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Description
Technical Field

[0001] The present invention relates to a capsular
medical system which is inserted in the human body and
obtains medical information on the body.

Background Art

[0002] As an example of a conventional art of a cap-
sular medical system which obtains information on the
living body by a capsular in-body unit that is inserted in
the body cavity and transmits by radio the obtained in-
formation to an extracorporeal device, Japanese Unex-
amined Patent Application Publication No. 2001-46357
discloses the capsular medical system in which the ex-
tracorporeal device comprises a plurality of receiving an-
tennas and furthermore suggests amethod for estimating
the position of the capsular in-body unit as a transmitting
source based on the receiving intensities of the receiving
antennas.

[0003] In Japanese Unexamined Patent Application
Publication No. 2001-46357, the position of the in-body
unit is calculated by detecting the signal intensity from
the in-body unit side by using a plurality of receiving an-
tennas. Therefore, the signal levels of the signals re-
ceived by the receiving antennas need to be compared
on the extracorporeal device side and thus the circuit
structure for detecting the position is complicated.
[0004] Further, there is a drawback that the signal from
the in-body unit side is not efficiently received. That is,
the plurality of receiving antennas are arranged and how-
everthe bestantennais not selected forreception. There-
fore, there is a drawback that the signal from the in-body
unit side is not efficiently received.

[0005] The present invention is devised in the above-
mentioned points. It is one object of the presentinvention
to provide a capsular medical system which monitors the
communication state or receiving state of the in-body unit
with the simple structure.

[0006] Further, it is another object of the present in-
vention to provide a capsular medical system which mon-
itors the communication state with the in-body unit with
the simple structure and which is used for the estimation
of the position of the in-body unit and for the selection of
the best antenna based on the monitoring result.
[0007] Furthermore, itis another object of the present
invention to provide a capsular medical system which
selects the best antenna and sends medical information
data.

[0008] US 2003/0085994 A1 relates to a capsule type
medical device wherein signals are sent by radio waves
from a single or multiple antennas provided in an external
unit located outside of a living body to a capsule inserted
into a living body to obtain living body information. The
signals are received by the antenna on the capsule side
and the radio wave strength data is obtained. Based on
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the radio wave strength data, living body information is
sent from the capsule side to the external unit by using
a transmission power suitable for the transmission. The
radio wave strength data is sent to the external unit side,
and the external unit side receives living body information
by selecting and using an antenna, which can receive
data with the highest radio wave strength.

Disclosure of Invention

[0009] According to the present invention, a capsular
medical system comprises the features of the independ-
ent claim.

[0010] Preferred embodiments of the capsular medical
system are defined by the dependent claims.

Brief Description of the Drawings

[0011] The first to fourth and sixth embodiment do not
form part of the invention but are useful for understanding
the invention.

Figs. 1to 3C relate to the firstexemplary embodiment
useful for understanding the present invention, Fig.
1 is a diagram showing the entire structure of a cap-
sular medical system according to the first exemplary
embodiment useful for understanding the presentin-
vention;

Fig. 2Ais a diagram showing the structure of an elec-
tric system of an in-body unit;

Fig. 2B is a diagram showing the data structure of
medical data transmitted from the in-body unit;

Fig. 3A is a block diagram showing the structure of
an extracorporeal device;

Fig. 3B is a flowchart schematically showing the op-
eration details for calculating a data transfer speed;
Fig. 3C is a flowchart schematically showing the op-
eration details for calculating the data transfer speed
and the position estimation;

Fig. 4 is a block diagram showing the structure of an
extracorporeal device according to the second ex-
emplary embodiment useful for understanding the
present invention;

Fig. 5 is a block diagram showing the structure of an
extracorporeal device according to the third exem-
plary embodiment useful for understanding the
present invention;

Figs. 6A to 6C relate to the fourth exemplary embod-
iment useful for understanding the presentinvention,
Fig. 6A is an explanatory diagram of the operation
according to the fourth exemplary embodiment use-
ful for understanding the present invention;

Fig. 6B is a diagram showing an antenna stored in
a memory and a data transfer speed;

Fig. 6C is a diagram for estimating the distance ratio
based on aratio value of reciprocal numbers of three
data transfer speeds;

Figs. 7 to 12 relate to the fifth embodiment of the
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present invention, Fig. 7 is a diagram showing the
entire structure of a capsular medical system accord-
ing to the fifth embodiment of the present invention;
Fig. 8 is a circuit diagram showing the structure of
an antenna unit;

Fig. 9is adiagram showing an arrangement example
of the antenna;

Fig. 10 is a flowchart showing the processing details
in switching antennas;

Fig. 11 is a flowchart showing the processing details
in the re-connecting operation upon disconnection
shown in Fig. 10;

Fig. 12 is an explanatory diagram of the specific op-
eration for switching the antennas during examining
the body by using an in-body unit; and

Fig. 13 is a flowchart showing the processing details
in switching antennas according to the exemplary
sixth embodiment useful for understanding the
present invention.

Best Mode for Carrying Out the Invention

[0012] Hereinbelow, embodiments of the present in-
vention and exemplary embodiments useful for under-
standing the present invention will be described with ref-
erence to the drawings.

(First exemplary embodiment)

[0013] A first exemplary embodiment useful for under-
standing the present invention will be described with ref-
erence to Figs. 1 to 3C.

[0014] Referring to Fig. 1, a capsular medical system
1 comprises: a capsular in-body unit 3 inserted in a body
2; and an extracorporeal device 5 which is arranged out-
side the body 2 and receives medical data transmitted
from the in-body unit 3. The extracorporeal device 5 re-
ceives the medical data transmitted from the in-body unit
3 through antennas 4a, 4b, ... arranged to the body sur-
face of the body 2.

[0015] Fig. 1 schematically shows receiving and trans-
mitting areas 6a, 6b, ... by elliptical lines. The receiving
and transmitting are made through the antennas 4a,
4b, ....

[0016] Fig. 2A shows the structure of an electric sys-
tem of the in-body unit 3. The in-body unit 3 comprises:
a CMOS sensor 12 as an image pick-up element in a
capsular sealed-container 11, which picks up the image;
a processing circuit 13 which performs the signal
processing of an image signal picked up by the CMOS
sensor 12; and a memory 14 which temporarily stores or
the like the image data processed by the processing cir-
cuit 13.

[0017] The in-body unit 3 accommodates: a transmit-
ting circuit 15 which modulates with a radio frequency
(RF) the image data stored in the memory 14 to obtain
a transmitting signal; an antenna 17 which transmits the
transmitting signal as electric waves to the extracorporeal
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device 5 via a receiving and transmitting switch 16; a
receiving circuit 18 which demodulates the signal trans-
mitted from the extracorporeal device 5 by the antenna
17; a battery 19 for supplying power necessary for the
operation to the CMOS sensor 12 and the processing
circuit 13 etc.; and the like.

[0018] As mentioned above, the processing circuit 13
forms compressed image data which is obtained by com-
pressing the image picked up by the CMOS sensor 12.
Upon transmitting the compressed image data, referring
to Fig. 2B, an SOI symbol and an EOI symbol indicating
the start and the end are added to the start and the end
of the compressed image data and then are transmitted.
That is, the SOl symbol and the EOIl symbol are added
to the start and the end of the medical data in units and
then are transmitted.

[0019] Fig. 3A shows the structure of the extracorpor-
eal device 5. Referring to Fig. 3A, the extracorporeal de-
vice 5 comprises: a CPU 21 which controls the compo-
nents of the extracorporeal device 5; switches SW1 to
SW4 which switch the antennas 4a to 4h; a switch SW5
which switches the reception and transmission of the an-
tennas 4a to 4h; an RF circuit 24 which demodulates a
high-frequency signal received through the switches
SW1 to SW5; and a baseband circuit 25 which performs
the processing and the like for converting the signal de-
modulated by the RF circuit 24 into a baseband signal.

[0020] The extracorporeal device 5 further comprises:
a serial/parallel converting circuit 26 which converts se-
rial data into parallel data based on the baseband signal;
an SOl detecting circuit 27 and an EOI detecting circuit
28 which detect the SOl symbol and the EOl symbol
based on the parallel signal; a memory write circuit 29
which receives the parallel data, performs the memory
write operation in response to an instruction for the start
of image writing from the SOI detecting circuit 27, and
stops the memory write operation in response to an in-
struction for ending to write the image from the EOI de-
tecting circuit 28; and a memory 30 which stores the par-
allel data by the memory write circuit 29.

[0021] The extracorporeal device 5 comprises: a coun-
ter circuit 31 which counts the number of times for writing
the parallel data to the memory 30 by the memory write
circuit 29; a timer circuit 32 which counts the time from
the timing for instructing the start of writing the image
from the SOI detecting circuit 27 to the timing for instruct-
ing the end of writing the image by the EOI detecting
circuit 28 (outputted in association with the EOI detec-
tion); a crystal oscillator 33 which supplies a reference
clock of the timer operation to the timer circuit 32; and
an antenna switching circuit 34 which is switched by sig-
nals from the CPU 21 and the baseband circuit 25 and
switches the antenna selected upon receiving and trans-
mitting the antennas 4a to 4h.

[0022] According to the first exemplary embodiment,
the SOI symbol and the EOl symbol added to the start
and end of the image data shown in Fig. 2B are detected
andthetimeintervaltherebetweenis counted by the timer
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circuit 32. Thereby, the amount of data of the image data
transmitted to the extracorporeal device 5 from the in-
body unit 3 is calculated and it is divided by the transmit-
ting time which is counted by the timer circuit 32, thus to
calculate the data transfer speed.

[0023] The CPU 21 transmits a command and the like
to the in-body unit 3 side via the baseband circuit 25.
[0024] The baseband circuit 25 determines the receiv-
ing and transmitting state under the control of the CPU
21, controls the switching of the switch SW5 by a trans-
mission switching signal (TR_SEL inFig. 3A), and switch-
es the reception and transmission.

[0025] The baseband circuit 25 controls the switching
timing of an antenna switching signal (ANT_SELA in Fig.
3A) from the CPU 21, and can select a different signal
for selecting the switches SW1 and SW4 (ANT_SELB in
Fig. 3A) upon transmission or upon reception (that is,
can switch the antenna to another antenna).

[0026] The data stored in the memory 30 is read by an
address (CPU_ADR in Fig. 3A) from the CPU 21 and the
data (CPU_DATA in Fig. 3A) is captured in the CPU 21.
[0027] As mentioned above, according to the first ex-
emplary embodiment, the medical data in units is trans-
mitted to the extracorporeal device 5 from the in-body
unit 3 side. The extracorporeal device 5 switches the an-
tenna and receives the medical data. In this case, the
time from the SOI symbol to the EOI symbol as the start
and end of the medical data is counted. The received
medical data size in units is divided by the obtained time,
thereby obtaining the data transfer speed upon using
each of the antennas.

[0028] Inthis case, the SOl symbol and the EOI symbol
are inevitably used for the normal transmission of the
medical data. The time from the SOI symbol to the EOI
symbol is counted without monitoring the signal level.
Thus, it is possible to monitor the transmitting state of
the medical data, that is, the receiving state of the trans-
mitting information from the in-body unit 3.

[0029] Hereinbelow, a description is given of the op-
eration of the capsular medical system 1 with the above
structure.

[0030] The capsular in-body unit 3 is swallowed and
then the image is picked up by the in-body unit 3. The
extracorporeal device 5 receives the image data trans-
mitted by radio.

[0031] In this case, the image picked up by the CMOS
sensor 12 in the capsular in-body unit 3 becomes one
sheet of the image data often being subjected to the com-
pression processing. The SOl symbol indicating the start
of the image data is added to the head of the image data
corresponding to one sheet and the EOI symbol indicat-
ing the end of the image data are added to the end portion
thereof, and the transmitting circuit 15 transmits the re-
sultant data to the extracorporeal device 5 via the anten-
na17.

[0032] In the extracorporeal device 5, the signal is re-
ceived from the selected antenna 4i and is demodulated
by the RF circuit 24. Further, the baseband circuit 25
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restores the demodulated data into the data in the format
of the compressed image data, and outputs the resultant
data as the serial data.

[0033] The serial data outputted from the baseband
circuit 25 is converted into the parallel data by the serial/
parallel converting circuit 26, and is outputted to the SOI
detecting circuit 27, the EOI detecting circuit 28, and the
memory write circuit 29.

[0034] The SOI detecting circuit 27 inquires a pattern
of the SOI symbol. Upon detecting the SOl symbol, the
SOl detecting circuit 27 supplies the instruction for start-
ing the image writing to the memory write circuit 29.
[0035] The memory write circuit 29 writes, to the mem-
ory 30, the parallel data received in response to the in-
struction for starting the image writing.

[0036] The countercircuit 31 counts the number of writ-
ing times for writing the data to the memory 30 from the
memory write circuit 29, and stores the counted data to
the memory 30.

[0037] The instruction for starting the image writing is
inputted to the timer circuit 32. The timer circuit 32 counts
the time from the timing for starting the image writing to
the detection of the EOI symbol, and stores the counted
time to the memory 30.

[0038] The EOI detecting circuit 28 detects the EOI
symbol and then outputs the instruction for ending the
image writing to the memory write circuit 29 and the timer
circuit 32.

[0039] The memory write circuit 29 receives the in-
struction for ending the image writing and the stops the
output to the memory 30.

[0040] The instruction for ending the image writing is
also inputted to the CPU 21 and the CPU 21 reads from
the memory 30 the image data size written by the counter
circuit 31 and the time required for receiving the data,
that is, the time from the detection of SOI symbol until
the detection of EOIl symbol written by the timer circuit 32.
[0041] Further,the CPU 21 divides the image data size
by the time required for receiving of the data, that is, the
time from the detection of SOl symbol until the detection
of EOI symbol, and stores the data-transfer rate as the
result (or data transfer speed) together with the selected
antenna No. into the memory 30.

[0042] As mentioned above, the CPU 21 calculates
the data-transfer rate every antenna and stores the cal-
culated data-transfer rates of all the antennas 4a to 4h
in the memory 30.

[0043] The CPU 21 switches the antenna to select an
antenna which can increase the data-transfer rate to the
highest level using the data-transfer rate stored in the
memory 30, and after that, receives the image data from
the in-body unit 3 by the selected antenna.

[0044] Fig. 3B schematically shows the operation for
calculating the data-transfer rate according to the first
exemplary embodiment.

[0045] In step S31, the in-body unit 3 adds the SOI
symbol and the EOI symbol to the head and the end of
the image data in units, respectively, and transmits the
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resultant data. In step S32, the image data is received
by the antenna 4n (n = a) which is first set by the extra-
corporeal device 5.

[0046] In step S33, the extracorporeal device 5 starts
the timer operation of the timer circuit 32 upon detecting
the SOI symbol.

[0047] In step S34, the received image data is stored
in the memory 30. As mentioned above, the image data
transmitted from the in-body unit 3 is sequentially stored
in the memory 30.

[0048] In step S35, the CPU 21 in the extracorporeal
device 5 monitors whether or not the EOI symbol is de-
tected. When the EOI symbol is not detected, the CPU
21 returns to step S34 whereupon the image data is con-
tinuously recorded.

[0049] In the meantime, upon detecting the EOI sym-
bol, in step S36, the CPU 21 stops the timer operation
of the timer circuit 32.

[0050] In step S37, the CPU 21 divides the data
amount of the received image data by the counted-time
of the timer circuit 32, and calculates the data transfer
speed (data-transfer rate).

[0051] In step S38, the CPU 21 determines whether
or not the antenna No. is the final No. of the antenna,
i.e., 4j. If NO in step S38, in step S39, the CPU 21 incre-
ments the antenna No. n by 1 and returns to step S32
whereupon the CPU 21 performs the similar operation
for the next antenna No., namely, the antenna 4b.
[0052] As mentioned above, the antenna No. is se-
quentially switched and the data transfer speed is calcu-
lated. Upon ending the processing for calculating the data
transfer speed by the antenna 4j as the final antenna No.,
in step S40, the CPU 21 sets an antenna to that of the
antenna No. for obtaining the maximum data transfer
speed, and controls the operation for continuous receiv-
ing operation.

[0053] The three-dimensional position of the in-body
unit 3 can be estimated based on the data-transfer rates
obtained by the plurality of antennas. It is because the
data-transfer rate decreases with the increase in dis-
tance.

[0054] Thatis, the datainunitsistransmitted by electric
waves from the in-body unit 3 and the extracorporeal
device 5 receives the electric waves via the antenna.
Then, as the distance (between the in-body unit 3 and
the antenna) increases from one distance range, the da-
ta-transfer rate is reduced.

[0055] As mentioned above, when the distance is
some degree or more, the non-completion (no-ending)
of the reception of the data as one unit is caused with
theincrease in distance. As aresult, the request for trans-
mitting the data is frequently outputted again in accord-
ance with the increase in distance. Therefore, the dis-
tance between the in-body unit 3 and the antenna can
be estimated based on the transfer rate of the data in
units.

[0056] Fig. 3C schematically shows the operation de-
tails in this case. Referring to Fig. 3C, after processing
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in step S33 in Fig. 3C, in step S41, the CPU 21 in the
extracorporeal device 5 determines whether or not a re-
ceiving error is caused. When the receiving error is re-
ceived.and demodulated, the CPU 21 determines wheth-
er or not the error which cannot be corrected occurs.
[0057] When it is determined that the receiving error
does not occur, the CPU 21 advances to step S34. When
it is determined that the receiving error occurs, in step
S42, the CPU 21 controls the operation for transmitting,
to the in-body unit 3, a signal for requesting the trans-
mission so as to transmit the image data just before the
receiving error occurs. The in-body unit 3 receives the
signal, in step S43, it transmits the image data again, and
it returns to step S41. The extracorporeal device 5 re-
ceives the image data again and determines whether or
not the receiving error occurs. When it is determined in
step S35 that the EOI symbol is not detected, the
processing routine returns to step S41.

[0058] Referring to Fig. 3C, after step S40 in Fig. 3B,
the CPU 21 estimates the position of the in-body unit 3
based on the respective estimation of the distance from
the data of the data-transfer rate at the antenna positions.
[0059] According to the first exemplary embodiment,
it is possible to monitor the receiving state of signals from
the in-body unit 3 with the simple structure and to select
a best antenna from the monitoring result and receive
the medical data.

[0060] Thatis, according to the first exemplary embod-
iment, a system for monitoring the receiving state by the
signal level is not necessary and the receiving state is
monitored without adding any specific hardware.
[0061] Further, itis possible to estimate the position of
the in-body unit 3 by using the result of a tendency to
reduce the data-transfer rate with the increase in dis-
tance.

(Second exemplary embodiment)

[0062] Fig. 4 shows the structure of an extracorporeal
device 5B according to a second exemplary embodiment
useful for understanding the present invention. Accord-
ing to the second exemplary embodiment, the size of the
transmitted image data is constant.

[0063] Referring to Fig. 4, the extracorporeal device
5B is formed by adding a non-volatile memory 36 instead
of the counter circuit 31 in the extracorporeal device 5 in
Fig. 3A so as to write the size of the image data as one
unit transmitted from the in-body unit 3 to the non-volatile
memory 36.

[0064] Similarly to the first exemplary embodiment, the
time required for transferring the image data is counted,
the image data with the predetermined size written to the
non-volatile memory 36 is divided by the time required
for transferring the data, and the transfer speed is calcu-
lated.

[0065] Other structure and operation are the same as
those according to the first exemplary embodiment. Ac-
cording to the second exemplary embodiment, the trans-
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fer speed can simply be calculated. Further, the best an-
tenna is selected and the position is easily estimated.

(Third exemplary embodiment)

[0066] Next, a third exemplary embodiment useful for
understanding the present invention will be described
with reference to Fig. 5. Fig. 5 shows the structure of an
extracorporeal device 5C according to the third exem-
plary embodiment useful for understanding the present
invention.

[0067] The extracorporeal device 5C is formed by add-
ing a non-volatile memory 36’ to the extracorporeal de-
vice 5 shown in Fig. 3A for previously storing an allowable
value of the transfer speed to the non-volatile memory
36'. Further, the CPU 21 compares the calculated trans-
fer speed with the lowest allowable value of the transfer
speed stored in the non-volatile memory 36°. When the
calculated transfer speed is lower than the lowest allow-
able value of the transfer speed, the CPU 21 changes
the selected antenna.

[0068] Other structure and operation are the same as
those according to the first exemplary embodiment. Ac-
cording to the third exemplary embodiment, it is possible
to prevent a long time selection of the antenna which is
not suitable to the reception in the extracorporeal device
5C.

[0069] Therefore, theimage data is efficiently received
from the in-body unit 3. Other structure and operation
have the same advantages as those according to the first
exemplary embodiment.

(Fourth exemplary embodiment)

[0070] Next, afourth exemplary embodiment useful for
understanding the present invention will be described
with reference to Figs. 6A to 6C. The fourth exemplary
embodiment has the same structure as that according to
the second exemplary embodiment.

[0071] Similarly tothe second exemplary embodiment,
the transfer speed is calculated. According to the fourth
exemplary embodiment, the position of the in-body unit
3 is calculated by using the antenna which can commu-
nicate data atthe allowable transfer speed or more, which
will be described later.

[0072] First, the antennas which can communicate the
data at the allowable transfer speed or more are desig-
nated by reference symbols A1, A2, and A3 shown in
Fig. 6A for the purpose of a brief description.

[0073] Thatis, the three antennas A1 to A3 are within
ranges 7a, 7b, and 7c in which the communication is
possible from the in-body unit 3 at the allowable transfer
speed or more.

[0074] In this case, referring to Fig. 6B, the memory
30 or non-volatile memory 36 stores the antenna (Nos.)
A1 to A3 and the data transfer speed in each case.
[0075] Referring to Fig. 6B, the antennas A1 to A3 are
sequentially switched cyclically and the image corre-
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sponding to one sheet is transmitted. By setting the
processing as one cycle, the inverse ratio of the antenna
transfer speeds is calculated respectively to set the ratio
of distances, and the positions are estimated as shown
in Fig. 6C.

[0076] In this case, performed is only the position es-
timation according to the distance ratio. However, the
actual position is further estimated by previously meas-
uring and obtaining the antenna transfer speed in the
well-known position state.

[0077] As mentioned above, according to the fourth
exemplary embodiment, it is possible to assure the state
of transmitting the image data to the extracorporeal de-
vice 5 from the in-body unit 3 at the proper speed and to
estimate the position of the in-body unit 3.

[0078] The three antennas A1 to A3 are switched cy-
clically as shown in Figs. 6A to 6C. However, the plurality
of antennas which are approximate to the best state al-
ways receive the data by moving the in-body unit 3 and
by switching the selected antenna. Further, the position
of the in-body unit 3 is estimated (when the position is
not estimated, the best or approximately best one anten-
na is selected. This case will be described according to
the fifth embodiment later).

[0079] As will be described with reference to Fig. 9
later, the antennas’ 4a, 4b, ... are swallowed in the in-
body unit 3. When the in-body unit 3 is arranged along
the moving route along the digestive tract, the in-body
unit 3 can be moved and the position of the in-body unit
3 can be estimated by switching three or more antennas.
[0080] When it is determined based on the position
estimation that the in-body unit 3 is moved, one antenna
which is the most apart from the in-body unit 3 is not
selected. In place thereof, the new antenna which is clos-
er to the in-body unit 3 is selected and the three or more
antennas including the selected antenna always receive
the data at the proper receiving speed and the position
of the in-body unit 3 can be estimated.

[0081] According to the first to fourth exemplary em-
bodiment, the timing such as that of switching the anten-
na may be applied to the following embodiments.

(Fifth embodiment)

[0082] Next, a fifth embodiment of the present inven-
tion will be described with reference to Figs. 7 to 12. Fig.
7 shows the entire structure of a capsular medical system
1D according to the fifth embodiment.

[0083] The capsular medical system 1D comprises: a
capsular in-body unit 3D which is inserted or swallowed
inthe body; and an extracorporeal device 5D which trans-
mits data by radio to the in-body unit 3D.

[0084] The capsular medical system 3D comprises: an
objective optical system 53 which is watertightly covered
by a capsular accommodating container 51 and a back
cover 52 which watertightly covers the back end side of
the accommodating container 51 via O-ring, and which
is disposed opposite the semi-spherical transparent por-
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tion; and white LEDs 54 as illuminating means at four
positions on the perimeter of the objective optical system
53.

[0085] For example, a CMOS sensor 55 is arranged
to the image forming position of the objective optical sys-
tem 53. The CMOS sensor 55 includes, on the back side,
a signal processing circuit 56 which performs the signal
processing of the CMOS sensor 55, a communication
circuit 57 which communicates data by radio, and a plu-
rality of button-type batteries 58 which supply the power
for operation to the CMOS sensor 55 and the signal
processing circuit 56.

[0086] Further, the CMOS sensor 55 includes, at the
adjacent side portion thereof, an antenna 59 which re-
ceives and transmits electric waves for radio communi-
cation with the extracorporeal device 5D and is connect-
ed to the communication circuit 57. Furthermore, the
CMOS sensor 55 includes a switch 60 which switches
on/off the power supply, adjacently to the batteries 58.
[0087] The extracorporeal device 5D comprises: an
antenna unit 61 to which a plurality of antennas 4a to 4j
are connected; a recording device 62, to which the an-
tenna unit 61 is freely detachably connected and which
records the image data; and an image display device 64
which is connected to the recording device 62 by a USB
cable 63 and displays and edits the recorded image.
[0088] Further, the antenna unit 61 isincluded in ares-
in casing 65, and comprises: an antenna selector 66
which switches the antennas 4a to 4j connected respec-
tively by coaxial cables; a communication circuit 67 which
is connected to the antennas 4a to 4j via the antenna
selector 66 and communicates data by radio using Blue-
tooth or the like; and a connector 68 for connection which
is freely detachably connected to the recording device
62. The radio communication using the communication
circuit 67 is not limited to the Bluetooth.

[0089] The recording device 62 is covered with a metal
or plastic casing 71, and includes a power supply circuit
block 72 and a processing circuit block 73. The power
supply circuit block 72 comprises: batteries 74a and 74b
arranged in parallel therewith; switches 75a and 75b di-
rectly connected to the batteries 74a and 74b; a power
supply monitoring circuit 76 which monitors the voltages
of the batteries 74a and 74b and switches on one of the
switches 75a and 75b; and a DC/DC converter 77 which
is connected to the on-battery and converts the power
into DC power of a voltage value required by the process-
ing circuit block 73.

[0090] The DC power of the DC/DC converter 77 is
supplied to the antenna unit 61 side via the connector 68
as well as the processing circuit block 73 (specifically,
Vcce in Fig. 8).

[0091] The processing circuit block 73 comprises: a
CPU 81 which controls the recording device 62 and the
antenna unit 61; a memory 82 which is connected to the
CPU 81 andis used for the data storage; a USB connector
83 which is connected to the CPU 81 and communicates
data with the image display device 64; and a PCMCIA
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socket 84 which is connected to the CPU 81 and to which
a memory card is freely detachably connected.

[0092] The CPU 81 is connected to a timer 80 and
controls the operation for detecting the communication
state at the time interval set by the timer 80. The operation
for detecting the communication state causes the oper-
ation for selecting the antenna. That is, the operation for
selecting the antenna is also performed at the time inter-
val set by the timer 80.

[0093] Referring to Fig. 7, in addition to the entire con-
trol of the recording device 62, the single CPU 81 controls
the communication with the antenna unit 61. Further, a
CPU dedicated for communication control with the an-
tenna unit 61 may be used.

[0094] The image display device 64 is, for example, a
personal computer (abbreviated to a PC), and comprises:
a main body 86 which performs the image display
processing and the like; a monitor 87 which is connected
to the main body 86 and displays the image; a keyboard
88 which is connected to the main body 86 and inputs a
command, data or the like; and a mouse 89 which des-
ignates the position on the image and the like. Power for
operation is supplied to the main body 86 from a com-
mercial power supply via an insulating transfer (not
shown).

[0095] Fig. 8 shows an example of the structure of the
antenna unit 61.

[0096] Antenna connecting terminals Ta to Tj to which
the antennas 4a to 4j are connected are connected re-
spectively to an RF circuit 94 which receives and trans-
mits an RF signal via an antenna selector 91, a reception
and transmission switch 92, and buffers 93a and 93b.
The RF circuit 94 is connected to a communication circuit
67 for communication operation.

[0097] A clock generating circuit 95 supplies reference
clocks to the RF circuit 94 and the communication circuit
67 and then the RF circuit 94 and the communication
circuit 67 perform the operation synchronized with the
reference clocks. The communication circuit 67 commu-
nicates data with the CPU 81 in the processing circuit
block 73 via the connector 68. Referring to Fig. 8, the
reset operation and the communication of receiving data,
transmitting data, transmitting permission, and transmit-
ting request, and the like are performed via signals RE-
SET, RX, TX, CTS, and RTS.

[0098] The RF circuit 94 detects the communication
state with the CPU 81 in the communication circuit 67,
generates a reception and transmission switching signal
for switching the reception and the transmission (de-
scribed as Tx-Rx-SW in Fig. 8), applies the reception and
transmission switching signal to the reception and trans-
mission switch 92, and selects one of the buffers 93a and
93b connected to the reception and transmission switch
92. Referring to Fig. 8, the communication state is set to
the receiving state. In this state shown in Fig. 8, the buffer
93a is selected and the signal received by the antenna
is inputted to a terminal RFin of the RF circuit 94.
[0099] On the other hand, in the transmitting state, the
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buffer 93b is selected and the RF signal outputted from
a terminal RFout of the RF circuit 94 is outputted to the
antenna side via the buffer 93b.

[0100] The CPU 81 controls the on/off operation of the
antenna selector 91 via a latch circuit unit 96 connected
via the connector 63, and selects and controls an antenna
4k (k = a to j) used for the reception and transmission.
[0101] Therefore, the CPU 81 connects channels CHa
to CHj of the CPU 81 (via the connector 68) to a data
input terminal D of a latch in the latch circuit unit 96, out-
puts data "H" as an antenna switching signal to the se-
lector switch forming the antenna selector 91 from an
output terminal Q of the latch, and sets the selector switch
to which the antenna switching signal "H" is applied to
the on-operation by a clock signal to a clock input terminal
CK.

[0102] Fig. 8 shows an on-state of the selector switch
connected to an antenna connecting terminal Ta. The
selector switch is switched off by an antenna switching
signal "L".

[0103] The reception and transmission switching sig-
nal for switching the reception and transmission switch
92 outputted from the RF circuit 94 is applied as the clock
signal to the clock input terminal CK of each latch. Syn-
chronously with the reception and transmission switching
signal, each latch in the latch circuit unit 96 is operated.
The reception and transmission switching signal is also
transmitted to the CPU 81 from the connector 68 via a
buffer 97. The CPU 81 grasps the timing for switching
the antenna and the timing for switching the reception
and transmission by the reception and transmission
switching signal.

[0104] According to the fifth embodiment, the timing
for switching the antenna is synchronously operated at
the timing for switching the communication direction of
the reception and transmission. In the case of switching
toeach antenna, the signals are transmitted and received
and further the antenna is switched at the timing for
switching the timing to that of the next transmission.
[0105] As mentioned above, the smooth transmission
and reception are assured without switching the antenna
during the transmission or reception and obstructing the
communication (e.g., inhibition due to the communication
abnormality and data lack).

[0106] The CPU 81 applies an antenna reset signal to
a reset terminal R in all the latches of the latch circuit unit
96 via the connector 68, thereby resetting the operation.
[0107] For example, the CPU 81 outputs the antenna
reset signal to reset all the latches in the initializing op-
eration after turning on the power. After that, the CPU 81
sequentially outputs the data for switching and setting
the antenna to the channels CHa to CHj via the connector
68.

[0108] Fig. 9 shows an example of the antennas 4a to
4j arranged to the body surface of the patient 2. The an-
tennas 4i and 4j are arranged to the left and right on the
rear surface side of the patient 2 (not shown). Further,
antennas are arranged to have the sensitivity in the body
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upon using, as shown in the example of the arrangement
of the antennas 4a to 4c which are obtained by cutting
the body 2 into like rings shown in Fig. 1. The sensitivity
outside the body is set to be low (by shielding) for pre-
venting or reducing the outer disturbance.

[0109] A capsule signal is received at a wide area of
the body by arranging a plurality of antennas.

[0110] The plurality of antennas are arranged to be
contact to the body surface of the body 2 or adjacently
thereto. Therefore, the antenna s enclosed with the thick-
ness of the antenna of 2 mm or less and the size ¢ of 30
mm or less.

[0111] Referring to Fig. 9, the antennas 4a to 4j are
sequentially arranged along the running direction of the
digestive tract (according to the fifth embodiment, the
total number of antennas is 10, however, it can be
changed).

[0112] Further, in the example shown in Fig. 9, a vest-
type antenna cable is pulled out around.

[0113] Thatis, according to a method for adhering the
antennas to the body one by one, the operation is com-
plicated. Therefore, the antennas 4a to 4j are sewed to
a clothing 90 such as the vest and the clothing 90 is put
on by the patient upon examination. Thus, the antenna
is effectively set to the body.

[0114] The examination is performed by pulling outthe
cables in the case of the vest-type, and all the cables are
concentrated to the front right of the body as shown in
Fig. 9. The vest is opened and closed by a line 91 on the
left.

[0115] In addition, the antenna may directly be at-
tached to the body. The length necessary for pulling out
the antenna cable is calculated and the length can be set
to be proper.

[0116] As mentioned above, upon examination, a
medical staff arranges the antennas 4a to 4j along the
running direction of the digestive tract of the patient and
switches the antennas 4a to 4j to change the antenna
which is actually used for the communication. Thus, the
antenna with the preferable communication state is se-
lected.

[0117] According to the fifth embodiment, the in-body
unit 3D communicates the data with the extracorporeal
device 5D, and the in-body unit 3D detects the receiving
strength of the signal received from the extracorporeal
device 5D. Further, the in-body unit 3D transmits the de-
tected receiving strength to the extracorporeal device 5D.
Consequently, the extracorporeal device 5D obtains the
receiving strength in the case of the antenna used for the
communication and switches to the antenna with the high
receiving strength so as to use the antenna to commu-
nicate with the in-body unit 3D which will be described
later.

[0118] Thus, even when the in-body unit 3D moves
along the digestive tract, the proper antenna is sequen-
tially switched for selection and use. The image data
picked-up by the in-body unit 3D is accurately obtained.
[0119] Next, the operation for switching (changing) the
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antenna will be described with reference to Fig. 10.
[0120] In step S1, the CPU 81 in the recording device
62 in the extracorporeal device 5D transmits a request
for detecting the receiving strength to the in-body unit 3D
via the antenna unit 61 after the time set by the timer 80
passes.

[0121] As mentioned above, according to the fifth em-
bodiment, the communication state is detected by the
time interval set by the timer 80.

[0122] In this case, the extracorporeal device 5D en-
ters the transmitting state and the CPU 81 instructs the
request or detection of the receiving strength to the in-
body unit 3D via the communication circuit 67 in the an-
tenna unit 61, and then the reception and transmission
switch 92 is switched such that (the extracorporeal device
5D side) is on the receiving side.

[0123] In step S2, the in-body unit 3D receives the re-
quest for detecting the receiving strength, detects the
receiving strength in the current antenna state (on the
extracorporeal device 5D side), and transmits informa-
tion on the detected receiving strength to the extracor-
poreal device 5D. The CPU 81 in the extracorporeal de-
vice 5D obtains the data on the detection of the receiving
strength transmitted from the in-body unit 3D, and
records the obtained data to a recording medium such
as the memory 82 or the like.

[0124] Instep S3, the CPU 81 issues an instruction for
requesting the transmission to the communication circuit
67 in the antenna unit 61, and outputs, to the latch circuit
unit 96, the antenna switching signal by which the next
antenna is connected to be selected. In addition to the
switching of the antenna by the latch circuit unit 96, the
extracorporeal device 5D side is set to the transmitting
state.

[0125] In step S4, the sequence for detecting and ob-
taining the receiving strength is performed. That is, as
shown in step S1, the request for detecting the receiving
strength is transmitted to the in-body unit 3D, thus to ex-
ecute the operation for detecting and obtaining the re-
ceiving strength returned from the in-body unit 3D.
[0126] When the operation in step S4 is executed, in
step S5, the CPU 81 determines whether or not the in-
formation on the detection of the receiving strength re-
turned from the in-body unit 3D, namely, a return value
of the deceiving strength is obtained. When the return
value is obtained, in step S6, it is determined whether or
not the operation ends. When the operation for all the
antennas 4ato 4j does not end, the processing sequence
returns to step S3 whereupon the above-mentioned op-
eration is performed for the next antenna.

[0127] When the operation for all the antennas 4a to
4jends, in step S7, the antenna with the highest receiving
strength is selected as the best antenna, the antenna is
set to a state for receiving the image data from the in-
body unit 3D, and the antenna changing operation ends.
Since the in-body unit 3D moves along the running di-
rection of the digestive tract, the antenna is switched to
the best one and the proper communication state is main-
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tained so as to always and stably receive the image data
picked-up by the in-body unit 3D.

[0128] Instep S5, when the return value does not exist,
the processing sequence advances to step S8 whereup-
on the disconnection of communication is caused due to
an abnormal disconnection or time-up and the CPU 81
transmits a reset signal and records, to the memory 82,
a message indicating that the current antenna cannot
communicate the data (in step S9).

[0129] In step S10, the CPU 81 controls the operation
for performing the antenna switching processing in which
the antenna is returned to the one-previous antenna. In
step S11, the operation for connecting the radio commu-
nication is tested between the extracorporeal device 5D
and the in-body unit 3D.

[0130] As a consequence, in step S12, the CPU 81
determines whether or not the operation for connection
to the in-body unit 3D is established by radio communi-
cation (abbreviated as "in-body unit is found" in Fig. 10).
When the connecting operation is established by the ra-
dio communication, in step S13, the CPU 81 executes
the connecting operation. Then, the CPU 81 returns to
step S3 whereupon the antenna for radio communication
communicates data with the in-body unit 3D.

[0131] When the information (data) on the receiving
strength is not obtained, the CPU 81 switches the anten-
na to an antenna for obtaining the information on the
receiving strength so as to assure the communication by
the switched antenna, sets the communication state to
that of efficiently communicating the data with the in-body
unit 3D, and smoothly receives the picked-up image.
[0132] When the connecting operation to the in-body
unit 3D by the radio communication is not established in
step S12, the processing sequence advances to step S14
whereupon the CPU 81 executes the operation for re-
connection upon disconnection, and ends the operation
for changing the antenna.

[0133] Fig. 11 shows the processing details for the op-
eration of re-connection upon disconnection. In step S21,
the in-body unit 3D performs the processing for notifying
the communication disconnection to the extracorporeal
device 5D. In step S22, (the CPU 81 of) the extracorpor-
eal device 5D displays the disconnection of communica-
tion, as an error, on a display panel (not shown) arranged
to the recording device 62.

[0134] In step S23, (similarly to steps S11 to S13 in
Fig. 10), the connection operation by radio communica-
tion is tested. As a result, in step S24, it is determined
whether or not the connection by the radio communica-
tion is established. If the connection is established, in
step S25, the connecting operation is implemented and
the processing ends.

[0135] Ifthe connectionis not established, in step S26,
the CPU 81 switches the antenna. In step S27, it is de-
termined whether or not the switching operation is re-
peated ten times, that is, whether or not this switching
operation is performed by all the antennas 4a to 4. If the
operation is not performed ten times, the processing rou-
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tine returns to step S23 whereupon the above-mentioned
operation is performed. If the operation is performed ten
times and the connection by radio communication is not
established, the processing routine shifts to step S28
whereupon the CPU 81 displays the error on the display
panel (not shown) in the recording device 62, and ends
the processing.

[0136] With the above-described operation according
to the fifth embodiment, in the processing shown in Fig.
10, the best antenna is selected and the image data
picked-up by the in-body unit 3D is received in the best
antenna state.

[0137] According to the fifth embodiment, the antenna
on the extracorporeal device 5D side is switched and the
image data is received by the best antenna. The setting
for changing the antenna is executed as follows.

(1) Setting for changing the antenna

[0138] In the operation for changing the antenna as
described here,

the oneto ten antennas 4ato 4j (total number of antennas
can be changed) are sequentially attached to the body
along the digestive tract.

[0139] The object for changing the antenna is prem-
ised that the antenna is selected with the preferable com-
munication state, and the detection of position is not in-
cluded in the object.

[0140] A parameter for changing the antenna is set by
the image display device 64 and is transferred to the re-
cording device 62 together with patient information.
[0141] The set items include:

1. Total number of antennas: one to ten

When the number of antennas is one, referring to
Fig. 12, only the antenna selected by ANT_SEL[0O]
is attached.

2. When the number of antennas is two, the antenna
selected by ANT_SELSs [0] to [1] is attached.

Here, the manufacturer performs the operation be-
cause the detachment of antenna requires the dis-
assembly and therefore the antenna is not attached
to the erroneous position.

3. The number of antennas to be searched in the
running direction, namely, in the forward direction of
the digestive tract in the processing (hereinafter, ab-
breviated to RSSI for a brief description) for detecting
and obtaining the receiving strength in steps S1 and
S2 shown in Fig. 10: zero to nine

4. The number of RSSI to be searched backward:
zero to nine

5. Intheitems 3 and 4, when the number of antennas
is zero, the antenna is not changed.

6. The number to be searched backward + the
number to be searched forward + one (which is the
connected antenna) < total number of antennas,
(that is, the number of antennas for RSSI equals to
the total number of antennas or less).
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7. Determining-reference for selecting an antenna
based on the RSSI result

a. The antenna with the preferable communica-
tion state is selected.

b. When the current antenna and another an-
tenna are determined as preferable ones, the
current antenna is continuously used.

c. When the number of preferable antennas dif-
ferent from the current antenna is two or more,
the antenna approximate to the current antenna
is selected.

d. When the number of preferable antennas dif-
ferent from the current antenna is two or more
and the back antenna and the front antenna are
mixed, the front antenna is preferentially select-
ed.

[0142] Next, the operation will be described with ex-
ample with reference to Fig. 12.

[0143] Referring to Fig. 12, the total number of anten-
nas is seven and in the case of changing the antenna,
the antennas 4a to 4g are switched by ANT_SEL [0] to
ANT_SEL [6], the operation setting for switching the an-
tenna is shown when the number to be searched forward
is two and the number to be searched backward is one.
[0144] First, the first antenna 4a is connected by ANT_
SEL [0]. In this case, the searching backward is not per-
formed, but the two searches forward indicated by RSSI,
that is, ANT_SEL [1] and ANT_SEL [2], are performed.
[0145] Of course, the operation with RSSI is executed
also by ANT_SEL [0] which is connected.

[0146] Inassociation with the movement of the in-body
unit 3D, the antenna selected to be connected moves.
For example, when the antenna 4c of ANT_SEL [2] is
connected, the search backward is implemented by
ANT_SEL [1] and the search forward is implemented by
ANT_SEL [3] and ANT_SEL [4].

[0147] Referring to Fig, 12, further, the in-body unit 3D
moves and thus the antenna 4f of ANT_SEL [5] is con-
nected, the search backward is implemented by ANT_
SEL [4]. When the search forward is prepared by ANT_
SEL [6] and the antenna 4g of ANT_SEL [6] is connected,
the search backward is performed by ANT_SEL [5].
[0148] With the above operation, according to the fifth
embodiment, when the in-body unit 3D moves, the best
antenna is also effectively selected with the high receiv-
ing strength and the image data is received from the in-
body unit 3D.

(Sixth embodiment)

[0149] Next, a sixth exemplary embodiment not form-
ing part of the present invention will be described. Ac-
cording to the sixth embodiment, a capsular medical sys-
tem has the same structure as that of the capsular med-
ical system 1D according to the fifth embodiment shown
in Fig. 7. However, the capsular medical system accord-
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ing to the sixth embodiment has the switching operation
of the antennas 4a to 4j different to those according to
the fifth embodiment shown in Fig. 7.

[0150] In other words, according to the sixth embodi-
ment, the antenna is switched as shown in Fig. 13.
[0151] Similarly to the case shown in Fig. 10, in steps
S1 and S2, the receiving strength is detected and ob-
tained. After that, according to the sixth embodiment, in
step S31, the CPU 81 in the extracorporeal device 5D
determines in the current antenna selecting state (based
on the information on the receiving strength in step S2)
whether or not the sensitivity is preferable.

[0152] When it is determined that the receiving
strength is preferable, the operation for switching the an-
tenna ends or the processing sequence returns to step
S1. When the antenna with the preferable strength is
selected, the state for selecting the antenna maintains.
[0153] When it is determined that the strength is not
preferable, the processing sequence returns to step S3
whereupon the processing as described above with ref-
erence to Fig. 10 is performed.

[0154] According to the sixth embodiment, the number
of chances for selecting the antenna with unpreferable
strength are reduced and the image data is efficiently
received from the in-body unit 3D through the antenna
with the preferable strength.

[0155] Thefifth and sixth embodiments use a receiving
and transmitting mechanism with the receiving strength
suggested by Japanese Unexamined Patent Application
Publication No. 2003-135389.

[0156] That is, in the state for using the antenna se-
lected by the extracorporeal device 5D, the extracorpor-
eal device 5D sends the signal, the information on the
receiving strength (electrical field strength) received and
detected by the in-body unit 3D is transmitted (returned)
to the extracorporeal device 5D. The extracorporeal de-
vice 5D switches the antenna by using the information
so as to select the antenna with the highest receiving
strength or with preferable receiving state. The image
data picked-up by the in-body unit 3D is received by the
switched antenna.

[0157] The extracorporeal device 5D receives the in-
formation on the image data transmitted from the in-body
unit 3D and the receiving strength of the antenna selected
and used in this case is (detected and) obtained. The
antenna is switched based on the obtained information
on the receiving strength as described with reference to
Fig. 10. The antenna is switched so as to select the an-
tenna with the highest receiving strength or with prefer-
able receiving state approximate thereto. The image data
picked-up by the in-body unit 3D may be received by the
antenna.

[0158] Further, as described according to the first to
fourth embodiments, the image data transmitted from the
in-body unitis received by the extracorporeal device. The
data transfer speed is calculated. The antenna is
switched based on the calculated data transfer speed so
as to select the antenna with the highest data transfer
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speed or with preferable data transfer speed approximate
thereto. The image data picked-up by the in-body unit
may be received.

[0159] Furthermore, source coil for generating the
magnetic field may be arranged to the antenna portion
as the reference of the antennas 4a to 4j shown in Fig.
9. The source coil for generating the magnetic field is
used for calculating the shape of an inserting portion of
an endoscope. Further, a sense coil may be arranged to
the recording device 62 side. The sense coil is used for
detecting the magnetic field generated by the source coil
and calculating the position of the source coil. And, upon
swallowing the in-body unit 3D and initializing operation
for examination with the image pick-up operation of the
body by the in-body unit 3D, the positions of the antennas
4a to 4j are calculated by the position detection of the
source coil. Positional information is recorded to the
memory 82 and is used for selecting the antenna upon
detecting the communication state (receiving state) or
selecting the antenna for detecting the communication
state.

[0160] Thatis, when the positional information on each
antenna is found, the position of the in-body unit 3D is
substantially estimated based on the level of the receiv-
ing strength. The positionalinformation is effectively used
by the antenna switching or antenna selection. Also, the
moving speed of the in-body unit 3D is detected and used
for the time interval and timing for detecting the commu-
nication state.

[0161] According to the first to fourth embodiments,
the positional information on the antenna is used and is
further used for selecting the antenna for reception.
[0162] As mentioned above, the timer 80 or the like
can set the time interval for detecting the communication
state. Further, the CPU 81 may estimate the current or
further proper time interval at which the communication
state is detected based on the past data on the antenna
switching during moving the in-body unit 3D.

[0163] Specifically, when detecting the communica-
tion state at a predetermined time interval, at the portion
at which the in-body unit 3D moves fast, the timing for
properly switching the antenna is missed, that is, the an-
tenna is not switched to the next front antenna but the
antenna is possibly switched to further one ahead anten-
na forward. When the data on the past antenna-switching
is stored and the time interval for detection shows a ten-
dency to become shorter, the time interval for next de-
tecting the receiving strength may be set to be short.
[0164] In this case, preferably, the precise positional
information on the antenna is detected. As mentioned
above, the time interval for detecting the future commu-
nication state or timing for detecting it may be determined
in consideration of the positional information on the an-
tenna and the information on the past antenna-switching.
[0165] Further, even in other cases than the case that
the means for detecting the positional information on the
antenna is arranged, when the clothing 90 is put on, the
schematic position of the antenna is determined on the
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route along the running direction of the digestive tract.
Further, the schematic distance between the antennas
is determined. Thus, the determined information may be
stored in the memory 82 and the time interval for detect-
ing the communication state may be changed and set by
referring to the data on the time interval of the antenna
switching that is previously detected.

[0166] According to the first to sixth embodiments, the
image is optically picked up, as the means for obtaining
the medical information on the body. However, the
present invention is not limited to this and can widely be
applied to devices for obtaining medical information on
the living body or for performing medical action. Specif-
ically such devices are used for obtaining information on
an ultrasonic image with ultrasonic waves, for obtaining
pH information by a sensor, and for treatment action by
the chemical spray or drug injecting means arranged to
the in-body unit through the communication.

Industrial Applicability

[0167] As mentioned above, the capsular medical ap-
paratus according to the present invention monitors the
receiving state of the signal which is sent by radio from
the capsular in-body unit inserted in the body via the plu-
rality of antennas, thereby preferably receiving the signal
which is sent by radio.

Claims
1. A capsular medical system (1D) comprising:

a capsular in-body unit (3D) having radio com-
munication means which is adapted to be insert-
ed or swallowed to be introduced to the body
cavity;

an extracorporeal device (5D) having commu-
nication means for performing data communica-
tion with the in-body unit (3D), which is adapted
to be arranged outside the human body; and

a plurality of antennas (4a to 4j) which are adapt-
ed to be arranged near the body surface to com-
municate with the in-body unit (3D) and which
are adapted to be connected to the extracorpor-
eal device (5D),

the extracorporeal device (5D) comprising:
switching means for switching to select one of
the plurality of antennas (4a to 4j); and
detecting means for detecting a receiving
strength, in the in-body unit (3D), of signals
transmitted from the antenna selected by the
switching means,

wherein the switching means is adapted to per-
form the selection of the one of the plurality of
antennas (4a to 4j) at an interval of a predeter-
mined time set by a timer (80); and
characterized in that the detecting means
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comprises a RF circuit (94) adapted to transmit
signals and receive a signal indicative of a re-
ceiving strength of the transmitted signals from
the in-body unit (3D) to detect the receiving
strength while the one of the plurality of anten-
nas (4ato 4j) is selected by the switching means,
the RF circuit (94) being capable of switching
each antenna synchronously at the timing for
switching the communication direction of the re-
ception and transmission of each antenna with-
out switching the antenna during the transmis-
sion or reception and obstructing the communi-
cation.

2. The capsular medical system (1D) according to
Claim 1,
wherein the switching means is adapted to select
antennas of a number n smaller than a number N of
antennas provided at the extracorporeal device (5D)
as the plurality of antennas (4a to 4j) from which one
antenna is selected.

3. The capsular medical system (1D) according to
Claim 2,
wherein the antennas of the number smaller than
the number N are determined based on the antenna
which currently receive data.

4. The capsular medical system (1D) according to
Claim 1,
wherein, when data of the receiving strength are not
obtained, the switching means is adapted to select
the antenna which has been confirmed to be able to
communicate data so as to ensure the data commu-
nication.

5. The capsular medical system (1D) according to
Claim 1,
wherein the switching means is adapted to switch to
select an antenna with the highest receiving strength
of the receiving strengths detected by the detecting
means.

Patentanspriiche

1. Kapselartiges medizinisches System (1D), aufwei-
send:

eine kapselartige kérperinterne Einheit (3D) mit
einem Funkkommunikationsmittel,

das zum Einflihren oder Verschlucken einge-
richtet ist, damit es in den Kérperhohlraum ein-
gebracht werden kann;

ein korperexternes Geréat (5D) mit einem Kom-
munikationsmittel zum Ausfiihren des Daten-
austauschs mit der kérperinternen Einheit (3D),
das zum Anordnen auflerhalb des menschli-
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chen Korpers eingerichtet ist; und

eine Mehrzahl Antennen (4a bis 4j), die zum An-
ordnen nahe der Koérperoberflache eingerichtet
sind, um mit der kdrperinternen Einheit (3D) zu
kommunizieren, und die zur Verbindung mit
dem korperexternen Gerat (5D) eingerichtet
sind,

wobei das kérperexterne Gerat (5D) aufweist:
ein Schaltmittel zum Schalten, um eine Antenne
der Mehrzahl Antennen (4a bis 4j) zu wahlen;
und

ein Detektormittel zum Erfassen der Empfangs-
starke von Signalen, die von den durch das
Schaltmittel gewahlten Antennen gesendet wer-
den, in der kdrperinternen Einheit (3D),

wobei das Schaltmittel dazu eingerichtet ist, die
Wahl der einen Antenne der Mehrzahl Antennen
(4a bis 4j) in einem Intervall einer von einem
Zeitgeber (80) eingestellten vorgegebenen Zeit
vorzunehmen; und

dadurch gekennzeichnet, dass das Detektor-
mittel eine HF-Schaltung (94) aufweist,

die dazu eingerichtet ist, Signale zu senden und
ein Signal zu empfangen, das die Empfangs-
starke der gesendeten Signale von der korper-
internen Einheit (3D) angibt,

um die Empfangsstérke zu erfassen, wahrend
der die eine der Mehrzahl Antennen (4a bis 4))
vom Schaltmittel gewahlt wird,

wobei die HF-Schaltung (94) jede Antenne syn-
chron mit der Taktung zum Schalten der Kom-
munikationsrichtung von Empfangen und Sen-
den jeder Antenne ohne Schalten der Antenne
wahrend des Sendens oder Empfangens und
ohne Behinderung der Kommunikation
schalten kann.

Kapselartiges medizinisches System (1D) nach An-
spruch 1,

bei dem das Schaltmittel dazu eingerichtet ist, eine
Anzahl n Antennen zu wahlen, wobei n kleiner ist als
die Anzahl N der am korperexternen Gerat (5D) als
die Mehrzahl Antennen (4a bis 4j) vorgesehenen An-
tennen, von denen eine Antenne gewahlt wird.

Kapselartiges medizinisches System (1D) nach An-
spruch 2,

bei dem die Anzahl n < N Antennen auf Basis der
Antennen bestimmt wird, die aktuell Daten emp-
fangt.

Kapselartiges medizinisches System (1D) nach An-
spruch 1,

bei dem dann, wenn keine Daten der Empfangsstér-
ke empfangen werden, das Schaltmittel dazu einge-
richtet ist, die Antenne zu wahlen, die als kommuni-
kationsfahig bestatigt wurde, um den Datenaus-
tausch sicherzustellen. bei dem das
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5.

Kapselartiges medizinisches System (1D) nach An-
spruch 1,

bei dem das Schaltmittel zum Schalten eingerichtet
ist, um eine Antenne mit der h6chsten Empfangs-
starke der vom Detektormittel erfassten Empfangs-
starken zu wahlen.

Revendications

1.

Systéme médical capsulaire (1D) comprenant :

une unité intracorporelle (3D) capsulaire ayant
un moyen de communication radio qui est adap-
té a étre inséré ou avalé pour étre introduit dans
la cavité corporelle ;

un dispositif extracorporel (5D) ayant un moyen
de communication pour exécuter une commu-
nication de données avec |'unité intracorporelle
(3D), qui est adapté a étre agencé a I'extérieur
du corps humain ; et

une pluralité d’antennes (4a a 4j) qui sont adap-
tées a étre agencées a proximité de la surface
du corps pour communiquer avec l'unité intra-
corporelle (3D) et qui sont adaptées a étre con-
nectées au dispositif extracorporel (5D),

le dispositif extracorporel (5D) comprenant :
un moyen de commutation pour commuter afin
de sélectionner une de la pluralité d’antennes
(4a a4j);et

un moyen de détection pour détecter une force
de réception, dans l'unité intracorporelle (3D),
de signaux transmis par I'antenne sélectionnée
par le moyen de commutation,

dans lequel le moyen de commutation est adap-
té a effectuer la sélection de I'une de la pluralité
d'antennes (4a a 4j) a un intervalle de temps
prédéterminé fixé par un temporisateur (80) ; et
caractérisé en ce que le moyen de détection
comprend un circuit RF (94) adapté a transmet-
tre des signaux et a recevoir un signal indicateur
d’'une force de réception des signaux transmis
de l'unité intracorporelle (3D) afin de détecter la
force de réception tandis que I'une de la pluralité
d'antennes (4a a 4j) est sélectionnée par le
moyen de commutation,

le circuit RF (94) étant apte a commuter chaque
antenne de maniére synchrone au moment de
commutation du sens de communication de la
réception et de la transmission de chaque an-
tenne sans commuter I'antenne pendant la
transmission ou la réception, ni faire obstacle a
la communication.

Systéme médical capsulaire (1D) selon la revendi-
cation 1,

dans lequel le moyen de commutation est adapté a
sélectionner des antennes d’'un nombre n plus petit



25 EP 2 143 369 B1

qu’un nombre N d’antennes prévues au niveau du
dispositif extracorporel (5D) comme la pluralité d’an-
tennes (4a a 4j) parmi lesquelles une antenne est
sélectionnée.

Systéme médical capsulaire (1D) selon la revendi-
cation 2,

dans lequel les antennes du nombre plus petit que
le nombre N sont déterminées sur la base de I'an-
tenne qui recgoit actuellement des données.

Systéme médical capsulaire (1D) selon la revendi-
cation 1,

dans lequel, lorsque des données de la force de ré-
ception ne sont pas obtenues, le moyen de commu-
tation est adapté a sélectionner I'antenne qui a été
confirmée étre apte a communiquer des données de
fagon a garantir la communication de données.

Systéme médical capsulaire (1D) selon la revendi-
cation 1,

dans lequel le moyen de commutation est adapté a
commuter afin de sélectionner une antenne avec la
force de réception la plus grande parmi les forces
de réception détectées par le moyen de détection.
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