoscope 2 has an image capturing function of capturing an in-vivo image and a wireless com-
munication function for wirelessly transmitting in-vivo image data about the captured image to the outside. Specifically,
the capsule endoscope 2 is introduced into the subject 1 from the mouth, and moves through the alimentary canal
depending on, for example, peristalsis. The capsule endoscope 2 sequentially captures in-vivo images of the subject 1.
Each time when the capsule endoscope 2 captures in-vivo images, the capsule endoscope 2 wirelessly transmits in-
vivo image data about the in-vivo images to the outside. Specifically, the capsule endoscope 2 generates a wireless
transmission signal containing the in-vivo image data, performs digital modulation on the transmission signal, and wire-
lessly transmits the transmission signal having undergone digital modulation (hereinafter, "modulated signal") to the
receiving device 3 outside the subject 1.- Until being naturally excreted from the subject 1 to the outside, the capsule
endoscope 2 repeats capturing in-vivo images and wirelessly transmitting in-vivo image data.

[0023] The receiving device 3 receives the modulated signal wirelessly transmitted from the capsule endoscope 2.
The receiving device 3 includes a received-strength detecting system that detects a received electric-field strength at
which the modulated signal is received from the capsule endoscope 2 on a per receiving-antenna basis; and a signal
processing system that performs signal processing on the in-vivo image data contained in the modulated signal received
from the capsule endoscope 2. The receiving device 3 includes a plurality of receiving antennas 3a to 3h, and receives
modulated signals from the capsule endoscope 2 via the receiving antennas 3a to 3h. The receiving device 3 branches
the modulated signal as modulated signals to the received-strength detecting system and the signal processing system.
The received-strength detecting system detects a received electric-field strength of one of the modulated signals and
the signal processing system performs the signal processing on the other modulated signal, so that the in-vivo image
of the subject 1 is obtained. The recording medium 5 is detachably inserted into the receiving device 3, and the receiving
device 3 stores various types of data including the in-vivo image data in the recording medium 5.

[0024] As shown in FIG. 1, the receiving antennas 3a to 3h are arranged separately in predetermined positions on
the body surface of the subject 1 (for example, along a route in which the capsule endoscope 2 moves through the
interior of the subject 1). The receiving antennas 3a to 3h are connected to the receiving device 3. The receiving antennas
3a to 3h capture modulated signals from the capsule endoscope 2 at the positions shown in FIG. 1, and send the
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modulated signals to the receiving device 3. It suffices that at least one receiving antenna is arranged on the subject 1.
The number of receiving antennas to be arranged on the subject 1 is not limited to 8, and can be arbitrarily changed.
[0025] Theimage display device 4 displays various types of data including the in-vivo images of the subject 1 captured
by the capsule endoscope 2. The recording medium is detachably inserted into the image display device 4, and the
image display device 4 is configured as, for example, a work station such that the image display device 4 obtains various
types of data including the in-vivo image data via the recording medium 5 and displays the various types of data. The
image display device 4 can display an image on, for example, a display such as a cathode ray tube (CRT) display or a
liquid crystal display (LCD) or output an image on a different medium using, for example, a printer. The data displayed
by the image display device 4 includes the position of the capsule endoscope 2 in the subject 1 and patient information,
such as the patient name and patient ID, which identifies the subject 1.

[0026] The recording medium 5 is portable, and is detachably insertable into the receiving device 3 and the image
display device 4. The recording medium 5 is configured to output and store therein data while being inserted into the
receiving device 3 or the image display device 4. Specifically, while being inserted into the receiving device 3, the
recording medium 5 stores therein various types of data including the in-vivo image data received by the receiving device
3 from the capsule endoscope 2. On the other hand, after the capsule endoscope 2 is excreted from the subject 1, the
recording medium 5 is detached from the receiving device 3 and inserted into the image display device 4. While being
inserted into the image display device 4, the recording medium 5 outputs the various types of data to the image display
device 4. In this manner, the image display device 4 reads the various types of data from the recording medium 5.
[0027] The configuration of the capsule endoscope 2 is explained in detail below. FIG. 2 is a section diagram of the
configuration of the capsule endoscope 2. As shown in FIG. 2, the capsule endoscope 2 includes a illuminating unit 21
that illuminates a target site; an imaging unit 22 that captures an image of the target site illuminated by the illuminating
unit 21; a signal processing unit 23 that generates a transmission signal containing in-vivo image data about the in-vivo
image captured by the imaging unit 22; a transmitting unit 24 that performs digital modulation on the transmission signal
generated by the signal processing unit 23 and wirelessly transmits the modulated transmission signal; a control unit
25 that controls each unit of the capsule endoscope 2; and a power source unit 26 that supplies drive power to each.unit
of the capsule endoscope 2.

[0028] The illuminating unit 21 is a light emitting device such as a light emitting diode (LED). The illuminating unit 21
emits a light under the control by the control unit 25 to illuminate a target site of the interior of the subject 1. The imaging
unit 22 includes a solid-state image sensor, such as a charge coupled device (CCD) or a complementary metal oxide
semiconductor (CMOS), and an optical system such as a condenser lens. The imaging unit 22 captures an in-vivo image
of the interior of the organs of the subject 1, which is illuminated by the illuminating unit 21. The in-vivo image data,
which is acquired by the imaging unit 22 and to be exchanged between the capsule endoscope 2 and the receiving
device 3, is transmitted to the signal processing unit 23.

[0029] The signal processing unit 23 serves as a signal generating unit that generates a transmission signal to be
wirelessly transmitted to the receiving device 3 from the capsule endoscope 2. The signal processing unit 23 operates
under the control by the control unit 25. Each time when the imaging unit 22 captures an in-vivo image of the subject 1,
the signal processing unit 23 receives the in-vivo image data from the imaging unit 22 and generates a transmission
signal containing the in-vivo image data. Specifically, the signal processing unit 23 generates a one-frame transmission
signal S, containing one-frame in-vivo image data based on a signal format shown in FIG. 3. The signal processing unit
23 assigns a detection signal containing detection data D1 for signal detection to a signal detection section A1, which
is the top signal section of the transmission signal S, assigns a direct-current (DC) signal containing fixed digital data
D2 of a fixed data value to an strength detection section A2 subsequent to the signal detection section A1, assigns an
adjustment signal containing digital data D3 for frequency adjustment to an idling section A3 subsequent to the strength
detection section A2, and assigns an image signal containing in-vivo image data D4 received from the imaging unit 22
to a data section A4 subsequent to the idling section A3, so that the one-frame transmission signal S is generated. The
signal processing unit 23 transmits the one-frame transmission signal S, to the transmission unit 24.

[0030] The detection data D1 in the signal detection section A1 is digital data consisting of high-level digital values
(1) and low-level digital values (0). The detection data D1 is used by the receiving device 3 to detect the start of the
transmission signal Sy (specifically, the start of the modulated signal obtained by performing the digital modulation on
the transmission signal Sp). The DC signal in the strength detection section A2 is an example of a specific signal with
a fixed frequency of 0 Hz, and consists of the fixed digital data D2. The adjustment signal in the idling section A3 consists
of the digital data D3 in which the digital value (1) and the digital value (2) are alternately repeated. The DC signal is
used to correct deviation of the frequency, which is caused when data shifts from the fixed digital data D2 in the strength
detection section A2 to the in-vivo image data D4 in the data section A4.

[0031] The DC signal in the strength detection section A2 can consist of the fixed digital data of the fixed digital value
(1) as shown in FIG. 3 or the fixed digital Data D2 of the fixed digital value (1).

[0032] The transmitting unit 24 performs the digital modulation on the transmission signal S, generated by the signal
processing unit 23 and wirelessly transmits the modulated signal to the outside. Specifically, the transmitting unit 24
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includes a modulator 24a that performs frequency shift keying (FSK) on the transmission signal Sy generated by the
signal processing unit 23; and a transmitter 24b that wirelessly transmits the transmission signal S; modulated by the
modulator 24a. In the first embodiment, the transmitting unit 24 transmits the modulated signal obtained by the FSK.
Alternatively, the transmitting unit 24 can be configured to perform other types of modulation other than the FSK.
[0033] The modulator 24a performs the FSK on the transmission signal S generated by the signal processing unit
23, thereby generating a modulated signal containing, in the strength detection section A2, a narrowband signal com-
ponent corresponding to the DC signal containing the fixed digital data D2. Specifically, the modulator 24a includes a
signal sending unit that sends a signal (carrier signal) of a carrier frequency f, and a voltage controlled oscillator (VCO).
Under the control by the control unit 25, the modulator 24a receives the transmission signal S, from the signal processing
unit 23. Each time when the modulator 24a receives a transmission signal S, from the signal processing unit 23, the
modulator 24a performs the FSK by overlaying the transmission signal S, and the carrier signal. The modulator 24a
generates a modulated signal by performing the FSK on the transmission signal S, while performing phase locked loop
(PLL) control for fixing the frequency to the carrier frequency. The modulator 24a sends the modulated signal to the
transmitter 24b.

[0034] The modulated signal generated by performing the FSK by the modulator 24a contains a broadband signal
component corresponding to the detection data D1 in the signal detection section A1, contains the narrowband signal
component corresponding to the DC signal containing the fixed digital data D2 in the strength detection section A2,
contains a broadband signal component corresponding to the digital data D3 in the idling section A3, and contains a
broadband signal component corresponding to the in-vivo image data D4 in the data section A4. When the signal of the
strength detection section A2 is a DC signal consisting of the fixed digital data D2, the PLL control is performed by the
modulator 24a, so that the frequency of the DC signal is attenuated to the carrier frequency. As a result, the modulator
24a generates the modulated signal containing the carrier signal (i.e., single-frequency unmodulated signal), which is
the narrowband signal component, in the strength detection section A2. As shown in FIG. 4, the frequency characteristics
of the modulated signal in the strength detection section A2 are those of the narrowband signal component having a
frequency spectrum at the carrier frequency f.. A bandwidth of the carrier signal, which is the narrowband signal com-
ponent, is, for example, about several tens of kHz.

[0035] On the other hand, as shown in FIG. 5, the broadband signal components contained in the respective signal
detection section A1, the idling section A3, and the data section A4 of the modulated signal have the frequency char-
acteristics of an occupied bandwidth obtained by adding together a bandwidth twice a frequency deviation Af; (one side)
from the carrier frequency fc, a band width twice a frequency deviation Af,, from a frequency f, (= f, - Af;) corresponding
to a digital value (0), and a band width twice a frequency deviation Af;, from a frequency f; (= f; - Af;) corresponding to
a digital value (1). The occupied broadband signal component is, for example, not smaller than several MHz.

[0036] The transmitter 24b wirelessly transmits the modulated signal generated by the modulator 24a to the outside.
The transmitter 24b receives the modulated signal from the modulator 24a under the control by the control unit 25. Each
time when the transmitter 24b receives a modulated signal, the transmitter 24b increases the frequency of the modulated
signal and wirelessly transmits the high-frequency modulated signal. The transmitter 24b includes a transmitting antenna
24c, and wirelessly transmits the high-frequency modulated signal to the receiving device 3 shown in FIG. 3 via the
transmitting antenna 24c.

[0037] The control unit 25 includes a CPU that executes a processing program, a ROM that previously stores therein
the processing program, and a RAM that stores therein operation parameters of each processing, etc. The control unit
25 controls each unit of the capsule endoscope 2. Specifically, the control unit 25 controls the operations of the illuminating
unit 21, the imaging unit 22, the signal processing unit 23, the modulator 24a, and the transmitter 24b, and controls input
and output of signals between the imaging unit 22, the signal processing unit 23, the modulator 24a, and the transmitter
24b.

[0038] The power source unit 26 includes a battery having a predetermined power and a switching unit that switches
between on and off states. In the on state, the power source unit 26 supplies power to each unit (the illuminating unit
21, the imaging unit 22, the signal processing unit 23, the modulator 24a, the transmitter 24b, and the control unit 25)
of the capsule endoscope 2. In the off state, the power source unit 26 stops supplying drive power to each unit of the
capsule endoscope 2.

[0039] The configuration of the receiving device 3 is explained in detail below. FIG. 6 is a section diagram of the
receiving device 3. As shown in FIG. 6, the receiving device 3 includes the receiving antennas 3a to 3h; an antenna
switching unit 30 that selectively switches between the receiving antennas 3a to 3h; a radio frequency (RF) filter 31; an
a low noise amplifier (LNA) 32. The receiving device 3 further includes a frequency mixer 33 that branches the signal
received from the capsule endoscope 2; a received-strength detecting system 40 that detects a received electric-field
strength on a per receiving-antenna basis; and an image processing system 41 that performs signal processing on the
in-vivo image data contained in the received signal. The receiving device 3 further includes an input unit 42, a display
unit 43, a storing unit 44, a control unit 45, and a power source unit 46.

[0040] The antenna switching unit 30 is used to arbitrarily select, from the receiving antennas 3a to 3h shown in FIG.
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1, a receiving antenna via which the modulated signal wirelessly transmitted from the capsule endoscope 2 is to be
received. The antenna switching unit 30 is connected to the receiving antennas 3a to 3h via cables, selects one of the
receiving antennas 3a to 3h under the control by the control unit 45, and connects the selected receiving antenna to the
RF filter 31. Under the control by the control unit 45, the antenna switching unit 30 sequentially switches between the
receiving antennas 3ato 3h, i.e., selects a receiving antenna to be electrically connected to the RF filter 31. The modulated
signal received from the capsule endoscope 2 by the antenna switching unit 30 via a selected one of the receiving
antennas 3a to 3h is sent to the RF filter 31.

[0041] The RF filter 31 is a bandpass filter having a pass bandwidth (for example, a bandwidth not smaller than several
MHz) with which the broadband signal component contained in the modulated signal from the capsule endoscope 2 can
be passed. The RF filter 31 receives the modulated signal, which is transmitted from the capsule endoscope 2, from the
antenna switching unit 30, and passes the signal within the pass bandwidth, i.e., the modulated signal from the capsule
endoscope 2. The modulated signal having passed thorough the RF filter 31 is sent to the LNA 32. The LNA 32 receives
the modulated signal, which is transmitted from the capsule endoscope, from the RF filter 31, and amplifies the modulated
signal having passed through the RF filter 31. The modulated signal amplified by the LNA 32 is sent to the frequency
mixer 33.

[0042] The frequency mixer 33 has a frequency converting function for converting (downconverting) the frequency of
the modulated signal to an intermediate frequency by mixing the modulated signal from the capsule endoscope 2 with
a signal of a different frequency, and a signal branching function for branching the modulated signal of the intermediate
frequency to the received-strength detecting system 40 and the image processing system 41. Specifically, the frequency
mixer 33 receives the modulated signal from the capsule endoscope 2, which is amplified by the LNA 32, and down-
converts the high-frequency to the intermediate frequency of the modulated signal by mixing the modulated signal with
the signal of the different frequency. The frequency mixer branches the downconverted modulated signal (i.e., the
modulated signal of the intermediate frequency) as modulated signals and outputs the modulated signals to the received-
strength detecting system 40 and the image processing system 41. A modulated signal S, which is one of the modulated
signals branched by the frequency mixer 33, is sent to the received-strength detecting system 40, and a modulated
signal S,, which is the other modulated signal, is sent to the image processing system 41.

[0043] The received-strength detecting system 40 detects field intensities, i.e., the received electric-field strengths, of
modulated signals received from the capsule endoscope 2 via the receiving antennas 3a to 3h on a per receiving-antenna
basis. The received-strength detecting system 40 includes a narrowband filter 34, an intermediate frequency amplifier
35, and a received-strength detecting unit 36.

[0044] The narrowband filter 34 is a bandpass filter that extracts the narrowband signal component contained in the
modulated signal received from the capsule endoscope 2 received via one of the receiving antennas 3a to 3h. Specifically,
as shownin FIG. 7, the narrowband filter 34 has a pass bandwidth W, wider than that of the narrowband signal component
(i.e., carrier signal) in the strength detection section A2 and narrower than the occupied bandwidth of the modulated
signal S, (i.e., the broadband signal component contained in the modulated signal S,). The narrowband filter 34 receives
the modulated signal S, branched by the frequency mixer 33, and extracts the narrowband signal component of the
modulated signal S;. The narrowband signal component of the modulated signal S, extracted by the narrowband filter
34 is sent to the intermediate frequency amplifier 35. The intermediate frequency amplifier 35 amplifies the narrowband
signal component of the modulated signal S, which is extracted by the narrowband filter 34, and sends the amplified
narrowband signal component of the modulated signal S to the received-strength detecting unit 36. The pass bandwidth
W, of the narrowband filter 34 is not smaller than one-ten-thousandth of a pass bandwidth W, (for example, between
few MHz to 10 MHz) of a broadband filter 37 and not larger than one-tenth of the pass bandwidth W,. Specifically, the
pass bandwidth W, is about several kHz to 100 kHz.

[0045] The received-strength detecting unit 36 detects received electric-field strengths of modulated signals received
from the capsule endoscope 2 via the receiving antennas 3a to 3h on a per receiving-antenna basis. Specifically, the
received-strength detecting unit 36. receives the narrowband signal component of the modulated signal S; amplified by
the intermediate frequency amplifier 35, and detects the received electric-field strength of the narrowband signal com-
ponent, i.e., the carrier signal contained in the strength detection section A2 of the modulated signal S;. The received-
strength detecting unit 36 converts an analog signal, such as a received signal strength indicator (RSSI), indicating the
detected received electric-field strength into a digital RSSI signal, and sends the digital RSSI signal as the result of the
received electric-field strength detection to the control unit 45. Each time when the antenna switching unit 30 switches
between the receiving antennas 3ato 3h, i.e., selects the receiving antenna via which a modulated signal is to be received
from the capsule endoscope 2, the received-strength detecting unit 36 detects a received electric-field strength of a
narrowband signal component (carrier signal) of a modulated signal S, received from the intermediate frequency amplifier
35, and sends the result of detecting the received electric-field strength to the control unit 45 on a per receiving antenna
basis.

[0046] The image processing system 41 functions as a signal processing system that performs signal processing on
predetermined data, i.e., the image data (specifically, the in-vivo image data of the in-vivo image captured by the capsule
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endoscope 2), contained in the modulated signal from the capsule endoscope 2 via one of the receiving antennas 3a
to 3h. The image processing system 41 includes the broadband filter 37, an intermediate frequency amplifier 38, and
an image processing unit 39.

[0047] The broadband filter 37 is a bandpass filter that extracts the broadband signal component contained in the
modulated signal from the capsule endoscope 2 received via one of the receiving antennas 3a to 3h. Specifically, as
shown in FIG. 7, the broadband filter 37 has the pass bandwidth W, wider than the occupied band width of the modulated
signal S,. The broadband filter 37 receives the modulated signal S, branched by the frequency mixer 33, and extracts
the broadband signal component and the narrowband signal component, i.e., signal components within the pass band-
width W5, contained in the modulated signal S,. The signal components extracted by the broadband filter 37 are, for
example, the broadband signal component corresponding to the detection data D1 in the signal detection section A1,
the narrowband signal component in the strength detection section A2, the broadband signal component corresponding
to the digital data D3 in the idling section A3, and the broadband signal component corresponding to the in-vivo image
data D4 in the data section A4. The signal components of the modulated signal S, extracted by the broadband filter 37
are sent to the intermediate frequency amplifier 38. The intermediate frequency amplifier 38 amplifies the signal com-
ponents of the modulated signal S, extracted by the broadband filter 37, and sends the amplified signal components of
the modulated signal S, to the image processing unit 39.

[0048] The image processing unit 39 performs the signal processing on the in-vivo image data contained in the
modulated signal received from the capsule endoscope 2 via one of the receiving antennas 3a to 3h, and generates the
in-vivo image of the subject 1 corresponding to the in-vivo image data. Specifically, the image processing unit 39 receives
the modulated signal S, amplified by the intermediate frequency amplifier 38, and demodulates the modulated signal
S, to an image signal by performing predetermined demodulation processing on the modulated signal S,. The image
processing unit 39 extracts the in-vivo image data D4 contained in the image signal, performs the signal processing on
the in-vivo image data D4, thereby generating the in-vivo image of the subject 1. Each time when the antenna switching
unit 30 switches between the receiving antennas 3a to 3h, i.e., selects the receiving antenna via which a modulated
signal from the capsule endoscope 2 is to be received, the image processing unit 39 demodulates a modulated signal
S, received from the intermediate frequency amplifier 38 to obtain in-vivo image data D4, and generates an in-vivo
image corresponding to the in-vivo image data D4. In-vivo images generated by the image processing unit 39 are
sequentially sent to the control unit 45.

[0049] The input unit 42 is an input key. The input unit 42 inputs various types of information including instruction
information for giving an instruction to the control unit 45. The information to be input to the control unit 45 by the input
unit 42 includes instruction information about an instruction for starting receiving a modulated signal from the capsule
endoscope 2, instruction information about an instruction for display (output), the patient information including the patient
name, patient ID, examination date (date at which the capsule endoscope 2 is introduced into the subject 1).

[0050] The display unit 43 includes light emitting diodes (LEDs) and a liquid crystal display. Under the control by the
control unit 45, the display unit 43 displays various types of information such as the operation status of the receiving
device 3 (indicating that the receiving device 3 is receiving information or is in the wait state), an in-vivo image of the
subject 1, the patient information about the subject 1, and the examination date.

[0051] The recording medium 5 shown in FIG. 1 is detachably inserted into the storing unit 44. The storing unit 44
stores, in the recording medium 5, various types of data under the control by the control unit 45. The data to be stored
(saved) in the recording medium 5 by the storing unit 44 includes the in-vivo image of the subject 1, the data about the
position of the capsule endoscope 2 in the subject 1.

[0052] The storing unit 44 can be configured to include a memory integrated ciruit (IC), such as a random access
memory (RAM) or a flash memory, or a hard disk such that the storing unit 44 stores therein various types of data
including the in-vivo image of the subject 1. In this case, the receiving device 3 can transmit the various types of data
from the storing unit 44 to the image display device 4 shown in FIG. 1 by wired communication or wireless communication.
[0053] The control unit 45 includes a CPU that executes a processing program, a ROM that previously stores therein
the processing program, and a RAM that stores therein operation parameters in each processing or the information input
by the input unit 42. The control unit 45 controls each unit of the receiving device 3, and controls input and output of
signals between the units. Specifically, the control unit 45 controls the antenna switching unit 30 based on the instruction
information input by the input unit 42 to control the start and end of receiving modulated signals from the capsule
endoscope 2. The control unit 45 causes the display unit 43 to display the in-vivo image of the subject or the patient
information based on the instruction information input by the input unit 42. The control unit 45 can cause the display unit
43 to display the in-vivo image read from the storing unit 44. Meanwhile, the control unit 45 causes the antenna switching
unit 30 to sequentially switching between the receiving antennas 3a to 3h, i.e., the receiving antenna via which a
modulated signal is to be received (caught) from the capsule endoscope 2, and controls the timing at which the received-
strength detecting unit 36 and the image processing unit 39 starts the operation. Specifically, the control unit 45 causes
the received-strength detecting unit 36 and the image processing unit 39 to perform respectively the processing on the
broadband signal componentin the image processing system 41 and the processing on the narrowband signal component



10

15

20

25

30

35

40

45

50

55

EP 2 074 939 B1

in the received-strength detecting system 40 based on the time sharing system. The control unit 45 can synchronizes
the timing at which the antenna switching unit 30 is caused to switch between the receiving antennas and the timing at
which the received-strength detecting unit 36 and the image processing unit 39 starts the operation.

[0054] The control unit 45 includes a position calculator 45a that calculates the position of the capsule endoscope 2
in the subject 1. The position calculator 45a receives the received electric-field strength of one of the receiving antennas
3a to 3h, and calculates the data about the position of the capsule endoscope 2 in the subject 1 based on the received
electric-field strength. Specifically, the position calculator 45a has predetermined position coordinate data about each
of the receiving antennas 3a to 3h, and selects the top three received electric-field strengths from the received electric-
field intensities of the receiving antennas 3a to 3h received on a per one-frame modulated signal basis. The position
calculator 45a calculates data about the position of the capsule endoscope 2 in the subject 1 based on, for example,
the three-point cross method using the top three received electric-field strengths and the position coordinate data about
the three receiving antennas corresponding to the top three received electric-field strengths among the receiving antennas
3a to 3h.

[0055] The data about the position of the capsule endoscope 2, which is calculated by the position calculator 453, is
stored, in the storing unit 44 (specifically, in the recording medium 5), in association with the in-vivo image generated
by the image processing unit 39. Specifically, the control unit 45 associates the in-vivo image of the subject 1 based on
the in-vivo image data D4 in the modulated signal S, corresponding to any one of the top three reception eclectic field
intensities (the highest received electric-field strength is desirable) with the data about the position of the capsule en-
doscope 2, and stores, in the recording medium 5, the in-vivo image and the data about the position of the capsule
endoscope 2 associated with each other.

[0056] The power source unit 46 includes a battery having predetermined power and a switching unit that switches
between the on state and the off state. In the on state, the power source unit 46 supplies necessary drive power to each
unit of the receiving device 3. In the off state, the power source unit 46 stops supplying drive power to each unit of the
receiving device 3.

[0057] The operations of the received-strength detecting unit 36 and the image processing unit 39 of the receiving
device 3 are explained below. FIG. 8 is a schematic diagram of operation timing of the receiving device 3. Explained
below with reference to FIG. 8 is the operation of the receiving device 3 for detecting a received electric-field strength
of a one-frame modulated signal obtained by performing the digital modulation on the one-frame transmission signal S,
and for performing the signal processing on the in-vivo image data.

[0058] The receiving device 3 receives the modulated signal from the capsule endoscope 2 via the receiving antenna
selected from the receiving antennas 3a to 3h by the antenna switching unit 30, and the frequency mixer 33 branches
the modulated signal as the modulated signals S; and S,. The control unit 45 causes the received-strength detecting
unit 36 and the image processing unit 39 to start the operation at the timing (time T;) at which the control unit 45 causes
the antenna switching unit 30 to select the receiving antenna.

[0059] The image processing unit 39 starts the operation under the control by the control unit 45, and detects that the
one-frame modulated signal is wirelessly transmitted from the capsule endoscope 2 from the time To until a signal
detection period ATy passes. The image processing unit 39 receives the broadband signal component in the signal
detection section A1 of the modulated signal S, having passed through the broadband filter 37, and detects the start of
the modulated signal 5, based on the detection data D1 contained in the broadband signal component.

[0060] The signal detection period AT, is previously set in the image processing unit 39 for determining the start of
the one-frame modulated signal. The signal detection period AT is long enough for the image processing unit 39 to
detect the start of the modulated signal based on the detection data D1.

[0061] The received-strength detecting unit 36 detects the received electric-field strength of the modulated signal S;,
i.e., the received electric-field strength of each receiving antenna, from the timing (time T,) at which the signal detection
period ATy passes until a strength detection period AT, passes. Specifically, the received-strength detecting unit 36
waits to start the processing for detecting the received electric-field strength from the time T, until a guard period ATy
passes, and starts the processing for detecting the received electric-field strength at the timing (time T,) at which the
guard period AT, passes. In the strength detection period Ty, the received-strength detecting unit 36 extracts the
narrowband signal component, i.e., the carrier signal, contained in the strength detection section A2 of the modulated
signal S; and detects the received electric-field strength of the carrier signal. The received electric-field strength of the
carrier signal, which is detected by the received-strength detecting unit 36, is sent to the control unit 45 as the result of
the received electric-field strength detection on a per receiving-antenna basis.

[0062] The guard period AT is previously set in the received-strength detecting unit 36 for stabilizing the frequency
of the narrowband signal component in the strength detection section A2 to a predetermined frequency (specifically, the
carrier frequency). The guard period ATg is long enough to cancel the state in which the instability of the frequency is
caused when the signal component of the one-frame modulated signal shifts from that in the signal detection section
A1tothatinthe strength detection section A2. Because the received-strength detecting unit 36 waits to start the processing
for detecting the received electric-field strength for the guard period ATy in the strength detection period ATy, the
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frequency of the narrowband signal component in the strength detection section A2 to the carrier frequency f;, so that
the narrowband signal component with a stable signal level with few variations (i.e., approximately fixed level) can be
obtained. Because the received-strength detecting unit 36 detects the received electric-field strength of the narrowband
signal component at the stable signal level, the received-strength detecting unit 36 can detect a received electric-field
strength of each receiving antenna with high accuracy.

[0063] The strength detection period AT, is long enough for the received-strength detecting unit 36 to detect the
received electric-field strength of the one-frame modulated signal, and is previously set in the received-strength detecting
unit 36 and the image processing unit 39. It is desirable that the strength detection period AT, be not shorter than a
total value of the signal detection period ATy, the guard period ATg, and a strength measurement period T 405 (i-€., @
processing time necessary for the received-strength detecting unit 36 to detect the received electric-field strength). This
is because, if the strength detection period AT, is set as described, the received-strength detecting unit 36 can assuredly
detect the received electric-field strength of the narrowband signal component contained in the strength detection section
A2 of the modulated signal S, after the guard period ATg passes in the strength detection period AT,,,.

[0064] On the other hand, the image processing unit 39 receives the modulated signal S, and waits to start the signal
processing on the in-vivo image data from the timing (time T,) at which the signal detection period ATd passes until the
strength detection period AT ,, passes and from the timing (time T5) at which the strength detection period AT, passes
until an idling period AT; passes. The signal component of the modulated signal S, to be input to the image processing
unit 39 shifts from the narrowband signal component in the strength detection section A2 to the broadband signal
component in the idling section A3.

[0065] The idling period AT; is long enough to correct (cancel) the deviation of the frequency caused when the signal
component shifts from the narrowband signal component in the strength detection section A2 to the broadband signal
component in the data section A4 in the one-frame modulated signal. The idling period AT; is previously set in the
received-strength detecting unit 36 and the image processing unit 39. The image processing unit 39 waits to start the
signal processing from the timing at which the narrowband signal component in the strength detection section A2 of the
modulated signal S, is obtained, i.e., from the time T3 shown in FIG. 8, for the idling period AT;, so that the center
frequency of the broadband signal component of the modulated signal S, is attenuated to the carrier frequency and the
frequency deviation Af; is stabilized. After the idling period AT;, the broadband signal component of the modulated signal
S, to be input to the image processing unit 39 enters a state in which the frequency is equally deviated from the carrier
frequency f;, i.e., the state preferable to the broadband signal component of the modulated signal S,. It is desirable that
the broadband signal component of the modulated signal S, be longer than the guard period ATy, If the modulated signal
S, is longer than the guard period AT, the broadband signal component of the modulated signal S, enters the preferable
state in the idling period AT;.

[0066] The image processing unit 39 performs the signal processing on the in-vivo image data D4 contained in the
data section A4 of the modulated signal S, from the timing (time T,) at which the idling period AT; passes until a data
processing period ATy, passes. In other words, in the data processing period ATy, the image processing unit 39
receives the one-frame in-vivo image data D4 and generates the one-frame in-vivo image based on the in-vivo image
data D4. The image processing unit 39 sends the one-frame in-vivo image, i.e., the in-vivo image of the subject 1, to
the control unit 45.

[0067] Thereafter, the image processing unit 39 enters a wait state until the control unit 45 gives an instruction for
stating the operation to the image processing unit 39. In the idling period AT; and the data processing period AT 4, the
received-strength detecting unit 36 receives the modulated signal S;, waits to start the processing for detecting the
received electric-field strength, and continues the wait state until the control unit 45 gives an instruction for starting the
operation to the received-strength detecting unit 36. Each time when the control unit 45 gives the instruction for starting
the operation, the received-strength detecting unit 36 and the image processing unit 39 repeatedly performs the operations
described above according to the operation timing shown in FIG. 8. As a result, the received-strength detecting unit 36
sequentially detects the received electric-field strengths of the receiving antennas and the image processing unit 39
sequentially generates one-frame in-vivo images.

[0068] The unmodulated carrier signal, which is the narrowband signal component having an approximately fixed
signal level, is contained in the strength detection section A2 of the modulated signal S, from which the received electric-
field strength is to be detected by the received-strength detecting unit 36. Therefore, the pass bandwidth W, of the
narrowband filter 34 that extracts the narrowband signal component in the strength detection section A2 can be set
extremely narrower than the pass bandwidth W, of the broadband filter 37 (i.e., the pass bandwidth of the band pass
filter that extracts the broadband signal component containing the in-vivo image data D4). This reduces the noise input
to the received-strength detecting unit 36 and increases the SN ratio of the narrowband signal component, so that the
lower limit of received electric-field strength detectable by the received-strength detecting unit 36 can be lowered and
the dynamic range of received electric-field strength can be increased. In addition, the received-strength detecting unit
36 can stably detect a received electric-field strength at which a modulated signal containing in-vivo image data D4 from
the capsule endoscope 2 on a per receiving-antenna basis.
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[0069] The received electric-field strengths detected by the received-strength detecting unit 36 on a per receiving-
antenna basis are useful for a predetermined application for, for example, detecting the position of the capsule endoscope
2. Specifically, as explained above, the position calculator 45a receives the received electric-field strengths of the
receiving antennas 3a to 3h, and calculates (detects) the data about the position of the capsule endoscope 2 in the
subject 1 using a predetermined number (for example, three) of top received electric-field strengths of the received
electric-field strengths. The position calculator 45a compares the received electric-field strengths of the receiving an-
tennas 3a t 3h to each other and selects the predetermined number of top receiving antennas based on the result of the
comparison.

[0070] However, in a conventional technology for detecting a received electric-field strength of a broadband signal
component extracted by a broadband filter, the lower limit of detectable reception eclectic field strength increases
depending on the pass bandwidth of the broadband filter. This leads to a state in which the reception electric strength
is hidden in noise, i.e., in which the values (voltages) of received electric-field strengths of receiving antennas are
approximately equal to each other, which makes it difficult to calculate data about the position of the capsule endoscope
2 in the subject 1 with high accuracy.

[0071] For example, when the capsule endoscope 2 in the subject 1 is positioned near the receiving antenna 3d out
of the receiving antennas 3a to 3h shown in FIG. 1 on the body surface of the subject 1, the received electric-field strength
of the receiving antenna 3d is sufficiently larger than those of the receiving antennas 3a to 3c and 3e to 3h. Therefore,
the position calculator 45a can select the received electric-field strength of the receiving antenna 3d as a top strength.
However, if the received electric-field strengths of the receiving antennas 3a to 3c and 3e to 3h other than 3d are lower
than the lower limit of detectable received electric-field strength, they are hidden in noise and are at approximately equal
levels. This makes it difficult to accurately compare the received electric-field strengths of the receiving antennas 3a to
3c and 3e to 3h. As a result, it becomes difficult to calculate the data about the position of the capsule endoscope 2 in
the subject 1 with high accuracy.

[0072] On the other hand, in the transmitting/receiving system according to the first embodiment, the narrowband
signal component (carrier signal) with the approximately fixed signal level is assigned to the strength detection section
A2 of the modulated signal to be wirelessly exchanged between the capsule endoscope 2 and the receiving device 3,
and the received electric-field strength of the narrowband signal component extracted from the strength detection section
A2 is detected. Therefore, the pass bandwidth corresponding to the narrowband signal component can be set in the
band pass filter (the narrowband filter 34), which lowers the lower limit of received electric-field strength detectable by
the received-strength detecting unit 36 and increases the dynamic range of the received electric-field strength. As a
result, even if the received electric-field strengths of the receiving antennas 3a to 3h are very small, the position calculator
45a can assuredly detect differences between the received electric-field strengths and accurately select the predeter-
mined number of top received electric-field strengths from those of the receiving antennas 3a to 3h. By use of the
predetermined number of top received electric-field strengths, the position calculator 45a can calculate the data about
the position of the capsule endoscope 2 in the subject 1 with high accuracy.

[0073] As explained above, in the first embodiment, the capsule endoscope, serving as a transmitting apparatus,
wirelessly transmits a modulated signal having a strength detection section containing a carrier signal, which is a nar-
rowband signal component, and a data section containing predetermined data such as in-vivo image data. The receiving
device receives modulated signals from the capsule endoscope via the receiving antennas. The receiving device branches
the modulated signal as modulated signals to the received-strength detecting system and the signal processing system.
The narrowband filter of the received-strength detecting system extracts a narrowband signal component contained in
the strength detection section of one of the modulated signals and detects the received electric-field strength of the
narrowband signal component. The signal processing system performs the signal processing on the in-vivo image data
contained in the data section of the other modulated signal. Therefore, the pass bandwidth of the narrowband filter of
the received-strength detecting system can be narrowed depending on the narrowband signal component in the strength
detection section. This makes it possible to reduce noise to be input to the received-strength detecting system can be
reduced, and detect the received electric-field strength of the narrowband signal component with the approximately fixed
signal level. As a result, the lower limit of received electric-field strength detectable by the strength detecting system
can be set lower than the received electric-field strengths of the receiving antennas, and the dynamic range of the
received electric-field strength can be increased. Accordingly, achieved is a receiving/transmitting system that stably
detects a received electric-field strength at which a modulated signal containing predetermined data is received from a
transmitting apparatus, and a medical system.

[0074] A transmitting/receiving system according to a second embodiment of the present invention is explained below.
In the first embodiment, the frequency mixer 33 branches a modulated signal from the capsule endoscope 2. On the
other hand, in the second embodiment, an intermediate frequency amplifier 58 branches a modulated signal from the
capsule endoscope 2.

[0075] FIG. 9 is a section diagram of a configuration of the transmitting/receiving system according to the second
embodiment. As shown in FIG. 9, a receiving device 53 of the transmitting/receiving system according to the second
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embodiment includes a frequency mixer 52 instead of the frequency mixer 33 of the receiving device 3, and includes
the intermediate frequency amplifier 58 instead of the intermediate frequency amplifier 38. The receiving device 53 does
not include the intermediate frequency amplifier 35 of the received-strength detecting system 40. In the receiving device
53, the narrowband filter 34 and the received-strength detecting unit 36 are connected to each other, and a narrowband
signal component extracted by the narrowband filter 34 is input to the received-strength detecting unit 36. In the receiving
device 53, a received-strength detecting system 50 includes the narrowband filter 34 and the received-strength detecting
unit 36, and an image processing system 51 includes the image processing unit 39. The transmitting/receiving system
according to the second embodiment includes the receiving device 53 instead of the receiving device 3 of the transmitting/
receiving system according to the first embodiment shown in FIG. 1. Other constituents of the second embodiment are
the same as those of the first embodiment, and are denoted by the same reference numerals.

[0076] The frequency mixer 52 has the same function as that of the frequency mixer 33 of the receiving device 3
according to the first embodiment except for sending a modulated signal from the capsule endoscope 2 to the broadband
filter 37 without branching the modulated signal. In other words, the frequency mixer 52 receives, from the LNA 32, the
modulated signal from the capsule endoscope 2, downconverts a high frequency of the modulated signal to an interme-
diate frequency by mixing the modulated signal with a signal of a different frequency, and outputs the modulated signal
to the broadband filter 37 without branching the modulated signal.

[0077] The intermediate frequency amplifier 58 has the same function as that of the intermediate frequency amplifier
38 of the receiving device 3 according to the first embodiment except for branching the amplified modulated signal of
an intermediate frequency as modulated signals and outputting the modulated signal to the received-strength detecting
system 50 and the image processing system 51, respectively. Specifically, after the frequency mixer 52 downconverts
the frequency of the modulated signal from the capsule endoscope 2 to the intermediate frequency and passes through
the broadband filter 37, the intermediate frequency amplifier 58 amplifies the signal components of the modulated signal,
branches the amplified modulated signal as modulated signals, and outputs the modulated signals to the received-
strength detecting system 50 and the image processing system 51. A modulated signal S, which is one of the modulated
signals, is sent to the narrowband filter 34 of the received-strength detecting system 50, and a modulated signal S,,
which is the other modulated signal, is output to the image processing unit 39 of the image processing system 51.
[0078] As explained above, in the second embodiment, the intermediate frequency amplifier, which amplifies the
modulated signal from the transmitting apparatus with the frequency having downconverted to the intermediate frequency
by the intermediate frequency mixer, is configured to branches the amplified modulated signal as modulated signals
and output the modulated signals respectively to the received-strength detecting system and the signal processing
system, and other constituents of the second embodiment are the same as those of the first embodiment. Therefore,
the same effect as that of the first embodiment can be achieved, and the number of constituents of the received-strength
detecting system and the signal processing system of the receiving device can be reduced. Accordingly, the receiving
device of the transmitting/receiving system can be achieved with a simple configuration.

[0079] A transmitting/receiving system according to a third embodiment of the present invention is explained below.
In the first embodiment, the frequency mixer 33 branches a modulated signal from the capsule endoscope 2. On the
other hand, in the third embodiment, the LNA 32 branches the modulated signal from the capsule endoscope 2 as
modulated signals, and a received-strength detecting system 60 and an image processing system 61 that respectively
receive the branched modulated signals include frequency mixers 66 and 67 that downconvert a high frequency of the
modulated signal to an intermediate frequency.

[0080] FIG. 10 is a section diagram of a configuration of the transmitting/receiving system according to the third
embodiment. As shown in FIG. 10, a receiving device 63 of the transmitting/receiving system according to the third
embodimentincludes an LNA 62 instead of the LNA 32 of the receiving device 3, includes the frequency mixer 67 instead
of the frequency mixer 33, and includes the frequency mixer 66 of the received-strength detecting system 60. In the
receiving device 63, the received-strength detecting system 60 includes the frequency mixer 66, the narrowband filter
34, the intermediate frequency amplifier 35, and the received-strength detecting unit 36, and the image processing
system 61 includes the frequency mixer 67, the broadband filter 37, the intermediate frequency amplifier 38, and the
image processing unit 39. The LNA 62 is connected to the frequency mixer 66 of the received-strength detecting system
60 and to the frequency mixer 67 of the image processing system 61. The transmitting/receiving system according to
the third embodiment includes the receiving device 63 instead of the receiving device 3 of the transmitting/receiving
system according to the first embodiment shown in FIG. 1. Other constituents of the third embodiment are the same as
those of the first embodiment, and are denoted by the same reference numerals.

[0081] The LNA 62 has the same function as that of the LNA 32 of the receiving device 3 according to the first
embodiment except for branching the amplified modulated signal from the capsule endoscope 2 as modulated signals
and outputs the modulated signals to the received-strength detecting system 60 and the image processing system 61,
respectively. In other words, the LNA 62 amplifies the modulated signal from the capsule endoscope 2 having passed
through the RF filter 31, branches the amplified modulated signal as amplified signals, and outputs the amplified signals
to the received-strength detecting system 60 and the image processing system 61, respectively. A modulated signal S,

12



10

15

20

25

30

35

40

45

50

55

EP 2 074 939 B1

which is one of the modulated signals branched by the LNA 62, is output to the frequency mixer 66 of the received-
strength detecting system 60, and a modulated signal S,, which is the other modulated signal, is output to the frequency
mixer 67 of the image processing system 61.

[0082] The frequency mixer 66 is a frequency mixer of the received-strength detecting system 60 as described above,
and it receives the modulated signal S; branched by the LNA 62 and downconverts the high frequency of the modulated
signal S, to an intermediate frequency by mixing the modulated signal S; with a signal of a different frequency. The
intermediate frequency of the modulated signal S, obtained by the conversion by the frequency mixer 66 can be easily
processed by the received-strength detecting system 60, and it is a favorable frequency for, for example, the received-
strength detecting unit 36 to perform processing for detecting a reception eclectic field strength from the modulated
signal S4. The frequency mixer 66 sends the downconverted modulated signal S; to the narrowband filter 34 without
branching the downconverted modulated signal S;.

[0083] The frequency mixer 67 is a frequency mixer of the image processing system 61 system as described above.
The frequency mixer 67 receives the modulated signal S, branched by the LNA 62, and downconverts the high frequency
of the modulated signal S, to an intermediate frequency by mixing the modulated signal S, with a signal of a different
frequency. The intermediate frequency of the modulated signal S, obtained by the conversion by the frequency mixer
67 can be easily processed by the image processing system 61, and it is a favorable frequency for, for example, the
image processing unit 39 to perform signal processing (image processing) on in-vivo image data D4. The frequency
mixer 67 sends the downconverted modulated signal S, to the broadband filter 37 without branching the downconverted
modulated signal S,.

[0084] If the intermediate frequency favorable to the received-strength detecting system 60 and the intermediate
frequency favorable to the image processing system 61 are not equal, the frequency mixers 66 and 67 can convert the
high frequencies of the modulated signals S, and S, respectively to different intermediate frequencies (i.e., an interme-
diate frequency favorable to the received-strength detecting system 60 and an intermediate frequency favorable to the
image processing system 61). On the other hand, if the intermediate frequency favorable to the received-strength
detecting system 60 and the intermediate frequency favorable to the image processing system 61 are equal, the frequency
mixers 66 and 67 can convert the high frequencies of the modulated signals S and S, respectively to equal intermediate
frequencies.

[0085] As explained above, in the third embodiment, the received-strength detecting system and the signal processing
system of the receiving device respectively include the frequency mixers each configured to downconvert a high frequency
of a modulated signal to an intermediate frequency. The LNA, which amplifies the modulated signal from the transmitting
apparatus having passed through the RF filter, branches the modulated signal as modulated signals and outputs the
modulated signals to the received-strength detecting system and the signal processing system. The frequency mixer of
the received-strength detecting system converts the high frequency of one of the modulated signals, the frequency mixer
of the signal processing system converts the high frequency of the other modulated signal, and other constituents of the
third embodiment are same as those of the first embodiment. Therefore, the same effects as that of the first embodiment
can be achieved. In addition, even when the intermediate frequency favorable to the received-strength detecting system
and the intermediate frequency favorable to the image processing system are not equal, the intermediate frequency of
the modulated signal input to the received-strength detecting system can be converted to a frequency to be easily
processed by the received-strength detecting system, and the intermediate frequency of the modulated signal input to
the image processing system can be converted to a frequency to be easily processed by the signal processing system.
[0086] A transmitting/receiving system according to a fourth embodiment of the present invention is explained below.
In the first embodiment, only the narrowband signal component having the carrier frequency, i.e., the unmodulated carrier
signal, is contained in the strength detection section A of the modulated signal to be wirelessly exchanged between the
capsule endoscope 2 and the receiving device 3. On the other hand, in the fourth embodiment, a modulated signal
containing, in the strength detection section A2, at least a plurality of narrowband signal components including a carrier
frequency component is wirelessly exchanged between a capsule endoscope 72 and a receiving device 83, and an
electric field strength of any one of the narrowband signal components contained in the strength detection section A2
is detected.

[0087] FIG. 11 is a schematic diagram of a configuration of the transmitting/receiving system according to the fourth
embodiment. As shown in FIG. 11, the transmitting/receiving system according to the fourth embodiment includes the
capsule endoscope 72 instead of the capsule endoscope 2 of the transmitting/receiving system according to the first
embodiment shown in FIG. 1, and includes the receiving device 83 instead of the receiving device 3. Other constituents
are the same as those of the first embodiment, and are denoted by the same reference numerals.

[0088] The capsule endoscope, which serves as a transmitting apparatus, has the same function as that of the capsule
endoscope 2 according to the first embodiment except that the signal formats of a transmission signal and a modulated
signal containing in-vivo image data about the subject 1 are different from those of the first embodiment.

[0089] The receiving device 83 receives a modulated signal wirelessly transmitted from the capsule endoscope 72.
The receiving device 83 has the same function as that of the receiving device 3 according to the first embodiment except
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that the timing at which in-vivo image data contained in a modulated signal is different from that of the first embodiment.
[0090] The configuration of the capsule endoscope 72 according to the fourth embodiment is explained in detail below.
FIG. 12 is a section diagram of the configuration of the capsule endoscope 72. As shown in FIG. 12, the capsule
endoscope 72 includes a signal processing unit 73 instead of the signal processing unit 23 of the capsule endoscope 2
according to the first embodiment, and includes a transmitting unit 74 instead of the transmitting unit 24. The transmitting
unit 74 includes a modulator 74a instead of the modulator 24a of the capsule endoscope 2 according to the first embod-
iment. Other constituents are the same as those of the firstembodiment, and are denoted by the same reference numerals.
[0091] The signal processing unit 73 functions as a signal generating unit that generates a transmission signal to be
wirelessly transmitted from the capsule endoscope 72 to the receiving device 83. The signal processing unit 73 operates
under the control by the control unit 25. Each time when the imaging unit 22 captures an image, the signal processing
unit 73 receives in-vivo image data from the imaging unit 22, and generates a transmission signal containing the in-vivo
image data. Specifically, the signal processing unit 73 generates a one-frame transmission signal S;, containing one-
frame in-vivo image data based on the signal format shown in FIG. 13. In other words, the signal processing unit 73
assigns a detection signal containing detection data D1 for signal detection to a signal detection section A1, which is
the top signal section of the transmission signal S, assigns a digital signal containing digital data D12 with a predeter-
mined fixed repetition cycle to an strength detection section A2 subsequent to the signal detection section A1, and
assigns an image signal containing in-vivo image data D4 received from the imaging unit 22 to a data section A4
subsequent to the strength detection section A2, so that the one-frame transmission signal S, is generated. The signal
processing unit 73 transmits the transmission signal S, to the transmission unit 24.

[0092] The digital signalin the strength detection section A2, which is an example of a specific signal whose frequency
is fixed to a predetermined value other than zero, consists of the digital data D12 in which a digital value (1) and a digital
value (0) are alternately repeated in the predetermined cycle (i.e., fixed digital data of fixed data pattern in which the
digital value (1) and the digital value (0) are alternately repeated). The signal processing unit 73 fixes the frequency of
the digital signal consisting of the digital data D12 to a frequency twice a frequency deviation Af, corresponding to a
carrier frequency f, of the modulator 74a, and assigns the digital signal of the fixed frequency (= 2-Af;), i.e., the digital
data D12, to the strength detection section A2.

[0093] The frequency (= 2:Af,) of the digital signal assigned to the strength detection section A2 of the transmission
signal S by the signal processing unit 73 is calculated based on the following Equation (1):

2-0f;. = fy'm (1)

where f,, is a maximum transmission rate [bps] at which the digital signal in the strength detection section A2 is input to
the modulator 74a, and m is a modulation index of the modulator 74a.

[0094] The signal processing unit 73 assigns, to the strength detection section A2 of the transmission signal S, the
digital signal with the frequency fixed to the value obtained by multiplying the maximum transmission rate f,, with the
modulation index m. For example, when the maximum transmission rate f, is 4 Mbps and the modulation index m is 0.5,
the signal processing unit 73 assigns the digital signal whose frequency is fixed to 2 MHz to the strength detection section
A2 of the transmission signal Sy.

[0095] The transmitting unit 74 performs digital modulation (specifically, minimum shift keying (MSK)) on the trans-
mission signal S,y generated by the signal processing unit 73, and wirelessly transmits the modulated transmission
signal to the outside. The transmitting unit 74 includes the modulator 74a that performs MSK on the transmission signal
S, generated by the signal processing unit 73, and the transmitter 24b that wirelessly transmits the transmission signal
S, modulated by the modulator 74a to the outside.

[0096] The modulator 74a performs MSK on the transmission signal S,y generated by the signal processing unit 73,
and generates a modulated signal containing, in the strength detection section A2, the narrowband signal components
including the carrier signal component. Specifically, the modulator 74a includes a signal sending unit that sends a carrier
signal of a carrier frequency f; and a voltage controlled oscillator (VCO), and the modulation index is set to 0.5. Under
the control by the control unit 25, the modulator 74a receives the transmission signal S, from the signal processing unit
73. Each time when the modulator 74a receives a transmission signal, the modulator 74a performs MSK by overlaying
the transmission signal S, and the carrier signal. While performing PLL control for fixing the frequency to the carrier
frequency f;, the modulator 74a generates a modulated signal by performing MSK on the transmission signal Sy,
[0097] The modulated signal generated by the modulator 74a contains a broadband signal component corresponding
to the detection data D1 in the signal detection section A1, contains the narrowband signal component corresponding
to the digital signal containing the digital data D12 in the strength detection section A2, and contains a broadband signal
component corresponding to the in-vivo image data D4 in the data section A4. When the digital signal in the strength
detection section A2 is a digital signal whose frequency is fixed to a frequency twice the frequency deviation Af, the
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modulated signal obtained by performing MSK on the digital signal in the strength detection section A2 contains a plurality
of narrowband signal components including at least the carrier frequency component. By performing MSK on the trans-
mission signal S;,, the modulator 74a generates the modulated signal containing, in the strength detection section A2,
the narrow signal components including at least the carrier frequency component.

[0098] As shown in FIG. 14, the frequency characteristics of the modulated signal in the strength detection section
A2 are that a frequency spectrum rises at each of the carrier frequency f., a frequency f, corresponding to the digital
value (0), a frequency f; corresponding to the digital value (1), a frequency that shifts from the frequency f, by 2-Af, to
the lower frequency side, and a frequency that shifts from the frequency f; by 2-Af, to the higher frequency side. In other
words, the narrowband signal component with the frequency spectrum at the carrier frequency f;, the narrowband signal
component with the frequency spectrum at the frequency f,, the narrowband signal component with the frequency
spectrum at the frequency that shifts from the frequency f, by 2-Af; to the lower frequency side, and the narrowband
signal component with the frequency spectrum at the frequency that shifts from the frequency f; by 2-Af,, to the higher
frequency side are diversely contained in the strength detection section A2 of the modulated signal. The bandwidth of
each narrowband signal component contained in the strength detection section A2 is, for example, about several tens
of kHz.

[0099] The modulator 74a sends the modulated signal generated by MSK to the transmitter 24b. The transmitter 24b
wirelessly transmits the modulated signal received from the modulator 74a to the receiving device 83 via the transmitting
antenna 24c.

[0100] The configuration of the receiving device 83 is explained in detail below. FIG. 15 is a section diagram of the
configuration of the receiving device 83 according to the fourth embodiment of the present invention. As shown in FIG.
15, the receiving device 83 includes a received-strength detecting unit 86 instead of the received-strength detecting unit
36 of the receiving device 3 according to the first embodiment, and includes an image processing unit 89 instead of the
image processing unit 39. In the receiving device 83, the received-strength detecting system 40 includes the narrowband
filter 34, the intermediate frequency amplifier 35, and the received-strength detecting unit 86, and the image processing
system 41 includes the broadband filter 37, the intermediate frequency amplifier 38, and the image processing unit 89.
In the fourth embodiment, the frequency mixer 33 downconverts the high frequency of the modulated signal obtained
by performing MSK on the transmission signal S;; shown in FIG. 13 to an intermediate frequency, branches the down-
converted modulated signal as modulated signals, and outputs the modulated signals to the received-strength detecting
system 40 and the image processing system 41. A modulated signal S, which is one of the modulated signals branched
by the frequency mixer 33, is input to the received-strength detecting system 40, and a modulated signal S,,, which is
the other modulated signal, is input to the image processing system 41. Other constituents are same as those of the
first embodiment, and are denoted by the same reference numerals.

[0101] The received-strength detecting unit 86 has a function of detecting a received electric-field strength as the
received-strength detecting unit 36 of the receiving device 3 according to the first embodiment does, and detects a
received electric-field strength of a narrowband signal component extracted by the narrowband filer 34 from the narrow-
band signal components contained in the strength detection section A2 of the modulated signal S4. It is desirable that
the narrowband filter 34 extracts a narrowband signal component of the carrier frequency from the narrowband signal
components in the strength detection section A2, i.e., extracts the carrier signal with the highest and stable signal level
among the narrowband signal components, and that the received-strength detecting unit 86 detects a received electric-
field strength of the carrier signal extracted by the narrowband filter 34. The received electric-field strength detected by
the received-strength detecting unit 86 is sent to the control unit 45 as in the case of the first embodiment.

[0102] The image processing unit 89 generates an in-vivo image of the subject 1 by performing signal processing on
the in-vivo image data D4 contained in the data section A4 of the modulated signal S4,. The image processing unit 89
has the same signal processing function as that of the image processing unit 39 of the receiving device 3 according to
the first embodiment except that the timing at which the signal processing is performed on the in-vivo image data D4
after receiving an instruction for starting operation from the control unit 45 is different from that of the image processing
unit 39. The in-vivo image of the subject 1 generated by the image processing unit 89 is sent to the control unit 45 as
in the case of the first embodiment.

[0103] The operations of the received-strength detecting unit 86 and the image processing unit 89 of the receiving
device 83 according to the fourth embodiment are explained below. FIG. 16 is a schematic diagram of the operation
timing of the receiving device 83. Explained below with reference to FIG. 16 is the operation of the receiving device 83
for detecting the received electric-field strength of the one-frame modulated signal obtained by performing MSK on the
one-frame transmission signal S,,, and for performing the signal processing on the in-vivo image data.

[0104] Thereceiving device 83 receives the modulated signal from the capsule endoscope 72 via the receiving antenna
selected from the receiving antennas 3a to 3h by the antenna switching unit 30, and the frequency mixer 33 branches
the modulated signal as the modulated signals S, and S;,. The control unit 45 causes the received-strength detecting
unit 86 and the image processing unit 89 to start the operation at the timing (time T;) at which the control unit 45 causes
the antenna switching unit 30 to select the receiving antenna.
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[0105] The image processing unit 89 starts the operation under the control by the control unit 45, and detects that the
one-frame modulated signal is wirelessly transmitted from the capsule endoscope 72 from the time To until a signal
detection period AT4 passes. The image processing unit 89 receives the broadband signal component in the signal
detection section A1 of the modulated signal S, having passed through the broadband filter 37, and detects the start
of the modulated signal S;, based on the detection data D1 contained in the broadband signal component.

[0106] The received-strength detecting unit 86 detects the received electric-field strength of the modulated signal S,
i.e., the received electric-field strength of each receiving antenna, from the timing (time T,) at which the signal detection
period AT4 passes until an strength detection period AT, passes. Specifically, the received-strength detecting unit 86
waits to start the processing for detecting the received electric-field strength for a period from the time T, until a guard
period ATg passes, and starts the processing for detecting the received electric-field strength at the timing (time T,) at
which the guard period ATy passes. In the strength detection period Ty, the received-strength detecting unit 86 detects
the received electric-field strength of one of the narrowband signal components contained in the strength detection
section A2, such as the carrier signal. The electric field strength of the narrowband signal component detected by the
received-strength detecting unit 86 is sent to the control unit 45 as the result of the electric field strength detection on a
per receiving-antenna basis.

[0107] On the other hand, the image processing unit 89 performs the signal processing on the in-vivo image data D4
contained in the data section A4 of the modulated signal S,, from the timing (time T5) at which the strength detection
period AT, passes until a data processing period Aty passes. In other words, in the data processing period AT 4, the
image processing unit 89 receives the one-frame in-vivo image data D4 and generates the one-frame in-vivo image
based on the in-vivo image data D4. The image processing unit 89 sends the one-frame in-vivo image, i.e., the in-vivo
image of the subject 1, to the control unit 45.

[0108] Thereafter, the image processing unit 89 enters a wait state until the control unit 45 gives an instruction for
stating the operation to the image processing unit 89. In the data processing period Aty,, while receiving the modulated
signal S;4, the received-strength detecting unit 86 waits to start the processing for detecting the received electric-field
strength, and continues the wait state until the control unit 45 gives an instruction for starting the operation to the received-
strength detecting unit 86. Each time when the control unit 45 gives the instruction for starting the operation, the received-
strength detecting unit 86 and the image processing unit 89 repeatedly performs the operations described above according
to the operation timing shown in FIG. 16. As a result, the received-strength detecting unit 86 sequentially detects the
received electric-field strengths of the receiving antennas and the image processing unit 39 sequentially generates one-
frame in-vivo images.

[0109] As shown in FIG. 13, the digital signal including the digital data D12 with the fixed data pattern is assigned to
the strength detection section A2 of the transmission signal S,y from the capsule endoscope 72. Therefore, to the
strength detection section A2 of the modulated signal (i.e., the modulated signals S;4 and S,,) obtained by performing
MSK on the transmission signal S, the signal components with the frequency characteristics shown in FIG. 14 in which
the frequency is changed are assigned. The modulated signal contains, in the strength detection section A2, the nar-
rowband signal components including at least the carrier frequency component. Therefore, in each of the transmission
signal S;¢ and the modulated signals S44 and S;,, the level of the frequency can be can smoothly shift from that of the
strength detection section A2 to that of the data section A4 without setting the idling section A3 between the strength
detection section A2 and the data section A4. As a result, after the strength detection period AT,,,, the image processing
unit 89 can obtain the stable in-vivo image data in the data processing period ATy, without the idling period AT;. Ac-
cordingly, the image processing unit 89 can perform the image processing on the in-vivo image data in a period shorter
than that required in the first embodiment.

[0110] As explained above, in the fourth embodiment, the digital signal consisting of the digital data with the fixed data
pattern is assigned to the strength detection section of the transmission signal, the modulated signal obtained by per-
forming MSK on the transmission signal is exchanged by wireless communication, and other constituents are same as
those of the first embodiment. Therefore, the same effect as that of the first embodiments can be achieved. In addition,
without setting the idling section between the strength detection section and the data section of the modulated signal,
the stable data (for example, image data) can be received in the data processing period of the signal processing system.
This shortens the time required before the data in the modulated signal is processed.

[0111] In the first to fourth embodiments, the strength detection section A2 is set before the data section A4 in the
signal format. Alternatively, the strength detection section A2 can be set after the data section A4. Specifically, as a
transmission signal Sy shown in FIG. 17, the signal processing unit 23 of the capsule endoscope 2 according to each
of the first to third embodiments can set the signal detection section A1 containing the detection data D1 as a top signal
section, set the data section A4 containing the in-vivo image data D4 as a signal section subsequent to the signal
detection section A1, set the guard section A5 as a signal section subsequent to the data section A4, and set the strength
detection section A2 containing the fixed digital data D2 as a signal section subsequent to the guard section A5. The
guard section A5 is a signal section that cancels instability of the frequency caused along the shift of the signal component
from that in the data section A4 to that in the strength detection section A2, and the guard section A5 contains the fixed
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digital data D5 having the same digital value as that of the strength detection section A2 (0 or 1). Because the signal
processing unit 73 of the capsule endoscope 72 according to the fourth embodiment assigns the digital data 12 having
the fixed data pattern in the strength detection section A2 of the transmission signal, the strength detection section A2
can be set as a signal section subsequent to the data section A4 without setting the guard section A5.

[0112] Ifthe strength detection section A2 is set after the data section A4, it suffices that the received-strength detecting
unitand the image processing unit of the receiving device according to each of the first to fourth embodiments appropriately
sets operation periods (the signal detection period ATy, the guard period ATg, the strength detection period ATg, the
data processing period T4, and the idling period AT;) corresponding to the signal format, and performs the processing
for detecting an electric-field strength and signal processing on in-vivo image data according to the set operation periods.
[0113] In addition, in the first to fourth embodiments, the receiving device calculates (detects) data about the position
of the capsule endoscope. Alternatively, the image display device 4 of the system (transmitting/receiving or medical
system) can be configured to calculate the data about the position of the capsule endoscope. In this case, the receiving
device stores the received electric-field strength of each receiving antenna in association with an in-vivo image in, for
example, the recording medium, and the image display device 4 reads the received electric-field strength and the in-
vivo image and calculates the data about the position of the capsule endoscope using the electric field strength.
[0114] Furthermore, in the first to fourth embodiments, the capsule endoscope 2 is explained as a transmitting appa-
ratus. Alternatively, a capsule medical apparatus that acquires various types of in-vivo data including the pH and tem-
perature as predetermined data and wirelessly transmits the in-vivo data can be used. Alternatively, other various types
of transmitting apparatuses (other than medical apparatuses) that wirelessly transmit predetermined data other than in-
vivo data can be used. The predetermined data to be exchanged between the transmitting apparatus and the receiving
device of the receiving/transmitting system is not limited to the in-vivo image data, and other arbitral data can be ex-
changed. In other words, the image processing system of the receiving device can be a signal processing system that
performs the signal processing on the arbitral data.

[0115] In the first to fourth embodiments, the position detection processing in which the data about the position of the
capsule endoscope in the subject is calculated is performed as an application using the received electric-field strength
of each receiving antenna. Alternatively, a desired application in which electric field intensities of a desired number of
receiving antennas are used can be employed.

[0116] In the first to third embodiments, the modulator 24a of the capsule endoscope 2 performs the FSK on the
transmission signal So generated by the signal processing unit 23. Alternatively, the modulator 24a can modulate the
transmission signal So by performing a digital modulation other than the FSK (for example, amplitude shift keying (ASK),
phase shift keying (PSK), or quadrature amplitude modulation (QAK)).

[0117] 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 specific 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.

Claims
1. A transmitting/receiving system comprising:

a transmitting apparatus (2, 72) that is adapted to generate a modulated signal comprising a broadband signal
component a, and to transmit the modulated signal to the outside; and

a receiving device (3; 53; 63; 83) that is adapted to receive the modulated signal via at least one receiving
antenna (3a-3h), the receiving device (3; 53; 63; 83) including

a signal processing system (41; 51; 61) that is adapted to process the broadband signal component comprised
in the modulated signal; and

a received-strength detecting system (40; 50; 60),

characterized in that the modulated signal further comprises a narrowband signal component, and in that the
received-strength detecting system (40; 50; 60) is adapted to process the narrowband signal component com-
prised in the modulated signal.

2. A medical system comprising:
a transmitting/receiving system according to claim 1,
wherein the transmitting apparatus is a wireless transmitting medical apparatus and

wherein data about the narrowband signal component processed by the received-strength detecting system
(40; 50; 60) is used to detect a position of the wireless transmitting medical apparatus (2; 72).
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A system according to claim 1 to 2, wherein the receiving device (3; 53; 63; 83) is adapted to receive the modulated
signal via at least three antennas (3a-3h).

The system according to claim 1 or 2, wherein the transmitting apparatus (2; 72) includes

a signal processing unit (23; 73) that generates a transmission signal having a signal section containing a specific
signal with a fixed frequency and a data section containing in-vivo data about a subject (1); and

a modulator (24a; 74a) that performs digital modulation on the transmission signal, and generates the modulated
signal containing the narrowband signal component corresponding to the specific signal in the signal section.

The system according to claim 4, wherein

the in-vivo data is in-vivo image data (D4) about the subject (1),

the transmitting apparatus (2; 72) is a capsule medical apparatus to be introduced into the subject (1), and

the capsule medical apparatus is a capsule endoscope including an imaging unit (22) that captures the in-vivo image
data about the subject (1).

The system according to claim 1 or 2, wherein

the receiving device (3; 53; 63; 83) branches the modulated signal as modulated signals to the received-strength
detecting system (40; 50; 60) and the signal processing system (41; 51; 61),

the received-strength detecting system (40; 50; 60) includes a narrowband filter (34) that extracts the narrowband
signal component contained in the signal section of one of the modulated signals,

the received-strength detecting system (40; 50; 60) detects a received electric-field strength that is the data about
the narrowband signal component,

the signal processing system (41; 61) includes a broadband filter (37) that extracts the broadband signal component
contained in the data section of the other modulated signal, and

the signal processing system (41; 61) performs signal processing on data contained in the broadband signal com-
ponent.

The system according to claim 4, wherein

the signal processing unit (23) generates the transmission signal containing the specific signal that is a direct current
signal in the signal section and the in-vivo data in the data section, and

the modulator (24a) performs the digital modulation on the transmission signal generated by the signal processing
unit (23), and generates the modulated signal containing the narrowband signal component that is a carrier frequency
component in the signal section.

The system according to claim 7, wherein the signal processing unit (23) generates the transmission signal that has
an idling section subsequent to the signal section, the idling section containing a digital signal in which high-level
digital data and low-level digital data are repeated, and that has the data section subsequent to the idling section.

The system according to claim 7, wherein

the signal processing unit (23) generates the transmission signal that has a guard section subsequent to the data
section and containing the direct current signal, which is the specific signal, and that has the signal section subsequent
to the guard section.

The system according to claim 4, wherein

the signal processing unit (73) generates the transmission signal that contains the specific signal that is a digital
signal with a fixed frequency twice a frequency deviation from a carrier frequency in the signal section, and that
contains the in-vivo data in the data section, and

the modulator (74a) performs minimum shift keying on the transmission signal generated by the signal processing
unit, and generates the modulated signal containing a plurality of narrowband signal components including at least
a carrier frequency component in the signal section.

The system according to claim 6, wherein

the receiving device (3; 53; 63; 83) includes a broadband filter (37) that has a pass bandwidth approximately equal
to an occupied bandwidth of the modulated signal, and

the narrowband filter (34) has a pass bandwidth not smaller than one-ten-thousandth of the pass bandwidth of the
broadband filter (37) and not larger than one-tenth of the pass bandwidth of the broadband filter (37).

The system according to claim 6, wherein the receiving device (3, 83) includes a frequency mixer (33) that converts
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a frequency of the modulated signal to an intermediate frequency by mixing the modified signal with a signal of a
different frequency, and that branches the modulated signal as modulated signals to the received-strength detecting
system (40) and the signal processing system (41).

The system according to claim 6, wherein

the receiving device (53) includes

a frequency mixer (52) that converts a frequency of the modulated signal to an intermediate frequency by mixing
the modulated signal with a signal of a different frequency; and

an intermediate frequency amplifier (58) that amplifies the modulated signal whose frequency is converted by the
frequency mixer (52), and branches the modulated signal amplified by the intermediate frequency amplifier (58) as
modulated signals to the received-strength detecting system (50) and the signal processing system (51).

The system according to claim 6, wherein the receiving device (63) includes an amplifier (62) that amplifies the
modulated signal, and branches the modulated signal amplified by the amplifier (62) as modulated signals to the
received-strength detecting system (60) and the signal processing system (61),

the received-strength detecting system (60) includes

a first frequency mixer (66) that converts a frequency of one of the modulated signals branched by the amplifier (62)
to an intermediate frequency by mixing the modulated signal with a signal of a different frequency, and that outputs
the modulated signal whose frequency is converted by the frequency mixer (66) to the narrowband filter (34); and
a second frequency mixer (67) that converts a frequency of the other modulated signal to an intermediate frequency
by mixing the modulated signal with a signal of a different frequency, and that outputs the modulated signal whose
frequency is converted by the frequency mixer (67) to the broadband filter (37).

The system according to claim 1 or 2, wherein the received-strength detecting system (40, 50, 60) detects a received
electric-field strength of the narrowband signal component at timing after a period in which the signal processing
system (41, 51, 61) detects a start of the modulated signal passes.

The system according to claim 1 or 2, wherein the signal processing system (41, 51, 61) processes the broadband
signal component and the received-strength detecting system (40, 50, 60) processes the narrowband signal com-
ponent based on a time sharing system.

Patentanspriiche

1.

2.

3.

Ubertragungs-/Empfangssystem mit:

einer Ubertragungsvorrichtung (2, 72), die ein moduliertes Signal mit einer Breitband-Signalkomponente a zu
erzeugen und das modulierte Signal nach auf3en zu Ubertragen vermag; und

einer Empfangsvorrichtung (3; 53; 63; 83), die das modulierte Signal Gber mindestens eine Empfangsantenne
(3a-3h) zu empfangen vermag, wobei die Empfangsvorrichtung (3; 53; 63; 83) aufweist:

ein Signalverarbeitungssystem (41; 51; 61), das die in dem modulierten Signal enthaltene Breitband-Si-
gnalkomponente zu verarbeiten vermag; und

ein Empfangsstarken-Erfassungssystem (40; 50; 60),

dadurch gekennzeichnet, dass das modulierte Signal ferner eine Schmalband-Signalkomponente um-
fasst, und dass das Empfangsstarken-Erfassungssystem (40; 50; 60) die in dem modulierten Signal ent-
haltene Schmalband-Signalkomponente zu verarbeiten vermag.

Medizinisches System mit:

einem Ubertragungs-/Empfangssystem nach Anspruch 1,

wobei die Ubertragungsvorrichtung eine drahtlose medizinische Ubertragungsvorrichtung ist und

wobei von dem Empfangsstarken-Erfassungssystem (40; 50; 60) verarbeitete Daten Uber die Schmalband-
Signalkomponente verwendet werden, um eine Position der drahtlosen medizinischen Ubertragungsvorrichtung
(2; 72) zu erfassen.

System nach Anspruch 1 bis 2, wobei die Empfangsvorrichtung (3; 53; 63; 83) das modulierte Signal Gber mindestens
drei Antennen (3a-3h) zu empfangen vermag.
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System nach Anspruch 1 oder 2, wobei die Ubertragungsvorrichtung (2; 72) aufweist:

eine Signalverarbeitungseinheit (23; 73), die ein Ubertragungssignal erzeugt, das einen ein spezifisches Signal
mit einer festen Frequenz enthaltenden Signalabschnitt und einen in-vivo-Daten zu einem Patienten (1) ent-
haltenden Datenabschnitt aufweist; und

einen Modulator (24a; 74a), der eine digitale Modulation an dem Ubertragungssignal vornimmt und das modu-
lierte Signal erzeugt, welches die dem spezifischen Signal in dem Signalabschnitt entsprechende Schmalband-
Signalkomponente enthalt.

System nach Anspruch 4, wobei

die in-vivo-Daten in-vivo-Bilddaten (D4) tber den Patienten (1) sind,

die Ubertragungsvorrichtung (2, 72) eine in den Patienten (1) einzufiihrende medizinische Kapselvorrichtung ist, und
die medizinische Kapselvorrichtung ein Kapselendoskop mit einer bildgebenden Einheit (22) ist, welche die in-vivo-
Bilddaten Uber den Patienten (1) aufnimmt.

System nach Anspruch 1 oder 2, wobei

die Empfangsvorrichtung (3; 53; 63; 83) das modulierte Signal als modulierte Signale zu dem Empfangsstarken-
Erfassungssystem (40; 50; 60) und dem Signalverarbeitungssystem (41; 51; 61) verzweigt,

das Empfangsstarken-Erfassungssystem (40; 50; 60) einen Schmalbandfilter (34) aufweist, welcher die in dem
Signalabschnitt eines der modulierten Signale enthaltene Schmalband-Signalkomponente extrahiert,

das Empfangsstarken-Erfassungssystem (40; 50; 60) eine empfangene elektrische Feldstarke, welche die Daten
Uber die Schmalband-Signalkomponente ist, erfasst,

das Signalverarbeitungssystem (41; 61) einen Breitbandfilter (37) aufweist, der die in dem Datenabschnitt des
anderen modulierten Signals enthaltene Breitband-Signalkomponente extrahiert, und

das Signalverarbeitungssystem (41; 61) eine Signalverarbeitung an in der Breitband-Signalkomponente enthaltenen
Daten durchfihrt.

System nach Anspruch 4, wobei

die Signalverarbeitungseinheit (23) das Ubertragungssignal erzeugt, welches das spezifische Signal enthalt, das
aus einem Gleichstromsignal in dem Signalabschnitt und den in-vivo-Daten in dem Datenabschnitt besteht, und
der Modulator (24a) die digitale Modulation an dem von der Signalverarbeitungseinheit (23) erzeugten Ubertra-
gungssignal durchfiihrt und das modulierte Signal erzeugt, welches die Schmalband-Signalkomponente enthélt,
die eine Tragerfrequenzkomponente in dem Signalabschnitt ist.

System nach Anspruch 7, wobei die Signalverarbeitungseinheit (23) das Ubertragungssignal erzeugt, das einen
Ruheabschnitt nach dem Signalabschnitt aufweist, wobei der Ruheabschnitt ein digitales Signal aufweist, in dem
sich digitale High-Level-Daten und digitale Low-Level-Daten wiederholen, wobei der Datenabschnitt auf den Ruhe-
abschnitt folgt.

System nach Anspruch 7, wobei

die Signalverarbeitungseinheit (23) das Ubertragungssignal erzeugt, das einen Schutzabschnitt nach dem Daten-
abschnitt aufweist und das Gleichstromsignal enthalt, welches das spezifische Signal ist, wobei der Signalabschnitt
auf den Schutzabschnitt folgt.

System nach Anspruch 4, wobei

die Signalverarbeitungseinheit (73) das Ubertragungssignal erzeugt, welches das spezifische Signal enthalt, das
ein digitales Signal mit einer festen Frequenz ist, die das Doppelte einer Frequenzabweichung von einer Trager-
frequenz in dem Signalabschnitt ist, und das die in-vivo-Daten in dem Datenabschnitt enthalt, und

der Modulator (74a) eine minimale Umtastung an dem von der Signalverarbeitungseinheit erzeugten Ubertragungs-
signal vornimmt und das modulierte Signal erzeugt, welches mehrere Schmalband-Signalkomponenten enthalt, die
mindestens eine Tragerfrequenzkomponente in dem Signalabschnitt aufweisen.

System nach Anspruch 6, wobei

die Empfangsvorrichtung (3; 53; 63; 83) einen Breitbandfilter (37) aufweist, der eine Passbandbreite anndhernd
gleich einer besetzten Bandbreite des modulierten Signals hat, und

der Schmalbandfilter (34) eine Passbandbreite hat, die nicht kleiner als ein Zehntausendstel der Passbandbreite
des Breitbandfilters (37) und nicht grof3er als ein Zehntel der Passbandbreite des Breitbandfilters (37) ist.
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System nach Anspruch 6, wobei die Empfangsvorrichtung (3, 83) einen Frequenzmischer (33) aufweist, der eine
Frequenz des modulierten Signals zu einer Zwischenfrequenz umwandelt, indem er das modifizierte Signal mit
einem Signal einer unterschiedlichen Frequenz mischt, und die das modulierte Signal als modulierte Signale zu
dem Empfangsstarken-Erfassungssystem (40) und dem Signalverarbeitungssystem (41) verzweigt,

System nach Anspruch 6, wobei
die Empfangsvorrichtung (53) aufweist:

einen Frequenzmischer (52), der eine Frequenz des modulierten Signals zu einer Zwischenfrequenz umwandelt,
indem er das modifizierte Signal mit einem Signal einer unterschiedlichen Frequenz mischt; und

einen Zwischenfrequenzverstarker (58), der das modulierte Signal, dessen Frequenz von dem Frequenzmischer
(52) umgewandelt wird, verstarkt, und das von dem Zwischenfrequenzverstarker (58) verstarkte modulierte
Signal als modulierte Signale zu dem Empfangsstarken-Erfassungssystem (50) und dem Signalverarbeitungs-
system (51) verzweigt.

System nach Anspruch 6, wobei die Empfangsvorrichtung (63) einen Verstarker (62) aufweist, der das modulierte
Signal verstarkt, und das von dem Verstarker (62) verstérkte modulierte Signal als modulierte Signale zu dem
Empfangsstarken-Erfassungssystem (60) und dem Signalverarbeitungssystem (61) verzweigt,

wobei das Empfangsstarken-Erfassungssystem (60) aufweist:

einen ersten Frequenzmischer (66), der eine Frequenz eines der von dem Verstarker (62) verzweigten modu-
lierten Signale in eine Zwischenfrequenz umwandelt, indem er das modulierte Signal mit einem Signal einer
unterschiedlichen Frequenz mischt, und der das modulierte Signal, dessen Frequenz von dem Frequenzmischer
(66) umgewandelt wird, an den Schmalbandfilter (34) ausgibt; und

einen zweiten Frequenzmischer (67), der eine Frequenz des anderen modulierten Signals in eine Zwischen-
frequenz umwandelt, indem er das modulierte Signal mit einem Signal einer unterschiedlichen Frequenz mischt,
und der das modulierte Signal, dessen Frequenz von dem Frequenzmischer (67) umgewandelt wird, an den
Breitbandfilter (37) ausgibt.

System nach Anspruch 1 oder 2, wobei das Empfangsstarken-Erfassungssystem (40, 50, 60) eine empfangene
elektrische Feldstarke der Schmalband-Signalkomponente zu einer Zeit erfasst, nachdem eine Zeitspanne verstri-
chen ist, in der das Signalverarbeitungssystem (41, 51, 61) einen Start des modulierten Signals erfasst.

System nach Anspruch 1 oder 2, wobei auf der Basis eines Timesharing-Systems das Signalverarbeitungssystem
(41, 51, 61) die Breitband-Signalkomponente verarbeitet und das Empfangsstéarken-Erfassungssystem (40, 50, 60)
die Schmalband-Signalkomponente verarbeitet.

Revendications

1.

2.

Systéme d’émission-réception comprenant :

un appareil d’émission (2, 72) qui est adapté a générer un signal modulé comprenant une composante de signal
en bande large, et a émettre le signal modulé vers I'extérieur ; et

un dispositif de réception (3 ; 53 ; 63 ; 83) qui est adapté a recevoir le signal modulé par l'intermédiaire d’au
moins une antenne de réception (3a-3h), le dispositif de réception (3 ; 53 ; 63 ; 83) incluant

un systéeme de traitement de signal (41 ; 51 ; 61) qui est adapté a traiter la composante de signal en bande
large comprise dans le signal modulé ; et

un systéeme de détection de force regue (40 ; 50 ; 60),

caractérisé en ce que le signal modulé comprend en outre une composante de signal en bande étroite, et en
ce que le systéme de détection de force regue (40 ; 50 ; 60) est adapté a traiter la composante de signal en
bande étroite comprise dans le signal modulé.

Systéme médical comprenant :
un systéeme d’émission-réception selon la revendication 1,

dans lequel I'appareil d’émission est un appareil médical d’émission sans fil, et
dans lequel des données relatives a la composante de signal en bande étroite traitée par le systéme de détection
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de force regue (40 ; 50 ; 60) sont utilisées pour détecter une position de I'appareil médical d’émission sans fil
(2;72).

Systéme selon la revendication 1 a 2, dans lequel le dispositif de réception (3 ; 53 ; 63 ; 83) est adapté a recevoir
le signal modulé par l'intermédiaire d’au moins trois antennes (3a-3h).

Systéme selon la revendication 1 ou 2, dans lequel I'appareil d’émission (2 ; 72) inclut

une unité de traitement de signal (23 ; 73) qui génére un signal d’émission ayant une section de signal contenant
un signal spécifique avec une fréquence fixe et une section de données contenant des données in vivo relatives a
un sujet (1) ; et

un modulateur (24a ; 74a) qui exécute une modulation numérique sur le signal d’émission, et génére le signal modulé
contenant la composante de signal en bande étroite correspondant au signal spécifique dans la section de signal.

Systéme selon la revendication 4, dans lequel

les données in vivo sont des données d’image in vivo (D4) relatives au sujet (1),

I'appareil d’émission (2 ; 72) est un appareil médical de type capsule destiné a étre introduit dans le sujet (1), et
I'appareil médical de type capsule est un endoscope de type capsule incluant une unité d’imagerie (22) qui capture
les données d’image in vivo relatives au sujet (1).

Systéme selon la revendication 1 ou 2, dans lequel

le dispositif de réception (3 ; 53 ; 63 ; 83) dérive le signal modulé sous la forme de signaux modulés jusqu’au systeme
de détection de force regue (40 ; 50 ; 60) et au systéme de traitement de signal (41 ; 51 ; 61),

le systéme de détection de force regue (40 ; 50 ; 60) inclut un filtre en bande étroite (34) qui extrait la composante
de signal en bande étroite contenue dans la section de signal de I'un des signaux modulés,

le systéme de détection de force regue (40 ; 50 ; 60) détecte une force de champ électrique regue qui est les données
relatives a la composante de signal en bande étroite,

le systéme de traitement de signal (41 ; 61) inclut un filtre en bande large (37) qui extrait la composante de signal
en bande large contenue dans la section de données de l'autre signal modulé, et

le systeme de traitement de signal (41 ; 61) exécute un traitement de signal sur les données contenues dans la
composante de signal en bande large.

Systéme selon la revendication 4, dans lequel

l'unité de traitement de signal (23) génere le signal d’émission contenant le signal spécifique qui est un signal en
courant continu dans la section de signal et les données in vivo dans la section de données, et

le modulateur (24a) exécute la modulation numérique sur le signal d’émission généré par l'unité de traitement de
signal (23), et génére le signal modulé contenant la composante de signal en bande étroite qui est une composante
de fréquence porteuse dans la section de signal.

Systéme selon la revendication 7, dans lequel I'unité de traitement de signal (23) génére le signal d’émission qui a
une section a vide faisant suite a la section de signal, la section a vide contenant un signal numérique dans lequel
des données numériques de niveau haut et des données numériques de niveau bas sont répétées, et qui a la section
de données faisant suite a la section a vide.

Systéme selon la revendication 7, dans lequel

I'unité de traitement de signal (23) génére le signal d’émission qui a une section de garde faisant suite a la section
de données et contenant le signal en courant continu, qui est le signal spécifique, et qui a la section de signal faisant
suite a la section de garde.

Systéme selon la revendication 4, dans lequel

'unité de traitement de signal (73) génere le signal d’émission qui contient le signal spécifique qui est un signal
numérique avec une fréquence fixe de deux fois un écart de fréquence par rapport a une fréquence porteuse dans
la section de signal, et qui contient les données in vivo dans la section de données, et

le modulateur (74a) exécute une modulation par déplacement minimum sur le signal d’émission généré par 'unité
de traitement de signal, et génére le signal modulé contenant une pluralité de composantes de signal en bande
étroite incluant au moins une composante de fréquence porteuse dans la section de signal.

Systéme selon la revendication 6, dans lequel
le dispositif de réception (3 ; 53 ; 63 ; 83) inclut un filtre en bande large (37) qui a une largeur de bande passante
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approximativement égale a une largeur de bande occupée du signal modulé, et

le filire en bande étroite (34) a une largeur de bande passante pas plus petite qu’un dix-millieme de la largeur de
bande passante du filtre en bande large (37) et pas plus grande qu’un dixi€me de la largeur de bande passante du
filtre en bande large (37).

Systéme selon la revendication 6, dans lequel le dispositif de réception (3 ; 83) inclut un mélangeur de fréquences
(33) qui convertit une fréquence du signal modulé en une fréquence intermédiaire en mélangeant le signal modifié
avec un signal d’une fréquence différente, et qui dérive le signal modulé sous la forme de signaux modulés jusqu’au
systéme de détection de force recue (40) et au systéme de traitement de signal (41).

Systéme selon la revendication 6, dans lequel

le dispositif de réception (53) inclut

un mélangeur de fréquences (52) qui convertit une fréquence du signal modulé en une fréquence intermédiaire en
mélangeant le signal modulé avec un signal d’'une fréquence différente ; et

un amplificateur de fréquence intermédiaire (58) qui amplifie le signal modulé dont la fréquence est convertie par
le mélangeur de fréquences (52), et dérive le signal modulé ampilifié par 'amplificateur de fréquence intermédiaire
(58) sous la forme de signaux modulés jusqu’au systéme de détection de force regue (50) et au systeme de traitement
de signal (51).

Systéme selon la revendication 6, dans lequel le dispositif de réception (63) inclut un amplificateur (62) qui amplifie
le signal modulé, et dérive le signal modulé amplifié par I'amplificateur (62) sous la forme de signaux modulés
jusqu’au systéme de détection de force regue (60) et au systéme de traitement de signal (61),

le systéme de détection de force regue (60) inclut

un premier mélangeur de fréquences (66) qui convertit une fréquence de I'un des signaux modulés dérivés par
I'amplificateur (62) a une fréquence intermédiaire en mélangeant le signal modulé avec un signal d’'une fréquence
différente, et qui délivre en sortie le signal modulé dont |la fréquence est convertie par le mélangeur de fréquences
(66) au filtre en bande étroite (34) ; et

un deuxieme mélangeur de fréquences (67) qui convertit une fréquence de I'autre signal modulé a une fréquence
intermédiaire en mélangeant le signal modulé avec un signal d’'une fréquence différente, et qui délivre en sortie le
signal modulé dont la fréquence est convertie par le mélangeur de fréquences (67) au filtre en bande large (37).

Systéme selon la revendication 1 ou 2, dans lequel le systéme de détection de force regue (40 ; 50 ; 60) détecte
une force de champ électrique regue de la composante de signal en bande étroite a un moment aprés une période
dans laquelle le systéme de traitement de signal (41 ; 51 ; 61) détecte un début de passages du signal modulé.

Systéme selon la revendication 1 ou 2, dans lequel le systéeme de traitement de signal (41; 51 ; 61) traite la

composante de signal en bande large et le systéme de détection de force regue (40 ; 50 ; 60) traite la composante
de signal en bande étroite sur la base d’'un systéeme de partage de temps.
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