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(57) ABSTRACT

A wearable jacket includes a 2D-DST substrate shaped to
cover a body of a subject person. The 2D-DST substrate
includes a first conductive sheet, a second conductive sheet
and a plurality of communication modules. The first and
second conductive sheets are overlapped, and the first con-
ductive sheet is located on the subject person side when in
use. The plurality of communication modules are distributed
between the first and second conductive sheets. At least one
of the plurality of communication modules has a commu-
nicating system capable of communicating with an external
device by receiving and/or transmitting a spatially propa-
gating signal. One of the first and second conductive sheets
on the external device side is formed with an area that allows
the spatially propagating signal to pass through at a position
corresponding to a location of a communication module
having the communicating system.
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1
WEARABLE JACKET HAVING
COMMUNICATION FUNCTION, AND
ENDOSCOPE SYSTEM EMPLOYING
WEARABLE JACKET

BACKGROUND OF THE INVENTION

The present invention relates to a wearable antenna jacket
for use with an endoscope system having a communication
function used for obtaining information related to a body of
a subject, and an endoscope system employing such a
wearable jacket.

Conventionally, when a human body of a subject is
observed, an electronic endoscope is typically used. The
electronic endoscope is provided with cables and optical
fibers inside a flexible tube section of a scope, and at a tip
thereof, an imaging element such as a CCD (Charge
Coupled Device), is fixed. Such an endoscope is configured
such that a relatively long flexible tube is inserted in the
human cavity. Therefore, observation using such an endo-
scope is burdensome to the subject (examinee). Further, it is
difficult to insert such an endoscope in a thin, long and
meandering portion, such as intestine.

Recently, in order to decrease the burden to the subject, a
system employing a capsule type endoscope has been sug-
gested. With use of such a capsule type endoscope, it
becomes easy to observe the intestine or the like.

An example of an endoscope system employing the
capsule endoscope is described in Japanese Patent Provi-
sional Publication P2003-19111 A. According to the endo-
scope system disclosed in the above publication, a belt
having a plurality of antennas is wound around the subject
(examinee). The capsule type endoscope outputs a radio
wave and the belt is configured to receive the radio wave,
which is used to detect a location of the capsule type
endoscope. In this publication, the capsule type endoscope is
described to measure condition inside the human cavity or to
capture images of inner walls of the human cavity.

Each antenna mounted on the belt described in the above
publication is connected to a signal recorder that controls the
entire operation of the belt via lead wires and/or thin copper
patterns. Such a structure has, however, several deficiencies.

For example, if each antenna is connected to the signal
recorder with lead wires or cables, the antennas and the lead
wires (cables) should be mounted on the belt. Therefore, for
mounting each antenna, a relatively large area is required
and it is difficult to mount many antennas on the belt.
Because of the small number of antennas, the antennas may
not cover the entire area inside the human cavity as a signal
receiving area. Further, since the belt is to be wound around
the body of the subject (examinee), a flexibility is required.
However, if the cables (or lead wires) are mounted, the
flexibility is lost. Further, if a large number of cables (lead
wires) are mounted, the weight of the belt significantly
increases, which increases burden to the subject (examinee).
Furthermore, if the belt is frequently bent and stretched, the
cables (lead wires) may be broken (disconnected).

If the antennas are connected to the signal recorder with
the copper pattern, the belt is considered to be formed from
a flexible PCB (printed circuit board). In this case, in
comparison with the above-described structure using cables,
the flexibility may be retained. However, when the PCB is
used, a pattern corresponding to the elements to be mounted
should be formed on a substrate, the areas for mounting the
antennas may be restricted. Therefore, the antennas may not
be mounted at optimum positions and/or the number of
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antennas may be limited. Further, if the belt is frequently
bent and stretched, the pattern may be broken and discon-
nected.

Further to the above, the antennas are mounted on the belt
and exposed to outside. Therefore, the antennas may receive
signals from devices other than the capsule endoscope,
which lowers an S/N (signal to noise) ratio of the image
signal.

SUMMARY OF THE INVENTION

The present invention is advantageous in that an improved
endoscope system employing a capsule endoscope and over-
coming the above problems is provided. That is, according
to the improved endoscope system, a wearable jacket is
provided. The wearable jacket mounts thereon a plurality of
communicating devices at desired positions, respectively,
and has durability. The endoscope system may obtain image
signal at a relatively high S/N ratio regardless of environ-
mental conditions.

According to an aspect of the invention, there is provided
a wearable jacket having a data communication function.
The wearable jacket includes a 2D-DST substrate shaped to
cover a body of a subject person. The 2D-DST substrate
includes a first conductive sheet, a second conductive sheet
and a plurality of communication modules. The first con-
ductive sheet and the second conductive sheet are over-
lapped, and the first conductive sheet is located on the
subject person’s side when the wearable jacket is in use. The
plurality of communication modules are distributed between
the first conductive sheet and the second conductive sheet,
the plurality of communication modules being capable of
communicating with adjacently arranged ones of the plural-
ity of communication modules and relaying signals making
use of the pair of conductive sheets. At least one of the
plurality of communication modules has a communicating
system capable of communicating with an external device
by receiving and/or transmitting a spatially propagating
signal, one of the first and second conductive sheets on the
external device side being formed with an area that allows
the spatially propagating signal to pass through at a position
corresponding to the communication module having the
communicating system is located.

Optionally, the external device may be located on the first
conductive sheet side, and the area that allows the spatially
propagating signal to pass through an opening formed on the
first conductive sheet, the through opening exposing at least
a part of the communication system to the outside.

The communication system may be arranged on the
subject person side of the first conductive sheet.

Further, the communication system includes an antenna
portion, and the at least one communication module may
include a circuit portion that generates a signal transmitted
through the antenna portion. Further, the communication
system may be stacked on the at least one communication
modules, a shape of the communication system projected on
a plane of the first conductive sheet being larger than at
shape of the at least one communication module projected
on the plane of the first conductive sheet.

Further optionally, at least one of the plurality of com-
munication modules is provided with a sensor that detects a
body function of the subject person.

Still optionally, the first conductive sheet may be formed
with a through opening which allows the sensor to contact
a body surface of the subject person.

Further, the 2D-DST substrate may include an insulating
sheet that covers an outer surface of the first conductive
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sheet, the sensor contacts the body surface of the subject
person with the insulating sheet therebetween.

In a particular case, the sensor may include at least one of
a body temperature sensor, a sensor for measuring a breath-
ing rate, cardiac rate or blood pressure, a blood flow sensor,
a sensor for measuring oxygen saturation degree, a sensor
for detecting sweat, a sensor for detecting uric acid level, a
sensor for detecting occurrence of bleeding, and electrodes
for cardiographic measurement.

Optionally, the wearable jacket may be provided with a
data conversion system that converts values measured by the
sensor into a displayable form which can be displayed on a
displaying device.

Further optionally, the wearable jacket may further
include a controller that controls the communication module
having the communication system to transmit a received
signal to the controller through the 2D-DST substrate and
the communication module having the sensor to transmit
measured data to the controller through the 2D-DST sub-
strate at every predetermined period.

The wearable jacket may further include a controller that
controls the communication module having the communi-
cation system to transmit a received signal to the controller
through the 2D-DST substrate at every first predetermined
period and the communication module having the sensor to
transmit measured data to the controller through the
2D-DST substrate at every second predetermined period
which is different from the first predetermined period.

Still optionally, the first predetermined period is shorter
than the second predetermined period.

The wearable jacket may further include a communication
module selecting system that selects an optimum commu-
nication module having the communication system from
among the plurality of communication modules, wherein the
selection of the optimum communication module is per-
formed at every third predetermined period which is longer
than the second predetermined period.

Optionally, the communication system may receive the
spatial propagating signal carrying an image signal, the
image signal being converted into a video signal which is to
be transmitted to the displaying device, values measured by
the sensor being incorporated in the video signal so that the
converted values are displayed together with an image
represented by the image signal in an overlapped manner.

According to another aspect of the invention, there is
provided an endoscope system comprising a capsule endo-
scope having a communication function, a wearable jacket
having a communication function and a displaying device.
The capsule endoscope is provided with an imaging device
that is inserted in a body cavity and captures an image inside
the body cavity, and a wireless communicating system that
transmits image data representing the captured image toward
the wearable jacket. The wearable jacket may include a
2D-DST substrate shaped to cover a body of a subject
person. The 2D-DST substrate may include a first conduc-
tive sheet, a second conductive sheet and a plurality of
communication modules. Further, the first conductive sheet
and the second conductive sheet are overlapped. The first
conductive sheet is located on the subject person side when
the wearable jacket is in use. The plurality of communica-
tion modules is distributed between the first conductive
sheet and the second conductive sheet. The plurality of
communication modules are capable of communicating with
adjacently arranged ones of the plurality of communication
modules and relaying signals making use of the pair of
conductive sheets. At least one of the plurality of commu-
nication modules has a communicating system capable of
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communicating with the capsule endoscope by receiving
and/or transmitting a spatially propagating signal, one of the
first and second conductive sheets on the capsule endoscope
side being formed with an area that allows the spatially
propagating signal to pass through at a position correspond-
ing to the location of the communication module having the
communicating system.

Optionally, the wearable jacket may include a controller
that selects an optimum communication module of which a
signal reception amplitude is largest among the plurality of
communication modules, the controller controls the selected
optimum communication module to execute a communica-
tion with the capsule endoscope.

Further, the optimum communication module transmits a
spatial propagating signal for supplying power to the capsule
endoscope.

According to a further aspect of the invention, there is
provided a wearable jacket having a data communication
function, which is further provided with a 2D-DST substrate
shaped to cover a body of a subject person. The 2D-DST
substrate includes at least one conductive sheet, and a
plurality of communication modules. The plurality of com-
munication modules are distributed along a plane of the at
least one conductive sheet, the plurality of communication
modules being capable of communicating with adjacently
arranged ones of the plurality of communication modules
and relaying signals in accordance with the 2D-DST tech-
nology, at least one of the plurality of communication
modules having a communicating system capable of com-
municating with an external device by receiving and/or
transmitting a spatially propagating signal, the at least one
conductive sheets facing the external device side and being
formed with an area that allows the spatially propagating
signal to pass through at a position corresponding to the
communication module having the communicating system.

According to a further aspect of the invention, there is
provided a wearable jacket having a data communication
function, which is provided with a 2D-DST substrate shaped
to cover a body of a subject person. The 2D-DST substrate
includes a first conductive sheet, a second conductive sheet,
and a plurality of communication modules. With this struc-
ture, the first conductive sheet and the second conductive
sheet are overlapped, the plurality of communication mod-
ules being distributed between the first conductive sheet and
the second conductive sheet. The plurality of communica-
tion modules are capable of communicating with adjacently
arranged ones of the plurality of communication modules
and relaying signals making use of at least one of the first
and second conductive sheets. At least one communication
module of the plurality of communication modules having a
sensor capable of detecting a body function of the subject.

BRIEF DESCRIPTION OF THE
ACCOMPANYING DRAWINGS

FIG. 1 schematically shows a configuration of an endo-
scope system according to an embodiment of the invention;

FIG. 2 schematically shows a configuration of a capsule
endoscope employed in the endoscope system according to
the embodiment of the invention;

FIG. 3 shows a cross sectional structure of a part of a
jacket employed in the endoscope system according to the
embodiment of the invention;

FIG. 4 is a block diagram showing a configuration of an
image communication module which is one type of com-
munication module according to the embodiment of the
invention;
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FIG. 5 is a block diagram showing a configuration of a
measurement communication module which is one type of
communication module according to the embodiment of the
invention;

FIG. 6 is a block diagram showing a control unit
employed in the endoscope system shown in FIG. 1;

FIG. 7 is a flowchart illustrating a data obtaining proce-
dure executed by the control unit shown in FIG. 6 according
to the embodiment of the invention;

FIG. 8 is a detailed flowchart illustrating a reception
module selecting procedure which is executed in the flow-
chart shown in FIG. 7,

FIG. 9 shows a cross sectional structure of a jacket
according to a modification of the first embodiment of the
invention;

FIG. 10 shows a cross sectional structure of a jacket
according to another modification of the first embodiment of
the invention;

FIG. 11 is a flowchart illustrating a data obtaining pro-
cedure executed by the control unit shown in FIG. 6 accord-
ing to a second embodiment of the invention; and

FIG. 12 is a flowchart illustrating a data obtaining pro-
cedure executed by the control unit shown in FIG. 6 accord-
ing to a third embodiment of the invention.

DETAIL DESCRIPTION OF THE
EMBODIMENTS

Referring now to the accompanying drawings, embodi-
ments and modifications of the endoscope system will be
described.

General Overview

The endoscope system according to the invention includes
a jacket having an antenna function (hereinafter, referred to
as an antenna jacket). The antenna jacket is provided with
circuitry to obtain various data of a subject, or examinee by
radio without using lead wires, cables or copper patterns.
The obtainable data may include body functions (e.g., pulse,
blood pressure, temperature etc.) of the subject and images
of body cavities. The antenna jacket is configured to be
flexible and duarable, light weight, and further realizes
freedom of design, higher density of antenna arrangement,
and acquisition of image signals with a high S/N ratio.

First Embodiment

FIG. 1 schematically shows a configuration of the endo-
scope system 10 according to an embodiment of the inven-
tion. The endoscope system 10 is used, for example, to
obtain the body functions (e.g., pulse, blood pressure, tem-
perature etc.) and/or image information of body cavities and
the like of the subject 1. Such data is used for diagnosing the
subject 1.

As shown in FIG. 1, the endoscope system 10 includes a
capsule endoscope 100 which is inserted (swallowed) inside
the subject 1, an antenna jacket 200, and a personal com-
puter (PC) 300. The capsule endoscope 100 captures images
inside the subject 1 and outputs image data by radio. The
antenna jacket 200 is provided with a plurality of antennas
and circuits, and receives the image data output by the
capsule endoscope 100. The antenna jacket 200 transmits the
obtained signal and data related to the body functions to the
PC 300. The PC 300 is provided with a display, which
displays the data (e.g., image data) received from the
antenna jacket 200.

FIG. 2 is a block diagram of the capsule endoscope 100
employed in the endoscope system 10 according to the
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embodiment. The capsule endoscope 100 has a shape of a
very small capsule, which can enter thin, long and mean-
dering portions (e.g., a bowel) easily and capture images
thereof. The capsule endoscope 100 is provided with a
power unit 102 supplying power to each component of the
capsule endoscope 100, a control unit 104 that controls the
entire operation of the capsule endoscope 100, a memory
106 that stores various pieces of data, a pair of illuminating
units 108 used for illuminating walls of the body cavity, an
objective optical system 110 that converges received light to
form an image on a solid-state imaging device 112 that
captures images of the body cavity, a transmitting unit 114
for transmitting a radio wave carrying image data, a receiv-
ing unit 115 for receiving a radio wave transmitted from
external devices, and antenna unit 116 from which the radio
wave propagates.

When powered on and put into the body cavity of the
subject 1, the capsule endoscope 100 illuminates inside the
body cavity with the pair of illuminating units 108. The light
reflected by walls of the body cavity is incident on the
objective optical system 110. The objective optical system
110 and the solid sate imaging device 112 are arranged such
that the objective optical system 110 forms an image on the
light receiving surface of the solid state imaging device 112.
The solid state image receiving device 112 applies a pho-
toelectric conversion to the received optical image to gen-
erate an image signal corresponding to the optical image.
The control unit 104 controls the transmitting unit 114 to
superimpose the thus generated image signal onto a prede-
termined frequency signal by modulation, and transmit the
modulated signal to outside through the antenna unit 116.
According to the embodiment, the signal output from the
antenna unit 116 is received by the antenna jacket 200.

It should be noted that the receiving unit 115 receives the
radio wave from an external device, and based on signals
represented by the received radio wave, the control unit 104
controls the illuminating units 108 (e.g., ON/OFF control)
and other operations of the capsule endoscope 100.

Next, the structure and operation of the antenna jacket 200
will be described in detail.

The antenna jacket 200 is a wearable jacket which is
formed to cover a part of the upper body of the subject 1. It
should be noted that the antenna jacket 200 may be formed
in various shapes and designs. For example, in FIG. 1, a vest
type jacket 200 is shown, which is only an exemplar in
design, and a so-called jacket having sleeves can also be
used. Since the antenna jacket 200 is used for receiving the
radio wave transmitted from the capsule endoscope 100 and
further used for measuring body functions, it is important
that the jacket 200 fits the outer shape of the subject 1.

The antenna jacket 200 is provided with a plurality of
communication modules 230 distributed therein, which con-
stitute a circuitry for obtaining the image signal transmitted
by the capsule endoscope 100, a circuitry for transmitting
electromagnetic waves for supplying electrical power and
for transmitting control signals, and a circuitry for obtaining
body functions of the subject 1. The antenna jacket 200 also
has a control unit 220 which is located at a waist portion of
the subject 1 when worn, and controls the entire operation of
the circuitries provided to the antenna jacket 200.

FIG. 3 is a partial cross-sectional side view of the antenna
jacket 200. The antenna jacket 200 employs a 2D-DST
(two-dimensional diffusive signal transmission) technology,
which is laid open in a web site <http://www.utri.co.jp/
venture/venture2.html>, in Japanese Patent Provisional Pub-
lication No. P2003-18882A. According to the 2D-DST
technology, a 2D-DST substrate is configures such that a
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plurality of chips are distributed between two signal layers
so that adjacent chips are locally and electrically connected
with each other. Then, data is relayed across the plurality of
chips from an origin to a destination by packets. According
to the embodiment, the antenna jacket 200, which is the
2D-DST substrate in this case, is provided with two con-
ductive sheets 212 and 214, and insulating sheets 216 and
218 for insulating the two conductive sheets 212 and 214
from outside. Between the conductive sheets 212 and 214, a
plurality of communication modules 230 are distributed as
schematically shown in FIG. 1.

Each of the two layers of conductive sheets 212 and 214
has flexibility and conductivity. Each of the conductive
sheets 212 and 214 is formed to be a vest type jacket
covering the chest and waist portion and back portion of the
subject 1. The conductive sheets 212 and 214 are spaced
from each other with a predetermined clearance, having the
communication module 230 provided therebetween, not
shown insulating layer and/or insulating sheet stacked ther-
ebetween. Thus, the conductive sheets 212 and 214 are
stacked with electrically insulated from each other. The
conductive sheet 212 is on the subject side, while the
conductive sheet 214 is on the outer side. In other words, the
conductive sheet 212 is a backside sheet of the antenna
jacket 200, while the conductive sheet 214 is a front side
sheet of the antenna jacket 200.

The insulating sheet 216 is a flexible sheet having an
insulating property. The insulating sheet 216 is shaped and
provided to cover the outer surface (i.e., a surface opposite
to the surface facing the conductive sheet 214) of the
conductive sheet 212. The insulating sheet 216 is made of
insulating rubber, insulating film or cloth having insulating
property. The insulating sheet 218 is also a flexible sheet
having the insulating property, similar to the insulating sheet
216. The insulating sheet 218 is shaped and provided to
cover the outer surface (i.e., a surface opposite to the surface
facing the conductive sheet 212) of the conductive sheet
214. Since the insulating sheets 216 and 218 are provided,
even if an electrical current flows through the conductive
sheet 212 or 214, the outside of the antenna jacket 200 is
insulated from the conductive sheets 212 and 214, and no
electrical currents leak outside.

Next, the communication modules 230 will be described.
The communication modules 230 are divided into two types
of modules, which include image communication modules
230a for obtaining image signal transmitted from the cap-
sule endoscope 100 and for transmitting radio waves to
supply power and to transmit control signals, and measure-
ment communication modules 2305 for measuring body
functions and obtaining measurement results (which will be
referred to as body function information).

FIG. 4 is a block diagram showing a configuration of the
image communication module 230a. The image communi-
cation module 230a includes a control unit 2324 that con-
trols the entire operation of the image communication mod-
ule 230q, an antenna 234q that receives/transmits a radio
wave having a predetermined frequency, a memory 236a
that stores various pieces of data including ID information of
the image communication module 230a, image signal and
the like, and a communication unit 238a that operates to
communicate with another communication module 230
located adjacent to the image communication module 230a.

The image communication module 230a has a function of
receiving the image signal transmitted from the capsule
endoscope 100 and a function of transmitting a radio wave
for supplying power to the capsule endoscope 100 and for
controlling the operation of the capsule endoscope 100,
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through the antenna 234a. Since power can be supplied from
outside, the operator can drive the capsule endoscope 100
for a relatively long time although only a small battery can
be implemented in the capsule endoscope 100.

It should be noted that the capsule endoscope 100 is
mainly for capturing images inside the bowel, the image
communication modules 230a being closely distributed at a
corresponding area (i.e., at an area corresponding to the
stomach of the subject 1).

In this embodiment, each of the image communication
modules 230q is configured to receive/transmit radio wave.
However, it is not necessary that each has both functions,
and modules having only one of receiving and transmitting
functions can be used.

As shown in FIG. 3, the conductive sheet 212 is formed
with an opening 212a through which the image communi-
cation module 230a (specifically, the antenna 234a thereof)
is exposed. The opening 2124 enables good transmission/
reception of the radio wave between the antenna 234a and
the capsule endoscope 100. Since the image communication
modules 230a are sandwiched between the conductive lay-
ers 212 and 214, if the opening 212a is not provided, each
image communication module 230q is shielded and the radio
wave cannot be transmitted to or received from the external
device. Although not shown in FIG. 3, the opening 212a is
formed corresponding to every one of the image communi-
cation modules 230a.

According to the embodiment, the insulating sheet 216 is
provided on the outer surface of the conductive sheet 212.
However, the insulating sheet 216 is not a conductive sheet,
it does not serve as a shield and does not affect transmission/
reception of the radio wave.

Further, according to the antenna jacket 200 configured as
above, each antenna 234a is exposed to outside (with the
insulating sheet 216 being interposed) through the opening
212a, and the other portion of the image communication
module 230 is covered with the conductive sheets 212 and
214. Therefore, the conductive sheets 212 and 214 serves as
a shield for the radio wave which is transmitted from
directions other than the direction of the capsule endoscope
100 (i.e., from an external device located close to the
endoscope system 10). Thus, unexpected noise directed to
the antenna 2344 can be shielded by the conductive sheets
212 and 214. According to another aspect, the radio wave
transmitted from the antenna 234a propagates in a direction
corresponding to the opening 212a, and does not affect
devices located relatively close to the antenna jacket 200 or
devices around the antenna jacket 200. That is, the conduc-
tive sheets 212 and 214 substantially shield or attenuate all
the radio waves other than the radio wave transmitted from
the capsule endoscope 100. Therefore, the antenna 234a can
receive the radio wave (image signal) transmitted from the
capsule endoscope 100 at a relatively high S/N ratio.

FIG. 9 shows another structure of the antenna jacket 200
according to a modification of the above-described embodi-
ment. In this modification, at least a part of the antenna 234a
is provided above the conductive sheet 212. According to
this structure, in comparison with the structure shown in
FIG. 3, an area of the part of the antenna 234a shielded by
the conductive sheet 212 is smaller. Therefore, the receiv-
able/transmittable angular range of the antenna 234a can be
widened. That is, the function of the antenna is substantially
enhanced with this structural change. This structure is par-
ticularly effective when there are no or little external devices
that output radio wave around the endoscope system 10.

Further, as shown in FIG. 9, when projected on the
conductive sheet 212, the area of the antenna 234a is wider
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than that of the communication module 230. According to
this structure, it is possible to further widen the area of the
antenna 234a in comparison with the structure in FIG. 3. As
a result, according to the modification, it is possible to
receive the image signal from the capsule endoscope 100 at
a relatively high S/N ratio.

In the embodiments and modification described above,
the capsule endoscope 100 and the image communication
module 230a communicate with each other using a radio
wave having a predetermined frequency. It is possible to
modify this configuration such that the communication is
performed using another spatially propagating signal. For
example, light waves may be used for communication by
employing a photo diode, LED (light emitting diode) or LD
(laser diode). In such a case, the antenna 234a may be
replaced with the photo diode. For the transmission function,
the antenna 2344 may be replaced with the LED or LD. Of
course, if both the transmission/reception functions are
implemented, both the photo diode and the LED or LD are
to be employed.

Alternatively, an audio wave may be used as another form
of the spatially propagating wave. When the audio wave is
utilized, the antenna 234a may be replaced with a supersonic
wave receiver. For transmitting the audio wave, the antenna
234a may be replaced with a supersonic transmitter. For
reception/transmission, both the supersonic receiver/trans-
mitter may replace the antenna 234a.

FIG. 5 shows a block diagram of the measurement com-
munication module 2305 which is one of the communication
module 230. The measurement communication module
2306 include a CPU 2325 that controls the entire operation
of the measurement communication module 2305, a sensor
unit 2345 for measuring body functions of the subject 1, a
memory 2365 for storing various pieces of data including
the ID information of the module 2305 and the measured
body functions, and a communication unit 2385 for com-
municating with another communication module 230 adja-
cent thereto.

The measurement communication module 2305 mainly
functions to obtain the body functions (e.g., body tempera-
ture, breathing rate, cardiac rate and the like). With use of the
measurement communication module 2305, the operator can
examine the body condition of the subject in addition to the
image of the body cavity of the subject 1. With this function,
if the subject 1 becomes ill during the observation of the
body cavity, the operator can recognize the same immedi-
ately.

As described above, a lot of communication module 230
are provided between the conductive sheets, and thus a lot
of measurement communication module 2305 are also dis-
tributed between the conductive sheets. It should be noted
that, as the sensor 234, there are various types of sensors.
For example, a temperature sensor for measuring the body
temperature, a pressure sensor for measuring the breathing
rate, cardiac rate or blood pressure, a Ph sensor for measur-
ing a hydrogenion concentration, a uric acid sensor for
measuring a uric acid value of sweat, a light sensor for
measuring existence/unexistence of bleeding, a supersonic
sensor for measuring a blood flow volume, a photo sensor
for measuring an oxygen saturation degree, electrodes for
cardiology measurement, and the like. The plurality of
measurement modules 2305 have the above sensors, respec-
tively, and arranged at appropriate positions of the antenna
jacket 200.

For example, the measurement module 23056 having the
pressure sensor for measuring the cardiac rate is provided at

20

65

10
a position of the antenna jacket 200 facing a left thorax
(close to the heart) of the subject 1.

The measurement module 2305 mounting the temperature
sensor is configured such that the sensor 2344 in FIG. 5
serves as the temperature sensor such as one using a ther-
mistor. Such a temperature sensor is mainly used for mea-
suring the body temperature (strictly speaking, the body
surface temperature) of the subject 1.

The measurement module 2305 mounting the pressure
sensor is configured such that the sensor 2344 in FIG. 5
serves as the pressure sensor (e.g., a diaphragm type or
semiconductor type pressure sensor). When the breathing
rate is measured, the pressure of the body surface of the
subject 1 is measured with a measuring frequency of 10
through 20 times/minute, and the number of breathing is
calculated. When the cardiac rate is measured, the pressure
of the body surface is measured with a measuring frequency
of 50 through 100 times/minute, and the heart rate is
obtained. It should be noted that the antenna jacket 200 is
elasticated so that the sensors mounted thereon are press-
contacted against the body surface of the subject 1. With this
elasticated configuration, it is possible to press the pressure
sensor against a blood vessel running close to the surface of
the body to measure the blood pressure.

The measurement module 2305 mounting the supersonic
wave sensor is configured such that the sensor 2345 in FIG.
5 serves as the supersonic wave sensor, which includes a
supersonic wave receiver and transmitter (in this example,
the supersonic sensor includes an integrally combined super-
sonic receiver/transmitter). The supersonic sensor emits a
supersonic wave into the body cavity of the subject 1, and
detects a Doppler shift (i.e., a change of frequency in
accordance with the Doppler effect) to calculate the blood
flow.

The measurement module 2305 mounting the photo sen-
sor is configured such that the sensor 2345 in FIG. 5 serves
as the photo sensor, which includes a light source (e.g., LED
or LD) and the photo diode. In this embodiment, the sensor
provided with both the light source and photo diode will be
referred to as the photo sensor.

The photo sensor is used for measuring a degree of
oxygen saturation in the blood, making use of the charac-
teristic of the blood such that an absorption factor for
infrared light of hemoglobin varies as the oxygen saturation
degree of the hemoglobin in the blood changes. Specifically,
the photo sensor functions as a reflection type photo inter-
rupter. For example, from the LED, light is emitted to the
blood inside the body cavity. Then, the reflected light is
received by the photo diode to determined the status of the
reflected light. Based on the detection result, the oxygen
saturation degree is calculated.

The conductive sheet 212 shown in FIG. 3 is provided
with openings 2125 each of which increases adhesiveness of
the measurement communication module 2304 (sensor
234b) with respect to the subject 1 are provided. The
opening 2125 and the sensor 2345 are formed such that the
sensor 2345 is fitted in the opening 2124. Since the adhe-
siveness is increased with use of the opening 2125, if, for
example, the sensor 23454 is the pressure sensor, accurate
detection of the pressure is enabled.

It should be noted that, as shown in FIG. 3, the insulating
sheet 216 is located between the sensor 2345 and the body
surface of the subject 1. Therefore, strictly speaking, the
sensor 2345 does not directly contact the body surface. It is
possible to modify the structure such that the sensor 2345
directly contacts the body surface of the subject 1. FIG. 10
shows such an example, which is a modification of the
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structure shown in FIG. 3. As shown in FIG. 10, the
insulating sheet 216 is formed with an opening 2165, which
is located at a position corresponding to the opening 2125,
and the sensor 2344 are fitted in both the openings 2125 and
216b. FIG. 10 shows only one opening 2164, but a plurality
of opening 21654 are formed corresponding to the opening
2126 and the measuring communication modules 2305.

Among the communication modules 230, there are mod-
ules which do not have the antenna 234a or the sensor 2345.
Such modules 230 includes the control unit, memory and
communication unit. Such modules 230 function as relaying
modules in accordance with the 2D-DST technology. That
is, the communication modules 230 without the antenna
234a and the sensor 2345 sequentially relay a signal (pack-
ets) when it is transmitted from a source to a destination. It
should be noted that it is of course possible that the com-
munication module 230 having the antenna 234a or the
sensor 2345 can also function as the relaying module.

The relaying communication module 230 (which does not
have the antenna 234a or sensor 234b) can be manufactured
ata low cost in comparison with that of the module provided
with the antenna 234a or the sensor 234b. Further, when
relaying modules are distributed, different from a case where
the modules with the antenna 234a or the sensor 23454, the
openings 212a or 2125 need not be formed on the conduc-
tive sheet 212. Therefore, even if many relaying modules are
distributed over the antenna jacket 200, the manufacturing
cost will not rise so largely.

Further, providing many communication modules 230 as
relaying points is advantageous in terms of the durability of
the circuit (i.e., in other words, certainty in signal transmis-
sion) employing the 2D-DST technology. For example, the
number of the communication modules 230 is proportional
to number of selectable signal transmission paths for various
signals. Since a large number of communication modules
230 are provided, even if some of them are broken, there still
remain a large number of selectable signal transmission
paths, and it is ensured that the image signal can be
transmitted to the destination.

Next, the configuration of the control unit 220 that con-
trols the entire operation of the antenna jacket 200 will be
described. The control unit 220 mainly has a function of
controlling the entire operation of the antenna jacket 200,
and a function as an interface.

FIG. 6 is a block diagram showing a configuration of the
control unit 220. The control unit 220 has a controller 221
which functions as a controller for the entire operation of the
antenna jacket 221, a power source 222 that supplies elec-
trical power to the antenna jacket 200, a communication unit
223 that communicates, through the conductive sheet 212 or
214, with the communication modules 230 located close to
the control unit 220, a memory 224 for storing various data
including control programs and data including the obtained
image signal and body information, a signal processing unit
225 that processes the obtained image signal to display an
image on the display of the PC 300, and an interface unit 226
through which the control unit 220 is connected with exter-
nal device and outputs data (e.g., image data and body
function data) to the external device. The data obtained by
respective communication modules 230 are collected by the
control unit 220, which transmits the collected data to the PC
300 so that the operator can view the same on the display of
the PC 300.

FIG. 7 is a flowchart illustrating a data obtaining proce-
dure which is executed by the control unit 220 (i.e., the
controller 221) to obtain various pieces of data including the
image data and body function data.
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When a power switch (not shown) of the control unit 220
is turned ON, the power source 222 supplies the electrical
power to the control unit 220, thereby the control unit 220
starts its operation. Then, the controller 221 can communi-
cate with the communication modules 230 in accordance
with the 2D-DST technology. Each communication module
230 operates in accordance with an algorithm (i.e., program)
stored in the control unit 232a or 232b to obtain ID infor-
mation, and transmits the ID information to the control unit
220 (S1). The controller 221 can distinguish respective
communication modules based on the ID information.

When the ID information setting process (S1) is finished
in each communication module 230, the controller 221
judges whether the power source is switched ON or OFF
(S2). If the power switch is switched OFF (S2: YES), the
controller 221 finishes the procedure shown in FIG. 7. When
the power switch is ON (S2: NO), controller 221 advances
the procedure to S3.

In S3, the controller 221 selects an image communication
module 230a that receives the radio wave output by the
capsule endoscope 100. In the following description, the
image communication module 230 that receives the radio
wave is occasionally referred to as a reception module.

FIG. 8 shows a flowchart illustrating the reception module
selecting procedure which is a subroutine called in S3 of the
flowchart shown in FIG. 7.

When the reception module selecting operation is called,
the controller 221 obtains reception amplitude data repre-
senting a signal reception amplitude by each image com-
munication module 230q (i.e., by the antenna 234a) regard-
ing the image signal transmitted by the capsule endoscope
100 (S21). In S22, the signal reception amplitude data of all
the image communication modules 230a distributed over the
antenna jacket 200 are compared to determined the image
communication module 230q having the greatest amplitude.
In S23, the controller 221 selects the image communication
module 230a, that has been determined to have the greatest
signal reception amplitude in S21, as the module to receive
the image signal transmitted from the capsule endoscope
100. Then, the controller 221 controls the selected image
communication module 230a to receive the radio wave
transmitted from the capsule endoscope 100. When the
image communication module 234a to receive the signal is
determined in S23, the reception module selecting procedure
is finished, and process proceeds to S4 of FIG. 7. It should
be noted that the image communication module 230a that
receives the radio wave from the capsule endoscope 100
demodulates the received signal to obtain the image signal
carried by the radio wave.

The image communication module 230a which is cur-
rently set to serve as the reception module transmits, under
control of the controller 221, a radio wave for supplying
electrical power to the capsule endoscope 100 at a prede-
termined timing. Since the capsule endoscope 100 is sup-
plied with the electrical power, it can operate for a relatively
long period. It should be noted that, although the reception
module is used to transmit the radio wave for supplying the
electrical power to the capsule endoscope in the embodi-
ment, it is possible that another communication module 230
is used for this purpose that is not currently used for
receiving the radio wave from the capsule endoscope 100.
Alternatively, the communication modules 230 may include
modules only for supplying the electrical power to the
capsule endoscope 100.

In S4, the controller 221 determines a minimum signal
transmission path which is one of paths defined by connect-
ing the communication modules 230 from the selected
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reception module to the controller 221, and having the
shortest path length. When the transmission path is deter-
mined, the image signal demodulated and obtained by the
reception module is transmitted along the determined path
and reaches the control unit 220 (S5). The controller 221
stores the thus received image signal in the memory 224
(S6). The image signal stored in the memory 224 is, under
control of the controller 221, processed by the signal pro-
cessing unit 225 and converted into a video signal, which is
transmitted to the PC 300 via the interface 226. Thus, on the
display of the PC 300, the image of the body cavity of the
subject 1 is displayed.

The controller 221 selects measurement communication
modules 2305 to obtain body functions of the subject 1 (S7).
The measurement communication modules 2305 are
selected in accordance with a predetermined order. For
example, when step S7 is executed first time, a measurement
communication module 2305 having the temperature sensor
is selected, and thereafter, at each execution of step S7,
measurement communication modules 2305 having the
pressure sensor, supersonic wave sensor, photo sensor, and
electrodes are selected respectively.

Alternatively, the surface of the antenna jacket 200 is
divided into a plurality of areas (e.g., chest area, stomach
area, etc.), and the measurement communication modules
23056 in different area may be selected at every execution of
step S7.

Further alternatively, if the total number of the measure-
ment communication modules 2305 provided on the antenna
jacket 200 is relatively small, all the measurement commu-
nication module 2305 may be selected at a time.

The control unit 2324 of the selected measurement com-
munication module 23056 calculates a measurement value
based on the value detected by the sensor 2345, and stores
the measurement value in the memory 2365 as body func-
tion data of the subject 1.

In S8, the controller 221 determines a minimum trans-
mission path that connects the communication modules 230
from the selected measurement communication module
2305 to the controller 221. When the minimum transmission
path is determined, the body function data is retrieved form
the memory 2365, and transmitted along the determined
transmission path through the communication modules 230,
and reaches the control unit 220 (S9). The body function
data as received is stored in the memory 224 (S10). After
storing the received body function data, the controller 221
returns to step S2, and thereafter, repeats the above-de-
scribed steps S2-S10.

According to the embodiment, the body function data
stored in the memory 224 is converted into a character signal
by the processing unit 225, and superimposed on the video
signal which is also processed by the processing unit 225.
Then, the video signal is transmitted to the PC 300 via the
interface unit 226. Thus, the display of the PC 300 shows
characters indicating the body functions of the subject 1 as
well as the image of the body cavity.

When the operator operates an operable member (not
shown) for controlling the capsule endoscope 100, the image
communication module 230a currently selected reception
module transmits, under control of the controller 221, a
control signal corresponding to the operation of the operable
member to the capsule endoscope 100. With this configu-
ration, the operator can control the operation of the capsule
endoscope 100. It should be noted that the module that
transmits the control signal to the capsule endoscope 100
need not be limited to the currently selected reception
module 230q, but another image communication module
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230a which is not currently receiving image signal can be
used. Alternatively, a dedicated communication module only
for transmitting the control signal may be employed.

It should be noted that the invention need not be limited
to the configurations of the above-described embodiment
and its modifications, but can be modified further in various
ways without departing from the scope of the invention.

For example, in the embodiment, the control unit 220 and
the PC 300 are connected with a cable (see FIG. 1). This can
be modified such that a wireless connection may be utilized
instead of the cable.

Optionally, the control unit 220 may be provided with a
memory card slot so that image data and/or body function
data can be stored in a memory card inserted in the card slot.

In the embodiment, the antenna jacket 200 is configured
to transmit the image signal and to obtain the body function
data. However, this is only an exemplary embodiment, and
the jacket may be configured to have only one of the two
functions.

In the embodiment, the communication modules are
arranged on the jacket shaped wearable jacket. The shape of
the wearable jacket need not be limited to the vest shape, but
the wearable jacket may have various shapes, such as a
shape of a belt.

Second Embodiment

FIG. 11 shows a flowchart illustrating a data obtaining
procedure executed by the control unit 220 according to the
second embodiment. According to the procedure shown in
FIG. 7, the reception module is selected every time the
obtained image and the body function data is stored in the
memory 224. According to the second embodiment, the
reception module is selected at every predetermined timing.
In the following description on FIG. 11, the steps which are
the same as those in FIG. 7 will be assigned with the same
step numbers and description thereof will be omitted for the
brevity.

When the power switch of the control unit 220 is ON and
the ID data setting process is executed in S1, controller 221
starts a counter A (which has an initial value of zero) in S31.
The counter A is referred to in S33, which will be described
later. After controller 221 judges whether the power source
is OFF in S2, and steps S3 and S4 are executed, the
controller 221 increments the counter A by one.

After steps S5 through S10 are executed (i.e., the image
signal and the body function data are transmitted to the
control unit 220 and stored in the memory 224), the con-
troller 221 judges whether the value of the counter A is equal
to a predetermined value Al, which corresponds to a pre-
determined timing. If the value of the counter A is not equal
to Al (833: NO), the controller 221 returns the process to
S32, increments the counter A by one, and repeats the steps
S5 through S10 again.

If the value of the counter A is equal to Al (S33: YES),
the controller 221 resets the counter A (i.e., sets the counter
to zero) in S34, and the controller returns to S2.

According to the second embodiment, as described above,
a period for selecting the reception module is longer than a
period for transmitting the image signal and body function
data to the control unit 220.

According to the procedure shown in FIG. 11, the recep-
tion module is not selected every time when the image data
and body function data are stored in the memory 224, but the
selection is made at every predetermined period, which is
longer than the period for storing the image data and body
function data in the memory 224. Therefore, according to the
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second embodiment, the reception module selection proce-
dure is executed less frequently and burden to the controller
221 is decreased in comparison with the first embodiment.

The configuration of the second embodiment is particu-
larly effective when the capsule endoscope 100 moves at a
relatively low speed, since it is not necessary to change the
reception module so frequently.

Third Embodiment

FIG. 12 is a flowchart of the data obtaining procedure
according to a third embodiment. According to the proce-
dure shown in FIG. 12, acquisition of the image data,
acquisition of the body function data and selection of the
reception module are executed at different timings. It should
be noted that the steps same as those in FIG. 7 or FIG. 11
will be assigned with the same step numbers and description
thereof will be omitted for the brevity.

When the power switch (not shown) is turned ON and the
ID data setting process is executed in S1, controller 221
starts the counters A (initial value=0) and B (initial value=0)
in S31. After judgment in S2, reception module selection
procedure in S3 and path determining procedure in S4 are
finished, the controller 221 increments the counter A by one
(S32).

When steps S5 and S6 are finished (i.e., the image signal
is transmitted to the control unit 220 and stored in the
memory 224), the controller 221 judges whether the value of
the counter A is equal to Al in S41. If the value of the
counter A is not Al (S41: NO), the controller 221 returns to
S32, where the counter A is incremented by one (S32), and
steps S5 and S6 are executed again to receive the image
signal again and stores the received image signal in the
memory 224.

If the value of the counter A is equal to Al (S41: YES),
the controller 221 increments the counter B by one (S42),
and executes steps S7 through S10 (i.e., the body function
data is transmitted to the control unit 220 and stored in the
memory 224).

When step S10 is executed, the controller 221 judges
whether the value of the counter B is equal to B1(S43). If the
value of the counter B is equal to B1 (S43: YES), the
controller 221 resets the values of the counters A and B to
the initial values (=0) in S45, and the controller 221 returns
the process to S2. In the above example, the interval of
transmitting the body function data to the control unit 220 is
longer than the interval of transmitting the image signal to
the control unit 220, and further the interval of selecting the
reception modules is longer than the interval of the selection
of the reception module.

According to the third embodiment, the image signal and
the body function data are not obtained at the same timing.
The interval for obtaining the body function data is longer
than the interval for obtaining the image signal. Further,
according to the procedure shown in FIG. 12, the interval for
selecting the reception module is longer than the timing for
storing the body function data in the memory 224.

That is, according to the third embodiment, acquisition of
the image data, acquisition of the body function data and
selection of the reception module are executed at different
timings. In particular, according to the third embodiment,
emphasis is laid on the acquisition of the image data, the
image data is obtained most frequently. Depending on a
situation, it is possible to execute the acquisition of the body
function data most frequently.
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The present disclosure relates to the subject matter con-
tained in Japanese Patent Application No. 2004-064143,
filed on Mar. 8, 2004, which is expressly incorporated herein
by reference in its entirety.

What is claimed is:

1. A wearable jacket having a data communication func-
tion, comprising:

a 2D-DST substrate shaped to cover a body of a subject

person,

the 2D-DST substrate including:

a first conductive sheet;

a second conductive sheet; and

a plurality of communication modules,

the first conductive sheet and the second conductive
sheet being overlapped, the plurality of communica-
tion modules being distributed between the first
conductive sheet and the second conductive sheet,
the plurality of communication modules being
capable of communicating with adjacently arranged
ones of the plurality of communication modules and
relaying signals making use of at least one of con-
ductive sheets, at least one communication module
of the plurality of communication modules having a
communicating system capable of communicating
with an external device by at least one of receiving
and transmitting a spatially propagating signal, one
of the first and second conductive sheets on the
external device side being formed with an area that
allows the spatially propagating signal to pass
through at a position corresponding to a location of
a communication module having the communicating
system.

2. The wearable jacket according to claim 1,

wherein the external device is located on the first con-

ductive sheet side, and

wherein the area that allows the spatially propagating

signal to pass through is a through opening formed on
the first conductive sheet, the through opening expos-
ing at least a part of the communication system to an
outside.

3. The wearable jacket according to claim 2, wherein the
communication system is arranged on the subject person
side of the first conductive sheet.

4. The wearable jacket according to claim 1,

wherein the communication system includes an antenna

portion,

wherein at least one communication module includes a

circuit portion that generates a signal transmitted
through the antenna portion, and

wherein the communication system is stacked on the at

least one communication module, a shape of the com-
munication system projected on a plane of the first
conductive sheet being larger than a shape of at least
one communication module projected on the plane of
the first conductive sheet.

5. The wearable jacket according to claim 1, wherein at
least one of the plurality of communication modules is
provided with a sensor that detects a body function of the
subject person.

6. The wearable jacket according to claim 5, wherein the
first conductive sheet is formed with a through opening
which allows the sensor to contact a body surface of the
subject person.

7. The wearable jacket according to claim 6, wherein the
2D-DST substrate further includes an insulating sheet that
covers an outer surface of the first conductive sheet, the
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sensor contacting the body surface of the subject person with
the insulating sheet therebetween.

8. The wearable jacket according to claim 5, wherein the
sensor includes one of a body temperature sensor, a sensor
for measuring a breathing rate, cardiac rate or blood pres-
sure, a blood flow sensor, a sensor for measuring a degree of
oxygen saturation, a sensor for detecting sweat, a sensor for
detecting a uric acid level, a sensor for detecting an occur-
rence of bleeding, and electrodes for cardiographic mea-
surement.

9. The wearable jacket according to claim 8, further
comprising a data conversion system that converts values
measured by the sensor into a displayable form which can be
displayed on a displaying device.

10. The wearable jacket according to claim 9, further
comprising a controller that controls the communication
module having the communication system to transmit a
received signal to the controller through the 2D-DST sub-
strate and the communication module having the sensor to
transmit measured data to the controller through the
2D-DST substrate at every predetermined period.

11. The wearable jacket according to claim 9, further
comprising a controller that controls the communication
module having the communication system to transmit a
received signal to the controller through the 2D-DST sub-
strate at every first predetermined period, the communica-
tion module having the sensor to transmit measured data to
the controller through the 2D-DST substrate at every second
predetermined period which is different from the first pre-
determined period.

12. The wearable jacket according to claim 11, wherein
the first predetermined period is shorter than the second
predetermined period.

13. The wearable jacket according to claim 11, further
including a communication module selecting system that
selects an optimum communication module having the com-
munication system from among the plurality of communi-
cation modules, wherein the selection of the optimum com-
munication module is performed at every third
predetermined period which is longer than the second pre-
determined timing.

14. The wearable jacket according to claim 9, wherein the
communication system receives a spatial propagating signal
carrying an image signal, the image signal being converted
into a video signal which is to be transmitted to the display-
ing device, the values measured by the sensor being incor-
porated in the video signal so that the converted values are
displayed together with an image represented by the image
signal in an overlapped manner.

15. An endoscope system comprising a capsule endoscope
having a communication function, a wearable jacket having
a communication function and a displaying device,

the capsule endoscope comprising:

an imaging device that is inserted in a body cavity and

captures an image inside the body cavity; and

a wireless communicating system that transmits image

data representing the captured image toward the wear-
able jacket,

the wearable jacket comprising:

a 2D-DST substrate shaped to cover a body of a subject

person,

the 2D-DST substrate including:

a first conductive sheet;

a second conductive sheet; and

a plurality of communication modules,

the first conductive sheet and the second conductive
sheet being overlapped, the plurality of communica-
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tion modules being distributed between the first
conductive sheet and the second conductive sheet,
the plurality of communication modules being
capable of communicating with adjacently arranged
ones of the plurality of communication modules and
relaying signals making use of at least one of con-
ductive sheets, at least one communication module
of the plurality of communication modules having a
communicating system capable of communicating
with the capsule endoscope by at least one of receiv-
ing and transmitting a spatially propagating signal,
one of the first and second conductive sheets on the
capsule endoscope side being formed with an area
that allows the spatially propagating signal to pass
through at a position corresponding to a location of
a communication module having the communicating
system.

16. The endoscope system according to claim 15, wherein
the wearable jacket includes a controller that selects an
optimum communication module of which a signal recep-
tion amplitude is largest from among the plurality of com-
munication modules, the controller controlling the selected
optimum communication module to execute a communica-
tion with the capsule endoscope.

17. The endoscope system according to claim 16, wherein
the optimum communication module transmits a spatial
propagating signal for supplying power to the capsule endo-
scope.

18. A wearable jacket having a data communication
function, comprising:

a 2D-DST substrate shaped to cover a body of a subject

person,

the 2D-DST substrate including:

at least one conductive sheet;

a plurality of communication modules,

the plurality of communication modules being distrib-
uted along a plane of the at least one conductive
sheet, the plurality of communication modules being
capable of communicating with adjacently arranged
ones of the plurality of communication modules and
relaying signals in accordance with the 2D-DST
technology, at least one communication module of
the plurality of communication modules having a
communicating system capable of communicating
with an external device by at least one of receiving
and transmitting a spatially propagating signal, the at
least one conductive sheet facing an external device
side being formed with an area that allows the
spatially propagating signal to pass through at a
position corresponding to a location of a communi-
cation module having the communicating system.

19. A wearable jacket having a data communication
function, comprising:

a 2D-DST substrate shaped to cover a body of a subject

person,

the 2D-DST substrate including:

a first conductive sheet;

a second conductive sheet; and

a plurality of communication modules,

the first conductive sheet and the second conductive
sheet being overlapped, the plurality of communica-
tion modules being distributed between the first
conductive sheet and the second conductive sheet,
the plurality of communication modules being
capable of communicating with adjacently arranged
ones of the plurality of communication modules and
relaying signals making use of at least one of the first
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and second conductive sheets, at least one commu- pressure, a blood flow sensor, a sensor for measuring a
nication module of the plurality of communication degree of oxygen saturation, a sensor for detecting sweat, a
modules having a sensor capable of detecting a body sensor for detecting a uric acid level, a sensor for detecting
function of the subject. an occurrence of bleeding, and electrodes for cardiographic

20. The wearable jacket according to claim 19, wherein 5 measurement.
the sensor includes one of a body temperature sensor, a
sensor for measuring a breathing rate, cardiac rate or blood LI B B
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