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CONNECTOR SUBSTRATE, SENSOR
SYSTEM, AND WEARABLE SENSOR
SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to a connector sub-
strate, a sensor system, and a wearable sensor system.

[0002] Priority is claimed on Japanese Patent Application
No. 2015-174931, filed on Sep. 4, 2015, the content of
which is incorporated herein by reference.

BACKGROUND ART

[0003] In recent vears, flexible electronics has various
application uses because of softness of their materials and
thus has attracted much attention. For example, the flexible
electronics has gained attraction as a means for directly
obtaining biological information such as the movement of a
human body by wearing on the surface of the human body
or in the body.

[0004] Forexample, Patent Document 1 discloses clothing
provided with a sensor that performs follow-up management
of the performance of an individual who is performing
motion activity. For example, Patent Document 2 discloses
clothing in which a wiring portion is provided integrally
with a fabric body. It is disclosed that it is possible to
suppress the breaking of the wiring portion and the obstruc-
tion of a wearer’s action by providing the wiring portion
integrally with the fabric body.

[0005] Patent Document 3 discloses a sensor in which a
plurality of measurement points are disposed in a regular
array in order to also obtain planar positional information.

[0006] Patent Document 4 discloses clothing in which a
plurality of motion sensors, such as acceleration sensors, are
disposed over the whole body.

[0007] Signals acquired by the sensors are output to the
outside and measured. For example, Patent Document 5
discloses that an electrode attached to a subject and a
monitoring device are connected to each other by a connec-
tor and are output to the outside. Patent Document 1
discloses that physiological data is transmitted and received
using a transceiver connected to the sensor, and Patent
Document 2 discloses that information is wirelessly trans-
mitted to the outside by using a transmission module con-
nected to the sensor. Patent Document 4 discloses a system
which is connected to communication means through a
controller.
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[0012] [Patent Document 5] Published Japanese Transla-
tion No. H11-513592 of the PCT International Publication
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SUMMARY OF INVENTION

Technical Problem

[0013] The inventors have examined a sensor system
capable of measuring the movement of a human body, and
have noticed that there are various problems. There have
been demands for a sensor system capable of solving such
various problems at once.

[0014] One of the problems noticed by the inventors is that
a sensor system which is capable of aggregately measuring
not only information from a specific position but also
information from various positions and has a good feeling of
wearing has not been realized.

[0015] For example, in Patent Document 1 and Patent
Document 2, the sensor is provided at a predetermined
position in a human body, and only information on the
portion is measured. For this reason, for example, it is
difficult to obtain a plurality of pieces of information on the
human body’s arm, leg, trunk, and the like at once.

[0016] In order to obtain the plurality of pieces of infor-
mation at once, the sensors as disclosed in Patent Document
1 and Patent Document 2 can be simultaneously attached at
various positions of the human body. However, it is not
realistic to attach the plurality of sensors at once. In order to
simultaneously output pieces of information obtained from
the sensors to the outside, one transceiver or transmission
module is necessary for each sensor, and thus the sensor
system becomes extremely large. In Patent Document 4, a
plurality of pieces of information are aggregately measured
by the controller. However, in order to perform communi-
cation by connection of a plurality of acceleration sensors,
a wiring or the controller necessarily becomes extremely
large.

[0017] The large-scale sensor system also results in a
problem that the sensor system gives a sense of incongruity
to a wearer. For example, in a case where measurement is
performed throughout the whole day, or the like, the badness
of a feeling of wearing of the sensor system gives an
extremely large burden on the wearer. In such a sensor
system that causes a sense of incongruity for a wearer,
information based on daily life is hardly obtained.

[0018] Itis also considered that one external output means
such as a transceiver or a transmission module is provided,
and pieces of information are collectively transmitted to one
external output means. However, as a result of the inventor’s
examination, the inventors have noticed that it is necessary
to electrically connect each of the sensors and the external
output means to each other in order to integrate information
to one external output means, which results in another
problem.

[0019] In order to electrically connect each sensor and one
external output means to each other, connection points
corresponding to a number, which is obtained by adding a
ground wire to the number of wirings from the sensors, are
at least required, and a connector having the connection
points is required (for example, FIGS. 3 and 4 in Patent
Document 5). As the number of sensors increases, the
number of connection points increases.

[0020] Ina connector having a large number of connection
points, it is necessary to separately dispose the connection
points, which results in an increase in size of the connector.
In a wearable sensor system, such a large connector causes
a sense of incongruity during the wearing of the wearable
sensor system. In a case where the sensor system is used for
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clothing and the like, cloth is pulled by the connector, and
thus there is a concern that accurate measurement is hin-
dered.

[0021] Inaconnector having a large number of connection
points, there is a possibility that terminals to be connected to
each other are mistaken. Further, it takes time to perform
both an operation of reliably performing connection of all of
the connection points and an operation of confirming the
reliable connection of the connection points. That is, it is not
possible to easily and simply connect each sensor and the
external output means to each other.

[0022] The inventors have also noticed that another prob-
lem occurs due to an increase in number of connection
points of a connector. The problem is that it is difficult to
wash clothing and the like in a case where a sensor system
is provided in the clothing and the like. Either of wireless
type external output means or wired type external output
means is required to be removed during washing. However,
when the number of connection points of a connector is
increased, it is difficult to simply remove the external output
means.

[0023] In addition, the connector provided on the clothing
side is washed together with the clothing during the wash-
ing. When the connector increases in size, it is assumed that
large stress is applied to the connector during the washing.
As a result, there is a strong possibility that the connector is
peeled off from the clothing or is broken.

[0024] On the other hand, in principle, it is possible to
reduce the number of connection points by converting an
input signal into a matrix at a stage prior to arrival at the
connection point and integrating signals (for example, Pat-
ent Document 3 and the like). However, pieces of informa-
tion from sensor points, which are regularly disposed in a
matrix, are electrically processed inside a sensor. In other
words, when the sensor points are not regularly disposed, it
is not possible to convert the signals into a matrix inside the
sensor. That is, it is not possible to integrate the signals from
the sensor points that are irregularly disposed. For this
reason, this is not usable in a case where pieces of infor-
mation from various points of a human body or the like are
integrated, and thus the degree of freedom as a sensor
system is low.

[0025] The invention is contrived in view of such situa-
tions, and an object thereof is to realize a sensor system
which is capable of solving the above-described problems at
once.

[0026] More specifically, an object thereof is to provide a
connector substrate which is capable of suppressing a weat-
er’s sense of incongruity during the wearing of the sensor
system and facilitating attachment and detachment of exter-
nal output means. In addition, an object thereof is to provide
a sensor system which is capable of measuring pieces of
information from sensors at once and suppressing a wearer’s
sense of incongruity and which is washable.

Solution to Problem

[0027] The inventors have found a connector substrate in
which signals from sensors are physically classified by a
wiring pattern and the number of output terminals can be
reduced, as a result of wholehearted examination. In addi-
tion, the inventors have found that when the connector
substrate is used, a wearer’s sense of incongruity is sup-
pressed when wearing a sensor system, and attachment and
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detachment of external output means are facilitated, and
have completed the invention.

[0028] That is, in order to solve the above-described
problems, the invention has adopted the following means.

[0029] (1) According to an aspect of the invention, there is
provided a connector substrate including a base material, n
first input terminals of m groups (m and n are an integer
equal to or greater than 2) which are provided on the base
material, n first output terminals which are provided on the
base material, first wiring patterns which are disposed on or
inside the base material and connect the first input terminals
and the first output terminals, m second input terminals
which are provided on the base material, m second output
terminals which are provided on the base material, and
second wiring patterns which are disposed on or inside the
base material and connect the second input terminals and the
second output terminals, in which a first end of each
connector wiring constituting the first wiring pattern is
connected to one of the n first input terminals constituting
each group, and a second end is connected to one of the first
output terminals.

[0030] (2) In the connector substrate according to (1), the
base material may be flexible.

[0031] (3) In the connector substrate according to (1) or
(2), the first input terminals and the second input terminals
may be provided in an outer peripheral portion of the base
material, the first output terminals and the second output
terminals may be provided in a center portion of the base
material, and the first wiring patterns and the second wiring
patterns may be present at different positions in a thickness
direction of the base material inside the base material or on
an outer surface of the base material.

[0032] (4) According to another aspect of the invention,
there is provided a sensor system including the connector
substrate according to any one of (1) to (3), a plurality of
sensors which are classified into m groups, a first wiring
which connects each of the plurality of sensors and the first
input terminals of the connector substrate to each other, a
second wiring which connects the sensors constituting one
group, among the plurality of sensors, and is connected to
the second input terminals of the connector substrate, exter-
nal output means, connected to the connector substrate, for
outputting a signal to the outside, and signal processing
means which is configured to process the signal which is
output by the external output means.

[0033] (5) In the sensor system according to (4), the
plurality of sensors may be irregularly disposed.

[0034] (6) In the sensor system according to (4) or (5), the
first wiring and the second wiring may not intersect each
other when seen in a plan view until reaching the connector
substrate from each of the plurality of sensors.

[0035] (7) In the sensor system according to any one of (4)
to (6), the connector substrate and the external output means
may be connected to each other by a magnet.

[0036] (8) In the sensor system according to any one of (4)
to (7), the signal processing means may perform machine
learning.

[0037] (9) In the sensor system according to any one of (4)
to (8), the plurality of sensors may cause a change in
resistance due to a change in at least one physical quantity
selected from a group consisting of sound, light, tempera-
ture, pressure, and distortion.

[0038] (10) According to still another aspect of the inven-
tion, there is provided a wearable sensor system including a
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fabric body to which the plurality of sensors and the con-
nector substrate in the sensor system according to any one of
(4) to (9) are attached, in which the first wiring and the
second wiring are provided integrally with the fabric body.

Advantageous Effects of Invention

[0039] A connector substrate according to an aspect of the
invention suppresses a wearer’s sense of incongruity during
the wearing of a sensor system, and facilitates attachment
and detachment of external output means.

[0040] A sensor system according to another aspect of the
invention can measure pieces of information from sensors,
which are irregularly disposed, at once and can limit a
wearer’s sense of incongruity, and is washable.

BRIEF DESCRIPTION OF DRAWINGS

[0041] FIG. 1 is a schematic diagram of a sensor system
according to an aspect of the invention.

[0042] FIG. 2 is a schematic diagram showing a connector
substrate according to the aspect of the invention when seen
in a plan view.

[0043] FIG. 3 is a schematic circuit diagram showing a
matrix scanning circuit which is virtually formed in the
sensor system according to the aspect of the invention.
[0044] FIG. 4 is an example of a schematic plan view
showing external output means.

[0045] FIG. 5 is a schematic cross-sectional diagram
showing a connection portion between the connector sub-
strate and the external output means.

DESCRIPTION OF EMBODIMENTS

[0046] Hereinafter, configurations of a connector sub-
strate, a sensor system, and a wearable sensor system
according to this embodiment will be described with refer-
ence to the accompanying drawings. In the drawings used in
the following description, characteristic portions may be
enlarged in order to facilitate the understanding of the
characteristics for convenience, and the dimensional ratio of
each component is not necessarily the same as the actual
dimensional ratio. Materials, dimensions, and the like illus-
trated in the following description are merely examples, and
the invention is not limited thereto. The materials, dimen-
sions, and the like can be appropriately changed without
departing from the scope of the invention.

[0047] (Sensor System)

[0048] FIG. 1 is a schematic diagram of a sensor system
according to an aspect of the invention.

[0049] A sensor system 100 shown in FIG. 1 includes a
connector substrate 10, a plurality of sensors 20, a plurality
of wirings 30, external output means 40, and signal pro-
cessing means (not shown). The plurality of wirings 30
connect the sensor 20 and the connector substrate 10 to each
other. The external output means 40 is connected to the
connector substrate 10. The signal processing means pro-
cesses a signal which is output from the external output
means 40.

[0050] The sensor system 100 shown in FIG. 1 is a
wearable clothing type sensor system in which the sensor 20
is attached to a fabric body 50 and the wirings 30 are
provided integrally with the fabric body 50. The sensor
system according to the aspect of the invention is not limited
to the configuration shown in FIG. 1. For example, the fabric
body 50 and the sensor system can be separated from each
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other. In addition, the sensor system is not limited to a
clothing type that covers the whole body as shown in FIG.
1, and may be configured to cover only a portion of the body.
In addition, the sensor system may be configured to be worn
by an animal in order to confirm an action of an animal, such
as a dog, or a robot.

[0051] In a case of the wearable clothing tvpe sensor
system 100 shown in FIG. 1, a method of attaching the fabric
body 50, the connector substrate 10, and the sensor 20 is not
particularly limited. For example, the connector substrate 10
and the sensor 20 may be bonded to the fabric body 50 by
using an adhesive or the like, or the connector substrate 10
and the sensor 20 may be woven into the fabric body 50. In
addition, regarding the sensor 20, a sensor formed using ink
may be printed on the fabric body 50.

[0052] When the fabric body 50 and the sensor system 100
are integrally formed, it is possible to reduce a sense of
incongruity during the wearing of the sensor system 100.
The followability of the sensor system 100 with respect to
the fabric body 50 increases. As a result, it is possible to
perform more accurate measurement. Stress when stretching
a fabric body with a sensor by 50% is in a range between one
twentieth and 20 times when stretching only the fabric body,
preferably between one tenth and 10 times, and more
preferably between one fifth and 5 times.

[0053] The plurality of sensors 20 are classified into m
groups A to A, for each region. In FIG. 1, the sensors are
classified into four groups A, to A,. Each of the groups A,
to A, includes n sensors. In FIG. 1, each of m=4 groups
includes n=3 sensors 20. The number of groups and the
number of sensors are not limited to this case, and can vary
depending on the mode of use.

[0054] The wiring 30 includes a first wiring 30A and a
second wiring 30B. The first wiring 30A connects each of
the sensors 20 and the connector substrate 10 to each other.
The second wiring 30B connects the sensors 20 constituting
one group, and is connected to the connector substrate 10.
That is, each sensor is connected to each of the first wiring
30A and the second wiring 30B.

[0055] InFIG. 1, for example, three sensors 20 included in
the right arm group A, are connected to the connector
substrate 10 by the first wiring 30A. In addition, three
sensors 20 included in the right arm group A, are connected
to each other by the second wiring 30B, and integrated into
one wiring to be connected to the connector substrate 10.
That is, from the right arm group A,, the number (four) of
wirings 30 obtained by adding one wiring to the number
(three) of sensors included in the right arm group A, are
connected to the multi-point sensor connector substrate 10.
This is not limited to the right arm group A, and is the same
as in the left arm group A, the left trunk group A, and the
right trunk group A,. As a result, on the connector substrate
10, a total of 16 wirings 30 including four wirings (three first
wirings 30A+one second wiring 30B) by four groups are
disposed.

[0056] When generalizing this, a total of m second wirings
30B respectively obtained from the m groups A, to A, are
connected to the connector substrate 10. In addition, the first
wirings 30A respectively obtained from all of the sensors 20
included in each of the groups A, to A, are connected
thereto. For convenience of description, when the number of
sensors included in each of the groups A to A,,, is set to be
n, mxn first wirings 30A are connected thereto. That is, the
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number of wirings 30 connected to the connector substrate
10 is mxn+m=mx(n+1) in total.

[0057]

[0058] FIG. 2 is a schematic diagram showing a connector
substrate according to the aspect of the invention when seen
in a plan view.

[0059] The connector substrate 10 shown in FIG. 2
includes a base material 11, first input terminals 12A, second
input terminals 12B, first wiring patterns 13 A, second wiring
patterns 13B, a first output terminal 14A, and a second
output terminal 14B. Hereinafter, the first input terminal
12A and the second input terminal 12B may be collectively
referred to as an external input terminal 12, the first wiring
pattern 13A and the second wiring pattern 13B may be
collectively referred to as a wiring pattern 13, and the first
output terminal 14A and the second output terminal 14B
may be collectively referred to as an external output terminal
14.

[0060] The base material 11 has an insulating property,
and supports the external input terminal 12, the internal
wiring pattern 13, and the external output terminal 14. The
base material 11 is preferably a flexible material. Here, the
term “flexible” means being capable of being freely bent to
a degree of a flexible printed circuit (FPC). The base
material 11 has flexibility, and thus is hardly damaged even
when stress is applied to the connector substrate 10 due to
processing such as washing.

[0061] Examples of a material used for the base material
11 may include polyimide (PI), polyethylene terephthalate
(PET), and the like.

[0062] The external input terminal 12 is an electrical
contact point formed on the base material 11. The external
input terminal 12 includes the first input terminal 12A and
the second input terminal 12B. Each of the first input
terminal 12A and the second input terminal 12B may be
disposed on the same surface as that of the base material 11,
or may be disposed on a surface different from that of the
base material. The first input terminal 12 can be connected
to each of the plurality of sensors 20. The second input
terminal 12B can be connected to the sensors 20 included in
one group. That is, the connector substrate 10 functions as
a connector substrate for multi-point sensor which is capable
of being connected to a multi-point sensor.

[0063] In the external input terminal 12 of FIG. 2, six first
input terminals 12A and one second input terminal 12B
constitute one group, and thus a total of eight groups are
provided. The groups B, to B,, respectively correspond to
the groups A, to A, into which the plurality of sensors 20 in
the sensor system 100 are divided for each region.

[0064] For example, the group B, in FIG. 2 can be
connected to the right arm group A, in FIG. 1. That is,
although only three sensors 20 are shown in FIG. 1 for
convenience of illustration, each of six sensors disposed in
the right arm group A, can be connected to the first input
terminal 12A through the first wiring 30A. In addition, the
second input terminal 12B can be connected to each sensor
20 disposed in the right arm group A, through the second
wiring 30B. Similarly, each of the left arm group A, the left
trunk group A, and the right trunk group A, in FIG. 1 can
be connected to each of the groups B, to B, in FIG. 2.

[0065] In FIG. 2, the external input terminal 12 includes
eight groups B, to Bg. For this reason, in a case where the
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connector substrate 10 of FIG. 2 is used, four groups A; to
Ag can also be further provided in the sensor system 100 of
FIG. 1.

[0066] The number of groups of the groups B, to B, can
appropriately vary depending on the number of groups A, to
A, provided in the sensor system 100. In addition, the
number of first input terminals 12A constituting the groups
B, to B,, can also vary depending on the number of sensors
included in each of the groups A, to A,

[0067] The external output terminal 14 is an electrical
contact point formed on the base material 11. The external
output terminal 14 includes the first output terminal 14A and
the second output terminal 14B. The first output terminal
14A and the second output terminal 14B may be disposed on
the same surface as that of the base material 11, or may be
disposed on a surface different from that of the base material.
The number of terminals of the first output terminal 14A
corresponds to the maximum number of the first input
terminal 12A in the groups B, to B,,. On the other hand, the
number of terminals of the second output terminal 14B
corresponds to the number of groups of the groups B, 10 B,,,.
[0068] The external input terminal 12 and the external
output terminal 14 may be formed of a conductive material,
and can be manufactured using, for example, solder, silver
paste, copper, or the like.

[0069] The wiring pattern 13 is disposed on or inside the
base material 11. The wiring pattern 13 includes the first
wiring pattern 13A and the second wiring pattern 13B. The
first wiring pattern 13 A connects the input terminal 12A and
the output terminal 14A to each other. The second wiring
pattern 13B connects the second input terminal 12B and the
second output terminal 14B to each other.

[0070] Each connector wiring constituting the wiring pat-
tern 13A connects the first input terminal 12A and the first
output terminal 14A. A first end of each connector wiring
constituting the wiring pattern 13A is connected one of the
n first input terminals 12A constituting the groups B, to B,,..
On the other hand, a second end of each connector wiring
constituting the wiring pattern 13A is connected one of the
first output terminals 14A. That is, each connector wiring
constituting the wiring pattern 13A extends from one of the
n first input terminals 12A of each group, and the connector
wirings are disposed so as to be integrated into one until
reaching the first input terminal 14A.

[0071] For example. in FIG. 2, the connector wirings
extending to the first output terminal 14A from one of the
first input terminals 12A constituting one group B, are
connected to the connector wirings extending from one of
the first input terminals 12A constituting each of the other
groups B, to B, until reaching the first output terminal 14A.
That is, a total of 64 input terminals 12A are integrated into
eight output terminals 14A.

[0072] On the other hand, the second wiring pattern 13B
connects the second input terminal 12B and the second
output terminal 14B. Connector wirings constituting the
second wiring pattern 13B are not connected to the connec-
tor wirings constituting the first wiring pattern 13A and the
other connector wirings constituting the second wiring pat-
tern.

[0073] A configuration of the connector substrate 10 has
been described above. Subsequently, functions of the con-
nector substrate 10 will be described.

[0074] The connector substrate 10 converts pieces of
information which are input from mx(n+1) external input



US 2018/0242912 Al

terminals 12 by matrix scanning, and output the information
by m+n external output terminals 14.

[0075] The conversion by the matrix scanning is per-
formed in the following sequence. For example, when a
subject wearing the sensor system 100 moves the right arm,
any one sensor 20 in the right arm group A, in FIG. 1
responds. In this case, a number is virtually given to sensors
included in the right arm group A,. For example, it is
assumed that the sensor 20 of number 2 in the right arm
group A, responds.

[0076] Information indicating that the sensor 20 of number
2 in the right arm group A, responds is transmitted to the
connector substrate 10 by the first wiring 30 A and the second
wiring 30B. In this case, the first wiring 30A is directly
connected to the connector substrate 10, the information
indicating that the sensor 20 of number 2 in the right arm
group A, responds is transmitted as it is. On the other hand,
the second wiring 30B is also connected to the other sensors
20 in the right arm group A, and thus information indicating
that any one sensor in the right arm group A, responds is
transmitted.

[0077] The information transmitted from the first wiring
30A is input to, for example, the first input terminal 124,
which is the second terminal from the top in the drawing, in
the group B, of the connector substrate 10 shown in FIG. 2.
The input information is transmitted to the first output
terminal 14A through the first wiring pattern 30A. Here,
connector wirings constituting the first wiring pattern 30A is
also connected to the first input terminal 12A, which is the
second terminal, in the other groups. That is, the informa-
tion, indicating that the sensor 20 of number 2 in the right
arm group A responds, which is transmitted to the first input
terminal 12A is replaced by information indicating that the
second sensor 20 in any one of the groups A, to A, responds,
at a stage where the information reaches the first output
terminal 14A.

[0078] On the other hand, the information transmitted
from the second wiring 30B is input to, for example, the
second input terminal 12B in the group B, of the connector
substrate 10 shown in FIG. 2. The information which is input
to the second input terminal 12B is transmitted to the second
output terminal 14B as it is through the second wiring
pattern 13B. That is, information indicating that any one
sensor in the right arm group A, responds is transmitted to
the second output terminal 14B as it is.

[0079] As a result, in signal processing means to be
described later, information, indicating that a predetermined
sensor in any one group, which is output from the first output
terminal 14 A is compared with information, indicating that
any one sensor in a predetermined group, which is output
from the second output terminal 14B, and thus it is possible
to read that a predetermined sensor in a predetermined group
responds. In this case, the comparison between the pieces of
information can be determined by comparing potential dif-
ferences of the first output terminal 14A and the second
output terminal 14B with each other.

[0080] FIG. 3 is a schematic circuit diagram showing a
matrix scanning circuit which is virtually formed in the
sensor system according to the aspect of the invention. A
variable resistor in FIG. 3 corresponds to each sensor 20 in
FIG. 1. Terminals 14Aa to 14Ah and 14Ba to 14Bh in FIG.
2 correspond to ends in row and column directions in FIG.
3

Aug. 30,2018

[0081] In FIG. 3, when any one sensor 20 responds, a
resistance value of the variable resistor changes. Information
indicating the change in the resistance value is also trans-
mitted in any of the row and column directions. In this case,
information transmitted in the column direction is informa-
tion, indicating that a predetermined sensor in any one group
responds, which is converted by the first wiring pattern 30A
in the above description. On the other hand. information
transmitted in the row direction is information, indicating
that any one sensor in a predetermined group responds,
which is converted by the second wiring 30B.

[0082] Here, regarding voltage measurement by a passive
matrix circuit as shown in FIG. 3, the generation of a current
in an OFF line which is referred to as a sneak current may
become a problem. However, as a solution therefor, for
example, Takahashi, Y et al., 2005 IEEE/RSJ Int. Conf.
Intell. Robot. Syst. IROS 1097-1102 (2005) is known.
[0083] As described above, the wiring 30 in the sensor
system 100 and the wiring pattern 13 in the connector
substrate 10 virtually perform matrix conversion of infor-
mation. For this reason, in the connector substrate 10, it is
possible to reduce mx(n+1) external input terminals to m+n
external output terminals.

[0084] Specifically, in FIG. 2, signals from a total of 64
sensors of the first input terminal 12A and the second input
terminal 12B can be output by a total of 16 output terminals
of the first output terminal 14A and the second output
terminal 14B. Normally, a total 65 external output terminals
obtained by adding up 64 sensors and an earth are required,
while the number of external output terminals is drastically
reduced to 16 by using the connector substrate 10 according
to the aspect of the invention. The principle of the conver-
sion is the same as a principle used when the number of
external output terminals is reduced using matrix conversion
in which information from sensors disposed on a matrix
based on a CCD or the like is read out by wirings disposed
in a matrix.

[0085] Here, it is preferable that the sensors 20 are irregu-
larly disposed. The phrase “irregularly disposed” means that
the sensors are not disposed in a matrix. For example, with
respect to the connector substrate 10, a case where the
sensors are provided at a plurality of locations at equal
distances does not correspond to “regular disposition” in this
specification.

[0086] 1In principle, a reduction in the number of output
signals by conversion of input signals into a matrix has also
been performed in the related art (for example, Patent
Document 3 and the like). However, this is used when
signals from sensors regularly disposed in a matrix are
processed, and is not applicable to the processing of signals
from sensors irregularly disposed. In the connector substrate
10 according to the aspect of the invention, even signals
from the sensors 20 irregularly disposed can be arranged
again in a virtual matrix by converting the signals into a
matrix of m rows by n columns by the wiring pattern 13.
That is, unlike matrix scanning being regularly performed
on signals regularly disposed, signals irregularly disposed
are virtually and regularly disposed and matrix scanning is
performed thereon. The phrase “signals from sensors irregu-
larly disposed are arranged again in a virtual matrix” is not
conceivable from sensors regularly arranged.

[0087] The application of such a function to the connector
substrate 10 is conceivable only by the inventors who have
found that it is necessary to reduce the number of connection
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points of the connector substrate 10 in order to solve a
problem that it is necessary to facilitate attachment and
detachment and to realize a washable sensor system.
[0088] In the connector substrate 10, it is preferable that
the external input terminal 12, the internal wiring pattern 13,
and the external output terminal 14 are disposed as shown in
FIG. 2. That is, it is preferable that the first input terminals
12A and the second input terminal 12B included in the
external input terminal 12 are disposed in the outer periph-
eral portion of the base material 11, and the first output
terminals 14 A and the second output terminals 14B included
in the external output terminal 14 are disposed in the center
portion of the base material 11. The number of terminals of
the external input terminal 12 is larger than the number of
terminals of the external output terminal 14. For this reason,
the external input terminal 12 is disposed in the outer
peripheral portion having a large area allowable for dispo-
sition, and the internal wiring pattern 13 is disposed so as to
converge toward the external output terminal 14 in the center
position, so that it is possible to efficiently use the base
material 11 and to reduce the size of the connector substrate
10.

[0089] Itis preferable that the first wiring pattern 13A and
the second wiring pattern 13B are disposed at positions of
different depths in the thickness direction of the base mate-
rial 11. For example, the first wiring pattern 13A can be
disposed on one surface of the base material 11, and the
second wiring pattern 13B can be disposed on a surface
opposite to the surface.

[0090] The first wiring pattern 13A and the second wiring
pattern 13B are disposed at positions of different depths in
the thickness direction of the base material 11, and thus it is
possible to prevent the wiring patterns from being electri-
cally connected to each other. When the first wiring pattern
13A and the second wiring pattern 13B are electrically
connected to each other, it is not possible to appropriately
read out the sensor 20 which is driven. In addition, the
connector wirings constituting the first wiring pattern 13A
can also be disposed at positions of different depths in the
thickness direction of a base material so as not to be
electrically connected to each other.

[0091] The wiring pattern 13 can be formed on the base
material 11 by patterning. The wiring pattern 13 may be
formed using a mask having a predetermined opening by
deposition, sputtering, or the like, or may be formed by wet
etching or dry etching after a metal film is formed. In a case
where the base material 11 has a laminated structure, the
base material 11 having the first wiring pattern 13A formed
thereon and the base material having the second wiring
pattern 13B formed thereon may be bonded to each other by
processing, such as heating, so that the respective connector
wirings thereof are not electrically connected to each other.
[0092] <External Output Means>

[0093] The external output means 40 is connected to the
connector substrate 10. The external output means 40
includes a connector portion 41 connected to the connector
substrate 10 and a signal transmission unit 42 that outputs an
input signal to the outside through the connector portion 41.
FIG. 4 is an example of a schematic perspective view
showing the external output means.

[0094] The connector portion 41 shown in FIG. 4 includes
a plurality of terminals 43, wirings 44, a base material 45,
and external terminals 46. The plurality of terminals 43 are
connected to the connector substrate 10. The wiring 44 is
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connected to each of the terminals 43. The wirings 44 are
covered with the base material 45. The external terminal 46
is connected to a side of the wiring 44 which is opposite to
the terminal 43, and is connected to the signal transmission
unit 42.

[0095] The terminals 43 correspond to the external output
terminals 14 of the connector substrate 10 on a one-to-one
basis. It is desirable that the number of terminals 43 is the
same as the number of external output terminals 14. In FIG.
4, the number of external output terminals 14 is 16. The
terminal 43 may have conductivity, and can be formed using
a material which is the same as those of the external input
terminal 12 and the external output terminal 14.

[0096] The wiring 44 transmits information from the ter-
minal 43 to the signal transmission unit 42 through the
external terminal 46. The wirings 44 are required to be
electrically separated from each other. In order to also avoid
a short circuit of the wiring 44, it is preferable that the
wirings 44 do not intersect each other when seen in a plan
view.

[0097] The base material 45 can electrically separate the
wirings 44 from each other. In addition, it is preferable that
the base material has flexibility, and the base material can be
formed using a material which is the same as that of the base
material 11 of the connector substrate 10. The wirings 44
may be disposed inside or outside the substrate 45.

[0098] The signal transmission unit 42 may be a wired
communication device or a wireless communication device
as long as the signal transmission unit can transmit a signal
to the outside. It is preferable that the signal transmission
unit is a wireless communication device from the viewpoint
of reducing a sense of incongruity during wearing. For
example, communication standards such as Bluetooth (reg-
istered trademark), Zigbee (registered trademark), and Wi-Fi
(registered trademark) can be used. The signal transmission
unit 42 may be mounted with a microcomputer for process-
ing, a lithium battery, or the like.

[0099] Subsequently, connection of the connector sub-
strate 10 and the external output means 40 will be described.
FIG. 5 is a schematic cross-sectional diagram showing a
connection portion between the connector substrate and the
external output means. As described above, the external
output terminals 14 of the connector substrate 10 and the
terminals 43 of the external output means 40 are connected
to each other on a one-to-one basis.

[0100] Each of the connector substrate 10 and the external
output means 40 has a fitting portion, and it is preferable that
the external output terminals 14 and the terminals 43 are
connected to each other through the fitting portions. For
example, any one of the connector substrate 10 and the
external output means 40 is processed to have a concave
shape, and the other one is processed to have a convex
shape. The connector substrate 10 and the external output
means 40 are processed in this manner, and thus a portion
processed to have a convex shape is fitted to a portion
processed to have a concave shape. In this manner, it is
possible to prevent contact points of the external output
terminal 14 and the terminal 43 from being shifted by
providing the fitting portions.

[0101] In addition, as shown in FIG. 5, a guide member 47
having an opening may be provided between the connector
substrate 10 and the external output means 40. The guide
member 47 is provided, and thus it is not necessary to
process both the connector substrate 10 and the external
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output means 40. When a convex portion processed to have
a convex shape is provided in any one of the connector
substrate 10 and the external output means 40, the convex
portion can be fitted to the opening of the guide member 47.
Tt is preferable that the convex portion is provided on the
external output means 40 side where the terminal 43 is
formed. This is because the number of wirings is smaller in
the vicinity of the terminal 43 than in the vicinity of the
external output terminal 14.

[0102] It is preferable that a reference point for determin-
ing a position in the circumferential direction thereof is
provided in the guide member 47. Since the external output
terminals 14 and the terminals 43 correspond to each other
on a one-to-one basis, connection of different terminals
makes signal processing means process an erroneous signal.
The reference point is provided, and thus it is possible to
prevent a correspondence relationship between the external
output terminals 14 and the terminals 43 from being shifted.
As the reference point, for example, a protrusion portion
47A provided in the guide member 47, and the like can be
used as shown in FIG. 5. The protrusion portion 47A is
matched to a cut portion 47B provided in the convex portion
to be fitted to the opening of the guide member 47, and thus
it is possible to match positional relationships between the
external output terminals 14 and the terminals 43.

[0103] The reference point is not limited to a case where
the guide member 47 is provided, and it is preferable to
provide the reference point also in a case where a convex
portion is formed in any one of the connector substrate 10
and the external output means 40 and a concave portion is
formed in the other one.

[0104] In addition, it is preferable that the connector
substrate 10 and the external output means 40 are connected
to each other by a magnet 48. The connection of thereof is
performed by the magnet 48, and thus it is possible to further
facilitate attachment and detachment. The magnet 48 can be
formed on a surface opposite to a surface connected to the
external output means 40 of the connector substrate 10 and
can be formed inside the external output means 40, for
example, as shown in FIG. 5. Alternatively, the terminal 43
can also be formed of a conductive magnet.

[0105] <Sensor>

[0106] The sensor 20 is appropriately provided at a loca-
tion desired to be measured, as shown in FIG. 1. For this
reason, the sensors are not required to be regularly arranged
with respect to the connector substrate 10, and may be
irregularly disposed with respect to the connector substrate
10.

[0107] The type of sensor 20 does not particularly matter.
For example, a photodiode, a temperature sensor, a distor-
tion sensor, a pressure sensor, or the like can be used. In
addition, a sensor different for each location may be used.
[0108] The sensor is not particularly limited as long as a
current or a voltage of the sensor changes in association with
a change in a physical quantity. However, from convenience
of a circuit, but it is preferable to use a variable resistor type
sensor in which a resistance changes depending on a physi-
cal quantity and voltages at both ends thereof change. As the
physical quantity, at least one selected from a group con-
sisting of sound, light, temperature, pressure, and distortion
can be used. In this case, it is preferable that a resistance
value of the resistance of the sensor is equal to or greater
than 50 times that of a wiring resistance of the wiring 30
which is to be described later. Although distance between the
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connector substrate 10 and the sensor 20 varies depending
on a location, the resistance of the sensor is set to be 50 times
the wiring resistance, and thus it is possible to exclude the
influence of the wiring resistance of the wiring 30.

[0109] Itis preferable to use a sensor using aqueous ink for
the sensor 20. The sensor using aqueous ink is ink obtained
by mixing conductive particles with a water dispersion of
elastomer. Printing using the ink and drying are performed,
and thus conductive particles being randomly dispersed in
an elastomer film are obtained. In the sensor, a distance
between the conductive particles changes due to pulling,
compression, or thermal expansion and contraction due to a
change in temperature, and thus resistance at both ends of
the sensor changes. The sensor using aqueous ink has an
extremely small thickness and has high followability with
respect to an object to be measured. For this reason, it is
possible to perform accurate and stable measurement.
[0110] <Wiring>

[0111] The wiring 30 is a conductor that connects each
sensor 20 and the connector substrate 10 to each other.
Considering processing such as washing or the influence of
a wearer’s sweat or the like, it is preferable that the vicinity
of the wiring 30 is coated with an insulator.

[0112] The wiring 30 is constituted by conductive yarns,
and it is preferable that the wiring is woven into the fabric
body 50. The wiring 30 is woven into the fabric body 50, and
thus the wiring 30 can follow the movement of the fabric
body 50.

[0113] It is preferable that the wiring 30 is disposed on a
side opposite to a surface contacting a human body or the
like. The disposition of the wiring 30 having conductivity in
a portion contacting the human body or the like results in an
increase in a concern that a short circuit occurs due to sweat
or the like. For this reason, it is preferable that the wiring 30
is disposed at a position separated from the portion contact-
ing the human body or the like.

[0114] As the conductive yarn used for the wiring 30, it is
possible to use a metal material such as iron or stainless
steel, or a material obtained by coating the surface of a
general yarn with gold, silver, copper, nickel, copper sulfide,
or the like. Among these, the yarn coated with gold, silver,
or copper has a small electrical resistance, has safety against
a living body, and has strength and twist being freely
selectable, and thus is preferable because of a relatively
small variation in electric resistance even in a case where the
fabric body 50 is washed, and high productivity of a sewing
machine or the like.

[0115] Regarding the wirings 30, as shown in FIG. 1, it is
preferable that the wirings 30 do not intersect each other
when seen in a plan view until reaching the connector
substrate 10 from the sensors 20. Here, the phrase “do not
intersect each other when seen in a plan view” means that
the wirings 30 do not intersect each other when seen from
the outer surface side where the sensor system is formed.

[0116] The wirings 30 connect the sensors 20 and the
connector substrate 10 to each other, and thus are disposed
in a wide range and are required to have followability with
respect to an action. For this reason, the material, thickness,
and the like of the insulator with which the wiring 30 can be
coated are limited. A sufficient insulating property may not
be obtained with such an insulator, and thus there is a
concern that a short circuit occurs in a portion where the
wirings 30 intersect each other. Particularly, in a case where
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the wearer sweats or when processing such as washing is
performed, a concern for a short circuit increases promi-
nently.

[0117] On the other hand, it is possible to use polyimide or
the like having a high insulating property for the base
material 11 used for the connector substrate 10, as described.
For this reason, even when the wiring patterns 13 of the
connector substrate 10 intersect each other when seen in a
plan view, a short circuit does not occur.

[0118] That is, the wirings 30 do not intersect each other
when seen in a plan view until reaching the connector
substrate 10 from the sensors 20, and thus it is possible to
prevent the plurality of wirings 30 from being short-
circuited.

[0119] <Signal Processing Means>

[0120] The signal processing means processes a signal
which is output to the outside by the external output means
50. Specifically, potentials of the corresponding first output
terminal 14A and second output terminal 14B of the con-
nector substrate 10 are measured, and actions of the sensors
20 are detected from results of the measurement. Biological
information such as a motion, electrocardiogram, myoelec-
tricity, and respiration of the body are obtained from infor-
mation regarding the obtained actions of the plurality of
sensors 20.

[0121] As the signal processing means, known signal
processing means can be adopted. Among the signal pro-
cessing means, signal processing means that performs
machine learning when performing conversion into biologi-
cal information is preferable. The phrase “machine learning”
means that learning for associating the state of a specific
living body with the value of the sensor 20 at that time is
performed, and the value of the sensor 20 is reversely
converted into biological information from a result of the
learning. For example, the sensor 20 in a human’s arm, leg,
or trunk is deformed by the human’s motion, which results
in a change in a signal. Only in a case of the arm, a signal
generated in the sensor 20 is different for each action such
as bending, stretching, or torsion. In other words, it can be
said that a signal generated in a specific portion by a specific
action also includes pieces of information regarding the
portion having the signal generated therein and the action.
Consequently, whenever the pieces of information are pro-
cessed, a computer is caused to learn the information, so that
the computer itself can more appropriately process a signal
when the same action occurs in the same portion.

[0122] That is, the signal processing means performs
machine learning, and thus it is possible to rapidly obtain
more pieces of information at the same time.

[0123] The connector substrate 10 according to the aspect
of the invention is used, and thus it is possible to virtually
perform matrix conversion of signals from the sensors 20
provided in various portions of a human body or the like. As
a result, even when the sensors 20 are irregularly disposed,
signals can be integrated into the connector substrate 10.
[0124] In addition, matrix conversion of signals is per-
formed in the connector substrate 10, and thus it is possible
to reduce the number of terminals of the external output
terminal 14 with respect to the number of terminals of the
external input terminal 12 within the connector substrate 10.
[0125] When the number of external output terminals 14
can be reduced, for example, the following advantageous
effects are produced. For example, when the number of
external output terminals 14 is reduced, the size of the
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connector substrate 10 is reduced. When the size of the
connector substrate 10 is small, it is possible to reduce a
sense of incongruity during the wearing of the sensor system
100. In addition, connection of the connector substrate 10
and the external output means 40 is facilitated.

[0126] In addition, even when an external force is applied
due to the connector substrate 10 due to washing or the like,
it is possible to reduce an area to be deformed, in a case
where the size of the connector substrate 10 is small. As a
result, it is possible to avoid a concern for damage or the like
due to an external force. When the connector substrate 10 is
flexible, the effects become more prominent.

[0127] The sensor system 100 according to the aspect of
the invention includes the above-described connector sub-
strate 10, and thus the degree of sense of incongruity during
wearing is low. In addition, it is easy to attach and detach the
external output means 40, and thus it is possible to easily
perform processing such as washing. In particular, the
wirings 30 are prevented from intersecting each other in
portions other than the wiring pattern 13, and thus it is
possible to avoid a short circuit and the like in an operation,
such as washing, to which moisture is added.

REFERENCE SIGNS LIST

[0128] 10: CONNECTOR SUBSTRATE
[0129] 11: BASE MATERIAL

[0130] 12: EXTERNAL INPUT TERMINAL
[0131] 12A: FIRST INPUT TERMINAL
[0132] 12B: SECOND INPUT TERMINAL
[0133] 13: WIRING PATTERN

[0134] 13A: FIRST WIRING PATTERN
[0135] 13B: SECOND WIRING PATTERN
[0136] 14: EXTERNAL OUTPUT TERMINAL
[0137] 14A: FIRST OUTPUT TERMINAL
[0138] 14B: SECOND OUTPUT TERMINAL
[0139] 14Aa to 14Ah: TERMINAL

[0140] 14Ba to 14Bh: TERMINAL

[0141] 20: SENSOR

[0142] 30: WIRING

[0143] 40: EXTERNAL OUTPUT MEANS
[0144] 41: CONNECTOR PORTION
[0145] 42: SIGNAL TRANSMISSION UNIT
[0146] 43: TERMINAL

[0147] 44: WIRING

[0148] 45: BASE MATERIAL

[0149] 46: EXTERNAL TERMINAL
[0150] 47: GUIDE MEMBER

[0151] S50: FABRIC BODY

1. A connector substrate comprising:

a base material;

n first input terminals of m groups (m and n are an integer
equal to or greater than 2) which are provided on the
base material;

n first output terminals which are provided on the base
material;

first wiring patterns which are disposed on or inside the
base material and connect the first input terminals and
the first output terminals;

m second input terminals which are provided on the base
material;

m second output terminals which are provided on the base
material; and



US 2018/0242912 Al

second wiring patterns which are disposed on or inside the
base material and connect the second input terminals
and the second output terminals,

wherein a first end of each connector wiring constituting
the first wiring pattern is connected to one of the n first
input terminals constituting each group, and a second
end is connected to one of the first output terminals.

2. The connector substrate according to claim 1,

wherein the base material is flexible.

3. The connector substrate according to claim 1,

wherein the first input terminals and the second input
terminals are provided in an outer peripheral portion of
the base material,

wherein the first output terminals and the second output
terminals are provided in a center portion of the base
material, and

wherein the first wiring patterns and the second wiring
patterns are present at different positions in a thickness
direction of the base material inside the base material or
on an outer surface of the base material.

4. A sensor system comprising:

the connector substrate according to claim 1;

a plurality of sensors which are classified into m groups;

a first wiring which connects each of the plurality of
sensors and the first input terminals of the connector
substrate to each other;

a second wiring which connects the sensors constituting
one group, among the plurality of sensors, to each
other, and is connected to the second input terminals of
the connector substrate;
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external output means, connected to the connector sub-
strate, for outputting a signal to the outside; and

signal processing means which is configured to process
the signal which is output by the external output means.

5. The sensor system according to claim 4,

wherein the plurality of sensors are irregularly disposed.

6. The sensor system according to claim 4,

wherein the first wiring and the second wiring do not
intersect each other when seen in a plan view from each
of the plurality of sensors until reaching the connector
substrate.

7. The sensor system according to claim 4,

wherein the connector substrate and the external output
means are connected to each other by a magnet.

8. The sensor system according to claim 4,

wherein the signal processing means performs machine
learning.

9. The sensor system according to claim 4,

wherein the plurality of sensors cause a change in resis-
tance due to a change in at least one physical quantity
selected from a group consisting of sound, light, tem-
perature, pressure, and distortion.

10. A wearable sensor systen comprising:

a fabric body to which the plurality of sensors and the
connector substrate in the sensor system according to
claim 4 are attached,

wherein the first wiring and the second wiring are pro-
vided integrally with the fabric body.
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