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Description

FIELD

[0001] The embodiment discussed herein is related to
a body area network (BAN) system, a terminal apparatus,
a BAN communications method, and a BAN communi-
cations program.

BACKGROUND

[0002] In a conventional BAN system, terminal appa-
ratuses are attached to bodies and connected by wireless
communication. An example of BAN system application
is the use of a BAN system to support combat training
by equipping each terminal apparatus with a light receiv-
ing sensor, and regarding a place where a terminal ap-
paratus is attached that has detected the reception of
laser light, which simulates a bullet or projectile, as being
hit. For example, as a related technology, mobile termi-
nals contact one another whereby, the position of contact
is estimated based on vibration information and incline
information at a transmission-side mobile terminal, and
vibration information and include information at a receiv-
ing-side mobile terminal. For example, refer to Japanese
Laid-Open Patent Publication No. 2009-188764.
[0003] Another example can be seen in publication US
2011/0246123.
[0004] Nonetheless, with the conventional technolo-
gies, it is difficult to identify where on a body, each ter-
minal apparatus is attached. More specifically, for exam-
ple, when a user attempts to set in each terminal appa-
ratus, the place where terminal apparatus is attached to
a body, the greater the number of terminal apparatuses
is, the greater the burden on the user is.

SUMMARY

[0005] It is an object in one aspect of the embodiments
to at least solve the above problems in the conventional
technologies.
[0006] According to an aspect of an embodiment, a
BAN system includes multiple terminal apparatuses con-
nected by wireless communication, where a terminal ap-
paratus of the multiple terminal apparatuses is configured
to identify in which direction acceleration has changed,
the direction being identified based on a measurement
result of a sensor of the terminal apparatus, the sensor
being configured to measure acceleration; and to refer
to information that specifies corresponding to places
where the plurality of terminal apparatuses is to be at-
tached to a body, directions in which acceleration chang-
es when the body performs a given behavior, and deter-
mines based on the identified direction, a place where
the terminal apparatus is attached to the body.

BRIEF DESCRIPTION OF DRAWINGS

[0007]

FIGs. 1A and 1B are diagrams depicting an operation
example of a BAN system 100 according to an em-
bodiment;
FIG. 2 is a diagram depicting an application example
of the BAN system 100;
FIG. 3 is a diagram depicting an example of hardware
configuration of a terminal 102;
FIG. 4 is a block diagram depicting a functional ex-
ample of a base station 101;
FIG. 5 is a block diagram depicting a functional con-
figuration of the terminal 102;
FIG. 6 is a diagram depicting an example of the con-
tents of a connection signal receiving sequence table
411-eg1 in a case of a first application example;
FIG. 7 is a diagram depicting an example of the con-
tents of a terminal attachment place determining ta-
ble 511-eg1 in a case of the first application example;
FIGs. 8A and 8B are diagrams depicting an example
of a connection process triggering behavior and an
example of attachment of the terminal 102 in a case
of the first application example;
FIG. 9 is a diagram depicting an example of the con-
tents of the connection signal receiving sequence
table 411-eg2 in a case of a second application ex-
ample;
FIG. 10 is a diagram depicting an example of the
contents of the terminal attachment place determin-
ing table 511-eg2 in a case of the second application
example;
FIGs. 11A and 11B are diagrams depicting an ex-
ample of attachment of the terminal 102 in a case of
the second application example;
FIGs. 12A and 12B are diagrams depicting an ex-
ample of determining the attachment place of the
terminal 102 by the terminal 102;
FIG. 13 is a diagram depicting an example of iden-
tifying the attachment place of the terminal 102 by
the base station 101;
FIG. 14 is a diagram depicting an example of iden-
tifying the base station 101 by the terminal 102;
FIG. 15 is a flowchart of an example of a procedure
of the connection process of the base station 101
and the terminal 102 (part 1); and
FIG. 16 is a flowchart of the example of the procedure
of the connection process of the base station 101
and the terminal 102 (part 2).

DESCRIPTION OF EMBODIMENTS

[0008] An embodiment of a BAN system, a terminal
apparatus, a BAN communications method, and a BAN
communications program will be described in detail with
reference to the accompanying drawings.
[0009] FIGs. 1A and 1B are diagrams depicting an op-
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eration example of a BAN system 100 according to the
embodiment. The BAN system 100 has terminal appa-
ratuses 102 respectively connected by wireless commu-
nication. The BAN system 100 may further have a base
station apparatus 101 that is connected to the terminal
apparatuses 102 by wireless communication.
[0010] Hereinafter, the base station apparatus 101 will
be indicated as simply, "base station 101", and the ter-
minal apparatuses 102 will be indicated as simply, "ter-
minals 102". Furthermore, in FIGS. 1A AND 1B and
thereafter, circles with hatching represent the base sta-
tion 101 and solid circles represent the terminals 102.
[0011] The BAN system 100 is a system having a short-
distance wireless network built by various types of sen-
sors and devices attached to a body. The terminals 102
are attached to the body and are connected to the base
station 101 by wireless communication. The body in the
present embodiment may be mobile such as a person or
a vehicle. The base station 101 and the terminals 102
perform a connection process and build the BAN system
100. The terminals 102 collect information related to the
place of attachment.
[0012] Here, it is difficult to identify where on the body
each of the terminals 102 is attached. More specifically,
for example, when a user attempts to set in the terminals
102, places where the terminals 102 are attached, the
greater the number of terminals 102 is, the greater the
burden is on the user. Further, for example, it is conceiv-
able that the user may preset in each terminal 102, the
places where the terminals 102 are to be attached. In
this case as well, as the number of terminals 102 increas-
es, so does the burden on the user. Further, in a case
where attachment places are preset, when the terminals
102 are actually attached, a measure has been taken so
that the terminals 102 are not attached at places that
differ from the places set in advance. Labeling each ter-
minal 102 to indicate the attachment place and enable
management may be considered as an example of such
a measure. Nonetheless, implementation of such a
measure increases the burden on the user.
[0013] Thus, the terminal 102 determines as an attach-
ment place for the terminal 102, a place that corresponds
to the direction in which acceleration changed as indicat-
ed by an accelerometer of the terminal 102. As a result,
the BAN system 100 can identify the attachment place
of a terminal by the user merely attaching the terminal
102 in a direction predetermined according to the place
and performing a given behavior.
[0014] The given behavior will be referred to as a "con-
nection process triggering behavior" hereinafter. The giv-
en behavior is preferably a behavior of a magnitude en-
abling a change in acceleration to be detected and, for
example, in FIG. 1A, the connection process triggering
behavior is assumed to be jumping vertically.
[0015] Behavior of the terminal 102 will be described
in detail with reference to FIGs. 1A and 1B. In FIG. 1A,
the BAN system 100 includes the base station 101 and
terminals 102-1, 102-2. The terminals 102-1, 102-2 have

an accelerometer that measures acceleration. The base
station 101 and the terminals 102-1, 102-2 are attached
to person A as the body. The terminals 102-1, 102-2 have
information 111 that specifies corresponding to the plac-
es where the terminals 102-1, 102-2 are attached to the
person, the direction that acceleration changes when the
person performs a given behavior. Although not depicted
in FIG. 1A, the terminal 102-2 also has the information
111. The information 111 depicted in FIG. 1A specifies
that when the terminal 102 is attached to the right arm,
the direction that acceleration changes is from a negative
direction to a positive direction; and when the terminal
102 is attached to the left arm, acceleration changes from
a positive direction to a negative direction.
[0016] When the terminals 102-1, 102-2 are attached,
the terminals 102-1, 102-2 are attached in a direction that
is predetermined according to the place of attachment
and such that the contents of the information 111 are
satisfied. In the example depicted in FIG. 1A, when at-
taching the terminal 102 to the right arm, person A at-
taches the terminal 102 such that the positive direction
measured by the accelerometer of the terminal 102 is a
downward direction. Similarly, when attaching the termi-
nal 102 to the left arm, person A attaches the terminal
102 such that the positive direction measured by the ac-
celerometer is an upward direction.
[0017] After attaching the terminals 102-1, 102-2, per-
son A performs a connection process triggering behavior,
whereby the accelerometers of the terminals 102-1,
102-2 detect changes in acceleration. To account for a
margin of error, the terminals 102-1, 102-2 regard an
acceleration value of a given value or greater to indicate
a change in acceleration.
[0018] FIG. 1B depicts a state when person A has com-
pleted the connection process triggering behavior. The
terminals 102-1, 102-2 identify based on measurement
results of the accelerometers thereof, the directions in
which acceleration changed. In FIG. 1B, based on the
measurement results of the accelerometer of the terminal
102-1, the terminal 102-1 identifies the direction in which
acceleration changed as being from a negative direction
to a positive direction.
[0019] The terminal 102-1 refers to the information 111
and based on the identified directions, determines the
place where the terminal 102-1 is attached to person A.
In the example depicted in FIG. 1B, acceleration has
changed from a negative direction to a positive direction
and therefore, the terminal 102-1 determines that the ter-
minal 102-1 is attached to the right arm. Although not
depicted in FIG. 1B, by the same process, the terminal
102-2 determines that the terminal 102-2 is attached to
the left arm. An application example of the BAN system
100 will be described with reference to FIG. 2.
[0020] FIG. 2 is a diagram depicting an application ex-
ample of the BAN system 100. FIG. 2 depicts an example
of a case where the BAN system 100 is applied to a train-
ing system 200. The training system 200 is a system that
performs combat training. Several hundred people par-
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ticipate in the training system 200 and several dozen ve-
hicles are used. In the example depicted in FIG. 2, per-
sons A to D participate in the training system 200 and
vehicles E, F are used in the training system 200.
[0021] As depicted in FIG. 2, the BAN system 100 is
applied respectively to people and vehicles. Hereinafter,
an example of application of the BAN system 100 to a
person may be referred to as a first application example.
"eg1" may be appended as reference characters related
to the first application example. Further, an example of
application of the BAN system 100 to a vehicle may be
referred to as a second application example. "eg2" may
be appended as reference characters related to the sec-
ond application example.
[0022] When the BAN system 100 is applied to a per-
son as the first application example, the base station 101
is attached to the torso of the person; and the terminals
102 are attached to a total of 6 sites, including the head,
backpack, right arm, left arm, right leg, and left leg of the
person. Further, when the BAN system 100 is applied to
a vehicle as the second application example, the base
station 101 is attached to the top of the vehicle; and the
terminals 102 are attached to a total of 6 sites, including
the front, back, right front side, left front side, right rear
side, and left rear side of the vehicle. According to training
details, the number of attachment sites may be in-
creased. Further, the terminals 102 have a light receiving
sensor that receives laser light, which simulates a bullet
or projectile. An example of hardware configuration of
the terminals 102 will be described with reference to FIG.
3.
[0023] Thus, the number of terminals 102 to be at-
tached to each person and vehicle is 6 and manually
setting the terminals 102 individually consumes a lot of
time. Furthermore, since a large number of people and
vehicles participate in the training system 200, it is difficult
to separate the people and vehicles by a distance that
prevents interference and it is difficult to have each per-
son individually enter an electromagnetically shielded
tent to perform the connection process. Thus, in the
present embodiment, plural BAN systems 100 are set
with other networks present at a short distance. In the
example depicted in FIG. 2, the six terminals 102 and
the base station 101 attached to person A are connected
building BAN1 as the BAN system 100. Similarly, the six
terminals 102 and the one base station 101 respectively
attached to persons B to D, and the vehicles E, F, re-
spectively build BAN2 to BAN6 as the BAN system 100.
[0024] FIG. 3 is a diagram depicting an example of
hardware configuration of the terminal 102. Although the
example depicted in FIG. 3, depicts hardware configura-
tion of the terminal 102, the base station 101 has the
same hardware as the terminal 102.
[0025] In FIG. 3, the terminal 102 includes a central
processing unit (CPU) 301, read-only memory (ROM)
302, and random access memory (RAM) 303. The ter-
minal 102 further includes electrically erasable program-
mable ROM (EEPROM) 304, an accelerometer 305, a

signal processing unit 306, a light receiving sensor 307,
a baseband large-scale integration (LSI) 308, a radio fre-
quency integrated circuit (RFIC 309), and an antenna
310. The CPU 301 to the signal processing unit 306 and
the baseband LSI 308 are respectively connected by a
bus 311. The base station 101 may omit the signal
processing unit 306 and the light receiving sensor 307.
[0026] The CPU 301 is a computation processing ap-
paratus that governs overall control of the terminal 102.
The ROM 302 is non-volatile memory storing therein pro-
grams such as a boot program. The RAM 303 is volatile
memory used as a work area of the CPU 301.
[0027] The EEPROM 304 is non-volatile memory stor-
ing data therein, under the control of the CPU 301. The
accelerometer 305 is a sensor that detects acceleration
of the terminal 102. More specifically, the accelerometer
305 detects acceleration along 3 axes that are orthogonal
to one another.
[0028] The signal processing unit 306 is an apparatus
that analyzes laser light received by the light receiving
sensor 307. More specifically, the signal processing unit
306 performs analysis and transmits obtained data to the
CPU 301. The light receiving sensor 307 is a sensor that
detects laser light, which simulates a bullet or projectile.
In the present embodiment, the terminal 102 is config-
ured by a main casing that houses the CPU 301 to the
accelerometer 305 and the baseband LSI 308 to the an-
tenna 310; and a sub-casing that houses the signal
processing unit 306 and the light receiving sensor 307.
The main casing has an attachment opening to attach
the sub-casing; and the sub-casing has a cable of a given
length and a terminal connecting an end of the cable to
the main casing. Furthermore, the main casing, for ex-
ample, is attached to the body by magnetic force.
[0029] The baseband LSI 308 converts baseband sig-
nals and digital signals. More specifically, the baseband
LSI 308 converts digital signals from the CPU 301 into
baseband signals and converts baseband signals from
the RFIC 309 into digital signals. The RFIC 309 performs
conversion of baseband signals and high-frequency sig-
nals. More specifically, the RFIC 309 converts baseband
signals from the baseband LSI 308 into high-frequency
signals and converts high-frequency signals from the an-
tenna 310 into baseband signals. The antenna 310 trans-
mits and receives high-frequency signals wirelessly com-
munication with the base station 101.
[0030] FIG. 4 is a block diagram depicting a functional
example of the base station 101. The base station 101
includes a control unit 400. The control unit 400 includes
a detecting unit 401, an identifying unit 402, and a trans-
mitting unit 403. The control unit 400 realizes functions
of the units by the CPU of the base station 101 executing
programs stored in a storage apparatus. The storage ap-
paratus, more specifically, for example, is the ROM, the
EEPROM, etc. of the base station 101. Further, process
results of the units are stored to the RAM of the base
station 101, a register of the CPU, etc.
[0031] The base station 101 can access a connection
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signal receiving sequence table 411. The connection sig-
nal receiving sequence table 411 is a table that corre-
sponding to the sequence in which connection signals
are received, specifies the place where the terminal 102
that transmitted the connection signal is attached. The
connection signal receiving sequence table 411 is stored
in a storage apparatus such as the ROM and the EEP-
ROM of the base station 101. An example of the contents
of the connection signal receiving sequence table 411
will be described with reference to FIGs. 6 and 9.
[0032] Based on measurement results obtained by the
accelerometer of the base station 101, the detecting unit
401 detects that a change in acceleration has occurred.
[0033] The identifying unit 402 identifies where each
of the terminals 102 is attached, based on the connection
signals transmitted from the terminals 102. More specif-
ically, for example, the identifying unit 402 refers to the
connection signal receiving sequence table 411 and
identifies the place that corresponds to the sequence in
which the given connection signal was received, as the
place where the terminal 102 that transmitted a given
connection signal is attached. Further, for example, if the
connection signal includes information specifying the
place where the transmission source of the connection
signal is attached, the identifying unit 402 identifies the
place that can be identified from the information included
in the connection signal, as the place where the terminal
that transmitted the connection signal is attached.
[0034] The identifying unit 402 further identifies the ter-
minals 102 that are attached to the same body as the
base station 101, based on the connection signals re-
ceived from the terminals 102, the times of a change in
acceleration detected by the detecting unit 401, and the
times when the connection signals are received. Here,
the time may be the time based on a convention of re-
garding the time of startup of the base station 101 as 0
[seconds], or the Greenwich Mean Time (GMT) if the
setting of such is possible.
[0035] More specifically, for example, the time when a
change in acceleration detected by the detecting unit 401
occurred is assumed to be 1000 [milliseconds], and the
transmission source of a connection signal received with-
in the first 5-[milliseconds] or the last 5-[milliseconds] of
a second given period of 100 [milliseconds] is assumed
to be a terminal 102 that is attached to the same body.
Further, the base station 101 is assumed to receive a
connection signal from the first terminal 102 at the time
point of 1003 [milliseconds], to receive a connection sig-
nal from the second terminal 102 at the time point of 1101
[milliseconds], and to receive a connection signal from
the terminal 102 at the time point of 1149 [milliseconds].
In this case, the identifying unit 402 identifies the first
terminal 102 and the second terminal 102 as terminals
102 that are attached to the same body as the base sta-
tion 101. A more detailed identifying method will be de-
scribed with reference to FIG. 13.
[0036] The transmitting unit 403, before a first given
period elapses from the time when a connection signal

is receive from a terminal 102, transmits to the terminal
102, a response signal that includes identification infor-
mation of the base station 101. The first given period is
a period that is less than or equal to the second given
period. The second given period, for example, is 100 [mil-
liseconds]. Further, the transmitting unit 403 may trans-
mit a response signal to the terminal 102 when a random
period of time elapses that is less than the first given
period that is from the time when the connection signal
is received from the terminal 102. The transmitting unit
403 may transmit a response signal multiple times to the
terminal 102 from the time when the connection signal
is received from the terminal 102 until the first given pe-
riod elapses. The number of times that the response sig-
nal is transmitted may be several times; the transmitting
unit 403 transmits the response signal a predetermined
number of times. A detailed transmitting method will be
described with reference to FIG. 13.
[0037] FIG. 5 is a block diagram depicting a functional
configuration of the terminal 102. The terminal 102 has
a control unit 500. The control unit 500 includes a direc-
tion identifying unit 501, a determining unit 502, a trans-
mitting unit 503, and a base station identifying unit 504.
The control unit 500 realizes functions of the units by the
CPU 301 executing programs stored in a storage appa-
ratus. The storage apparatus, more specifically, for ex-
ample, is the ROM 302, the EEPROM 304, etc. Further,
process results of the units are stored to the RAM 303,
a register of the CPU 301, etc.
[0038] The terminal 102 can access a terminal attach-
ment place determining table 511. The terminal attach-
ment place determining table 511 is a table that stores
information that specifies corresponding to the place
where the terminal 102 is attached to a body, the direction
in which acceleration changes when the body performs
a given behavior. The terminal attachment place deter-
mining table 511 corresponds to the information 111 de-
picted in FIGS. 1A AND 1B. The terminal attachment
place determining table 511 may further store information
that specifies corresponding to the places where the ter-
minals 102 are attached to the body, the sequence in
which connection signals that include identification infor-
mation of the terminals are to be transmitted to the base
station 101. An example of contents of the terminal at-
tachment place determining table 511 will be described
with reference to FIGs. 7 and 10.
[0039] The direction identifying unit 501 identifies the
direction in which acceleration has changed, based on
acceleration measurement results obtained a sensor of
the terminal 102.
[0040] The determining unit 502 refers to the terminal
attachment place determining table 511, and based on
the direction identified by the direction identifying unit
501, determines the place where the terminal 102 thereof
is attached to the body. A detailed determination example
will be described with reference to FIGs. 12A and 12B.
[0041] The transmitting unit 503 transmits to the base
station 101, a connection signal that includes the identi-
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fication information of the terminal 102, the connection
signal being transmitted consequent to the arrival of a
time that is based on the time when the direction identi-
fying unit 501 identifies the direction in which acceleration
changed and that is based on the sequence in which
connection signals are to be transmitted to the base sta-
tion 101, corresponding to the place determined by the
determining unit 502. A detailed example will be de-
scribed with reference to FIG. 13.
[0042] The base station identifying unit 504 identifies
the base station 101 that is attached to the same body
as the terminal 102 of the base station identifying unit
504, based on a response signal received between the
time of transmission of the connection signal to the base
station 101 and the elapse of the second given period,
which is greater than or equal to the first given period.
The base station identifying unit 504 may further identify
the base station 101, based on the radio wave strength
of the response signal received between the time when
connection signal was transmitted to the base station 101
until the elapse of the second given period. A detailed
identification example will be described with reference to
FIG. 14.
[0043] With reference to FIGs. 6 to 8B, examples of
the contents of the connection signal receiving sequence
table 411 and the terminal attachment place determining
table 511 and an example of attachment of the terminal
102 in the case of the first application example will be
described.
[0044] FIG. 6 is a diagram depicting an example of the
contents of the connection signal receiving sequence ta-
ble 411-eg1 in the case of the first application example.
The connection signal receiving sequence table 411-eg1
depicted in FIG. 6 includes records 601-eg1-1 to 6.
[0045] The connection signal receiving sequence table
411-eg1 has fields for the connection signal receiving
sequence and the terminal attachment place. The con-
nection signal receiving sequence field stores the se-
quence in which connection signals are received from
the terminals 102. Terminal attachment place field stores
information that specifies the place where a terminal 102
is attached. More specifically, the terminal attachment
place field of the connection signal receiving sequence
table 411-eg1 stores an identifier identifying any one
among "the head", "backpack", "the right arm", "the left
arm", "the right leg", and "the left leg".
[0046] For example, record 601-eg1-1 specifies that
when the base station 101 receives the first connection
signal, the terminal 102 that transmitted the first connec-
tion signal is attached to the head of a person.
[0047] FIG. 7 is a diagram depicting an example of the
contents of the terminal attachment place determining
table 511-eg1 in the case of the first application example.
The terminal attachment place determining table 511-
eg1 depicted in FIG. 7 has records 701-eg1-1 to 6.
[0048] The terminal attachment place determining ta-
ble 511 has fields for x-axis acceleration, y-axis acceler-
ation, z-axis acceleration, the terminal attachment place,

and the connection signal transmitting sequence. The x-
axis acceleration field stores details of a change in ac-
celeration along the x-axis when the terminal 102 is at-
tached to the place specified in the corresponding termi-
nal attachment place field. The y-axis acceleration field
stores details of a change in acceleration along the y-
axis when the terminal 102 is attached to the place spec-
ified in the corresponding terminal attachment place field.
The z-axis acceleration field stores details of a change
in acceleration along the z-axis when the terminal 102 is
attached to the place specified in the corresponding ter-
minal attachment place field.
[0049] The terminal attachment place field stores in-
formation that specifies the place where the terminal 102
is attached. More specifically, the terminal attachment
place field stores identifiers representing "the head" to
"the left leg". The connection signal transmitting se-
quence field stores the sequence in which connection
signals are to be transmitted to the base station 101 when
the terminal 102 is attached to the place specified in the
corresponding terminal attachment place field.
[0050] For example, record 701-eg1-1 specifies that
when acceleration along the x-axis changes from positive
to negative; and acceleration along the y-axis and along
the z-axis, respectively, remains 0, the terminal 102 is
attached to the head of a person. Record 701-eg1-1 fur-
ther specifies that when the terminal 102 has been de-
termined to be attached to the head of a person, the first
connection signal is transmitted thereby.
[0051] Here, in order for the place where the terminal
102 has been determined to be attached from the con-
tents of the x-axis to z-axis acceleration fields in records
701-eg1-1 to 6 and the actual place of attachment to
match, the following 2 prerequisites are satisfied. The
first prerequisite is that the person, to which the terminal
102 is attached, performs a predetermined connection
process triggering behavior after the terminal 102 has
been attached. The second prerequisite is that the ter-
minal 102 is attached in a predetermined direction cor-
responding to the place of attachment and the connection
process triggering behavior. In FIGs. 8A and 8B, an ex-
ample of the connection process triggering behavior of
the first prerequisite and an example of the attachment
of the terminal 102 of the second prerequisite are de-
scribed.
[0052] FIGs. 8A and 8B are diagrams depicting an ex-
ample of the connection process triggering behavior and
an example of the attachment of the terminal 102 in a
case of the first application example. In FIG. 8A, the BAN
system 100 is assumed to be built by the base station
101 and the terminals 102 attached to person C. FIG. 8A
depicts an example in which person C jumps vertically
as the connection process triggering behavior. FIG. 8A
further depicts the direction of the axes of the acceler-
ometers 305 of the terminals 102 respectively attached
to the head, the backpack, the right arm, the left arm, the
right leg, and the left leg.
[0053] For example, the terminal 102 attached to the
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head of person C is attached such that the positive di-
rection of the x-axis of the accelerometer 305 coincides
with an upward direction of person C; the positive direc-
tion of the y-axis coincides with a forward direction of
person C; and positive direction of the z-axis coincides
with rightward direction of person C. With such attach-
ment, when person C jumps vertically, the accelerometer
305 of the terminal 102 attached to the head detects that
acceleration along the x-axis changes from positive to
negative and acceleration along the y-axis and along the
z-axis remains 0.
[0054] FIG. 8B depicts an example of attachment of
the terminal 102 such that the axes of the accelerometer
305 are in predetermined directions. For example, when
attached to the head of person C, the terminal 102 is
attached such that aspect A thereof is on top, whereby
the positive direction of the x-axis of the accelerometer
305 is an upward direction of person C. Similarly, when
attached to the backpack of person C, the terminal 102
is attached such that aspect B thereof is on top, whereby
the negative direction of the x-axis of the accelerometer
305 is the upward direction of person C. When attached
to the right arm of person C, the terminal 102 is attached
such that aspect C thereof is on top, whereby the positive
direction of the y-axis of the accelerometer 305 is the
upward direction of person C. Further, when attached to
the left arm of person C, the terminal 102 is attached
such that aspect D thereof is on top, whereby the negative
direction of the y-axis of the accelerometer 305 is the
upward direction of person C. Although not depicted in
FIG. 8B, the same is true for attachment to the right leg
and the left leg of person C.
[0055] More specifically, the instruction manual for the
terminal 102 includes, for example, "When attaching ter-
minal to the head, attach with aspect A facing upward.
When attaching terminal to backpack, attach with aspect
B facing upward....". The casing of the terminal 102 is of
a design enabling aspect A, aspect B, aspect C, ... to be
recognized. Person C attaches the terminals according
to the instruction manual.
[0056] In FIGs. 8A and 8B, although the connection
process triggering behavior is assumed to be a vertical
jump, the connection process triggering behavior may be
another behavior. For example, the connection process
triggering behavior may be a crouching behavior. In this
case, by inverting the positive and negative directions
specified in the x-axis to z-axis acceleration fields of
records 701-eg1-1 to 6, the terminal 102 can correctly
determine the place where the terminal 102 is attached.
[0057] With reference to FIGs. 9 to 11B, examples of
the contents of the connection signal receiving sequence
table 411 and the terminal attachment place determining
table 511 and an example of attachment of the terminal
102 in the case of the second application example will
be described.
[0058] FIG. 9 is a diagram depicting an example of the
contents of the connection signal receiving sequence ta-
ble 411-eg2 in the case of the second application exam-

ple. The connection signal receiving sequence table 411-
eg2 depicted in FIG. 9 includes records 901-eg2-1 to 6.
The fields of the connection signal receiving sequence
table 411-eg2 are the same as those of the connection
signal receiving sequence table 411-eg1 depicted in FIG.
6 and therefore, description thereof is omitted. The con-
nection signal receiving sequence table 411-eg2 differs
from the connection signal receiving sequence table 411-
eg1 in that the terminal attachment place field of the con-
nection signal receiving sequence table 411-eg2 stores
an identifier representing any one among "the front, "the
back", "the right front side", "the left front side", "the right
rear side", and "the left rear side".
[0059] For example, 901-eg2-1 specifies that when the
base station 101 receives the first connection signal, the
terminal 102 that transmitted the first connection signal
is attached to the front of a vehicle.
[0060] FIG. 10 is a diagram depicting an example of
the contents of the terminal attachment place determin-
ing table 511-eg2 in the case of the second application
example. The terminal attachment place determining ta-
ble 511-eg2 depicted in FIG. 10 has records 1001-eg2-1
to 6. The fields of the terminal attachment place deter-
mining table 511-eg are the same as those of the terminal
attachment place determining table 511-eg1 depicted in
FIG. 7 and therefore, description thereof is omitted. The
terminal attachment place determining table 511-eg2 dif-
fers from the terminal attachment place determining table
511-eg1 in that the terminal attachment place field of the
terminal attachment place determining table 511-eg2
stores an identifier representing any one among "the
front" to "the left rear side".
[0061] For example, record 1001-eg2-1 specifies that
when acceleration along the x-axis changes from positive
to negative; and acceleration along the y-axis and along
the z-axis remains 0, the terminal 102 is attached to the
front of a vehicle. Record 1001-eg2-1 further specifies
that when the terminal 102 has been determined to be
attached to the front of a vehicle, the first connection sig-
nal is transmitted.
[0062] FIGs. 11A and 11B are diagrams depicting an
example of attachment of the terminal 102 in the case of
the second application example. In FIG. 11A, the BAN
system 100 is assumed to be built by the base station
101 and the terminals 102 attached to vehicle F. FIG.
11A depicts an example in which vehicle F has moved
forward and stopped as the connection process trigger-
ing behavior. FIG. 11A further depicts the axes of the
accelerometers 305 of the terminals 102 respectively at-
tached to the front, the back, the right front side, the left
front side, the right rear side, and the left rear side of
vehicle F.
[0063] For example, the terminal 102 attached to the
front of vehicle F is attached such that the positive direc-
tion of the x-axis of the accelerometer 305 coincides with
a forward direction of vehicle F; the positive direction of
the y-axis coincides with an upward direction of vehicle
F; and the positive direction of the z-axis coincides with
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a leftward direction of vehicle F. With such attachment,
when vehicle F moves forward and stops, the acceler-
ometer 305 of the terminal 102 attached to the front de-
tects that acceleration along the x-axis changes from
positive to negative and acceleration along the y-axis and
along the z-axis remain 0.
[0064] FIG. 11B depicts an example of attachment of
the terminal 102 such that the axes of the accelerometer
305 are in predetermined directions. For example, when
attached to the front of vehicle F, the terminal 102 is at-
tached with aspect B thereof abutting vehicle F such that
aspect A of the terminal 102 becomes an anterior aspect,
whereby the positive direction of the x-axis of the accel-
erometer 305 is in a forward direction of vehicle F. Sim-
ilarly, when attached to the back, the right front side, the
left front side, the right rear side, and the left rear side,
the terminal 102 is attached such that the axes of the
accelerometer 305 are in the directions depicted in FIG.
11A. As a result, aspects of the terminals 102 are at-
tached to vehicle F.
[0065] In some cases, the terminal 102 may be at-
tached such that the aspect having the attachment open-
ing that attaches the sub-casing of the main casing of
the terminal 102 abuts vehicle F. For example, aspect B
depicted in FIG. 11B is assumed to have the attachment
opening and the terminal 102 is assumed to be attached
such that aspect B abuts vehicle F. When the terminal
102 is attached to vehicle F, magnets are attached to
four corners of aspect B. The cable of the sub-casing
passes between the magnets and is attached to the at-
tachment opening of the main casing. By configuring the
terminal 102 with such a hardware configuration, the light
receiving sensor 307 can be prevented from being con-
cealed by the terminal 102 or vehicle.
[0066] Although the examples depicted in FIGs. 8A,
8B, 11A, and 11B are examples of attachment such that
the axes of the accelerometer 305 are orthogonal or par-
allel to the ground, attachment may be such that the axes
of the accelerometer 305 are not orthogonal or parallel
to the ground.
[0067] For example, in the case of the first application
example, the terminal attachment place determining ta-
ble 511-eg1 is assumed to have a record that specifies
that when acceleration along the x-axis and acceleration
along the y-axis changes from positive to negative and
acceleration along the z-axis remains 0, the terminal 102
is attached to the abdomen of a person. The terminal 102
attached to the abdomen of a person is attached such
that the directions of vectors (x, y, z)=(1, 1, 0) coincide
with the upward direction of person C. With such attach-
ment, when person C jumps vertically, the accelerometer
305 of the terminal 102 attached to the abdomen detects
that acceleration along the x-axis and acceleration along
the y-axis changes from positive to negative and accel-
eration along the z-axis remains 0.
[0068] With reference to FIG. 12A to 14, an example
where the terminal 102 determines the attachment place
thereof; the base station 101 identifies the attachment

place of the terminal 102; and the terminal 102 identifies
the base station 101 will be described as the connection
process. With reference to FIGs. 12A to 14, description
will be given using the first application example. In the
connection process, the base station 101 and the termi-
nals 102 use a common control channel to communicate.
After completion of the connection process, the base sta-
tion 101 and the terminals 102 communicate using nor-
mal operation channels assigned to each BAN.
[0069] In the description of FIGs. 12A to 14, the base
station 101 attached to person C is referred to as the
base station 101-C. Further, the six terminals 102 at-
tached to person C are referred to as the terminals 102-
C-1 to 6.
[0070] FIGs. 12A and 12B are diagrams depicting an
example of determining the attachment place of the ter-
minal 102 by the terminal 102. As depicted in FIG. 12A,
after attaching the base station 101-C and the terminals
102-C-1 to 6, person C jumps vertically as the connection
process triggering behavior. The accelerometers 305 of
the terminals 102-C-1 to 6 detect changes in acceleration
consequent to the vertical jump.
[0071] FIG. 12B depicts measurement results of the
accelerometers 305 of the terminals 102-C-1 to 3, as
graphs. The terminal 102-C-1 detects that acceleration
along the x-axis changes from positive to negative and
that acceleration along the y-axis and along the z-axis
remains 0. Accordingly, the terminal 102-C-1 is assumed
to refer to record 701-eg1-1 and to determine the head
to be the attachment place of the terminal 102-C-1 and
the transmission sequence for the connection signal to
be first. Similarly, the terminal 102-C-2 is assumed to
refer to record 701-eg1-2 and to determine the backpack
to be the attachment place attachment place of the ter-
minal 102-C-2 and the transmission sequence for the
connection signal to be second. Further, the terminal
102-C-3 is assumed to refer to record 701-eg1-3 and to
determine the right arm to be the attachment place of the
terminal 102-C-3 and the transmission sequence of the
connection signal to be third.
[0072] FIG. 13 is a diagram depicting an example of
identifying the attachment place of the terminal 102 by
the base station 101. As described with reference to
FIGs. 12A and 12B, the accelerometers 305 of the ter-
minals 102-C-1 to 6 detect the direction of changes in
acceleration, consequent to person C jumping vertically.
Here, at the same time that the accelerometers 305 of
the terminals 102-C-1 to 6 detect a change in accelera-
tion, the accelerometer 305 of the base station 101-C
also detects that a change in acceleration has occurred.
The base station 101-C regards time t0 when the change
in acceleration occurred as a reference time and enters
a receiving state of waiting for a connection signal from
the terminals 102, fixed period ft. The terminals 102-C-
1 to 6 also regard as the reference time, the time t0 when
the direction in which acceleration changed was identi-
fied and transmit a connection signal to the base station
101-C. Here, the connection signal is assumed to include
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the identification information of the terminal 102 that
transmitted the connection signal.
[0073] The terminals 102-C-1 to 6 transmit connection
signals to the base station 101-C, according to the con-
nection signal transmissions sequence depicted in FIG.
12B. A timing chart 1301 depicted in FIG. 13 depicts the
timing at which the terminals 102-C-1 to 6 transmit con-
nection signals to the base station 101-C. In the timing
chart 1301, the horizontal axis represents time. In the
timing chart 1301, rectangles with hatching represent de-
tection of a change in acceleration by the accelerometers
305 of the terminals 102-C-1 to 6; or that the accelerom-
eter 305 of the base station 101-C also detects that a
change in acceleration occurred. Solid rectangles in the
timing chart 1301 represent transmission of connection
signals by the terminals 102-C-1 to 6 or the base station
101-C; or transmission of a response signal for a con-
nection signal. White rectangles in the timing chart 1301
represent the receiving state of waiting for a connection
signal or a response signal by the terminals 102-C-1 to
6 or the base station 101-C.
[0074] Since the terminal 102-C-1 is the first to transmit
the connection signal, the terminal 102-C-1 transmits the
connection signal immediately after the reference time.
After transmitting the connection signal, the terminal 102-
C-1 enters the receiving state from the reference time t0
until the second given period pt2 elapses. After receiving
the connection signal, the base station 101-C refers to
the connection signal receiving sequence table 411-eg1
and determines that the terminal 102-C-1 is attached to
the head since the connection signal therefrom was the
first to be received.
[0075] Receipt of the connection signal within the fixed
period ft means that the reference times of the terminal
102-C-1 and of the base station 101-C coincide. Accord-
ingly, the base station 101-C determines that terminal
102-C-1 is attached to the same body as the base station
101-C. Thus, the base station 101-C can exclude con-
nection signals from the terminals 102 of other BAN sys-
tems by processing the connection signals received with-
in the fixed period ft. More specifically, person C jumps
vertically at a timing that differs from the timing at which
a person nearby jumps vertically. Therefore, the base
station 101-C can exclude the connection signals from
terminals 102 that are not attached to person C whereby,
errant setting can be suppressed.
[0076] After the fixed period ft has elapsed and when
a random period that is less than the first given period
pt1, which is less than or equal to the second given period
pt2, has elapsed, the base station 101-C, which has re-
ceived the connection signal, transmits to the terminal
102-C-1, a response signal for the connection signal.
Here, the sum of the first given period pt1 and the fixed
period ft is equivalent to the second given period pt2.
Further, the base station 101-C transmits the response
signal multiple times until the first given period pt1 elaps-
es. Here, the response signal is assumed to include the
identification information of the base station 101-C.

[0077] When the random period has elapsed, a re-
sponse signal is transmitted whereby, the base station
101-C can prevent the response signal from being sent
at the same timing as the response signal transmitted by
the base station 101 of another BAN system and can
prevent interference at the terminal 102-C-1. Further, by
transmitting the response signal multiple times, even if a
response signal transmitted at a given timing happens
to interfere, the terminal 102-C-1 can properly receive
the response signal by the response signal being trans-
mitted at another timing. In the example depicted in FIG.
13, the second given period pt2 is assumed to be 100
[milliseconds]; the period at which the response signal is
transmitted is assumed to be 3 [milliseconds]; and the
response signal is assumed to be transmitted three
times. In this case, from among 33 transmission timing
candidates, the base station 101-C randomly selects
three and sends the response signal at the selected tim-
ings.
[0078] Thereafter, similarly, at time t1 when the first
given period pt1 elapses, the base station 101-C again
enters the receiving state of waiting for a connection sig-
nal from the terminal 102 during the fixed period ft. Fur-
ther, the terminal 102-C-2, which is to transmit a connec-
tion signal second, transmits the connection signal to the
base station 101-C at time t1 when the second given
period pt2 elapses.
[0079] FIG. 14 is a diagram depicting an example of
identifying the base station 101 by the terminal 102. As
described with reference to FIG. 13, terminal 102-C-1
receives the response signal from the base station 101-
C multiple times. The terminal 102-C-1 may further re-
ceive a response signal transmitted by the base station
101 of another BAN system.
[0080] Thus, to identify the base station 101-C that is
attached to the same body as the terminal 102-C-1, the
terminal 102-C-1 identifies the base station 101-C based
on the Received Signal Strength Indication (RSSI) of the
response signal. Here, from among the base stations that
transmitted response signals received by the terminal
102-C-1, the base station 101-C that is attached to the
same body as the terminal 102-C-1 is the one nearest to
the terminal 102-C-1 and therefore, the response signal
thereof has the greatest radio wave strength.
[0081] Graph 1401 depicted in FIG. 14 represents one
example of the response signal received by the terminal
102-C-1 between time t0 to time t1 depicted in FIG. 13.
The horizontal axis of graph 1401 represents time; and
the vertical axis represents RSSI. Solid rectangles in
graph 1401 represent the RSSI of the response signal
from the base station 101-A attached to person A. Sim-
ilarly, rectangles with hatching in graph 1401 represent
the RSSI of a response signal from a base station 101-
B attached to person B. White rectangles in graph 1401
represent the RSSI of a response signal from a base
station 101-C attached to person C.
[0082] The terminal 102-C-1 identifies the transmis-
sion source having the greatest number of response sig-
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nals for which RSSI is greater than or equal to a given
threshold to be the base station 101 that is attached to
the same person as the terminal 102-C-1. Graph 1401
indicates that while executing the connection process,
person A becomes close to person C and as a result, the
terminal 102-C-1 receives one time, a response signal
that is from the base station 101-A and exceeds the given
threshold. Even under such circumstances, the terminal
102-C-1 identifies the base station 101-C, which has the
greatest number of response signals that are greater than
or equal to the given threshold, to be the base station
101 that is attached to the same person as the terminal
102-C-1.
[0083] With reference to FIGs. 15 and 16, flowcharts
of operations executed in coordination by the base sta-
tion 101 and the terminals 102 will be described.
[0084] FIG. 15 is a flowchart of an example of a pro-
cedure of the connection process of the base station 101
and the terminal 102 (part 1). FIG. 16 is a flowchart of
the example of the procedure of the connection process
of the base station 101 and the terminal 102 (part 2). The
connection process is a process of building connecting
the base station 101 and terminals 102 to build one BAN
system.
[0085] The base station 101 is powered on and acti-
vated (step S1501). The base station 101 performs initial
setting (step S1502). For example, the base station 101
refers to the connection signal receiving sequence table
411 and reads out the number of terminals 102 to be
attached to the same body as the base station 101 and
the places of attachment, and further sets a value of the
normal operation channel. The terminal 102 is powered
on and activated (step S1503).
[0086] After the operation at step S1502 has been
completed, the base station 101 uses the accelerometer
305 thereof to detect acceleration that is consequent to
the connection process triggering behavior (step S1504).
Similarly, the terminal 102 uses the accelerometer 305
thereof to detect acceleration that is consequent to the
connection process triggering behavior (step S1505).
[0087] After the operation at step S1504 has been
completed, the base station 101 sets the time at a change
in acceleration occurred as a reference time (step
S1506). After the operation at step S1505 has been com-
pleted, the terminal 102 refers to the terminal attachment
place determining table 511 determines the attachment
place of thereof from changes along the axes of the ac-
celerometer 305 (step S1507). The terminal 102 waits
for a period that corresponds to the connection signal
transmitting sequence for the attachment place (step
S1508).
[0088] After the operation at step S1506 has been
completed, the base station 101 transitions to the receiv-
ing state for the fixed period ft (step S1601). After the
operation at step S1508 has been completed, the termi-
nal 102 transmits a connection signal (step S1602). The
terminal 102 transitions to the receiving state for the sec-
ond given period (step S1603).

[0089] The base station 101 receives connection sig-
nals until the fixed period ft has elapsed (step S1604).
The base station 101 refers to the connection signal re-
ceiving sequence table 411 and from the reception se-
quence of the connection signal, identifies the attach-
ment place of the terminal 102 that transmitted the con-
nection signal (step S1605). The base station 101 ran-
domly delays and transmits a response signal for the
connection signal multiple times, until the first given pe-
riod pt1 elapses (step S1606).
[0090] After the second given period pt2 has elapsed,
the terminal 102 identifies as the base station attached
to the same body as the terminal 102, the transmission
source from which the most response signals having RS-
SI that is greater than or equal to a given threshold were
received among the response signals (step S1607). After
the operation at step S1607 has been completed, the
terminal 102 ends the connection process.
[0091] After the first given period pt1 elapses, the base
station 101 determines whether processing has been re-
peatedly performed for the number of records in the con-
nection signal receiving sequence table 411 (step
S1608). If processing has not been performed for the
number of records in the connection signal receiving se-
quence table 411 (step S1608: NO), the base station 101
transitions to the operation at step S1601.
[0092] On the other hand, if processing has been per-
formed for the number of records in the connection signal
receiving sequence table 411 (step S1608: YES), the
base station 101 ends the connection process. After com-
pletion of the connection process, the base station 101
and the terminals 102 transition to normal operation. Ex-
ecution of the connection process enables the BAN sys-
tem to be built by the base station 101 and the terminals
102 that are attached to the same body.
[0093] As described, according to the BAN system
100, the terminal 102 determines as the attachment place
thereof, a place that corresponds to the direction in which
acceleration changed as indicated by the accelerometer
305 of the terminal 102. As a result, the BAN system 100
can identify the attachment place of the terminal 102 by
the user merely attaching the terminals 102 in a direction
predetermined according to place and performing a con-
nection process triggering behavior. Further, by the user
merely performing the connection process triggering be-
havior, the attachment places of multiple terminals 102
can be identified collectively, enabling the burden on the
user to be reduced. Since setting errors by the user can
be suppressed, the load placed on the terminal 102 due
to repeated resetting consequent to setting errors can be
suppressed.
[0094] Further, according to the BAN system 100, the
terminal 102 may transmit to the base station 101, a con-
nection signal that includes the identification information
of the terminal 102, the connection signal being trans-
mitted consequent to the arrival of a time that is based
on the time when the direction in which acceleration
changed was identified and that is based on the se-
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quence in which connection signals are to be transmitted
corresponding to the determined place. As a result, the
BAN system 100 prevents interference caused by multi-
ple terminals 102 simultaneously transmitting connection
signals and thereby, enables the base station 101 to be
notified of the places where the terminals 102 are at-
tached.
[0095] Further, according to the BAN system 100, the
base station 101 may identify terminals 102 that are at-
tached to the same body as the base station 101, based
on the connection signals received from the terminals
102, the time when a change in acceleration occurred,
and the time when the connection signals were received.
As a result, the base station 101 can exclude connections
signals that are from terminals 102 that are attached to
another body, enabling errant setting to be suppressed.
Accordingly, even when another nearby BAN system 100
in executing the connection process, the BAN system
100 can perform the connection process without moving
to a distance that does not cause interference.
[0096] Further, according to the BAN system 100, the
terminal 102 may identify based on response signals re-
ceived from the time when the connection signal is trans-
mitted to the base station 101 until the elapse of the sec-
ond given period, the base station 101 that is attached
to the same body as the terminal 102. Thus, the terminal
102 can exclude to a certain extent, response signals
that are from base stations 101 attached to other bodies
and can suppress errant setting by limiting the period
during which response signals are received.
[0097] Further, according to the BAN system 100, the
base station 101 may transmit response signals to the
terminals 102, when a random period elapses that is less
than the first given period that is from the times when
connection signals are received from the terminals. As a
result, the base station 101 can suppress interference
with response signals of other base stations 101.
[0098] Further, according to the BAN system 100, the
base station 101 transmits the response signal to the
terminal 102 multiple times and based on the radio wave
strength of the response signal, the terminal 102 may
identify the base station apparatus that is attached to the
same body. As a result, even if a response signal re-
ceived at a given timing happens to interfere, the terminal
102 can properly receive the response signal by the re-
sponse signal being transmitted at another timing.
[0099] The BAN system 100 can complete the connec-
tion process in a period of time that is about number of
terminals 102 x the second given period and thus, can
complete the connection process in a shorter period time
that setting by the user. Further, the body to which the
terminals 102 are attached suffices to be a body that can
perform the connection process triggering behavior and,
for example, may be a dog or a horse. For example, the
user trains the dog in advance to jump vertically, as the
connection process triggering behavior. The user attach-
es the base station 101 to the dog and after attaching
the terminals 102 in the predetermined directions, has

the dog jump. Consequently, the terminals 102 are able
to identify the respective attachment places.
[0100] The BAN communications method described in
the present embodiment may be implemented by exe-
cuting the BAN communications program on a computer
such as a personal computer and a workstation. The BAN
communications program is stored on a non-transitory,
computer-readable recording medium such as a hard
disk, a flexible disk, a CD-ROM, an MO, and a DVD, read
out from the computer-readable medium, and executed
by the computer. The BAN communications program
may be distributed through a network such as the Inter-
net.
[0101] According to one aspect of the embodiment, an
effect is achieved in that places where a terminal appa-
ratus is attached to a body can be identified.
[0102] All examples and conditional language provid-
ed herein are intended for pedagogical purposes of aid-
ing the reader in understanding the invention and the
concepts contributed by the inventor to further the art,
and are not to be construed as limitations to such spe-
cifically recited examples and conditions, nor does the
organization of such examples in the specification relate
to a showing of the superiority and inferiority of the in-
vention. Although one or more embodiments of the
present invention have been described in detail, it should
be understood that the various changes, substitutions,
and alterations could be made hereto without departing
from the spirit and scope of the invention.

Claims

1. A body area network system (100) comprising:

a plurality of terminal apparatuses (102) con-
nected by wireless communication, wherein
a terminal apparatus (102-1) of the plurality of
terminal apparatuses (102) is configured to:

identify in which direction acceleration has
changed, the direction being identified
based on a measurement result of a sensor
(305) of the terminal apparatus (102-1), the
sensor (305) being configured to measure
acceleration, and
refer to information (111) that specifies, cor-
responding to places where the plurality of
terminal apparatuses (102) is to be attached
to a body, directions in which acceleration
changes when the body performs a given
behavior, and determines based on the
identified direction, a place where the ter-
minal apparatus (102-1) is attached to the
body.

2. The body area network system (100) according to
claim 1, further comprising
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a base station apparatus (101) that is connected to
the plurality of terminal apparatuses (102) by wire-
less communication, wherein
the information (111) specifies corresponding to the
places where the plurality of terminal apparatuses
(102) is to be attached to the body, a sequence in
which connection signals that include identification
information of the plurality of terminal apparatuses
(102) are to be transmitted to the base station appa-
ratus (101),
the terminal apparatus (102-1) transmits a connec-
tion signal that includes the identification information
of the terminal apparatus (102-1) to the base station
apparatus (101), consequent to a time arriving that
is based on a time when the direction in which ac-
celeration changed is identified and that is based on
the sequence in which the connection signal is to be
transmitted corresponding to the determined place,
and
the base station apparatus (101) identifies based on
the connection signals received from the plurality of
terminal apparatuses (102), the places where the
plurality of terminal apparatuses (102) is attached.

3. The body area network system (100) according to
claim 2, wherein
the base station apparatus (101) is attached to the
body, which is among a plurality of bodies,
the base station apparatus (101) detects that a
change in acceleration occurred, the change being
detected based on a measurement result of a sensor
(305) of the base station apparatus (101), the sensor
(305) being configured to measure acceleration, and
the base station apparatus (101) identifies the ter-
minal apparatus (102-1) that is attached to the body
to which the base station apparatus (101) is at-
tached, the terminal apparatus (102-1) being identi-
fied based on the connection signal received from
the terminal apparatus (102-1), a time when the de-
tected change in acceleration occurred, and a time
when the connection signal is received from the ter-
minal apparatus (102-1).

4. The body area network system (100) according to
claim 3, wherein
the base station apparatus (101) transmits to the ter-
minal apparatus (102-1), a response signal that in-
cludes identification information of the base station
apparatus (101), the response signal being transmit-
ted between the time when the connection signal is
received from the terminal apparatus (102-1) and a
time when a first given period elapses, and
the terminal apparatus (102-1) identifies the base
station apparatus (101) that is attached to the body
to which the terminal apparatus (102-1) is attached,
the base station being identified based on the re-
sponse signal received between a time when the
connection signal is transmitted to the base station

apparatus (101) and a time when a second given
period that is greater than or equal to the first given
period elapses.

5. The body area network system (100) according to
claim 4, wherein
the base station apparatus (101) transmits the re-
sponse signal to the terminal apparatus (102-1),
when a random period elapses that is less than the
first given period, which is from the time when the
connection signal is received from the terminal ap-
paratus (102-1).

6. The body area network system (100) according to
claim 4 or 5, wherein
the base station apparatus (101) transmits the re-
sponse signal to the terminal apparatus (102-1) mul-
tiple times from the time when the connection signal
is received from the terminal apparatus (102-1) until
the first given period elapses, and
the terminal apparatus (102-1) identifies the base
station apparatus (101) that is attached to the body,
the base station apparatus (101) being identified
based on radio wave strength of the response signal
received between the time when the connection sig-
nal is transmitted to the base station apparatus (101)
and the time when the second given period elapses.

7. A terminal apparatus (102-1) among a plurality of
terminal apparatuses (102) connected by wireless
communication, the terminal apparatus (102-1) com-
prising:

a sensor (305) configured to measure acceler-
ation; and
a processor configured to:

identify in which direction acceleration has
changed, based on a measurement result
of the sensor (305), and
refer to information (111) that specifies, cor-
responding to places where the terminal ap-
paratus (102-1) is to be attached to a body,
directions in which acceleration changes
when the body performs a given behavior,
and determine based on the identified di-
rection, a place where the terminal appara-
tus (102-1) is attached to the body.

8. A body area network communications method exe-
cuted by a terminal apparatus (102-1) among a plu-
rality of terminal apparatuses (102) connected by
wireless communication, the body area network
communications method comprising:

identifying in which direction acceleration has
changed, the direction being identified based on
a measurement result of a sensor (305) of the
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terminal apparatus (102-1), the sensor (305) be-
ing configured to measure acceleration; and
referring to information (111) that specifies, cor-
responding to places where the plurality of ter-
minal apparatuses (102) are to be attached to a
body, directions in which acceleration changes
when the body performs a given behavior and
determining based on the identified direction, a
place where the terminal apparatus (102-1) is
attached to the body.

9. A body area network communications program
causing a terminal apparatus (102-1) among a plu-
rality of terminal apparatuses (102) connected by
wireless communication to execute:

identifying in which direction acceleration has
changed, the direction being identified based on
a measurement result of a sensor (305) of the
terminal apparatus (102-1), the sensor (305) be-
ing configured to measure acceleration; and
referring to information (111) that specifies, cor-
responding to places where the plurality of ter-
minal apparatuses (102) are to be attached to a
body, directions in which acceleration changes
when the body performs a given behavior and
determining based on the identified direction, a
place where the terminal apparatus (102-1) is
attached to the body.

Patentansprüche

1. Body-Area-Network-System (100), das Folgendes
umfasst:

mehrere Endgerätevorrichtungen (102), die
durch drahtlose Kommunikation verbunden
sind, wobei
eine Endgerätevorrichtung (102-1) der mehre-
ren Endgerätevorrichtungen (102) zu Folgen-
dem konfiguriert ist:

Identifizieren, in welcher Richtung sich eine
Beschleunigung verändert hat, wobei die
Richtung auf der Basis eines Messergeb-
nisses eines Sensors (305) der Endgeräte-
vorrichtung (102-1) identifiziert wird, wobei
der Sensor (305) dazu konfiguriert ist, die
Beschleunigung zu messen, und
Beziehen auf Informationen (111), die ent-
sprechend Stellen, an denen die mehreren
Endgerätevorrichtungen (102) an einem
Körper angebracht werden sollen, Richtun-
gen spezifizieren, in denen die Beschleuni-
gung sich verändert, wenn der Körper ein
gegebenes Verhalten durchführt, und auf
der Basis der identifizierten Richtung eine

Stelle bestimmen, an der die Endgerätevor-
richtung (102-1) an dem Körper angebracht
wird.

2. Body-Area-Network-System (100) nach Anspruch 1,
das weiterhin Folgendes umfasst:

eine Basisstationsvorrichtung (101), die mit den
mehreren Endgerätevorrichtungen (102) durch
drahtlose Kommunikation verbunden ist, wobei
die Informationen (111) entsprechend den Stel-
len, an denen die mehreren Endgerätevorrich-
tungen (102) an dem Körper angebracht werden
sollen, eine Abfolge identifizieren, in der Verbin-
dungssignale, die Identifikationsinformationen
der mehreren Endgerätevorrichtungen (102)
beinhalten, an die Basisstationsvorrichtung
(101) übertragen werden sollen,
die Endgerätevorrichtung (102-1) ein Verbin-
dungssignal, das die Identifikationsinformatio-
nen der Endgerätevorrichtung (102-1) beinhal-
tet, an die Basisstationsvorrichtung (101) im An-
schluss an eine eintretende Zeit überträgt, die
auf einer Zeit basiert, zu der die Richtung, in der
die Beschleunigung sich verändert, identifiziert
wird, und die auf der Abfolge, in der das Verbin-
dungssignal übertragen werden soll, entspre-
chend der bestimmten Stelle basiert, und
die Basisstationsvorrichtung (101) auf der Basis
der Verbindungssignale, die von den mehreren
Endgerätevorrichtungen (102) empfangen wur-
den, die Stellen identifiziert, an denen die meh-
reren Endgerätevorrichtungen (102) ange-
bracht sind.

3. Body-Area-Network-System (100) nach Anspruch 2,
wobei
die Basisstationsvorrichtung (101) an dem Körper
angebracht wird, der einer von mehreren Körpern ist,
die Basisstationsvorrichtung (101) erkennt, dass ei-
ne Veränderung der Beschleunigung aufgetreten ist,
wobei die Veränderung auf der Basis eines Messer-
gebnisses eines Sensors (305) der Basisstations-
vorrichtung (101) erkannt wird, wobei der Sensor
(305) dazu konfiguriert ist, die Beschleunigung zu
messen, und
die Basisstationsvorrichtung (101) die Endgeräte-
vorrichtung (102-1) erkennt, die an dem Körper an-
gebracht wird, an dem die Basisstationsvorrichtung
(101) angebracht wird, wobei die Endgerätevorrich-
tung (102-1) auf der Basis des Verbindungssignals,
das von der Endgerätevorrichtung (102-1) empfan-
gen wurde, einer Zeit, zu der die erkannte Verände-
rung der Beschleunigung aufgetreten ist, und einer
Zeit, zu der das Verbindungssignal von der Endge-
rätevorrichtung (102-1) empfangen wird, identifiziert
wird.

23 24 



EP 2 991 365 B1

14

5

10

15

20

25

30

35

40

45

50

55

4. Body-Area-Network-System (100) nach Anspruch 3,
wobei
die Basisstationsvorrichtung (101) ein Antwortsig-
nal, das Identifikationsinformationen der Basisstati-
onsvorrichtung (101) beinhaltet, an die Endgeräte-
vorrichtung (102-1) überträgt, wobei das Antwortsi-
gnal zwischen der Zeit, zu der das Verbindungssig-
nal von der Endgerätevorrichtung (102-1) empfan-
gen wird, und einer Zeit, zu der eine erste gegebene
Periode verstreicht, übertragen wird, und
die Endgerätevorrichtung (102-1) die Basisstations-
vorrichtung (101) identifiziert, die an dem Körper an-
gebracht wird, an dem die Endgerätevorrichtung
(102-1) angebracht wird, wobei die Basisstation auf
der Basis des Antwortsignals identifiziert wird, das
zwischen einer Zeit, zu der das Verbindungssignal
an die Basisstationsvorrichtung (101) übertragen
wird, und einer Zeit, zu der eine zweite gegebene
Periode, die größer gleich der ersten gegebenen Pe-
riode ist, verstreicht, empfangen wird.

5. Body-Area-Network-System (100) nach Anspruch 4,
wobei
die Basisstationsvorrichtung (101) das Antwortsig-
nal an die Endgerätevorrichtung (102-1) überträgt,
wenn eine Zufallsperiode verstreicht, die kleiner als
die erste gegebene Periode ist und die ab der Zeit
ist, zu der das Verbindungssignal von der Endgerä-
tevorrichtung (102-1) empfangen wird.

6. Body-Area-Network-System (100) nach Anspruch 4
oder 5, wobei
die Basisstationsvorrichtung (101) das Antwortsig-
nal mehrmals an die Endgerätevorrichtung (102-1)
ab der Zeit, zu der das Verbindungssignal von der
Endgerätevorrichtung (102-1) empfangen wird, bis
zum Verstreichen der ersten gegebenen Periode
überträgt,
die Endgerätevorrichtung (102-1) die Basisstations-
vorrichtung (101) identifiziert, die an dem Körper an-
gebracht wird, wobei die Basisstationsvorrichtung
(101) auf der Basis einer Funkwellenstärke des Ant-
wortsignals identifiziert wird, das zwischen der Zeit,
zu der das Verbindungssignal an die Basisstations-
vorrichtung (101) übertragen wird, und der Zeit, zu
der die zweite gegebene Periode verstreicht, emp-
fangen wird.

7. Endgerätevorrichtung (102-1) aus mehreren Endge-
rätevorrichtungen (102), die durch drahtlose Kom-
munikation verbunden sind, wobei die Endgeräte-
vorrichtung (102-1) Folgendes umfasst:

einen Sensor (305), der dazu konfiguriert ist, ei-
ne Beschleunigung zu messen; und
einen Prozessor, der zu Folgendem konfiguriert
ist:

Identifizieren, in welcher Richtung sich die
Beschleunigung verändert hat, auf der Ba-
sis eines Messergebnisses des Sensors
(305), und
Beziehen auf Informationen (111), die ent-
sprechend Stellen, an denen die Endgerä-
tevorrichtungen (102-1) an einem Körper
angebracht werden sollen, Richtungen spe-
zifizieren, in denen die Beschleunigung sich
verändert, wenn der Körper ein gegebenes
Verhalten durchführt, und Bestimmen einer
Stelle, an der die Endgerätevorrichtung
(102-1) an dem Körper angebracht wird, auf
der Basis der identifizierten Richtung.

8. Body-Area-Network-Kommunikationsverfahren,
das von einer Endgerätevorrichtung (102-1) aus
mehreren Endgerätevorrichtungen (102), die durch
drahtlose Kommunikation verbunden sind, ausge-
führt wird, wobei das Body-Area-Network-Kommu-
nikationsverfahren Folgendes umfasst:

Identifizieren, in welcher Richtung sich eine Be-
schleunigung verändert hat, wobei die Richtung
auf der Basis eines Messergebnisses eines
Sensors (305) der Endgerätevorrichtung
(102-1) identifiziert wird, wobei der Sensor (305)
dazu konfiguriert ist, die Beschleunigung zu
messen; und
Beziehen auf Informationen (111), die entspre-
chend Stellen, an denen die mehreren Endge-
rätevorrichtungen (102) an einem Körper ange-
bracht werden sollen, Richtungen spezifizieren,
in denen die Beschleunigung sich verändert,
wenn der Körper ein gegebenes Verhalten
durchführt, und Bestimmen einer Stelle, an der
die Endgerätevorrichtung (102-1) an dem Kör-
per angebracht wird, auf der Basis der identifi-
zierten Richtung.

9. Body-Area-Network-Kommunikationsprogramm,
das bewirkt, dass eine Endgerätevorrichtung (102-1)
aus mehreren Endgerätevorrichtungen (102), die
durch drahtlose Kommunikation verbunden sind,
Folgendes ausführt:

Identifizieren, in welcher Richtung sich eine Be-
schleunigung verändert hat, wobei die Richtung
auf der Basis eines Messergebnisses eines
Sensors (305) der Endgerätevorrichtung
(102-1) identifiziert wird, wobei der Sensor (305)
dazu konfiguriert ist, die Beschleunigung zu
messen; und
Beziehen auf Informationen (111), die entspre-
chend Stellen, an denen die mehreren Endge-
rätevorrichtungen (102) an einem Körper ange-
bracht werden sollen, Richtungen spezifizieren,
in denen die Beschleunigung sich verändert,
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wenn der Körper ein gegebenes Verhalten
durchführt, und Bestimmen einer Stelle, an der
die Endgerätevorrichtung (102-1) an dem Kör-
per angebracht wird, auf der Basis der identifi-
zierten Richtung.

Revendications

1. Système de réseau local corporel BAN (100)
comprenant :

une pluralité d’appareils terminaux (102) reliés
par une communication sans fil, dans lequel
un appareil terminal (102-1) de la pluralité d’ap-
pareils terminaux (102) est configuré pour :

identifier une direction dans laquelle une ac-
célération a changé, la direction étant iden-
tifiée sur la base d’un résultat de mesure
d’un capteur (305) de l’appareil terminal
(102-1), le capteur (305) étant configuré
pour mesurer l’accélération, et
se référer à une information (111) qui spé-
cifie, en correspondance avec des empla-
cements où la pluralité d’appareils termi-
naux (102) doit être attachée à un corps,
des directions dans lesquelles l’accéléra-
tion change lorsque le corps effectue un
comportement donné, et déterminer, sur la
base de la direction identifiée un emplace-
ment où l’appareil terminal (102-1) est atta-
ché au corps.

2. Système de réseau local corporel (100) selon la re-
vendication 1, comprenant en outre
un appareil de station de base (101) qui est relié à
la pluralité d’appareils terminaux (102) par une com-
munication sans fil, dans lequel
l’information (111) spécifie, en correspondance avec
les emplacements où la pluralité d’appareils termi-
naux (102) doit être attachée au corps, une séquen-
ce dans laquelle des signaux de connexion qui com-
prennent des informations d’identification de la plu-
ralité d’appareils terminaux (102) doivent être trans-
mis à l’appareil de station de base (101),
l’appareil terminal (102-1) transmet un signal de con-
nexion qui inclut l’information d’identification de l’ap-
pareil terminal (102-1) à l’appareil de station de base
(101), à la suite d’un moment arrivant qui est basé
sur un moment où la direction dans laquelle une ac-
célération a changé est identifiée, et qui est basé sur
la séquence dans laquelle le signal de connexion
doit être transmis correspondant à l’emplacement
déterminé, et
l’appareil de station de base (101) identifie, sur la
base des signaux de connexion reçus de la pluralité
d’appareils terminaux (102), les emplacements où

la pluralité d’appareils terminaux (102) est attachée.

3. Système de réseau local corporel (100) selon la re-
vendication 2, dans lequel
l’appareil de station de base (101) est attaché au
corps, qui est parmi une pluralité de corps,
l’appareil de station de base (101) détecte qu’un
changement d’une accélération s’est produit, le
changement étant détecté sur la base d’un résultat
de mesure d’un capteur (305) de l’appareil de station
de base (101), le capteur (305) étant configuré pour
mesurer l’accélération, et
l’appareil de station de base (101) identifie l’appareil
terminal 102-1) qui est attaché au corps auquel l’ap-
pareil de station de base (101) est attaché, l’appareil
terminal (102-1) étant identifié sur la base du signal
de connexion reçu de l’appareil terminal (102-1), à
un moment lorsque le changement d’accélération
détecté s’est produit, et à un moment lorsque le si-
gnal de connexion est reçu de l’appareil terminal
(102-1).

4. Système de réseau local corporel (100) selon la re-
vendication 3, dans lequel
l’appareil de station de base (101) transmet à l’ap-
pareil terminal (102-1) un signal de réponse qui com-
prend une information d’identification de l’appareil
de station de base (101), le signal de réponse étant
transmis entre le moment où le signal de connexion
est reçu de l’appareil terminal (102-1) et un moment
où une première période donnée s’écoule, et
l’appareil terminal (102-1) identifie l’appareil de sta-
tion de base (101) qui est attaché au corps auquel
l’appareil terminal (102-1) est attaché, la station de
base étant identifiée sur la base du signal de réponse
reçu entre un moment où le signal de connexion est
transmis à l’appareil de station de base (101) et un
moment où une seconde période donnée qui est su-
périeure ou égale à la première période donnée
s’écoule.

5. Système de réseau local corporel (100) selon la re-
vendication 4, dans lequel
l’appareil de station de base (101) transmet le signal
de réponse à l’appareil terminal (102-1) lorsqu’une
période aléatoire qui est inférieure à la première pé-
riode donnée s’écoule, qui est à partir du moment
où le signal de connexion est reçu depuis l’appareil
terminal (102-1).

6. Système de réseau local corporel (100) selon la re-
vendication 4 ou 5, dans lequel
l’appareil de station de base (101) transmet le signal
de réponse à l’appareil terminal (102-1) plusieurs
fois à partir du moment où le signal de connexion
est reçu depuis l’appareil terminal (102-1) jusqu’à ce
que la première période donnée s’écoule, et
l’appareil terminal (102-1) identifie l’appareil de sta-
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tion de base (101) qui est attaché au corps, l’appareil
de station de base (101) étant identifié sur la base
de l’intensité d’onde radio du signal de réponse reçu
entre le moment où le signal de connexion est trans-
mis à l’appareil de station de base (101) et le moment
où la seconde période donnée s’écoule.

7. Appareil terminal (102-1) parmi une pluralité d’ap-
pareils terminaux (102) reliés par une communica-
tion sans fil, l’appareil terminal (102-1) comprenant :

un capteur (305) configuré pour mesurer une
accélération ; et
un processeur configuré pour :

identifier une direction dans laquelle l’accé-
lération a changé, sur la base d’un résultat
de mesure du capteur (305), et
se référer à une information (111) qui spé-
cifie, en correspondance à des emplace-
ments où l’appareil terminal (102-1) doit
être attaché à un corps, des directions dans
lesquelles l’accélération change lorsque le
corps effectue un comportement donné, et
déterminer, sur la base de la direction iden-
tifiée, un emplacement où l’appareil termi-
nal (102-1) est attaché au corps.

8. Procédé de communications de réseau local corpo-
rel exécuté par un appareil terminal (102-1) parmi
une pluralité d’appareils terminaux (102) reliés par
une communication sans fil, le procédé de commu-
nications de réseau local corporel comprenant :

identifier une direction dans laquelle une accé-
lération a changé, la direction étant identifiée
sur la base d’un résultat de mesure d’un capteur
(305) de l’appareil terminal (102-1), le capteur
(305) étant configuré pour mesurer
l’accélération ; et
se référer à une information (111) qui spécifie,
en correspondance avec des emplacements où
la pluralité d’appareils terminaux (102) doit être
attachée à un corps, des directions dans les-
quelles l’accélération change lorsque le corps
effectue un comportement donné, et détermi-
ner, sur la base de la direction identifiée, un em-
placement où l’appareil terminal (102-1) est at-
taché au corps.

9. Programme de communications de réseau local cor-
porel amenant un appareil terminal (102-1) parmi
une pluralité d’appareils terminaux (102) reliés par
une communication sans fil à :

identifier une direction dans laquelle une accé-
lération a changé, la direction étant identifiée
sur la base d’un résultat de mesure d’un capteur

(305) de l’appareil terminal (102-1), le capteur
(305) étant configuré pour mesurer
l’accélération ; et
se référer à une information (111) qui spécifie,
en correspondance avec des emplacements où
la pluralité d’appareils terminaux (102) doit être
attachée à un corps, des directions dans les-
quelles l’accélération change lorsque le corps
effectue un comportement donné, et détermi-
ner, sur la base de la direction identifiée un em-
placement dans lequel l’appareil terminal
(102-1) est attaché au corps.
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