[Name of Document] Specification [Title of the Invention] Communication Device and Method, and
Program [Technical Field] (0001] The present invention relates to a device and a method for
communication, and a program, and particularly to a device and a method for communication, and a
program that make communication possible in the communication device having at least two
electrodes irrespective of physical positional relation between a user of the communication device
and the communication device. [Background Art] [0002] Conventionally, in a communication system
including a transmitting device, a communication medium, and a receiving device, a physical

communication sigiak traNSMtiRgRRY gL fransmitfing.a communication signal and a physical

reference point path different from the communication signal transmitting path, the reference point

path being to share alreferencrepaiftion rdeferminingadiffgiense indevelotthe carpmupication signal
between the transmitting device and the receiving device, are provided to perform communication

(see for 1 and Program

[Technical Field]
[00017

The present invention relates to a device and a
method for communication, and a program, and particularly
to a device and a—method for communication, and a prograﬁ
that make communication possible in the communication
device having at least two electrodes irrespective of
physical positional relation between a user of the
communication device and the communication device.
{Background Art}
[0002]

Conventionally, in a communication system including
a transmitting device, a communication medium, and a
receiving device, a physical communication signal
transmitting path for transmitting a communication signal
and a physical reference point path different from the
communication signal transmitting path, the reference
point path being to share a reference point for
determining a difference in level of the communication

signal between the transmitting device and the receiving

device, are provided to perform communication (see for



example Patent Document 1 or Patent Document 2). [0003] For example, Patent Document 1 and
Patent Document 2 describe communication techniques using a human body as a communication
medium. In both methods, a human body is used as a first communication path, and direct capacitive
coupling between electrodes in a ground or a space is provided as a second communication path, so
that an entire communication path formed by the first communication path and the second
communication path forms a closed circuit. [0004] [Patent Document 1] Japanese Patent Laid-Open
No. Hei 10-229357 [Patent Document 2] JP-A-Hei 11-509380 [Disclosure of the Invention] [Problems
to be Solved by the Invention] [0005] However, in such a communication system, two communication

paths, that is, the communication signal. fransmitting path.and ghe.rgfergnce point path (the first

communication path and the second communication path) need to be provided as a closed circuit
between the 2 [0003]

For example, Patent Document 1 and Patent Document
2 describe communication technigues using a human body as
a communication medium. In both methods, a human body is
used as a first communication path, and direct capacitive
coupling between electredes in a ground or a space is
provided as a second commuéication path, so that an
entire communication path formed by the first
communication path and the second communication path
forms a cleosed circuit.

[00C04]

[Patent Document 1}

Japanese Patent Laid-Open No. Hel 10-229357

[Patent Document 2]

JP~h-Heil 11-509%380
[Disclosure of the Invention]

[Problems to be Solved by the Invention]
[0005]

However, in such a communication system, two
communication paths, that is, the communication signal
transmitting path and the reference point path (the first
communication path and the second communication path)

need to be provided as a closed circuilt between the



transmitting device and the receiving device. Since the two paths are different paths, making the two
paths stably coexist with each other may limit a use environment for communication. [0006] For
example, the strength of capacitive coupling between the transmitting device and the receiving device
in the reference point path depends on a distance between the devices, and therefore the stability of
the path differs depending on the distance. That is, in this case, there is a fear of the stability of
communication depending on the distance of the reference point path between the transmitting
device and the receiving device. In addition, there is a fear of the stability of communication being
changed by the presence of a shielding object or the like between the transmitting device and the

receiving deV|cetrgurthertL%r ex%’remglf eWQ% at%rgupg dssetasa referen_ce Roint anqlthe

L 1S n . device ncoe the
transmitting device and the regelvmg evice are capacitively ¢ upledl with each otheF via the ground
(when the refergpce paintpathdingluees the ground)s the Jeferenceaintpashis ghanged according to

positional relation between the ground, the transmitting device, the receiving device, and the
communication smediumn deedist with each other may limit a use

envirconment for communication.

[0C06]

For example, the strength of capacitive coupling
between the transmitting device and the receiving device
in the reference point path dependsvon a distance between
the devices, and therefore the stability of the path
differs depending on the distance. That is, in this case,
there is a fear of the stability of communication
depending on the distance of the reference point path
between the transmitting device and the receiving device,.
In addition, there is a fear of the stability of
communication kbeing changed by the presence of a
shielding object or the like between the transmitting
device and the receiving device. Further, for example,
when a ground is set as a reference point, and the
transmitting device and the receiving device are
capacitively coupled with each other via the ground (when
the reference point path includes the ground), the
reference point path is changed according to positional

relation between the grcund, the transmitting device, the

receiving device, and the communication medium (for



example a human body), and thus there is a fear of the stability of communication being varied. [0007]
As described above, in the communication methods that form the two paths, that is, the
communication signal transmitting path and the reference point path as a closed circuit, the use
environment greatly affects the stability of communication, and it is therefore difficult to perform stable
communication. [0008] Further, for example, when such a transmitting device and such a receiving
device are applied to mobile devices, and the mobile devices perform communication via a human
body, a manner of for example holding or wearing the casing of the transmitting device or the
receiving device may differ depending on the user. That is, it is desirable to enable communication in

any state as Iong aéh égki% trgngwgwgb%% e agg ﬁh%{ggel gr%ewge are é% Ipr%lr@}%to the human

body; however, in the communication m ods that formt e two paths that is, the communication
signal transmitting path and the reference-peint pRath-as @ clased gircuit as described above, it is

difficult to secure each of the two paths unless positional relation between the communicating 4
[GOO7]

As described above, in the communication methods
that form the two paths, that is, the communication
signal transmitting path and the reference point path as
a closed circuit, the use environment greatly affects the
stabiiity of communication, and it is theref;re difficult
to perform stable communication.

[00081

Further, for example, when such a transmitting
device and such a receiving device are applied to mobile
devices, and the mobile devices perform communication via
a human body, a manner of for example holding or wearing
the casing of the transmitting device cor the receiving
device may differ depending on the user. That is, it is
desirable to enable communication in any state as long as
the transmitting device and the receiving device are in
proximity tc the human body; however, in the
communication methods that form the two paths, that is,
the communication signal transmitting path and the
reference point path as a closed circuit as described
above, it is difficult to secure each of the two paths

unless positicnal relation between the communicating



devices (the transmitting device and the receiving device) and the communication medium is defined.
[0009] Conventionally, there is a technique in which the function of each of two electrodes included in
a communicating device is fixed in order to secure the two paths. For example, there is a contact type
human bady commnmunieating-device dndludingsarivristwaich type |Deretdimingounittand-a readiflg unit for
reading the ID retaining unit. In the human body communicating device, wearing positional relation
betweenthe tworelestodds. atactrel tethewiistwatthttype ID retaining unit and a human body is
fixed. [OOlOé However, such a communicating device requires positional relation between a user and
the device4dbe!in accordance with a specific rule, thus limiting the use environment. [0011]

Embodlments qé(ghev%@gg% m_xﬁnt’lon impose r)oilslmltc%nonése%r}lpﬁﬁggnal {%Iatl QQWeggﬂaeuser and
a communicating E]iewce, Stabilizé communication, and provide a high degree of convenience by

dynamically.3.congrolling thefungtions,ef eleclrades: [Means forselving theRsahlems]0012]

device is fixed in order to secure the two paths. For example,
there 1is a contact type human body communicating device
including a wristwatch type ID retaining unit and a reading
unit for reading the ID retaining unit. In the human Dbody
communicating device, wearing positional relation between the
two electrodes attached to the wristwatch type ID retaining
unit and a human body is fixed.

[0010]

However, such a communicating device requires positional
ralation between a user and the device to be in accordance
with a specific rule, thus limiting the use environment.

[0011]

Erbodiments of The present invention impose no
limitations on positional relation betwsen a user and a
communicating device, stabilize communication, and provide a

high degree of convenience by dynamically



According to a first aspect, there is provided a communicating device for performing communication
via a communication medium, said communicating device having a plurality of electrodes capacitively
coupled with an outside, said communicating device comprising: communication processing means
for performingcohimopicatien processing: cohnectinnyg- myakrs-for connecting the communication
processing means to a plurality of electrodes; and connection controlling means for controlling the
connectir{g“‘ﬁ?é%sft%lb hetid frdtisiedrsiel ¥ the plurality of electrodes, the first electrode being
capacitivrfléloqozgﬁled with a communication medium, to a first terminal of the communication

e

processing means, and connect a second electrode capacitively coupled with a space more strongly

than the first electrode {64 secopd terminal,of the .communicatign.processing means[0913L The

connection controlling means can include: signal level detecting means for detecting a signal level of
a signal forghecking.a state akeapacitiveccoupling-ebeach-ef the: pluratity-ef-aleetrodesawiths

surroundings when the signal is supplied to each electrode; and controlling means for controlling
connectianofithe: plaralinof electiodes tostheccomnprumivation processing'é meanszoniadpasis of the
signal level detected by the
plurality of electrodes capacitively coupled with an outside,
said communicating device comprising: communication processing
means for performing communication processing; connecting
means for connecting the communication processing means to a
plurality of electrodes; and connection controlling means for
controlling the connecting means to connect a first electrode
of the plurality of electrodes, the first electrode being
capacitively coupled with a communication medium, to a first
terminal of the communication processing means, and connect a
second electrode capacitively coupled with a space more
strongly than the first electrode to a second terminal of the
communication processing means.
[CO13]

The connecticn contrelling means can include: signal
level detecting means for detecting a signal level of a signal
for checking a state of capacitive coupling of each of the
plurality of electrodes with surroundings when the signal 1s
supplied to each electrode; and controlling means for
controlling connection of the plurality of electrodes tTo the

communication processing



signal level detecting means. [0014] The connection controlling means further includes electrode
selecting means for selecting an electrode to which to supply the signal, and the signal level
detecting means can detect the signal level of the signal when the signal is supplied to the electrode
selected by the electrode selecting means. [0015] The connection controlling means further includes
retaining means for retaining the signal level detected by the signal level detecting means for each
electrode, and the controlling means can control the connection of the plurality of electrodes to the
communication processing means on the basis of the signal level of each electrode, the signal level
being retained by the retaining means. [0016] The connection controlling means can simultaneously

supply the signal|to.all the elegfrades, and the signal, {evel detecting. meanps,can simultaneously detect
the signal level corresponding to each of all the electrodes. [0017] 7 The connection controlling
means further inclgdes alevel detecting means.

[0014]

The connection controlling means further includes
electrode selecting means for selecting an electrode to
which to supply the signal, and the signal level
detecting means can detect the signal level of the signal
when the signal is supplied to tﬁé electrode selected by
the electrode selecting means.

[0015]

The connection controlling means further includes
retaining means for retaining the signal level detected
by the signal level detecting means for each electrode,
and the controlling means can control the connection of
the plurality of electrodes to the communication
processing means on the basis of the signal level cof each
electrcde, the signal level being retained by the
retaining means.

[0016]

The connection contrelling means can simultaneously
supply the signal to all the electrodes, and the signal
level detecting means can simultaneously detect the

gsignal level corresponding to each of all the electrodes.

[0017]



plurality of loads connected to each of the plurality of electrodes and conne_cted in series with each
other, and the signal level detecting means can detect signal levels occurring at the plurality of loads
connected in series with each other. [0018] The connection controlling means can control the ‘
connecting means after stopping the communication processing by the co_mmunicatic_)n processing
means. [0019] The connection controlling means can control the connecting means in a free time of
the communication processing by the communication processing means. [OOZQ] The connection
controlling means can control the connecting means in a manner continuqus with the_ communication
processing by the communication processing means. [0021] The connection controlling means can
control the connecting meaes sivaultaneously-withra transmissian spregess by the commuinication

processing means, using a transmission signal in the transmission process. 8 [00221
plurality of loads connected to each of the plurality of
electrodes and connected in series with each other, and
the signal level detecting means can detect signal levels
occurring at the plurality of loads connected in series
with each other.

[0018]
ﬂ The connection controlling means caﬁ control the

connecting means after stopping the communication

processing by the communication processing means.

[0019]

The connection controlling means can control the
connecting means in a free time of the communication
processing by the communication processing means.

[oo20)

The connection controlling means can control the
connecting means in a manner continuous with the
communication processing by the communication processing
means,

[0021)

The connection controlling means can control the

connecting means simultaneously with a transmission

process by the communication processing means, using a

transmission signal in the transmission process.



The communication processing means has a transmitting output terminal and a receiving input
terminal, and the connection controlling means can control the connecting means to connect the first
electrode to the transmitting output terminal or the receiving input terminal of the communication
processing taeggns. [00231 According to a second aspect, there is provided a communicating method
of a communicating device for performing communication via a communication medium, said
communicating T8évice ey & plurality sHelsdtiotescapeiitively tadpled wifffaiiButsidé Said
communicating method comprisir%g}:éa communicatign controllin% steé) ?:f c:ontrlollin agomﬁrggnication

processifig it for pErtorhhifg co Tvin ! a

unication Sﬁmess%g; and'a" connéltion contro ling step of

controlling a connecting unit. for cpnnecting the communication,processing ynit.for ;performing the

communication processing under control of the communication controlling step to a plurality of

electrodes;to connect.a firstelegtrode of the plurality ofielectrodes «thenfisst electrgdedeipg
capacitively coupled with a communication medium, to a first terminal of the communication

processifg wnitrand connecta secend élegtradescapasitivelyh coupléd with acspaceimone strongly than
the first electrode to a second terminal of the communication processing unit. 9

processing means.

[0023]

According to a second aspect, there 1i1s provided a
communicating method of a communicating device for performing
communication wvia a communication medium, said communicating
device having a plurality of electrodes capacitively coupled
with an outside, said communicating method comprising: a
communication controlling step of controlling a communication
processing unit for performing communication processing; and a
connection controlling step of controlling a connecting unit
for connecting the communication processing unit for
performing the communication processing under control of the
communication controlling step to a plurality of electrodes to
connect a first electrode of the plurality of electroaes, the
first glectrode baeing capacitively coupled with a
communication medium, to a first terminal of the communication
processing unit, and connect a second electrode capacitively
coupled with a space more strongly than the first electrode to

a second terminal of the communication processing unit.



[0024] According to a third aspect, there is provided a program for making a computer perform a
process of a communicating device for performing communication via a communication medium, said
communicating device having a plurality of electrodes capacitively coupled with an outside, said
program [@oimgrising: a communication controlling step of controlling a communication processing unit
for performing communication processing; and a connection controlling step of controlling a
connecting unit ferconmietting: thescorimuricatidreproce$SIRG cunitfoPperfedisifly thebésiifthication
processing under control of the communication controlling step to a plurality of electrodes to connect

a first elebtrbde'6FthB Plutalify Fi° Blektroddsr tHe firsteledtr8aE Bring tagacifivél Cotpied With a

communiﬁgticin eraneditugj}, to a f¥§%t§rr{1inal o%tgﬂemgl%r{lcr%%r}!ca};[ion‘p{ocessingéj@%&harqq(ggggggt a
second eféctrode capacitivgff/ c‘“oupriﬂecP with & space more strongly than the first electrode to a second

terminal gf.the communicgtion.pracessing: yni 0025]The comynicating deyice.and methad and the

program according to embodiments of the present invention control'a communication processing unit
to performa coptauRisatian pPEecessing, and ceplrebia eennecting it farconneeting theogram

communication processing unit to a plurality of electrodes to

comprising: a communication controlling step of controlling a

Ccommunication processing unit for performing communication
processing; and a connection controlling step of controlling a
connecting unit for connecting the communicaticn processing
unit for performing the communication processing under control
of the communication contrelling step to a plurality of
electrodes to connect a first electrode of the plurality of
electrodes, the first electrode being capacitively coupled
with & communication medium, to a first terminal of the
communication processing unit, and connect a second electrode
capacitively coupled with & space more strongly than the first
electrode to a second terminal of the communication processing
unit.
[0025]

The communicating device and methed and the program
according to embodiments o©f the present invention control a
communication  processing unit to perform communication
processing, and control a connecting unit for connecting the
communication precessing unit to a plurality of electrodes to
connect a first electrode of the plurality of electrodes, the

first electrode being capacitively

10



connect a first electrode of the plurality of electrodes, the first electrode being capacitively 10 coupled
with a communication medium, to a first terminal of the communication processing unit, and connect a
second electrode capacitively coupled with a space more strongly than the first electrode to a second
terminal 6PtelInNiriBation reEESsing bhR{EREE 0fthe IhVertion]! [0026] A&E0rtig t6'*
embodiments of the present invention, communication s made possible irrespective of. h(}/sciical

ah o

positiqnq??@ati&?ﬁ@%%ﬂaﬁlgélr ofd omuricating tevice thé B6Mnunicating device” [Brief
pescriprign oL 116, %Via” 21903/ [F1ELALEIG |3 8 clagram.showlng an exemnls of 2.

configuration accor to an embodiment of a communication system to which the present invention
is applied. [EIG: 211G, 2Js @ diagram showing anexample gk an gquivalent cieuit b the: on

communication system of FIG. 1. [FIG. 3] FIG. 3 is a diagram showing an example of a model for a
processing unit.
[Effect of the Invention]
[0CZ6]
According to embodiments of the present dinvention,

communication is made possible irrespective of physical

positicnal relation between a user of a communicating device

and the communicating device. [Brief Description of the
Drawings]
[oocz7]
[FIG. 1]
¥IG, 1 1s a diagram showing an example of a configuration

according to an embodiment of a communication system to which
the present invention is applied.
[FiG. 2]

FIiG. 2 is a diagram showing an example of an eguivalent
circuit of the communication system cf FIG. 1.
[FIG. 3]

FIG. 3 1s a diagram showing an example of a mcdel for a

physical configuration of the communication system

11



physical configuration of the communication system 11 of FIG. 1. [FIG. 4] FIG. 4 is a diagram showing
an example of actual use according to an embodiment of the communication system to which the
present invention is applied. [FIG. 5] FIG. 5 is a diagram showing another example of use according
to an embodiment of the communication system to which the present invention is applied. [FIG. 6]
FIG. 6 is a perspective view of an example of external configuration of a communicating device. [FIG.
7] FIG. 7 is a block diagram showing an example of internal configuration of a transmitting device.
[FIG. 8] FIG. 8 is a block diagram showing an example of detailed configuration of an electrode
controlling unit in FIG. 7. [FIG. 9] FIG. 9 is a block diagram showing an example of detailed
configuration ofgftrak,r}%mitting unitin FIG. 7. [FIG. 10]

[FIG. 41

FIG. 4 is a diagram showing an example of actual
use according to an embodiment of the communication
system to which the present inventiocon is applied.

[FIG. 5]

FIG. 5 is a diagram showing another example of use
éccording to an embediment of the comm&nication system to
which the present invention is applied.

[FIG. €]

FIG. & is a perspective view oI an example of
external configuration of a communicating device.
[FIG. 7]

FIG. 7 is a block diagram showing an example of
internal configuration of a transmitting device.
[FIG. 8]

FIG. 8 is a block diagram showing an example of
detailed configuration of an electrode controlling unit
in FIG. 7.

[FIG. 9]

FIG. 9 is a block diagram showing an example of

detailed configuration of a transmitting unit in FIG. 7.

[FIG. 10]

FIG. 10 is a flowchart of assistance in explaining

12



FIG. 10 is a flowchart of assistance in explaining 12 a flow of a transmission process. [FIG. 11] FIG.
11 is a flowchart of assistance in explaining a flow of an electrode controlling process. [FIG. 12] FIG.
12 is a block diagram showing an example of internal configuration of a receiving device. [FIG. 13]
FIG. 13 is a block diagram showing an example of detailed configuration of a receiving unit in FIG. 12.
[FIG. 14] FIG. 14 is a flowchart of assistance in explaining a flow of a transmission and reception
process. [FIG. 15] FIG. 15 is a block diagram showing an example of internal configuration of a
communicating device. [FIG. 16] FIG. 16 is a block diagram showing an example of detailed
configuration of a communicating unit in FIG. 15. [FIG. 17] FIG. 17 is a flowchart of assistance in

explaining aflow of a communication process. [FIG. 18]
flow of a transmission process.

[FIG. 11}

FIG. 11 is a flowchart of assistance in explaining
a flow of an electrode controlling process.

[FIG. 12}

FIG. 12 is a block diagram showing an example of
internal configuraticn of a receiving device.
[FIG. 13{

FIG. 13 is a blogk diagram showing an exanple of
detailed configuration of a receiving unit in FIG. 12.
[FIG. 14]

FIG. 14 is a fiowchart of assistance in explaining
a flow of a transmission and reception process.

[FIG. 15]

FIG. 15 is a plock diagram showing an example of
internal configuration of a communicating device.
[FIG. 18]

FIG. 16 is a block diagram showing an example of
detailed configuration c¢f a communicating unit in FIG. 15.
[FIG. 17}

FIG. 17 is a flowchart of assistance in explaining
a flow of a communication process.

[FIG. 18]

FIGS. 18A, 18B, and 18C are diagrams of assistance

13



FIGS. 18A, 18B, and 18C are diagrams of assistance 13 in explaining examples of timing of
performing the electrode controlling process. [FIG. 19] FIG. 19 is a block diagram showing another
example of detailed configuration of an electrode controlling unit in FIG. 15. [Fig. 20] FIG. 20 is a
diagram showing an example of configuration of a personal computer to which an embodiment of the
present invention is applied. [Description of Reference Numerals] [0028] 1 communication system, 10
transmitting device, 11 transmission signal electrode, 12 transmission reference electrode, 13
transmitting unit, 20 receiving device, 21 received signal electrode, 22 reception reference electrode,
23 receiving unit, 30 communication medium, 63-1 signal source, 63-2 reference point within the

transmitting device, 64 Cte, 65 Ctg, 66 ré{erencg point, 73-1 Rr, 73-2 detector, 73-3 reference point
within the receiving deVice. 74 Br& TG 76 referBR&S pSint>117°F CB 91172 Cth, 117-3 Cti,

127-1 Crb, 127-; l%@trjo%é"?’cgg’t%%qt Birgglgg nggs:égs Rm, 136 reference point,
[FIG. 19]

FIG. 19 is a block diagram showing another example
of detailed configuration of an electrode controlling
unit in FIG. 15.

[Fig. 20]

FIG. 20 1is é diagram showing an example of
configuration of a persconal computer to which an
embodiment of the present invention i1s applied.
[Description of Reference Numerals]

(00281

1 communicaticn system, 10 transmitting device, 11
transmission signal electrode, 12 transmission reference
electrode, 13 transmitting unit, 20 receiving device, 21
received signal electrode, 22 reception reference
electrcde, 23 receiving unit; 30 communication medium,
03-1 signal scurce, 63-2 reference point within the
transmitting device, 64 Cte, 65 Ctg, ©6 reference point,
73-1 Rr, 73-2 detector, 73-3 reference point within the
receiving device, 74 Cre, 75 Crg, 76 reference point,
117-1 Ctb, 117-2 Cth, 117-3 Cti, 127-1 Crb, 127-2 Crh,
127-3 Cri, 131 Rm, 132 Cm, 133 Rm, 136 reference point,

180 human body, 200 casing, 211 to 216 electrcde, 220

14



180 human body, 200 casing, 211 to 216 electrode, 220 14 hand, 260 transmitting device, 261
electrode controlling unit, 262 electrode unit, 263 transmitting unit, 301 main control unit, 302 signal
input controlling unit, 303 retaining unit, 304 connection controlling unit, 305 switching controlling unit,
311 signal source, 312 switch, 313 detecting unit, 314 connecting unit, 351 transmission controlling
unit, 352 transmission signal generating unit, 353 amplifying unit, 354 connecting unit, 355 connection
controlling unit, 370 receiving device, 371 electrode controlling unit, 372 electrode unit, 373 receiving
unit, 401 reception controlling unit, 450 communicating device, 451 electrode controlling unit, 452
electrode unit, 453 communicating unit, 501 communication controlling unit, 613 detecting unit, 614
connecting unltgfest Mo € for Carryin out th Inventlo? EOO%QA Emb diments oft resent
invention will hél&iiiftet be &S‘& H%e erenge to 56 dFawings. é)iﬁ"escnp oA Wi 1ﬁ‘)‘rlfst be made of

principles of CO(I}EQ'%”'C%Q”Q%%EQMU@H@&O” system. JQ030L EIG, 1 .2 diagram showing an

example of a configuration according to an embodiment of a
control unit, 302 signal inpuf contrelling unit, 303

retaining unit, 304 connection controlling unit, 305
switching controelling unit, 311 signal scource, 312 switch,
313 detecting unit, 314 connecting unit, 351 transmission
controlling unit, 352 transmission signal generating unit,
353 amplifyving unit, 354 cénnecting unit, 355 connection
controlling unit, 370 receiving device, 371 electrode
controlling unit, 3272 electrode unit, 373 receiving unit,
401 reception controlling unit, 450 communicating device,
451 electrode controlling unit, 452 electrode unit, 453
communicating unit, 501 communication controliing unit,

613 detecting unit, 614 connecting unit

[Best Mode for Carrving ocut the Invention]

[0029]

Embodiments cf the present invention will
hereinafter be described with reference to the drawings.
Description will first be made of principles of
communication by a communicaticn system.

[0030]

FIG. 1 is a diagram showing an example of a

configuration according to an embodiment of a

communication system to which the present invention is

15



communication system to which the present invention is 15 applied. [0031] The communication
system 1 in FIG. 1 includes a transmitting device 10, a receiving device 20, and a communication
medium 30. In the communication system 1, the transmitting device 10 and the receiving device 20
transmit and receive a signal via the communication medium 30. That is, in the communication
system 1, a signal transmitted by the transmitting device 10 is transmitted via the communication
medium 30, and then received by the receiving device 20. [0032] The transmitting device 10 has a
transmission signal electrode 11, a transmission reference electrode 12, and a transmitting unit 13.
The transmission signal electrode 11 is one electrode of the electrode pair provided to transmit a
signal to be transmitted via the communication medium 30. The transmission signal electrode 11 is
provided in suciFBMafiffer as to be capacitively coupled to the communication medium 30 more

strongly than th
transmitting un

ission reference electrode 12 as another electrode of the electrode pair. The

r
ﬁ%@?sf?rovided between the transmission signal

The communication system 1 in FIG. 1 includes a

transmitting device 10, a receiving device 20, and a

communication medium 30. In the communication system 1,

the transmitting device 10 and the receiving device 20

transmit and receive a signal via the communication

mediam

signal

30. That is, in the communication system 1, a

transmitted by the transmitting device 10 is

transmitted via the communication medium 30, and then

received by the receiving device 20.

(0032}

signal

The transmitting device 10 has a transmission

electrode 11, a transmission reference electrode

12, and a transmitting unit 13. The transmission signal

electrode 11 is one electrode of the electrode pair

provided to transmit a signal to be transmitted via the

communication medium 30. The transmission signal

electrode 11 is provided in such a manner as to be

capacitively coupled to the communication medium 30 more

strongly than the transmission reference electrode 12 as

another electrode of the electrode pair. The transmitting

unit 13 is provided between the transmission signal

electrode 11 and the transmissicon reference electrode 1Z.

16



electrode 11 and the transmission reference electrode 12. 16 The transmitting unit 13 gives an electric
signal (potential difference) desired to be transmitted to the receiving device 20 between these
electrodes. [0033] The receiving device 20 has a received signal electrode 21, a reception reference
electrode 22, and a receiving unit 23. The received signal electrode 21 is one electrode of the
electrode pair provided to receive the signal transmitted via the communication medium 30. The
received signal electrode 21 is provided in such a manner as to be capacitively coupled to the
communication medium 30 more strongly than the reception reference electrode 22 as another
electrode of the electrode pair. The receiving unit 23 is provided between the received signal

electrode 21 an(it}tlhee reception referenceietlegtéodel vy 'I;‘Qle receiying unit. 3 QEteCtS an electric signal

. . Jai] 1ing un -
(potential difference) generate tbet\(ij{/een theseé efectrodes by the signal transmitted via the
communication medium 30,1 canveits the-elecliicsignal into gdesirgd.glectric; signalyand thereby

reconstructs the electric signal generated by the transmitting unit 13 in the transmitting device 10.
[0034] receiving device 20 between these electrodes.
[0C33]

The receiving device 20 has a received signal
electrode 21, a reception reference electrode 22, and a
receiving unit 23, The received signal electrode 21 is
one eiectrode of the electrode pair providedwto receive
the signal transmitted via the communication medium 30.
The received signal electrode 21 is provided in such a
manner as to be capacitively coupled to the communication
medium 30 more strongly than the reception reference
electrode 22 as another electrode of the electrode pair.
The receiving unit 23 is provided between the received
signal electrode 21 and the reception reference electrode
22. The receiving unit 23 detects an electric signal
{potential difference) generated between these electrodes
by the signal transmitied via the communication medium 30,
converts the electric signal into a desired electric
signal, and thereby reconstructs the electric signal
generated by the transmitting unit 13 in the transmitting
device 10.

[0034]

The communication medium 30 is formed by a material

17



The communication medium 30 is formed by a material 17 having a physical characteristic that allows
the electric signal to be transmitted, for example, an electric conductor, a dielectric or the like. For
example, the communication medium 30 is formed by a conductor typified by a metal such as copper,
iron, aluminum or the like, a dielectric typified by pure water, rubber, glass or the like, or a material
having both properties of a conductor and properties of a dielectric, such for example as a living body
or the like as a complex of the conductor and the dielectric or an electrolytic solution such as a saline
solution or the like. In addition, the communication medium 30 may have any shape. For example,

the communication medium 30 may be of the shape of a line, of the shape of a plate, of the shape of
a sphere, a prism, a circular cylinder_or the like, or may further be of any arbitrary shape other than
these shapes. [0035] Fescription Wil firSCAE Arade dPfeiatidn Bandedn "eacH 81ettrdE Hifd the
communication megium ar.2 gpace suroynding the devices n such,a communication system 1.
Incidentally, suppo%e in the following that the communlcatloﬁ medium 30 Is a perfect conductor for
convenience of descfiption. In addition, suppese thate 1ike. For example, the

communication medium 30 is formed by a conductor typified
by a metal such as copper, iron, aluminum or the like, a
dielectric typified by pure water, rubber, glass or the
like, or a material having both properties of a conductor
and propertieswof a dielectric, such for example as a
living body or the like as a complex of the conductor and
the dielectric or an electrolytic solution such as a
saline solution or the like. In addition, the
communication medium 30 may have any shape. For example,
the communication medium 30 may be of the shape of a line,
0of the shape of a plate, of the shape of a sphere, a
prism, a circular cylinder or the like, or may further be
of any arbitrary shape other than these shapes.
00351

Description will first be made of relation between
each electrode and the communication medium or a space
surrounding the devices in such a communication system 1.
Incidentally, suppose in the following that the
communication medium 30 is a perfect conductor for
convenience of description. In additicon, suppose that

there is a space between the transmission signal
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there is a space between the transmission signal 18 electrode 11 and the communication medium 30
and there is a space between the received signal electrode 21 and the communication medium 30,
and that there is no electric coupling between the transmission signal electrode 11 and the
communication medium 30 and there is no electric coupling between the received signal electrode 21
and the communication medium 30. That is, a capacitance is formed between the transmission signal
electrode 11 or the received signal electrode 21 and the communication medium 30. [0036] The
transmission reference electrode 12 is disposed so as to face a space around the transmitting device
10. The reception reference electrode 22 is disposed so as to face a space around the receiving
device 20. Generally, when 4 fondyctar sphete is present n a.space, 3 capagitance fs formed
between the conductor sphere and the spacer.mf—Lor examp?e, when the s ape of the conductor is a

sphere with a radius,t, [ra], fhe capacitance. Cois ; ohtaingd by ihe fallowipg Fquation (19, [0037]
[Equation 1] C = 4icer [F] ... (1)

communication medium 30, and that there is no electric
coupling between the transmission signal electrode 11 and
the communication medium 30 and there is no electric
coupling between the received signal electrode 21 and the
communication medium 30. That is, a capacitance is formed
between the transmissioﬁ signal electrode 11 or the
received signal electrode 21 and the communication medium
30.
[0036]

The transmission reference electrode 12 is disposed
so as to face a space around the transmitting device 10.
The recepticn reference electrode 22 is disposed so as to
face a space around the receiving device 20. Generally,
when a conductor sphere is present in a space, a
capacitance is formed between the conductor sphere and
the space. For example, when the shape of the conductor
is a sphere with a radius r [m], the capacitance C is
cbtained by the following Equation (1}.
[0037]}

[Equation 1]

C = dner [F] cea (1)

[0038]

19



[0038] 19 In Equation (1), it denotes a ratio of the circumference of a circle to its diameter, and E
denotes a dielectric constant, which is obtained by the following Equation (2). [0039] [Equation 2] S =
ar X Ep ... (2) [0040] In Equation (2), co denotes a dielectric constant in a vacuum and is 8.854 X
10-12 [F/m], and 5r denotes a relative dielectric constant, which represents a ratio to the dielectric
constant so in the vacuum. [0041] As shown in the above Equation (1), the larger the radius r, the
larger the capacitance C. Incidentally, the magnitude of the capacitance C of a conductor having a
complex shape other than a sphere cannot be expressed simply as in the above Equation (1). It is
obvious, however, that the magnitude of the capacitance C of the conductor changes according to

the magnitude of the surface area of the conductor. [0042] As described above the transmission
reference In Equation (1), = denotes a ratioc of

circumference of a circle to its diameter, and &£ denotes
a dielectric constant, which is obtained by the follcocwing
Eguation (2).

[0039]

[Equation 2]

g = g, X g e 2y
[0040]

In Eguation (2), &; denotes a dielectric constant
in a vacuum and is 8.854 X 107'? [F/m], and £, denotes a
relative dielectric constant, which represents a ratic to
the dielectric constant gy in the vacuum.

[0041]

As shown in the above Equaticn {1}, the larger the
radius r, the larger the capacitance C. Incidentally, the
magnitude of the capacitance C of a conductor having a
complex shape other than a sphere cannot be expressed
simply as in the above Equation {1}. It is obvious,
however, that the magnitude of the capacitance C of the
conductor changes according to the magnitude of the
surface area of the conductor.

[0042]
As described above, the transmission reference

electrode 12 forms a capacitance with the space
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electrode 12 forms a capacitance with the space 20 surrounding the transmitting device 10, and the
reception reference electrode 22 forms a capacitance with the space surrounding the receiving
device 20. That is, it is shown that as viewed from a virtual point at infinity outside the transmitting
device 10 and the receiving device 20, the potentials of the transmission reference electrode 12 and
the reception reference electrode 22 increase resistance thereof to variation as the capacitances are
increased. [0043] Incidentally, though for convenience of description or in a context or the like, a
capacitor may herein be expressed simply as a capacitance, the capacitor and the capacitance have
the same meaning. In addition, suppose that the transmitting device 10 and the receiving device 20 in
FIG. 1 are arranged such that a sufficient distance is maintained between the devices, and that

therefore effects-OrtREMFEHEMmittNY dEHEE 0 and thé Feceiing Y dedite 20'6n Eachth&F can be
ignored. Furtherf%‘(fggigethﬁ he rapsmission signal electrode 11 '%”&ﬁéﬂa'%%@it@ device 10 is
pled wit

capacitively cou only the communication medium 30, and that the transmission reference
electrode 12 is logated,atia syffigient e ceiving device 20. That is, it is shown

that as viewed from a virtual polnt at infinity outside
the transmitting device 10 and the receiving device 20,
the potentials of the transmission reference electrode 12
and the reception reference electrode 2Z increase
reéistance thereof to variation as the caﬁacitances are
increased.

[0043]

Incidentally, though for convenience of description
or in a context or the like, a capacitor may herein be
expressed simply as a capacitance, the capacitor and the
capacitance have the same meaning. In addition, suppose
that the transmitting device 10 and the receiving device
20 in FIG. 1 are arranged such that a sufficient distance
is maintained between the devices, and that therefore
effects of the transmitting device 10 and the receiving
device 20 on each other can be ignored. Further, suppcse
that the tftransmission signal electrode 11 in the
transmitting device 10 1s capacitively coupled with only
the communication medium 30, and that the transmission

reference electrode 12 1s located at a sufficlent

distance from the transmissicn signal electrode 11, so
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distance from the transmission signal electrode 11, so 21 that effects of the transmission reference
electrode 12 and the transmission signal electrode 11 on each other can be ignored (the transmission
reference electrode 12 and the transmission signal electrode 11 are not capacitively coupled with
each other) Similarly, suppose that the received signal electrode 21 in the receiving device 20 is
capacitively coupled with only the communication medium 30, and that the reception reference
electrode 22 is located at a sufficient distance from the received signal electrode 21, so that effects of
the reception reference electrode 22 and the received signal electrode 21 on each other can be
ignored (the reception reference electrode 22 and the received signal electrode 21 are not

capacitively coupleghwith each-other).urther, 4p practice, the ransmission signal elestrode 11, the
received signal electrode 21, and the communication medium 30 are disposed within a space, and

therefore the transinissiontsignakealeetrade 4ilgthea received signal ielestrede 21 and:ithe
communication medium 30 each have a capacitance in relation to the space. For convenience of
description, howe¥er, supposenhdt thdse dapacitanses vanrbédgrored. {06844]rode 12

and the transmission signal electrode 11 are not
capacitively coupled with each other). Similarly, suppose
that the received signal electrode 21 in the receiving
device 20 is capacitively coupled with only the
communicatién medium 30, and that the reception réference
electrode 22 is located at a sufficient distance from the
received signal electrode 21, so that effects of the
reception reference electrode 22 and the received signal
electrode 21 on each other can be ignored (the reception
reference electrode 22 and the received signal electrode
21 are not capacitively coupled with each other). Further,
in practice, the transmission signal electrode 11, the
received signal electrode 21, and the communication
medium 30 are disposed within a space, and therefore the
transmission signal electrode 11, the received signal
electrode 21, and the communication medium 30 each have a
capacitance in relation to the space. For convenience of
description, however, suppose that these capacitances can
be ignored.

[0044]

FIG. 2 is a diagram in which the communication
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FIG. 2 is a diagram in which the communication 22 system 1 of FIG. 1 is represented by an equivalent
circuit. That is, a communication system 50 shown in FIG. 2 is equivalent in effect to the
communication system 1. [0045] Specifically, the communication system 50 has a transmitting device
60, a receiving device 70, and a connection line 80. The transmitting device 60 corresponds to the
transmitting device 10 in the communication system 1 shown in FIG. 1. The receiving device 70
corresponds to the receiving device 20 in the communication system 1 shown in FIG. 1. The
connection line 80 corresponds to the communication medium 30 in the communication system 1
shown in FIG. 1. [0046] In the transmitting device 60 in FIG. 2, a signal source 63-1 and a reference

point 63-2 within the trar}smi%tir%g[gevife corres gggetgttgg tgansarlnitt!en L{r‘}iglg;lin FIG. 1. The signal
source 63-1 generated” as & 'signsl for transASSion. 4 sie Wava haviig a-specific period w X t [rad],

where t [s] denotes fime, and go. [rad/s] dengles,an Anoplar feauencys which,gan he pxpressed by
the following Equation (3). [0047]

2 is eguivalent in effect to the communication system 1.

[0045]

Specifically, the communicatiocn system 50 has a
transmitting device 60, a receiving device 70, and a
connection line 80. The transmitting device €0
corresponds to the t;ansmitting device 1C in the
communication system 1 shown in FIG. 1. The receiving
device 7C corresponds to the receiving device 20 in the
communication system 1 shown in FIG. 1. The connection
line 80 corresponds to the communicaticn medium 30 in the
communication system 1 shown in FIG. 1.

[0046]

In the transmitting device 60 in FIS. 2, a signal
gource 63~1 and a reference point 63-2 within the
transmitting device correspond to the transmitting unit
13 in FIG. 1. The signal socurce 63-1 generates, as a
signal for transmission, a sine wave having a specific
period w X t [rad], where t [s] denotes time, and w
[rad/s] denotes an angular freguency, which can be
expressed by the following Equation (3).

[0047]

[Equaticn 3]
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[Equation 3] 23 = 27,f [rad/s] ... (3) [0048] In Equation (3), m denotes a ratio of the circumference of a
circle to its diameter, and f [Hz] denotes the frequency of the signal generated by the signal source
63-1. The reference point 63-2 within the transmitting device is a point connected to a ground of a
circuit within the transmitting device 60. That is, one of terminals of the signal source 63-1 is set to a
predetermined reference potential of the circuit within the transmitting device 60. (0049] Cte 64 is a
capacitor, and represents a capacitance between the transmission signal electrode 11 and the
communication medium 30 in FIG. 1. That is, Cte 64 is provided between the connection line 80 and
the terminal of the signal source 63-1 which terminal is on an opposite side from the reference point
63-2 within the transmitting device. Ctg 65 is a capacitor, and represents a capacitance of the
transmission reference &lectrode 12 (] 1 in‘relativh to the space. Ctg 65 is disposed between the
terminal of the sl%r@)q}IBspurce 63- 1 which terminal is on the side of the reference point

In Egquation {3}, w denotes a ratio of the
circumference of a circle te its diameter, and £ [Hz]
denotes the freguency of the signal generated by the
signal source 63-1. The reference point 63-2 within the
transmitting device is a point connected to a ground of a
circuit within the transmittiﬁg device 60. That 1s, one
of terminals of the signal source 63-1 is set to a
predetermined reference potential of the circuit within
the transmitting device 60.

[0049]

Cte 64 is a capaciter, and represents a capacitance
between the transmission signal electrode 11 and the
communication medium 30 in FIG. 1. That is, Cte €4 is
provided between the connection line 80 and the terminal
of the signal source 63-1 which terminal is on an
opposite side from the reference point 63-2 within the
transmitting device. Ctg 65 is a capacitor, and
represents a capacitance of the transmission reference
electrode 12 in FIG. 1 in relation to the space. Ctg 65
is disposed between the terminal of the signal source 63-

1 which terminal is on the side of the reference point

63-2 within the transmitiing device and a reference point
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63-2 within the transmitting device and a reference point 24 66 representing a point at infinity (virtual
point) on the space with the transmitting device 60 as a reference. [0050] In the receiving device 70
in FIG. 2, Rr 73-1, a detector 73-2, and a reference point 73-3 within the receiving device correspond
to the receiving unit 23 in FIG. 1. Rr 73-1 is a load resistance (reception load) for extracting a
received signal. The detector 73-2 formed by an amplifier detects a potential difference across Rr 73-
1, and amplifies the potential difference. The reference point 73-3 within the receiving device is a point
connected to a ground of a circuit within the receiving device 70. That is, one of terminals of Rr 73-1
(one of input terminals of the detector 73-2) is set to a predetermined reference potential of the circuit
within the receiving device 70, [,L00514 Incidentallg, thefdetegtor 73—2tma¥ have q_:[ er I{‘unctions of for
example demodifatiiig & Getected nfodiiiatéd signaand dédoding entoded iiformation included in

the detected sigpal, [A052L.Cra 74 i$ ACanagor,;and [PrasentsA 68PaCaNCieserence .
[0050]

In the receiving device 70 in FIG. 2, Rr 73-1, a
detector 73-2, and a reference point 73-3 within the
receiving device correspond to the receliving unit 23 in
FIG. 1. Rr 73-1 is a load resistance {(reception load) for
extracting a received signal. The detéctor 73-2 formed by
an amplifier detects a potential difference across Rr 73-
1, and amplifies the potential difference. The reference
point 73-3 within the receiving device is a point
connected to a ground of a circuit within the receiving
device 70. That is, one of terminals of Rr 73-1 (one of
input terminals of the detector 73-2) is set to a
predetermined reference potential of the circuit within
the receiving device 70.

[0051]

Incidentally, the detector 73-2 may have other
functiocns of for example demodulating a detected
modulated signal and decoding encoded information
included in the detected signal.

[0052]
Cre 74 is a capacitor, and represents a capacitance

between the received signal electrode 21 and the
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between the received signal electrode 21 and the 25 communication medium 30 in FIG. 1. That is, Cre
74 is provided between the connection line 80 and the terminal of Rr 73-1 which terminal is on an
opposite side from the reference point 73-3 within the receiving device. Crg 75 is a capacitor, and
represents a capacitance of the reception reference electrode 22 in FIG. 1 in relation to the space.
Crg 75 is disposed between the terminal of Rr 73-1 which terminal is on the side of the reference point
73-3 within the receiving device and a reference point 76 representing a point at infinity (virtual point)
on the space with the receiving device 20 as a reference. [0053] The connection line 80 represents
the communication medium 30 as a perfect conductor. Incidentally, in the communication system 50
in FIG. 2, Ctg 65 and Crg 75 are expressed as electrically connected to each other via the reference

point 66 and the" FSBHEHCEGGIRP 7B GH-HHE eduivaléntTirctit. INpractidy, howevet, tHese capacitors
do not need to be glectrically connected to each other, and i suffices for each of ie capacitors to

form a capacitcelr?c}::((a:J in relation to the space surrounding the transmitting device 60 or the receiving
device 70. It is imperiaRtioknay thatwhen thereiis a,condUCiRb&ite side from the

reference point 73-3 within the receiving device. Crg 75
is a capacitor, and represents a capacitance of the
reception reference electrode 22 in FIG. 1 in relation to
the space. Crg 75 is disposed between the terminal of Rr
73-1 whiéh terminal is on the side of the refegence point
73-3 within the receiving device and a reference point 76
representing a point at infinity (virtual point) on the
space with the receiving device 20 as a reference.

[0053]

The connection line 80 represents the communication
medium 30 as a perfect conductor. Incidentally, in the
communication system 50 in FIG. 2, Ctg &5 and Crg 75 are
expressed as electrically connected to each other via the
reference point 66 and the reference point 76 on the
equivalent circuit. In practice, however, these
capacitors do not need to be electrically connected to
each other, and it suffices for each of the capacitors to
form a capacitance in relation to the space surrounding
the transmitting device 60 or the receiving device 70. It
is important to know that when there is a conductor, a

capacitance proportional to the magnitude of the surface
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capacitance proportional to the magnitude of the surface 26 area of the conductor is always formed
between the conductor and a surrounding space. Incidentally, the reference point 66 and the
reference point 76 do not need to be electrically connected to each other, and may have potentials
independent of each other. [0054] When the communication medium 30 in FIG. 1 is a perfect
conductor, for example, the conductivity of the connection line 80 is infinite. Therefore the length of
the connection line 80 in FIG. 2 does not affect communication. Incidentally, when the communication
medium 30 is a conductor having a sufficient conductivity, a distance between the transmitting device
and the receiving device does not affect the stability of communication practically. Thus, in such a

case, the_distange hetweethe fransmitting devie 60 and the recgiving device 70 may be any

length. [0055] In the communication system 50, a circuit formed of the signal source 63-1, Rr 73-1,

Cte 64, Ctg 65, Ceendd tand Grgi 75 isdermechdA eomiined capacianes G 1of fhe tfour capacitors (Cte
64, Ctg 65, the Cre capacitor 74, and Crg 75) connected in series with each other can be
reference point 66 and the reference point 76 do not need

to be electrically connected to each other, and may have
potentials independent of each other.
[0054]

When the communication medium 30 in FIG. 1 is a
perfect conducto;, for example, the conductivity of thé
connection line 80 is infinite. Therefore the length of
the connecticn line 80 in FIG. 2 does not affect
communication. Incidentally, when the communicatiocon
medium 30 is a conductor having a sufficient conductivity,
a distance between the fransmitting device and the
receiving device does not affect the stability of
communication practically. Thus, in such a case, the
distance between the transmitting device 60 and the
receiving device 70 may be any length.

[0055]

In the communication system 50, a circuit formed of
the signal source €63-1, Rr 73-1, Cte 64, Ctg 65, Cre 74,
and Crg 75 is formed. & combkined capacitance C, of the
four capacitors (Cte 64, Ctg €5, the Cre capacitor 74,
and Crg 75) connected in series with each other can be

expressed by the following Equation (4).
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expressed by the following Equation (4). 27 [0056] [Equation 4] Cx 11 1 1 [F] ...(4) Cte Ctg Cre Crg
[0057] A sine wave Vi(t) generated by the signal source 63-1 is expressed by the following. Equation
(5). [0058] [Equation 5] Vt (t) = V,, X sin (cot + 6) [V] ...(5) [0059] Where Vm [V] denotes a maximum
amplitude of a signal source voltage, and 6 [rad] denotes an initial phase angle. An effective value
Vtrms [V] of tH& v6lédge generated by the signal source 63-1 can be obtained by the following
Equation (6). [0060] [Equation 6] V. [0061] A combined impedance Z of the whole circuit can be
obtained by the following Equatidre{v)4[0062]

1
Cy = LE ... (4
T T 7 T ] t4)
+ + +
Cte Ctg Cre Crxg

[C057]

A gine wave V.{f) generated by the signal socurce
63-1 is expressed by the following Egquation (5).

F0058]

[Egquation 51

Ve(t) = Vup X sin {0t + 8) [V] el (5
[CO59]

Where V, [V] denotes a maximum amplitude of & signal
source voltage, and 8 [rad] denotes an initial phase angle.
An effective value Vims [V] 0f the voltage generated by the
signal source 63-1 can be obtained by

the following Eguation (6).

[0060]
[Equation €]
V
Vrmsz“"ﬂ"“ [V] ... (B)
’ V2
100611

A combined impedance Z ¢f the whole circuit can be
obtained by the following Equation (7).

10062]
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28 [Equation 7] Z = Rr2+// 1 2 Rr2+ F 1 [S2] 7) ~2nfCj [0063] Thus, an effective value Vrrms [V] of a
voltage across Rr 73-1 can be obtained by the following Equation (8). [0064] [Equation 8] Rr Vrrms
=-xVrms Z RrxV™[V]..(8) 1+2 nfCxI2 F ~2[0065] Hence, as shown in Equation (8), as the
resistance value of Rr 73-1 is increased, and as the term 1/((2 X m X f X C,) 2) is reduced with
increase in the capacitance

[Equation 7]

= JR::2+-—-—-————— 0l e (T

10063]
Thus, an effective value Vi [V] of a voltage

across Rr 73-1 can be obtained by the following Egquation
(8).
[0064]

iEguation 8]

Virms = —X v,

- Rr xV._ (VI ...(8)

er-i-w}“wm:"
@nfcxy

(0065}

Hence, as shown in Equation (8), as the resistance
vaiue of Rr 73-1 is increased, and as the term 1/({2 X =xn
X £ X €)% is reduced with increase in the capacitance
C, and increase in frequency f [Hz] of the signal source
63-1, a signal having a greater magnitude can be
generated across Rr 73-1.

[0066]
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C. and increase in frequency f [Hz] of the signal source 63-1, a signal having a greater magnitude can
be generated across Rr 73-1. [0066] 29 For example, results of calculation of the effective.value
Vrrms [V] of the voltage across Rr 73-1 when the effective value 7trms [V] of the voltage generated
by the signal source 63-1 in the transmitting device 60 is fixed at 2 [V], the frequency f of the signal
generated by the sighakseweetB:] isrsetat tls{MHz]-40c(MHEz] on 166 [Midz], the resistance value of
Rr 73-1is set at 10 [KU], 100 [KU], or 1 [MU], and the capacitance C. of the whole circuit is set at 0.1
[pF], 1 [pF], oeI@ <pE] showdhatotlier.conditions beirg equalathe effectise watu& 3+ims is higher
when the frequency fis 10 [MHz] than when the frequency fis 1 [MHZz], is higher when the resistance
value of Rr 73+t as reteptiditlvadissl MULthan whebhthe oésistance vatumef Ber8-1ais<k [KU], and
is higher when the capacitance C. is 10 [pF] than when the capacitance C. is 0.1 [pF]. That is, as the
value of the frequemey f5 tlie pdsistance valué-of Rri73-4¢ andathercapacitance=€x @ee fricreased, the
effective value Vrrms of higher voltage is obtained. [0067]

is fixed at 2 [V], the freguency f of the signal

generated by the signal source 63-1 is set at 1 [MHz], 10

[MHz], or 100 [MHz], the resistance wvalus of Rr 73-1 1is

set at 10 [KQ], 100 [K&Q], or 1 [MQ], and the capacitance

Cyx of the whole circuit is set at 0.1 [pF], 1 [pFl, or 10

[pF] show that other conditions being equal, the

effective value Vigs 138 higher when the frequency £ is 1C

[MHz] than when the frequency f is 1 [MHz], is higher

when the resistance value of Rr 73-1 as reception load is

1 [MQ! than when the resistance value of Rr 73-1 is 10

[KQ], and i1s higher when the capacitance C, is 10 [pF]

than when the capacitance Cy is 0.1 [pFl. That is, as the

value of the frequency £, the resistance wvalue of Rr 73-1,

and the capacitance C, are increased, the effective value

Vems ©f higher veltage is obtained.

[0067]

Incidentally, when a2 tTransmitted signal has a very
low signal level, communicaticon is made possible by for

example amplifying the signal detected by the detector

73-2 in the receiving device 70.
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Incidentally, when a transmitted signal has a very low signal level., communication is made possible
by for example amplifying the signal detected by the detector 73-2 in the receiving device 70. 30
[0068) Description will next be made of a case where the present communication system is physically
formed in practice. FIG. 3 is a diagram showing an example of a model for computing parameters
occurring on the system when the above-described communication system is physically formed in
practice. [0069] That is, a communication system 100 has a transmitting device 110, a receiving
device 120, and a communication medium 130. The communication system 100 corresponds to the
above-described communication system 1 (communication system 50). Only parameters to be
evaluated are different, and the communication system 100 has basically the same configuration as
the communication system 1 and the communication system 50. [0070] That is, making description by
comparison with the comgRtiéaticeBystem 1uF-RIGL 4, IlfrandmittiAg Tevitee 1 0-éGrresponds to

the transmitting device 10, the _ . . .
present communicaticon system is physically fermed in

practice, FIG. 3 1is a diagram showing an example of a
model for computing parameters occurring on the system
when the above-~described communication system is
physically formed in practice.

[0069] w

That is, a communication system 100 has a
transmitting device 110, a receiving device 120, and a
communication medium 130. The communication system 100
corresponds to the above-described commuﬁication system 1
{communication system 50}. Only parameters to be
evaluated are different, and the communication system 100
has basically tThe same configuration as the communication
system 1 and the communication system 50.

[0070]

That is, making description by comparison with the
communication system 1 of FIG. 1, the transmitting device
110 cerresponds to the transmitting device 10, the
receiving device 120 corresponds to the receiving device
20, and the communication medium 130 corresponds to the
communication medium 30.

(00711
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receiving device 120 corresponds to the receiving device 20, and the communication medium 130
corresponds to the communication medium 30. [0071) 31 The transmitting device 110 has a
transmission signal electrode 111 corresponding to the transmission signal electrode 11, a
transmission reference electrode 112 corresponding to the transmission reference electrode 12, and
a signal source 113 corresponding to the transmitting unit 13. That is, the transmission signal
electrode 111 is connected to one of terminals on both sides of the signal source 113, and the
transmission reference electrode 112 is connected to the other terminal. The transmission signal
electrode 111 is disposed in proximity to the communication medium 130. The transmission

reference electrode 112 s formeghisg. sueh agmaaneras 1o havea capacitancednirelation to a space
external to the transmitting device 110. Incidentally, while the signal source 63-1 and the reference

point 63-2 withirs themtransiittingdbyide in &Gy 2sgorresSpondtto thedransmittimg a3, the

reference point within the transmitting device is omitted in FIG. 3 for convenience of description.

[0072] signal electrode 11, a transmission reference electrode
112 corresponding to the transmission reference electrode
12, and a signal source 113 corresponding to the
transmitting unit 13, That 1s, the transmission signal
electrode 111 is connected to one of terminais on both
sides of the signal séurce 113, and the transmission
reference electrode 112 is connected to the other
terminal. The transmissicon signal electrode 111 is
disposed in proximity o the communication medium 130.
The transmission reference electrode 112 is formed in
such a manner as to have a capacitance in relation to a
space external te the transmitting device 110.
Incidentally, while the signal source 63-1 and the
referance polint 63-2 within the transmitting device in
FIG. 2 correspond to the transmitting unit 13, the
reference point within the transmitting device is omitted
in FIG. 3 for ceonvenience of description.
(00721

As with the transmitiing device 110, the recelving

device 120 has a received signal electrode 121

corresponding to the received signal electrecde 21, a

reception reference electrode 122 corresponding to the
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As with the transmitting device 110, the receiving device 120 has a received signal electrode 121
corresponding to the received signal electrode 21, a reception reference electrode 122 corresponding
to the 32 reception reference electrode 22, and Rr 123-1 and a detector 123-2 corresponding to the
receiving unit 23. That is, the received signal electrode 121 is connected to one of terminals on both
sides of Rr 123-1, and the reception reference electrode 122 is connected to the other terminal. The
received signal electrode 121 is disposed in proximity to the communication medium 130. The
reception reference electrode 122 is formed in such a manner as to have a capacitance in relation to
a space external to the receiving device 120. Incidentally, while Rr 73-1, the detector 73-2, and the
reference point ¥3<3within the receining deviee in&iG22 cosrespandtoihe weegivdng unit 23, the

reference point within the receiving device is omitted in FIG. 3 for convenience of description. [0073]
Incidentally, supposecthat tHe? Sethnmunication medigmt d 30hs argerectigonductior asdin the cases of
FIG. 1 and FIG. 2. Suppose that the transmitting device 110 and the receiving device 120 are
awangedatasﬁmé@nisr the received signal electrode 121 is connected
to cne of terminals on both sides of Rr 123-1, and the
reception reference electrode 122 1is connected to the
other terminal. The received signal electrode 121 is
disposed in proximity to the communication medium 130.
The reception reference electréde 122 is formed in such a
manner as to have a capacitance in relation to a space
external to the receiving device 120. Incidentally, while
Rr 73-1, the detector 73-2, and the reference point 73-3
within the receiving device in FIG. 2 ccorrespond to the
receiving unit 23, the reference point within the
receiving device is omitted in FIG. 3 for convenience of
description.
[0073]
Incidentally, suppose that the communication medium
130 is a perfect conductor as in the cases of FIG. 1 and
FIG. Z. Suppose that the transmitting device 110 and the
receiving device 120 are arranged at a sufficient
distance from each other, and that effects of the
transmitting device 110 and the receiving device 120 on

each other can be ignored.

[0074]
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distance from each other, and that effects of the transmitting device 110 and the receiving device 120
on each other can be ignored. [0074] 33 Description will be made of the parameters. A capacitance
Cte 114 between the transmission signal electrode 111 and the communication medium 130
corresponds to Cte 64 in FIG. 2. A capacitance of the transmission reference electrode 112 in relation
to the space (a capacitance between the transmission reference electrode 112 and a reference point
116-1 representing a virtual point at infinity from the transmission reference electrode 112 on the
space) Ctg 115 corresponds to Ctg 65 in FIG. 2. The reference point 116-1 and a reference point
116-2 representing a virtual point at infinity from the transmitting device 110 on the space correspond

to the reference point 66,4 ELG 2.1 The fransnyssionsignat elestrode slddris:a disksshaped electrode
having an area Ste [m2], and is located at a minute distance dte [m] from the communication medium

130. The transmissionirefereaceteletirodect®isralsba disksshaped electeddmand has a radius rtg
[m]. [0075] On the receiving device 120 side, a capacitance Cre

electrode 111 and the communication medium 130
corresponds to Cte 64 in FIG. 2. A capacitance of the
transmission reference electrode 112 in relation to the
space (a capacitance between the transmission reference
electrode 112 and a reference point 116-1 representing a
;irtual point at infinity from the tran;mission reference
electrode 112 on the space) Cty 115 corresponds to Ctg 635
in FIG. 2. The reference point 116-1 and a reference
point 116-2 representing a virtual point at infinity from
the transmitting device 110 on the space correspond to
the reference point 66 in FIG, 2. The transmission signal
electrode 111 is a disk-shaped electrode having an area
Ste [n?], and is located at a minute distance dte [m] from
the communication medium 130. The transmission reference
electrode 112 1s alsc a disk-shaped electrode, and has &
radius rtg [m].
[0075]

On the receiving device 120 side, a capacitance Cre
124 between the received signal electrode 121 and the
communication medium 130 corresponds to Cre 74 in FIG. 2.

A capacitance of the reception reference electrede 122 in

relation to the space (a capacitance between the
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124 between the received signal electrode 121 and the communication medium 130 corresponds to
Cre 74 in FIG. 2. A capacitance of the reception reference electrode 122 in relation to the space (a
capacitance between the 34 reception reference electrode 122 and a reference point 126-1
representing a virtual point at infinity from the reception reference electrode 122 on the space) Crg
125 corresponds to Crg 75 in FIG. 2. The reference point 126- 1 and a reference point 126-2
representing a virtual point at infinity from the receiving device 120 on the space correspond to the
reference point 76 in FIG. 2. The received signal electrode 121 is a disk-shaped electrode having an
area Sre [m2], and is located at a minute distance dre [m] from the communication medium 130. The
reception referepseslectrede d22-is also a disk-sbaped zelegirade, ard basra-eadius rrg [m]. [0076]

Further, new parameters are added to the communication system 100 of FIG. 3 as follows. [0077] For
example, added. xthe trapsmitting deyice Yi0 tashewparametersdrena tapacitandé:€th 117-1
formed between the transmission signal electrode 111 and the transmission reference electrode 112,
acapacnancecgﬁception reference electrode 122 on the space) Crg 125

corresponds to Crg 75 in FIG. 2. The reference point 126-

1 and a reference point 126-2 representing a virtual

point at infinity from the receiving device 120 on the

space correspond to the reference point 76 in FIG. 2. The

received signal electrode 121 is a disk-shaped electrode
naving an area Sre {m?], and is located at a minute
distance dre [m] from the communication medium 130. The
reception reference electrode 122 is alsc a disk-shaped
electrode, and has a radius rrg [m}.

[0C76]

Further, new paramefiers are added to the
communication system 100 of FIG. 3 as follows.
[0077]

For example, added to the transmitting device 110
as new parameters are a capacitance Ctb 117-1 formed
between the transmission signal electrode 111 and the
transmission reference elecircde 112, a capacitance Cth
117-2 fermed between the transmission signal electrode
111 and the space (a capacitance between the transmission
signal electrode 111 and a reference point 116-2

representing a virtual point at infinity from the
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117-2 formed between the transmission signal electrode 111 and the space (a capacitance between
the transmission signal electrode 111 and a reference point 116-2 representing a virtual point at
infinity from the 35 transmission signal electrode 111 on the space), and a capacitance Cti 117-3
formed between the transmission reference electrode 112 and the communication medium 130.
[0078] Added to the receiving device 120 as new parameters are a capacitance Crb 127-1 formed
between the received signal electrode 121 and the reception reference electrode 122, a capacitance
Crh 127-2 formed between the received signal electrode 121 and the space (a capacitance between
the received signal electrode 121 and a reference point 126-2 representing a virtual point at infinity

from the receiveg:sigsal electiode ik21.0n dhe space), and agapaciapga &7 124-3ifarmed between
the reception reference electrode 122 and the communication medium 130. [0079] Further, a
capacitance Cnc:32 formed betivéen e Tommusicatior-aediunh 4 30randthissspace (a capacitance
between the communication medium 130 and a reference point 136 representing a virtual point at
infinity from reference electrode 112 and the communication medium 130.

[0078]

Added to the receiving device 120 as new parameters

are a capacitance Crb 127-1 formed between the receilved

zignal electrode 121 and the reception reference

electrode 122, a c;pacitance Crh 127-2 formed between thef
received signal electrode 121 and the space (a
capacitance between the received signal electrode 121 and
a reference point 126-2 representing a virtual peint at
infinity from the received signal electrode 121 on the
space), and a capacitance Cri 127-3 formed between the
reception reference electrode 122 and the communication
medium 130.
[0079]}

Further, a capacitance Cm 132 formed between the
communication medium 130 and the space {(a capacitance
between the communication medium 130 and a reference
peint 136 representing a virtual point at infinity from
the communication medium 130 on the space) is added to
the communication medium 130 as a new parameter. In

addition, since the communication medium 130 in practice

has an electric resistance depending on the size,
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the communication medium 130 on the space) is added to the communication medium 130 as a new
parameter. In addition, since the communication medium 130 in practice has an electric resistance
depending on the size, 36 material and the like of the communication medium 130, resistance values
Rm 131 and Rm 133 as resistance components of the communication medium 130 are added as
new parameters. [0080] Incidentally, though omitted in the communication system 100 of FIG. 3,
when the communication medium has not only conductivity but also dielectric properties, a
capacitance according to the dielectric properties is also formed. When the communication medium
does not have conductivity but has dielectric properties, coupling between the transmission signal
electrode 111 apd the iteceived sigaal elestrode il iscprevides:hy ancapagitancedetermined by the

dielectric constant, distance, size, and disposition of the dielectric. [0081] In this case, it is assumed
that the transmitting) slevige=1 1@ GndthBredsivingndeite 129 are separated:drom each other at a
distance such that an element of capacitive coupling can be ignored (effects of capacitive

components of the communication medium 130 are added as

new parameters.

[C0B0]

Incidentally, though omitted in the communication
system 100 of FIG. 3, when the communication medium has
not only conductivity but éiso dielectric properties, a
capacitance according to the dielectric properties is
also formed. When the communication medium does not have
conductivity but has dielectric properties, coupling
between the transmission signal electrode 111 and the
received signal electrode 121 is provided by a
capacitance determined by the dielectric constant,
distance, size, and disposition of the dielectric.

[0081]

In this case, it is assumed that the transmitting
device 110 and the receiving device 120 are separated
from each other at a distance such that an element of
capacitive coupling can be ignored {(effects cof capacitive
coupling between the transmitting device 110 and the
receiving device 120 can be ignored). If the distance 1is

short, depending on positional relation between each

electrode within the transmitting device 110 and each
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coupling between the transmitting device 110 and the receiving device 120 can be ignored). If the
distance is short, depending on positional relation between each electrode within the transmitting
device 110 and each 37 electrode within the receiving device 120, capacitances between the
electrodes may need to be considered according to the above-described way of thinking. [0082] The
communication system 100 having such parameters has characteristics as follows. [0083] For
example, the higher the value of Cte 114 (the higher the capacitance), the greater the magnitude of
the signal applied by the transmitting device 110 to the communication medium 130. In addition, the
higher the value of Ctg 115 (the higher the capacitance), the greater the magnitude of the signal

applied by the trapsmitting devige; 11Q te the cammunication mediym, 130, Fusther,the lower the
value of Ctb 117-1 (the lower the capacitance), the greater the magnitude of the signal applied by the

transmitting deviea: 14010 the eomptunicaRtiomEedisadd 30 IBadgdition; dee dewer the value of Cth
117-2 (the lower the capacitance), the greater the magnitude of the signal applied by the
according to the above-described way of thinking.
[0082]

The communication system 100 having such parameters
has characteristics as follows.
[00831

For example, the higher the vélue of Cte 114 (the
higher the capacitance}, the greater the magnitude of the
signal applied by the transmitting device 110 to the
communication medium 130. In addition, the higher the
value of Ctg 115 (the higher the capacitance}, the
greater the magnitude of the signal applied by the
transmitting device 110 to the communication medium 130.
Further, the lower the wvalue of Ctb 117~1 (the lower the
capacitance}, the greater the magnitude of the signal
applied by the transmitting device 110 to the
communication medium 130. In addition, the lower the
value of Cth 117-2 (the lower the capacitance), the
greater the magnitude of the signal applied by the
transmitting device 110 to the communication medium 130,
Further, the lower the wvalue of Ctl 117-3 (the lower the

capacitance), the greater the magnitude of the signal

applied by the transmitting device 110 to the
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transmitting device 110 to the communication medium 130. Further, the lower the value of Cti 117-3
(the lower the capacitance), the greater the magnitude of the signal applied by the transmitting device
110 to the 38 communication medium 130. [0084] The higher the value of Cre 124 (the higher the
capacitance), the greater the magnitude of the signal extracted from the communication medium 130
by the receiving device 120. In addition, the higher the value of Crg 125 (the higher the capacitance),
the greater the magnitude of the signal extracted from the communication medium 130 by the '
receiving device 120. Further, the lower the value of Crb 127-1 (the lower the capacitance), the
greater the magnitude of the signal extracted from the communication medium 130 by the receiving
device 120. In add|t|on the Iower the value %fOCrh 127-2 (the lower the capacitance), the greater the
magnitude of the S|gnalrl1 eﬁra&edr?romltlﬁle communication medium 130 by the receiving device 120.
Further, the lowerthe,value of Cri 127-3 (the lower the capacitance), the greater the magnitude of the
signal extracted from the communication medium 130 by the receiving device 120. In addition, the

lower the value of Rr 123r4thei higher the resistafce), cre 124 (the higher the
capacitance}, the greater the magnitude cof the signal
extracted from the communicaticn medium 130 by the
receiving device 126. In addition, the higher the wvalue
of Crg 125 {the higher the capacitance}, the greater the
magnltude of the signal extracted from the c;mmunlcatlon
medium 130 by the receiving devige 120. Further, the
lower the value of Crb 127~1 (the lower the capacitance),
the greater the magnitude of the signal extracted from
the communication medium 130 by the receiving device 120.
In addition, the lower the value of Crh 127-2 (the lower
the capacitance}, the greater the magnitude of the signal
extracted from the communication medium 130 by the
receiving device 120. Further, the lower the value of Cri
127-3 {the lower the capacitance), the greater the
magnitude of the signal extracted from the communication
medium 130 by the receiving device 120. In addition, the
lower the wvalue of Rr 123-1 (the higher the resistance),
the greater the magnitude of the signal extracted from
the communication medium 130 by the receiving device 120.
[0085]

The lower the values of Rm 131 and Rm 132 as
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the greater the magnitude of the signal extracted from the communication medium 130 by the
receiving device 120. [0085] The lower the values of Rm 131 and Rm 133 as 39 resistance
components of the communication medium 130 (the lower the resistances), the greater the magnitude
of the signal applied by the transmitting device 110 to the communication medium 130. In addition,
the lower the value of Cm 132 as the capacitance of the communication medium 130 in relation to the
space (the lower the capacitance), the greater the magnitude of the signal applied by the transmitting
device 110 to the communication medium 130. [0086] The magnitude of capacitance of a capacitor is
substantially proportional to the magnitude of the surface area of the electrode. Therefore it is

generally desirghle g ingrease fhe size,oteach electrode as,much; as Rossilg, Hawever, simply

increasing the size of electrodes may also increase capacitances between the electrodes. In addition,
an extreme ratio/betweenthe sizes.efglectiodes maydecrgase efficieney ot ismthusqpesgssary to

determine the size, arrangement position and the like of each electrode in consideration of a total
the signal applied by the transmitting device 110 to the
communication medium 130. In addition, the lower the
value of Cm 132 as the capacitance of the communication
medium 130 in relaticon to the space {(the lower the
capacitance), the greater the magnitude of the signal
applied by thewtransmitting device 110 to the
communication medium 130.
[0086]

The magnitude of capacitance of a capacitor is
substantially proportional to the magnitude of the
surface area of the electrode. Therefore it is generally
desirable to increase the size of each electrode as much
as possible. However, simply increasing the size of
electrodes may also increase capacitances between the
electrodes. In addition, an extreme ratic betwsen the
sizes of electrodes may decrease efficiency. It is thus
necessary to determine the size, arrangement position and
the like of each electrode in consideration of a total
balance.

[0087]
Incidentally, with the characteristics of the

above-described communication system 100, efficient
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balance. [0087] Incidentally, with the characteristics of the above-described communication system
100, efficient 40 communication is made possible by viewing the present equivalent circuit from a
viewpoint of impedance matching and determining each parameter in a frequency band of high
frequencies of the signal source 113. By raising the frequency, it is possible to secure a reactance
even with a low capacitance, so that each device can be miniaturized easily. [0088] The reactance of
a capacitor is generally increased with decrease in frequency. On the other hand, the communication
system 100 operates based on capacitance coupling, and therefore this determines a lower limit of
the frequency of the signal generated by the signal source 113. In addition, an arrangement of Rm

131, Cm 132, apdmn133.farms adow=passfilter; and therefare, charagteristicsthereof determine an
upper limit of the frequency. [0089] A specific numerical value of each parameter will next be
considered. Incidentally lsuppeserinthe from a viewpoint of impedance matching

and determining each parameter in a freguency band of

high frequencies of the signal source 113. By raising the

frequency, it is possible to secure a reactance even with

a low capacitance, so that each device can be

miniaturized easily.

(0088}

The reactance of a capacitor is generally increased
with decrease in frequency. On the other hand, the
communication system 100 operates based on capacitance
coupling, and therefore this determines a lower limit of
the frequency of the signal generated by the signal
source 113. In addition, an arrangement of Bm 131, Cm 132,
and Rm 123 forms a low~-pass filter, and therefore
characteristics thereof determine an upper limit of the
frequency.

[0089]

A specific numerical value of each parameter will
next be considered. Incidentally, suppose in the
following that the communication system 100 is placed in
the air for convenience of description. In addition,
suppese that the transmission signal electrode 111, the

transmission reference electrode 112, the received signal
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following that the communication system 100 is placed in the air for convenience of description. In
addition, suppose that the transmission signal electrode 111, the transmission reference electrode
112, the received signal 41 electrode 121, and the reception reference electrode 122 of the
communication system 100 are each a conductor disk having a diameter of 5 cm. [0090] Supposing
that the interval dte between the transmission signal electrode 111 and the communication medium
130 is 5 mm, the value of the capacitance Cte 114 formed by the transmission signal electrode 111
and the communication medium 130 is obtained by the following Equation (9). [0091] [Equation 9]
Cte = E x Ste (8.854 x 10_12) x (2 x 10-3) dte 5 x 10-3 e 3.5 [pF] ... (9) [0092] Assume that Equation

(9) can be adapteld tq Cth 11Z2} as trglg %@peacgtggé:e be?tf\r/l(\;eeenr; h}ec eerll%%tr% es. g/}:/Q e thZ equatlon

essentially holds wehen tcl')1e area df the “electrodes 15 arge as compare Swith
0of the communication system 100 are each a conductor disk
having a diameter of 5 cm.

[0090]

Supposing that the interval dte between the
transmission signal electrode 111 and the communication
medium 130 is 5 mm, the value of the capacitance Cte 114
formed by the transmission signél electrcde 111 and the

communication medium 130 is obtained by the following

Eguation {(2).

(060913
[Egquation 9]
-12 -3
Cte = & x Ste _ (8.854 x 1¢ ):(Zx 107
dte 5% 107
o 2.5 [pF] e {9
[0082]

Assume that Equation (8) can be adapted to Ctbh 117-
1 as the capacitance between the electrodes. While the
equation essentially holds when the area of the
electrodes 1s sufficiently large as compared with the
interval as described above, an approximation may be made
by this equation in this case. Supposing that the
interval between the electrodes 1s 5 cm, Cth 117-1 is

expressed by the following Eguaticn {10}.
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interval as described above, an approximation may be made by this equation in this case. Supposing
that the interval between the electrodes is 5 cm, Ctb 117-1 is expressed by the following Equation
(10). 42 [0093] [Equation 10] Ctb = a x Ste = (8.854 x 10-72) x (2 x 10-3) d 5 x 10-' e 0.35 [pF] ...(10)
[0094] An assumption is made in this case that when the interval between the transmission signal
electrode 111 and the communication medium 130 is short, the transmission signal electrode 111 is
weakly coupled with the space. Therefore suppose that the value of Cth 117-2 is sufficiently lower
than the value of Cte 114, and that the value of Cth 117-2 can be set to one tenth of the value of Cte
114 as expressed by Equation (11). [0095] [Equation 11] Cth = Cte = 0.35 [pF] ...(11) 10 [0096] Ctg
115 indicating tl't%ggg?citance formed by the

[Equation 10]

52 -3
Ctb = £ x Ste ::(8.854 x 10 )%}2 x 1077}
d 5x 1077

e 0.35 [pF] e {100
[0094]

An assumption is made in this case that when the
inéezval between the transmission signal ;lectrode 111
and the communication medium 130 is short, the
transmissicon signal electrode 111 is weakly coupled with
the space. Therefore suppose that the value of Cth 117-2
is sufficiently lower than the value of Cte 114, and that
the value of Cth 117~2 can be set to one tenth of the

value of Cte 114 as expressed by Eguation {11;.

[0095]
[Equation 11]
ceh = SF° - 0,35 ipPl ... (11)
10
[00%96]

Ctg 115 indicating the capacltance formed by the
transmission reference electrode 112 and the space can be
obtained by the fcllowing Equation [(12).

[00971]

[Equation 12}
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transmission reference electrode 112 and the space can be obtained by the following Equation (12).
[0097] [Equation 12] 43 Ctg = 8 X 8.854 X 10-12 X 2.5 X 10-2 e 1.8 [pF] ... (12) 0098) Since the
transmission signal electrode 111 and the communication medium 130 are situated at substantially
the same position, the value of Cti 117-3 is considered to be equal to Ctb 117-1 as follows. [0099] Cti
= Ctb = 0.35 [pF] [0100] When the formation (size, placement position and the like) of each electrode
in the receiving device 120 is the same as in the transmitting device 110, the parameters of the
receiving device 120 are set in the same manner as the parameters of the transmitting device 110 as
follows. [0101] Cre = Cte = 3.5 [pF] Crb = Ctb = 0.35 [pF] Crh = Cth = 0.35 [pF]

Ctg = 8 X 8.854 X 107 X 2.5 X 107 o 1.8
[oF] L {12)

[0098]

Since the transmission signal electrode 111 and the
communication medium 13C are situated at substantially
the same position, the wvalue of Cti 117-3 is considered
to be equal to Ctbh 117-1 as follows.

[009¢] —

Cti = Ctbh = 0.35 [pF!
[0100]

When the formation (size, placement position and
the like} of each electrode in the receiving device 120
is the same as in the transmititing device 110, the
parameters of the receiving device 120 are set in the
same manner as Lhe parameters of the transmitting devicge

110 as follows.

[G101]
Cre = Cte = 3.5 [pF]
Crb = Ctb = 0.35 [pF]
Crh = Cth = 0.35 [pF]
Crg = Ctg = 1.8 [pF]
Cri = Cti = 0.35 [pFI]
[0102]

For convenience of description, suppose in the
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Crg = Ctg = 1.8 [pF] Cri = Cti = 0.35 [pF] [0102] For convenience of description, suppose in the 44
following that the communication medium 130 is an object having characteristics close to those of a
living body of about a size of a human body. Suppose that an electric resistance of the
communication medium 130 from the position of the transmission signal electrode Il to the position of
the received signal electrode 121 is 1 [MU], and that the values of Rm 131 and Rm 133 are each 500
[KU]. Suppose that the value of the capacitance Cm 132 formed between the communication medium
130 and the space is 100 [pF]. Further, suppose that the signal source 113 generates a sine wave
having a maximum value of 1 [V] and a frequency of 10 [MHz]. [0103] When a simulation is performed
using the abovefgﬂameterstg dgff%[ ence betwegn zfatmargdrxnnu ¥%Iu§ aond. a rapzijnimu.mé/glue (a
difference betwéen p(égkr\l/%lues of the Wavetorm of a recenved S|gna? IS 5§ser\’/e8|%ebe about 10 [iV].

Thus, by amplitylng fhis by,an amplifier (detectar, 123:2) haying asufficient, gain, fi g possible to

reconstruct the signal of the transmitting side (signal
about a size of & human body. Suppoese that an electric
resistance of the communication medium 130 from the
position of the transmission signal electrode 111 to the
position of the received signal electrode 121 is 1 [Ma],
and that the values of Rm 131 and Rm 133 are each 500
[KQ]. Suppose that ;he value of the capacitance Cm 132
formed between the communication medium 130 and the space
is 100 [pFl. Further, suppose that the signal source 113
generates a sine wave having a maximum value of 1 [V] and
a frequency of 10 [MHz].
[0103]

When a simulation is performed using the above
parameters, a difference between a maximum value and a
minimum value {(a difference between peak values) cf the
waveform of a received signal is observed to be about 10
[uV]. Thus, by amplifying this by an amplifier {(detector
123-2) having a sufficient gain, it is possible to
reconstruct the signal of the transmitting side ({(signal
generated in the signal source 113} on the receiving side.
[01043

Thus, the above-described communication system to

which the present invention is applied eliminates a need
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generated in the signal source 113) on the receiving side. [0104] Thus, the above-described
communication system to which the present invention is applied eliminates a need 45 for a physical
reference point path, and can achieve communication by only a communication signal transmitting
path. Therefore a communication environment not limited by a use environment can be readily
provided. [0105] A concrete example of application of a communication system as described above
will next be described. For example, a communication system as described above can use a living
body as a communication medium. FIG. 4 is a schematic diagram showing an example of a
communication system when communication is performed via a human body. The communication
system 150 in F%%isd' is %}ségstegri in which music datatis tr%nnsmitte from a_ transmitting device 160

attached to an arm pgrt% tan o“;df/feﬁﬁ& a7 r%%:fellvir?ga evice 170 attadhied fo'a head part of the

human body recelyes ihe-musig,data, ganyeds Jhemysic.data.into.audie, and outputs the audio to
allow the user to listen to the audio. The communication system 150 corresponds to the
above-describeg gommunigation. systenasfetexample the:gommunication system 1} dhe

by a use environment can be readily provided.

[0105]

L concrete example of application of a
communication system as described above will next be
described. For example, a co;munication system as
described above can use a living bedy as a communication
medium. FIG. 4 is a schematlic diagram showing an example
of a communicaticon system when communication i1s performed
via a human body. The communication system 150 in FIG. 4
is a system in which music data is transmitted from a
transmitting device 160 attached to an arm part of a
human body, and a receiving device 170 attached to a head
part of the human body receives the music data, converts
the music data into audio, and outputs the audio to allow
the user to listen to the audio. The communication system
150 corresponds to the above-described communication
systens (for example the communication system 1). The
transmitting device 160 and the receiving device 170
correspond to the transmitting device 10 and the
receliving device 20, respectively. The human body 180 in

the communication system 130 is & communication medium,
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transmitting device 160 and the receiving device 170 correspond to the transmitting device 10 and the
receiving device 20, respectively. The human body 180 in the communication system 150 is a
communication medium, 46 and corresponds to the communication medium 30 in FIG. 1. [0106]
Specifically, the transmitting device 160 has a transmission signal electrode 161, a transmission
reference electrode 162, and a transmitting unit 163. The transmission signal electrode 161, the
transmission reference electrode 162, and the transmitting unit 163 correspond to the transmission
signal electrode 11, the transmission reference electrode 12, and the transmitting unit 13,
respectively, in FIG. 1. The receiving device 170 has a received signal electrode 171, a reception

reference electrode 172, and a re&sei\gggtti{]ét 1703. The received sigpal elg%trode %%é the reception

A1} res I nication &) johsi] i A o .
reference electfode 177, "and the receiving unit f%lcorrespond 10 theteceived signal eléctrode 21,

the reception refﬁg%%q electrode 22, and the receiving unit 23, respectively, in FIG. 1. [0107] Thus,
the transmitting device 160 and the receiving device 170 are placed such that the transmission signal

Specifically, the transmitting device 160 has &
transmission signal electrode 161, a transmission
reference electrode 167, and a transmitting unit 1632. The
transmission signal electrode 161, the transmission
reference electrode 162, and the transmitting unit 163
correspond to the transmission signai electrode 11, the
transmission reference electrode 12, and the transmitting
unit 13, respectively, in FIG. 1. The receiving device
170 has a received signal electrode 171, a reception
reference electrode 172, and a receiving unit 173. The
received signal electrcde 171, the reception reference
electrode 172, and the receiving unit 173 correspcond to
the received signal electrcde 21, the reception reference
electrode 22, and the recelving unit 23, respectively, in
FIG. 1.

[0107]

Thus, the transmitting device 160 and the receiving
device 170 are placed such that the transmission signal
electrode 161 and the received signal electrode 171 are
in ccntact with or in proximity to the human body 180 as
a communication medium. Since it suffices for the

transmission reference electrode 162 and the reception
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electrode 161 and the received signal electrode 171 are in contact with or in proximity to the human
body 180 as a communication medium. Since it suffices for the transmission reference electrode 162
and the reception 47 reference electrode 172 to be in contact with a space, coupling with a ground in
the vicinity or coupling between the transmitting device and the receiving device (or electrodes) is not
required. [0108] FIG. 5 is a diagram of assistance in explaining another example of realizing the
communication system 150. In FIG. 5, the receiving device 170 is in contact with (or in proximity to) a
sole part of the human body 180, and communicates with the transmitting device 160 attached to an
arm part of the human body 180. Also in this case, the transmission signal electrode 161 and the
received signal electrode 171 are disposed.so as to be.in contact with .(ogin proximity to) the human
&ﬁ§) % Wit

body 180 as a ESMPITAIERHSH RfEdiam: and thetraisniission referente’ Bletndde 82 and the
reception referegggpellgg&oq%%gz aagerg'@ggsgg so.as %@f&@? stggcgo\]'gﬁggplication example

cannot be realized by the conventional techniques using a ground as one communication path, in
particular. [0108Ltween the transmitting device and the receiving device

{or electrodes) is not required.

[0108]

FIG. 5 is a diagram of assistance in explaining
another example of realizing the communication system 150.
In FIG:-B, the receiving device 170 1s in conéact with
(or in proximity to) a sole part of the human bedy 180,
and communicates with the transmitting device 160
attached to an arm part of the human body 180. Also in
this case, the transmission signal electrode 161 and the
received signal electrode 171 are disposed so as to be in
contact with {(or in proximity to; the human boedy 180 as a
communication medium, and the transmission reference
electrode 162 and the reception reference electrode 172
are disposed so as to face the space. This applicaticn
example cannot be realized by the conventional technigues
using a ground as one communication path, in particular.
[0109]

That i1s, the communication system 150 as described
above eliminates the need for a physical reference point
path, and can achieve communication by only a

communication signal transmitting path. Therefore a
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That is, the communication system 150 as described above eliminates the need for a physical
reference point path, and can achieve communication by only a communication signal transmitting
path. Therefore a 48 communication environment not limited by a use environment can be readily
provided. [0110] In the communication system as described above, a method of modulation of a
signal to be passed through the communication medium is not particularly limited as long as both the
transmitting device and the receiving device can deal with the modulation method. An optimum
method can be selected in consideration of characteristics of the communication system as a whole.
Specifically, the modulation method may provide one of a baseband, an amplitude-modulated, and a
frequency-modulated analog .signal and a baseband .amglit e-modulated, a
frequency-moduﬁgfé%lf%ﬁaaa 63353—%5&@3%%1 éigﬂngigﬁrﬁﬁ St a Mixturé ot a plurality of signals.
[0111] Further, ip.the commupicationsysiem as, desgribed; above, a plurality of communications may

be established using one communication medium, so that full-duplex communication, communication
between a plurality: ot

In the communication system as described above, a
method of modulation of a signal to be passed through the
communication medium is not particularly limited as long
as both the transmitting device and the receiving device
can deal with thé modulation method. An optimum method
can be selected in consideration of characteristics of
the communicatlion system as a whole. Specifically, the
modulation method may provide one of a baseband, an
amplitude-modulated, and a frequency-modulated analog
signal and a baseband, an amplitude-modulated, a
frequency-modulated, and a phase-modulated digital signal,
or a mixture of a plurality of signals.

[0111]

Further, in the communication system as described
above, a plurality of communications may be established
using one communication medium, so that full-duplex
communication, communication between a plurality of
devices by a single communication medium, or the like can
be performed.

[0112]

Methods for realizing such multiplex communication
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devices by a single communication medium, or the like can be performed. [0112] Methods for
realizing such multiplex communication 49 include for example a spread spectrum system, a
frequency band division system, a time division system and the like. By communicating using each
such system, the communication system can perform simultaneous communication with a plurality of
devices using the same communication medium, such for example as communication between a
plurality of devices and a single device, communication between a plurality of devices and a plurality
of devices, and the like. Further, two or more of the above-described methods may be combined with
each other, of course. [0113] It is particularly important in a specific application that the transmitting

device and the [gesiying device cap simultapsously sommypicate wiihg, plyrality gt ofher devices.

Assuming application to a ticket for a transportation, for example, when a user carrying both a device
A having informgtign ofi& comynUtel -pass, ard aidevicg B having ag elestronie maneyifunstion uses

an automatic ticket gate, a system as described
By communicating using each such system, the
communication system can perform simultanecus
communication with a plurality of devices using the same
communication medium, such for example as communication
between a plurality of devices and a single device,
communication between a élurality of devices and a
plurality of devices, and the like. Further, two or more
of the above-described methods may be combined with each
other, of course.
[0113]

It is particularly important in a specific
application that the transmitting device and the
receiving device can simultaneously communicate with a
plurality of other devices. Assuming application te a
ticket for a transportation, for example, when a user
carrying both a device A having information on a commuter
pass and a device B having an electronic money function
uses an automatic ticket gate, a system as described
above is used, and thereby simultaneous communication
with the device A and the device B is performed. When a
used section includes a section not covered by the

commuter pass, the system can be used conveniently to
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above is used, and thereby simultaneous communication with the device A and the device B is
performed. When a used section includes a section not covered by the commuter pass, the system
can be used conveniently to 50 deduct an amount of money that is lacking from the electronic money
of the device B. [0114] As described above, the transmitting device 10 and the receiving device 20 do
not need to construct a closed circuit using a reference electrode, and can easily perform a stable
communication process unaffected by an environment only by transmitting and receiving a signal via
signal electrodes. Incidentally, since a structure for the communication process is simplified, the
communication system 1 can easily use various communication systems such as modulation,

encoding, encryption: mulfiplexing.and the ke in eambination,withgaeh gthery [0115] When such a
communication system is used to perform communication via the human body 180 as shown in FIG.
4, for example, itlis preferablerthat theotranamitting idevise and the receiving device be miniaturized as
mobile devices. While a method of use is conceivable in which
[0114]

As described above, the transmitting device 10 and
the receiving device 20 do not need to construct a closed
circuit using a reference electrode, and can easily
perform a stable communication process unaffected by an
environment only by transmitting énd receiving a signal
via signal electrodes. Incidentally, since a structure
for the communication process is simplified, the
communication system 1 can easily use various
communication systems such as medulation, encoding,
encryption, multiplexing and the like in combination with
csach other.
[0115]

When such a communication system 1s used to perform
communication via the human body 180 as shown in FIG. 4,
for example, it is preferable that the transmitting
device and the receiving device be miniaturized as mobile
devices. While a method of use is conceivable in wﬁich
the transmitting device and the receiving device are for
example fixed fo an arm, a leg or the like using a belt

or the like so that positiornal relation between the

devices and the human body is stabilized, a method of use
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the transmitting device and the receiving device are for example fixed to an arm, a leg or the like
using a belt or the like so that positional relation between the devices and the human body is
stabilized, a method of use 51 in which a user freely holds or places the transmitting device and the
receiving device as in a case of a portable type telephone, for example, is also assumed. Therefore a
higher degree of freedom of a wearing method (positional relation between the devices and the
human body) is desirable, and widens a range of applications. [0116] For example, as shown in FIG.
6, a casing of the transmitting device 10 in FIG. 1 is formed as a casing 200. Electrodes 211 to 216 to
be used as the transmission signal electrode 11 and the transmission reference electrode 12 are

provided in extegr}lalbﬁy{_[g}_geg, Q{ggg ¢asing l;OI(;JO When a %)sgggogdstﬁgcrggagg%%@@@% device 10 by

a hand 220, the transmitting device 10 can perform communication via the human body as shown in

FIG. 4 or FIG. :14Q1%¢] lngidentally; @actvafithelectredes:214 ta 246can, pesused as the
transmission signal electrode 11 or the transmission reference electrode 12. That is, by
portable type telephone, for example, is also assumed.

Therefcre a higher degree of freedom of a wearing method
(positional relation between the devices and the human
body} is desirable, and widens a range of applications.
[0ilg]

_. For example, as shown in FIG. &, a éasing of the
transmitting device 10 in FIG. 1 is formed as a casing
200. Electrodes 211 to 216 to be used as the transmission
signal electrode 11 and the transmission reference
electrode 12 are provided in external surfaces of the
casing 20C. When a user holds such a transmitting device
10 by a hand 220, the transmitting device 10 can perform
communication via the human body as shown in FIG. 4 or
FIG. 5.

[0117]

Incidentally, each of the electrodes 211 to 216 can
be used as the transmissicn signal electrode 11 or the
transmission reference electrode 12. That is, by
controlling (changing) connections of the electrodes 211
to 216 to an internal circuit, the transmitting device 10
can use arbitrary electrodes as the transmission signal

electrode 11, and use other arbitrary electrodes as the
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controlling (changing) connections of the electrodes 211 to 216 to an internal circuit, the transmitting
device 10 can use arbitrary electrodes as the transmission signal electrode 11, and use other
arbitrary electrodes as the 52 transmission reference electrode 12. [0118] In such a case, however, it
is not possible to predict how the user (the hand 220 of the user) holds the casing 200. Therefore,
when the electrodes 211 to 216 are fixedly assigned the role of one of the transmission signal
electrode 11 and the transmission reference electrode 12, both the transmission signal electrode 11
and the transmission reference electrode 12 may be close to the hand 220 as a communication
medium in similar manners to each other depending on a holding state. In this case, a desirable
_communication ggvirgg%ryseﬁgglayrg%t rbee %%ta!e 69%011%] %cordingly, the communication device 10
in FIG. 6 control$ the connection of the Slectrodes 3i(fidito "to the internal circuit according to the
position of the hand g20 to thereby optimize the positional relation between the transmission signal
electrode (electrodes used as the transmission signal electrode) and the

In such a case, however, it is not possible to
predict how the user (the hand 220 of the user) holds the
casing 200. Therefore, when the electrocdes 211 to 216 are
fixedly assigned the role of one of the transmissiocon
signal electrode 11 and the transmission reference
electrode 12: both the transmission signal electroée 11
and the transmissicn reference electrode 12 may be close
to the hand 220 as a communication medium in similar
manners to each other depending on a holding state. In
this case, a desirable communication environment may not
be obtained.
i0119]

Accordingly, the communication device 10 in FIG. &
controls the connection of the electrodes 211 to 216 to
the internal circuit according to the position of the
hand 220 to thereby optimize the positional relation
between the transmission signal electrode (electrodes
used as the transmissicn signal electrode) and the
transmission reference electrode (electrodes used as the
transmission reference electrode) and the communication
medium {hand 220). For example, in FIG. 6, the

transmitting device 10 connects the electrode 212, the
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transmission reference electrode (electrodes used as the transmission reference electrode) and the
communication medium (hand 220). For example, in FIG. 6, the transmitting device 10 connects the
electrode 212, the 53 electrode 213, the electrode 215, and the electrode 216 covered by the hand
220 to the internal circuit so that the electrode 212, the electrode 213, the electrode 215, and the
electrode 216 are used as the transmission signal electrode 11, and connects the other electrodes
211 and 214 to the internal circuit so that the electrodes 211 and 214 are used as the transmission
reference electrode 12. In other words, the communication device 10 performs control so as to
optimize the positional relation between the communication medium and the electrode pair (electrode
pair formed by the transmissign signal electrode 11 and the transmission reference electrode 12).

[0120] Incidentally SthetPaiTsrittig devics 10" can “Sorftrol thé donhaEtish 86wt use & plurality of
electrodes as the fransmisgion;signal.electrode 11 orthe transmissionreferepce elegtiade 12. In

addition, the transmitting device 10 does not need to make connection so as to use all the electrodes
as the transmissioR signakeleggtrode 41 entheseceptionseference alectoder roge 215,

and the electrcde 216 are used as the transmission signal
electrode 11, and connects the other electrodes 211 and
214 to the internal circuit sc¢ that the electrodes 211
and 214 are used as the transmission reference electrode
12. In other words, %he communication device 10 perfcorms
control so as to optimize the positional relation between
the communication medium and the electrode pair
(electrode pair formed by the transmission signal
electrode 11 and the transmission reference electrode 12}.
(01201

Incidentally, the transmitting device 10 can
control the connection so as to use a plurality of
electrodes as the transmission signal electrode 11 or the
transmission reference electrode 12. In addition, the
transmitting device 10 does not need te make connection
sc as to use all the electrodes as the transmission
signal electrode 11 or the reception reference electrode
12, and there may be unconnected electrocdes. In the case
of FIG. 6, for example, electrodes only partly covered by
the hand 220, such as the electrode 212, the electrode

213, and the electrode 215, may be disconnected. By thus
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12, and there may be unconnected electrodes. In the case of FIG. 6, for example, electrodes only
partly covered by the hand 220, such as the electrode 212, the electrode 213, and the electrode 215,
may be disconnected. By thus 54 controlling the connection, the transmitting device 10 is for example
able to use only electrodes that can be clearly distinguished as electrodes capacitively coupled with
the communication medium strongly or weakly among a group of electrodes as the transmission
signal electrode 11 or the transmission reference electrode 12, and not to use electrodes capacitively
coupled with the communication medium to a medium degree (electrodes that cannot be clearly
distinguished as electrodes to be used as the transmission signal electrode 11 or to be used as the
transmission reference e{‘lfgtrodehﬁ) . The transmittir}ged%vice éln%_cﬁ%@ ther 2¥ gg){te tq%tr?gsmission

. Exr the ‘connection =39 i) . .
signal electrode T aAd the transmission referénce eléctrodé havihng an %p IMum positional relation to

the communicatign medium. JO1211LFIG, 7 is.a hlack diggram showing an example of configuration of

an embodiment of the transmitting device in this case. [0122]
clearly distinguished as electrodes capacitively coupled
with the communication medium strongly or weakly among a
group of electrodes as the transmission signal electrode
11 or the transmission reference electrode 12, and nct to
use electrodes capacitively coupled with the
communication medium to a medium degree (electrodes that
cannot be clearly distinguished as electrodes to ke used
as the transmissicn signal electrode 11 or tc ke used as
the transmission reference electrode 12). The
transmitting device 10 can thereby set the transmission
signal electrode 11 and the transmission reference
electrode having an optimum positional relation to the
communication medium.
(0121]

FIG. 7 is a block diagram showing an example of
configuration of an embodiment of the transmitting device
in this case.

[0122]

The transmitting device 260 in FIG. 7 has an

elactrode controlling unit 261, an electrode unit 262,

and a transmitting unit 263. The electrode unit 262 has

an electrode 271 and an electrode 272 as a pair of
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The transmitting device 260 in FIG. 7 has an electrode controlling unit 261, an electrode unit 262, and
a transmitting unit 263. The electrode unit 262 has an electrode 271 and an electrode 272 as a pair of
55 electrodes having the shape of a disk, for example, and capacitively coupled with an outside. The
electrode controlling unit 261 controls connection of each electrode of the electrode unit 262 to the
transmitting unit 263. The transmitting unit 263 performs a process of transmitting a signal via the
electrode unit 262. [0123] The transmitting device 260 corresponds to the transmitting device 10 in
FIG. 1. The transmitting device 260 outputs a signal to a communication medium 280 corresponding
to the communication medium 30, using electrostatic induction, and thereby transmits the signal to a
receiving device via the communication medium 280, .which.is a canductor or a dielectric. The
electrode pair o%ﬁgg é)é%osgél 571 Ahd the é%%ﬁgdggﬁ &ﬁﬁ}é’e%:%ﬁo e ur |? 562 ac%?tiresponds to the

electrode pai of Jhe ipnsission signalelgetads 1A ha.transiission siefergace electrode 12 in
FIG. 1. The transmitting unit 263 corresponds to the transmitting unit 13 in FIG. 1. [0124]

controlling unit 261 controls connection of each
electrode of the electrode unit 262 to the transmitting
unit 263, The transmitting unit 263 performs a process of
transmitting a signal via the electrode unit 262.

[0123]

The transmitting device 260 corresponds to the
transmitting device 10 in FIG. 1. The transmitting device
260 outputs a signal to a communication medium 280
corresponding to the communication medium 30, using
electrostatic induction, and thereby transmits the signal
to a receiving device via the communication medium 280,
which is a conductor or a dielectric. The electrode palr
of the electrode 271 and the electrode 27Z of the
electrode unit 262 corresponds to the electrode pair of
the transmissicn signal electrode 11 and the transmission
reference electrode 12 in FIG. 1. The transmitting unit
263 corresponds to the transmitting unit 13 in FIG. 1.
[0124]

That 1s, cne of the electrode 271 and the electrode
272 is connected as the transmission signal electrode 11
to the transmitting unit 263, and the other 1s connected

as the transmission reference electrode 12 to the
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That is, one of the electrode 271 and the electrode 272 is connected as the transmission signal
electrode 11 to the transmitting unit 263, and the other is connected as the transmission reference
electrode 12 to the 56 transmitting unit 263. The electrode controlling unit 261 checks a state of
capacitive coupling (magnitude of capacitance) of the electrode 271 and the electrode 272 with the
external part, andrcantrots the connectien of the«eledtrader2tkand the-elettrode 272tto the
transmitting unit 263 to be optimized according to the state. [0125] For example, suppose that as-
shown in FIG 2% theheammunicatonemediunz 280 Seivirg as@commubicationtpatke arfd having
conductivity or dielectric properties approaches the electrode 271. At this time, the electrode 272 is
facing a free spawes ahdforms a LapacitancecCy2954aWith thecfréd space O theothét hand, as the
communication medium 280 approaches the electrode 271, capacitive coupling of the electrode 271
with the free space ishwegkériaeh ahdwapacitivaToupling of thet bfectrode 711with tHe
communication medium 280 becomes dominant. When the communication medium 280 is a
conductor or driiebjekeBavinga Righerdidlddise electrode 272 to the

transmitting unit 263 to be optimized according tec the
state.
[0125]

For example, suppose that as shown in FIG. 7, the
communication medium 280 serving as a communicaticn path
and having conductivity or dielectric properties
approaches the electrode 271. At this time, the electrode
272 is facing a free space, and forms a capacitance Ctg
295 with the free space. On the other hand, as the
communication medium 280 approaches the electrode 271,
capacitive coupling of the electrode 271 with the free
space 1s weakened, and capacitive coupling of the
electrode 271 with the communication medium 280 becomes
dominant. When the communication medium 280 is a
conductor or an object having a higher dielectric
constant than air, a capacitance Cte 294 viewed from the
electrode 271 is larger than the capacitance Ctg Z95.
Hence, when some signal is supplied to the electrodes,

the magnitude of a load attached to the paths 1s kncwn on



constant than air, a capacitance Cte 294 viewed from the electrode 271 is larger than the capacitance
Ctg 295. Hence, when some signal is supplied to the electrodes, the magnitude of a load attached to
the paths is known on 57 the basis of the magnitude of signal level of the load. In the case of the free
space, the capacitance is low, and thus the signal level of the load is low. In the case of a conductor
or a dielectric, the capacitance is high, and thus the signal level of the load is higher. [0126] The
capacitance as viewed from the electrode is thus changed, and thereby the signal level (magnitude of
amplitude) detected when a signal is applied to the electrode is changed. Thus, by detecting the
signal level, the electrode controlling unit 261 can grasp a state of the electrode (whether the
communication medium 280 is_in the vicinity or not). The electrode controlllctgfunit 261 controls the

connection betwgh Wﬁén?ﬁtﬁﬁ& JR BB Al fﬁ’é &16ef8de L6 4cddIaing @ the state of each

electrode whlchlstaéehl hus grasped. [0 ZQETh transml iting ung(ﬁa onpects eia%h of the electrode
271 and the eleciro 270t the electrode unit 262 ast e transmission signal electrode or the

and thus the signal level of the load is low. In the case
of a conductor or a dielectric, the capacitance is high,
and thus the signal level of the load is higher.

[012¢8]

The capacitance as viewed from the electrode 1is
thus changed, and théreby the signal level {magnitude of
amnplitude) detected when a signal is applied to the
electrode 1s changed. Thus, by detecting the signal level,
the electrode controlling unit 261 can grasp a state of
the electrode (whether the communication medium 280 is in
the vicinity or not). The electrode controlling unit 261
controls the connection between the transmitting unit 263
and the electrode unit 262 according to the state of each
alectrode which state is thus grasped.

(0127}

The transmitting unit 262 connects each of the
electrode 271 and the electrode 27Z of the electrode unit
262 as the transmission signal electrode or the
transmission reference electrode under control of the
electrode controlling unit 261.

(0128]

FIG. 8 is a blcck diagram showing an example of
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transmission reference electrode under control of the electrode controlling unit 261. [0128] FIG. 8 is a
block diagram showing an example of 58 detailed configuration of the electrode controlling unit 261 in
FIG. 7. The electrode controlling unit 261 in FIG. 8 has a main control unit 301, a signal input
controlling unit 302, a retaining unit 303, a connection controlling unit 304, a switching controlling unit
305, a signal source 311, a switch 312, a detecting unit 313, and a connecting unit 314. [0129] The
main control unit 301 performs a process of controlling the connection between the electrode unit 262
and the transmitting unit 263 by controlling various parts within the electrode controlling unit 261, for
example the signal input controlling unit 302, the retaining unit 303, the connection controlling unit
304, and the switching controlling unit 305. The signal input controlling unit 302 is controlled by the

main control unft SO tetnT OROrIOH frie- Switett 312° Theigiamptt tohftollingUnit362 thereby
ggg”o's input of 4, signal generated in the gignal sopree 311.10,9a¢N, elegtrods of the glpgtrode unit

8 has a main control unit 301, a signal input contrelling

unit 302, a retaining unit 303, a cennectien controlling

unit 304, a switching controlling unit 305, a signal

source 311, a switch 312, a detecting unit 313, and a

connecting unit 314,

[0129]

The main control unit 301 performs a process of
controlling the connecition between the electrode unit 262
and the transmitting unit Z63 by contrclling various
parts within the electrode controlling unit 261, for
example the signal input controlling unit 30Z, the
retaining unit 303, the connection contrelling unit 304,
and the switching controlling unit 305, The signal input
controlling unit 302 is controllied by the main control
unit 301 to turn on or off the switch 312. The signal
input controlling unit 302 thereby controls input of a
gsignal generated in the signal scurce 311 to each
electrode of the electrode unit 262,

[0130]
The retaining unit 303 is controlled by the main

control unit 301 to retain a signal level detected in the

detecting unit 313 and supply the value to the main
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[0130] The retaining unit 303 is controlled by the main control unit 301 to retain a signal level detected
in the detecting unit 313 and supply the value to the main 59 control unit 301 as required. The
connection controlling unit 304 is controlled by the main control unit 301 to control the switching of
connection by the connecting unit 314. The switching controlling unit 305 is controlled by the main
control unit 301 to supply information for controlling the connection between the electrode unit 262
and the transmitting unit 263 to the transmitting unit 263. The switching controlling unit 305 thereby
controls the connection between the electrode unit 262 and the transmitting unit 263. [0131] The
signal source 311 supplies a signal of a predetermined frequency to the switch 312. The switch 312

is controlled by the signal input controlling unit 302 to supply the signal from the signal source 311 to
the detecting Un>3TE B 1351 T SaBply” Fhe detectRg Cuie 315 et 1G4 TETAtahEe 321 having

a predetermined r;?s ei\éalgg Within the d&t/ecct}pg unit 313, The O(_dLetglg_tLing it 313 can detect a

. 1 Y 1 :
potential across the oad resistance 321. That is, information on the potentia

control the switching of connection by the connecting
unit 314. The switching controlling unit 305 is
controlled by the main control unit 301 to supply
information for controlling the connection between the
electrode unit 262 and the transmitting unit 263 to the
—£ransmitting unit 263. The switching éﬁntrolling unit 305
thereby controls the connection between the electrode
unit 262 and the transmitting unit 263.

[0131]

The signal scource 311 supplies a signal of a
predetermined frequency to the switch 312, The switch 312
is controlled by the signal input controlling unit 302 to
supply the signal from the signal source 311 to the
detecting unit 313, or to stop the supply. The detecting
unit 313 has a load resistance 321 having a predetermined
resistance value within the detecting unit 313. The
detecting unit 313 can detect a potential across the locad
resistance 321. That i1s, information on the potential
across the load resistance 321 is supplied to the
retaining unit 303. The retaining unit 303 obtains a
signal level applied to an electrcde on the basis of the

information on the potential across the lcad resistance
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across the load resistance 321 is supplied to the retaining unit 303. The retaining unit 303 obtains a
signal level applied to an electrode on the basis of the information on the potential across the load
resistance 60 321, and retains the value. [0132] The connecting unit 314 has a kind of multi-contact
switch. The multi-contact switch changes connection between a terminal 322 connected to the
detecting unit 313 and a plurality of terminals provided for each electrode. In the case of FIG. 8, for
example, the terminal 323 is connected to the electrode 271, and the terminal 324 is connected to the
electrode 272. That is, the connecting unit 314 is controlled by the connection controlling unit 304 to
perform switching so as to connect the terminal 322 to the terminal 323 or the terminal 324 or not to
connect the terminal 322 to the terminal 323 or the terminal 324. The connecting unit 314 thereby
performs switchirig $o 38t SUpply the- Signaf #5m the signal source 311 to the electrode 271 or the
electrode 272, o d‘ﬁ%‘? supply the signal from the signal source 311 to the electrode 271 or the
electrode 272.[0133

The connecting unit 314 has a kind of multi-contact
switch. The multi-contact switch changes connection
between a terminal 322 connected to the detecting unit
313 and & plurality of terminals provided for each
electrode., In the case of FIG. 8, for example, the
terminalw323 is connected to the electrode 271,vand the
terminal 324 is connected to the electrode 272. That is,
the connecting unit 314 is contrclled by the connection
controlling unit 304 to perform switching so as to
connect the terminal 322 to the terminal 323 or the
terminal 324 or not to connect the terminal 322 to the
terminal 323 or the terminal 324. The connecting unit 314
thereby performs switching so as to supply the signal
from the signal source 311 to the electrode 271 or the
electrode 272, or not to supply the signal from the
signal source 311 to the electrode 271 or the electrode
272.

[0133]

In a mede of checking capacitive coupling of each
electrode, the main control unit 301 controls the
connection controlling unit 304 to sequentially connect

the terminal 322 in the connecting unit 314 to each of
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In a mode of checking capacitive coupling of each electrode, the main control unit 301 controls the
connection controlling unit 304 to sequentially connect the terminal 322 in the connecting unit 314 to
each of 61 the terminal 323 and the terminal 324, and finally release the connection and set an open
state. In addition, the main control unit 301 controls the signal input controlling unit 302 in each of
these states (the state of the terminal 322 being connected to the terminal 323, the state of the
terminal 322 being connected to the terminal 324, and the state of the terminal 322 being
unconnected), so that the switch is turned on for a predetermined time to apply the signal. The
detecting unit 313 detects the signal level of each signal thus applied, and then supplies the signal

level to the retagr%igg ¥ueni'§n %91% fo g%aJ(eatZQ& %i%gﬁlalilfe%/%li%et%ingg zf?y_ 5'3%1 ref‘t]g%%iﬂg unit 303. When

obtaining the result of detection of the signal level from the retaining unit the main control unit
301 supplies the resultaf defection.of the signallevel as.conyrol infagmation tethefransmiiting unit

263 via the switching controlling unit 305. [0134] FIG. 9 is a block diagram showing an example of
the main control unit 301 controls the signal input
controlling unit 302 in each of these states (the state
of the terminal 322 being connected to the terminal 323,
the state of the terminal 327 being connected to the
terminal 324, and the state of the terminal 322 being
unconnected), so Lhat the switch is turned on for a
predetermined time to apply the signal. The detecting
unit 313 detects the signal level of each signal thus
applied, and then supplies the signal level to the
retaining unit 303 to make the signal level retained by
the retaining unit 303. When obtaining the result of
detection of the signal level from the retaining unit 303,
the main control unit 301 supplies the result of
detection of the signal level as control information to
the transmitting unit 263 via the switching controliing
unit 305.

[0134]

FIG. 9 is a block diagram showing an example of
detailed configuration of the transmitting unit 263 in
FIG. 7.

[0135]

The transmitting unit 263 in FIG. ¢ has a
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detailed configuration of the transmitting unit 263 in FIG. 7. [0135] The transmitting unit 263 in FIG. 9
has a 62 transmission controlling unit 351, a transmission signal generating unit 352, an amplifying
unit 353, a connecting unit 354, and a connection controlling unit 355. [0136] The transmission
controlling unit 351 controls each part within the transmitting unit 263 to thereby perform a control
process for signal transmission, such as controlling connection to the electrode unit 262 and
outputting a transmission signal, on the basis of the control information supplied from the electrode
controlling unit 261 (the switching controlling unit 305 in the electrode controlling unit 261). [0137] The
transmission signal generating unit 352 can generate a plurality of kinds of transmission signals, for
example. The transmission signal generating unit 352 generates a transmission signal corresponding
0

to transmissionhiSYALOH INdiCATEd By the tPargHission- coRtrofing THic 351 arkd #sh supplies the
transmission 989%%%%@?%@“8H@@“&%9@3§§-§ﬁ§f¥P9WW5ELH@¢ 353, a connecting

unit 254, and a connection controlling unit 355.

[0136]

The transmission controlling unit 351 controls each
part within the transmitting unit Z63 to thereby perform
a control process for signal transmission, such as
controlling connection to éhe electrode unit 262 and
outputting a transmission signal, on the basis of the
control information supplied from the electrode
controlling unit 261 (the switching controlling unit 305
in the electrode controlling unit 261).

[0137]

The transmission signal generating unit 352 can
generate a plurality of kinds of transmission signals,
for example. The transmission signal generating unit 352
generates a transmission signal corresponding to
transmission information indicated by the transmission
controlling unit 351, and then supplies the transmission
signal to the amplifying unit 353. The amplifying unit
353 is formed by an operational amplifier or the like.
Under contrel of the transmission controlling unit 351,
the amplifying unit 353 amplifies the transmission signal

supplied from the transmission signal generating unit 352,
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353 is formed by an operational amplifier or the like. Under control of the transmission controlling unit
351, the amplifying unit 353 amplifies the transmission signal supplied from the transmission signal
generating unit 352, 63 and then supplies the transmission signal to the connecting unit 354 to supply
the transmission signal to the transmission signal electrode and the transmission reference electrode.
The connecting unit 354 has a multi- contact switch for switching connection between output terminals
of the amplifying unit 353 and electrodes. That is, under control of the connection controlling unit 355,
the connecting unit 354 connects each of the output terminal 361 and the output terminal 362 of the
amplifying unit 353 to one of a terminal 363 and a terminal 364 (terminals different from each other),
or disconnect (open) both the outgut terminal 361 and the outEJut telrminalt%%Z. In the example of FIG.

9, the connectifigunit’354 EBRREAE Thé Sutpdttarmiial 381 of -tHE amphifying unit 353 for the

ransmission signal electoge. the Yaminal 364 elociiode 272).and onnecis e oylput teminal

362 for the transmission reference electrode to the terminal 363 (electrode 271). That is, in this case,

the electrode 2%}, acts,as, the: dansmissigndeference electrade; andktheelastrode 242

reference electrode. The connecting unit 354 has a multi-
contact switch for switching connection between output
terminals of the amplifying unit 353 and electrodes. That
is, under control of the connection ccentrolling unit 3553,
the connecting unit 354 connects @é&h cf the output
terminal 361 and the output terminal 36Z of the
amplifying unit 353 to one of a terminal 363 and a
terminal 364 (terminals different from each other}, or
discennect {(open) both the output terminal 361 and the
output terminal 362. In the example of FIG. 9, the
connecting unit 354 connects the output terminal 361 of
the amplifying unit 353 for the transmission signal
electrode to the terminal 364 (electrode 272), and
connects the output terminal 362 for the transmission
reference electrode to the terminal 363 (electrode 271).
That is, in this case, the electrode 271 acts as the
transmission reference electrode, and the electrode 272
acts as the transmission signal electrode.
[0138]

For example, in a mcde of transmitting & signal, on

the basis of the control information generated and
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acts as the transmission signal electrode. [0138] For example, in a mode of transmitting a signal, on
the basis of the control information generated and 64 supplied by the electrode controlling unit 261 in
the mode of checking the capacitive coupling of each electrode, the transmission controlling unit 351
controls the connection controlling unit 355 to connect each terminal of the connecting unit 354 and
thereby determine the transmission signal electrode and the transmission reference electrode. When
the connection to the electrode unit 262 is established, the transmission controlling unit 351 controls
the transmission signal generating unit 352 to generate a transmission signal, controls the amplifying
unit 353 to amplify the transmission signal, and then makes the transmission signal output from the

electrode unit 262 to EQ% &o&mggié:ag?% @%%igjlgn_ gggt\_/}% ltrl@ncgqqggggng é’fiti%54c_k[g_139] As described

above, the transsﬁﬁﬁng device 260 performs optimization by switching the transmission signal
electrode and the,fansmissian reference. eleghode: aeeording io agtate efcapacitive coupling of each

electrode, and then transmits a signal. Therefore the
electrode, the transmission contrcelling unit 351 controls
the connection controlling unit 355 to connect each
terminal of the connecting unit 354 and thereby determine
the transmission signal electrode and the transmission
reference electrode. When the connection to the electrode
unit 562 is established, the transmission cgntrolling
unit 351 controls the transmission signal generating unit
352 to generate a transmission signal, controls the
amplifying unit 353 to amplify the transmissicn signal,
and then makes the transmission signal ocutput from the
electrode unit 262 to the communication medium 280 via
the connecting unit 354.
[0139]

As described above, the transmitting device 260
performs optimization by switching the transmission
signal electrode and the transmission reference electrode
according to a state of capacitive coupling of each
electrode, and then transmits a signal. Therefore the
signal can be transmitted to the receiving device stably
irresgpective of positional relation to the human body of
a user as communicatiocn medium.

[0140]
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signal can be transmitted to the receiving device stably irrespective of positional relation to the human
body of a user as communication medium. [0140] 65 A flow of a process for such control of the
electrodes will next be described. First, a flow of an electrode controlling process in a transmission
process performed by the transmitting device 260 will be described with reference to a flowchart of
FIG. 10. [0141] While the transmission process is performed, the main control unit 301 in step Sl
controls the transmission controlling unit 351 in the transmitting unit 263 via the switching controlling
unit 305 to stop transmitting a signal, with predetermined timing or a predetermined process as a cue.
According to an instruction from the main control unit 301, the transmission controlling unit 351

controls the transmissiogl %jggal %n%ratir:gg_ éjenétSBSEZ to gto%qggnerating thg sciggal. [0142] When the

: : t
generation of the signal 1s stopped, the ‘main contro unit 301 advances the process to step S2, where

then“ﬂnConUOEQQEgpédggﬁwﬁﬁiﬂﬁéﬁ@cggdgescribed. First, a flow of an

electrode controlling process in a transmission process
performed by the transmitting device 260 will be
described with reference to a flowchart of FIG. 10,
[0141]

Wnile the transmission process is performed, the
main control uhit 301 in step S1 controls the L
transmission contrelling unit 351 in the transmitting
unit 263 via the switching controlling unit 305 to stop
transmitting a signal, with predetermined timing or a
predetermined process as a cue. According to an
instruction from the main contrcl unit 301, the
transmission controlling unit 351 controls the
transmission signal generating unit 325Z to stop
generating the signal.

[0142]

When the generation of the signal is stopped, the
main control unit 301 advances the prccess to step S2,
where the main control unit 301 performs the electrode
contrelling process for contrelling the connection
between the electrode unit 262 and the transmitting unit
263. Details of the electrode controlliné process will be

described later. When the electrode controlling process
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controlling process for controlling the connection between the electrode unit 262 and the transmitting
unit 263. Details of the electrode controlling process will be described later. When the electrode
controlling process 66 is ended, the main control unit 301 advances the process to step S3, where the
main control unit 301 controls the transmission controlling unit 351 in the transmitting unit 263 via the
switching controlling unit 305 to start transmitting a signal. According to an instruction from the main
control unit 301, the transmission controlling unit 351 controls the transmission signal generating unit
352 to start generating the signal. [0143] When the transmission of the signal is ended, the main
control unit 301 ends the transmission process. [0144] As described above, the signal is transmitted,
and optimization is é)ecrlfé)éme&by switchin%tgle_ OtEarJlsnrrﬂiéss'go§ilrIL1 Si%?al electrotq? and the transmission

L n . ta Z . vanges e I e33 .
reference electréte according fo A%tate o capacitive coup each electrode. Therefore the main

control unit 301 can, fransmit the-signalfo.the regeiving device stably irespectiye of positional relation
between the transmitting device 260 and the communication medium 280.

transmission controlling unit 351 in the transmitting

unit 263 via the switching controlling unit 305 to start

transmitting a signal. According to an instruction from

the main contrel unit 301, the transmission controlling

unit 351 contrels the transmission signal generating unit

352 to start generatiné.the signal.

[0143]

When the transmission of the signal is ended, the
main control unit 301 ends the transmission process.
[0144]

As described above, the signal is transmitted, and
optimization is performed by switching the transmission
signal electrode and the transmission reference electrode
according to a state of capacitive coupling of each
electrode. Therefore the main control unit 301 can
transmit the signal to the receiving device stably
irrespective of positional relation between the
transmitting device 260 and the communication medium 280.
[0145

Details of the electrode controlling process
performed in step 382 in FIG. 10 will next be described

with reference to a flowchart of FIG. 11.
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[0145] Details of the electrode controlling process performed in step S2 in FIG. 10 will next be
described with reference to a flowchart of FIG. 11. 67 [0146] When the electrode controlling process is
started, the main control unit 301 in step S21 controls the transmitting unit 263 via the switching
controlling unit 305 to disconnect the electrodes and the transmitting unit from each other. Under the
control, the transmission controlling unit 351 in the transmitting unit 263 makes each terminal of the
connecting unit 354 opened, thereby disconnecting the electrode unit 262 and the transmitting unit
263 from each other. [0147] After each electrode and the transmitting unit 263 are disconnected from
each other, the main control unit 301 in step S22 controls the connecting unit 314 via the connection
controlling unit 304 to_set the connection between the electrode unit 262 and the electrode controlling
unit 261 to an ingt%l v?jue. That is, the main control unit 301 controls the connecting unit 314 to

connect the electrode to pe chegked. first.to.the., dgg%cgiﬂgllin_igéléx‘ggggsthgsrng%%@&gl unit 301 in

the main control unit 301 in step 3521 controls the
transmitting unit 263 via the switching controlling unit
305 to disconnect the electrodes and the transmitting
unit from each other. Under the contrel, the transmission
controlling unit 351 in the transmitting unit 263 makes
each terminal of the connectingqunit 354 opened, thereby
disconnecting the electrode unit 262 and the transmitting
unit 263 from each other.

[0147]

After each electrode and the transmitting unit 263
are disconnected from sach other, the main control unit
301 in step 522 controls the connecting unit 314 via the
connection controlling unit 304 to set the connection
between the electrode unit 262 and the electrode
contycelling unit 2¢€1 to an initial value. That is, the
main control unit 301 controls the connecting unit 314 to
connect the electrode to bé checked first to the
detecting unit 313. Then, the main control unit 301 in
step 523 controls ﬁhe signal input controlling unit 302
to set the switch 312 in an on state, whereby a signal
generated in the signal scurce 311 is Input to the

detecting unit 313. The signal is supplied to an
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step S23 controls the signal input controlling unit 302 to set the switch 312 in an on state, whereby a
signal generated in the signal source 311 is input to the detecting unit 313. The signal is supplied to
an 68 electrode of the electrode unit 262 via the detecting unit 313 and the connecting unit 314. The
detecting unit 313 in step S24 detects a potential difference across the load resistance 321 as a
signal level, and supplies information on the potential difference to the retaining unit 303. The
retaining unit 303 in step S25 retains the information on the potential difference as signal level. [0148]
In step 526, the main control unit 301 determines whether the signal level is detected in all patterns.
When the main control unit 301 determines that the detection is completed, the main control unit 301
advances the process to step 527, whete the main contro it 301 obtains the detected signal level
from the retainiﬁélf eu%%ltréj , é}n% ge Eéc‘fa'sieeacc r%%?t%eu&%%trgggs of ath%etbkeﬁeg%&é: %ﬁﬂ%z as an
electrode to be ysgd as the Jyransmission.signal glectiode ofjas amelectiade t9 be, used as the

transmission reference electrode on the basis of the obtained signal level. For example, when the
signal level is a predetgrmings thrasheldamiue or ighetrial difference across the
load resistance 321 as a signal level, and supplies
information on the potential difference to the retaining
unit 303. The retaining unit 303 in step 525 retains the
information on the potential difference as signal level.
[6148]

In step 826, the main control unit 301 determines
whether the signal level is detected in all patterns.
When the main control unit 301 determines that the
detection is conmpleted, the main control unit 301
advances the process to step S27, where the main control
unit 301 obtains the detected signal level from the
retaining unit 303, and selects each of the electrodes of
the electrode unit 262 as an electrode to be used as the
transmission signal electrode or as an electrode to be
used as the transmission reference electrode on the basis
of the obtained signal level. For example, when the
signal level is a predetermined threshold value or higher,
the capacitance formed between the electrode and the
surroundings is large, and therefore the main control
unit 301 determines that the communication medium 280 is

in proximity, and selects the electrode as the
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the capacitance formed between the electrode and the surroundings is large, and therefore the main
control unit 301 determines that the communication medium 280 is in proximity, and selects the
electrode as the 69 transmission signal electrode. Conversely, for example, when the signal level is
lower than the predetermined threshold value, the capacitance formed between the electrode and the
surroundings is small, and therefore the main control unit 301 determines that the electrode is
capacitively coupled with the space, and selects the electrode as the transmission reference
electrode. [0149] The main control unit 301 in step S28 controls the connecting unit 314 via the
connection controlling unit 304 to open all the terminals and thereby disconnect the electrode unit

262 and the elecirofle, controliing.ynit, 261, fram. eaeh other, Then, the, main.coniral unit 301 supplies

identifying information for the transmission signal electrode and the transmission reference electrode
which informatigpdndicatesswhich elestrede s ta bgasadhas, thedranssissionsigaal electrode or the

transmission reference electrode to the transmission controlling unit 351 in the transmitting unit 263
via the switchingheerralling wnit:305. Tihe trapsmissioreortraliing umttween the

electrode and the surroundings is small, and therefore

the main control unit 301 determines that the electrode

is capacitively coupled with the space, and selects the

electrode as the transmission reference electrode.

[0149]

The main control unit 301 in step S28 controls the
connecting unit 314 via the connection controlling unit
304 to open all the terminals and thereby disconnect the
electrode unit 262 and the electrode controlling unit 261
from each other. Then, the main control unit 301 supplies
identifying information for the transmission signal
electrcde and the transmission reference electrode which
information indicates which electrode is to be used as
the transmission signal electrode or the transmission
reference electrode to the transmission controlling unit
351 in the transmitting unit 263 wvia the switching
controlling unit 305. The transmission controlling unit
351 in step 529 controls the connecting unit 354 to
connect the electrodes of the electrode unit 262 o the
transmitting unit 263 on the basis of the supplied

identifying information. That 1is, the electrode unit 262
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351 in step S29 controls the connecting unit 354 to connect the electrodes of the electrode unit 262 to
the transmitting unit 263 on the basis of the supplied identifying information. That is, the electrode
unit 262 70 is thereby connected to the transmitting unit 263 by a method optimized on the basis of
checks by the electrode controlling unit 261. When the process of step S29 is ended, the main control
unit 301 ends the electrode controlling process. [0150] Incidentally, when the main control unit 301
determines in step S26 that the signal level is not detected in all the patterns (signal levels for all the
electrodes are not detected), the main control unit 301 in step S30 controls the connecting unit 314
via the connection controlling unit 304 to reset a pattern of connection between the electrode unit 262
and the electrode controlling unit 261. That is, the connecting unit 314 ¢onnects the terminal 322

connected to the Sd&tBEHRG UNT ST e (ePmitdl for HePBIeErda8 87 0¢ ch&ck&d ndxt. After the
process of step 30 is.ended. (e maln.coptrounit 304 ety e pipasss to sleR 523, to perform
the process for the new elBctro e.e[ 151]

controlling unit 261. When the process of step S29 is

aended, the main control unit 301 ends the electrode

controlling process.

[0150]

Incidentally, when the main control unit 301
determines in step 526 that the signal level is not
detected in all the patterns (signai levels for all the
electrodes are not detected), the main contrcl unit 301
in step 530 contrels the connecting unit 314 via the
connection controlling unit 304 to reset a pattern of
connection between the electrode unit 262 and the
electrode controliing unit 261. That is, the connecting
unit 314 connects the terminal 322 connected to the
detecting unit 313 to the terminal for the electrode to
be checked next. After the process of step 230 is ended,
the main control unit 301 returns the process to step 323
to perform the process for the new electrode.

(01511

That is, each part of the electrode controlling
unit 261 repeatedly performs the processes of steps 3523
to 826 and step S30 to check a state of capacitive

coupling of each electrode. When the checking of all the
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That is, each part of the electrode controlling unit 261 repeatedly performs the processes of steps S23
to S26 and step S30 to check a state of capacitive coupling of each electrode. When the checking of
all the 71 electrodes is thereafter ended, the main control unit 301 performs the process from step
S27 on down to optimize the connection between the electrode unit 262 and the transmitting unit 263.
[0152] Because the electrode controlling process is performed as described above, the main control
unit 301 can determine for each of the electrodes whether to use the electrode as the transmission
reference electrode or whether to use the electrode as the transmission signal electrode, and a signal
can be transmitted to the receiving device stably irrespective of the positional relation between the
transmitting devicleeégo ggg theS cgm&uniga@on rrgl%deigm %[ % L%E’?i] .lné:;j%erntf% r}hgr% may be three
or more electrodes i 166 efectiode Gt 262 Th this case, the transmlﬁlng device 260 tan control

selection of an electiade pairfy switching the connecting unit, 354, Lhatis, phiscase, the
transmitting device 260 does not need to determine an
the connection between the electrode unit 262 and the
transmitting unit 263.
[0152}
Because the electrode controlling process is
performed as described above, the main control unit 301
) can determine for each of th; electrodes whether to use
the electrode as the transmission reference electrode or
whether to use the electrode as the transmission signal
glectrode, and a signal can be transmitted to the
receiving device stably irrespective of the positional
relation between the transmitting device 260 and the
communication medium 280.
[0153]

Incidentally, there may be three or more electrodes
in the electrode unit 2¢2. In this case, the transmitting
device 260 can control selection of an electrode pair by
switching the connecting unit 254. That is, in this case,
the transmitting device 260 does not need to determine an
electrode to be used as the transmission signal electrode
and an electrode to be used as the transmission reference

electrode in such a manner as to distinguish the

electrodes from each other; it suffices to determine
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electrode to be used as the transmission signal electrode and an electrode to be used as the
transmission reference electrode in such a manner as to distinguish the electrodes from each other; it
suffices to determine 72 which plurality of electrodes among the group of electrodes of the electrode
unit 262 are to be used as a pair of the transmission signal electrode and the transmission reference
electrode. That is, in this case, of the electrodes connected to the output terminal 361 and the output
terminal 362, the electrode nearer to the communication medium 280 acts as the transmission signal
electrode as a consequence, and the electrode more distant from the communication medium 280
acts as the transmission reference electrode as a consequence. Therefore the output terminal for the

transmission refere ci@ectr?d% and helout%l%;[t rminalggr t@erl tranrsgnissig? signal electrode do not
need to be diffétentiatdd 1o/ dach Bther. f0154] T addition’ the fraRsitting device 260 may specify

and use a plurality of glegirades as,ihe Jfansmigsion. signabeleciode, and specify and use a_plurality

of electrodes as the transmission reference electrode. In addition, the transmitting device 260 may
pair of the transmission signal electrode and the

transmission reference electrode. That is, 1n this case,
of the electrodes connected to the ocutput terminal 361
and the output terminal 362, the electrode nearer to the
communication medium 280 acts as the transmission signal
electrede as a consequence, and the electrode more
distant from the communication medium 280 acts as the
transmission reference electrode as a consequence.
Therefore the cutput terminal for the transmission
reference electrode and the output terminal for the
transmission signal electrode do not need to be
differentiated from each other.
[G1541

In addition, the transmitting device 260 may
specify and_use a plurality of electrodes as the
transmission signal electrode, and specify and use a
plurality of electrodes as the transmission reference
electrode. In addition, the transmitting device 260 may
specify electrodes to be used as the transmission signal
electrode and eleactrodes to be used as the transmission

reference electrode such that the electredes to be used

as the transmission signal electrode and the electrodes
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specify electrodes to be used as the transmission signal electrode and electrodes to be used as the
transmission reference electrode such that the electrodes to be used as the transmission signal
electrode and the electrodes 73 to be used as the transmission reference electrode are different from
each other in number. [0155] while the transmitting device has been described above, the present
invention can be similarly adapted to the receiving device corresponding to the transmitting device.
That is, the receiving device can also change (control) connection between electrodes and an internal
circuit such that positional relation between the received signal electrode and the reception reference
electrode and the communication medium is optimized according to positional relation between the
receiving devic%gn}g the cocﬁn@ém'%aéio medium. Hence, t?grdescriptcigoen %frtgg electrode connection

control in the transmﬁtir‘“fgS dévice described above with réferéncé I FiG” 6 &an %eaa{:peplied to the

receiving devicey [n-addition, arrangement telation of the electrodes is arbitrary. Further, the

magnitudes of surface areas and shapes of the electrodes are arbitrary, and may be different from
each other, of cqurses

While the transmitting device has been described
above, the present invention can be similarly adapted to
the receiving device corresponding to the transmitting

device. That is, the receiving device can also change

{control} connection between electrodes and aﬁ internal
circuit - such that positional relaticon between the
received signal electrode and the recepticn reference
electrode and the communication medium is optimized
according to positional relation between the receiving
device and the communication medium. Hence, the
description of the electrode connection control in the
transmitting device described above with reference to FIG.
$ can be applied to the receiving device. In addition,
arrangement relation of the electrodes is arbitrary.
Further, the magnitudes of surface areas and shapes of
the electrodes are arbitrary, and may be different from
each other, of course.
[0156]

FIG. 12 is a block diagram showing an example of
internal configuration of an embodiment of such a

receiving device.
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[0156] FIG. 12 is a block diagram showing an example of internal configuration of an embodiment of
such a receiving device. 74 [0157] A receiving device 370 in FIG. 12 corresponds to the transmitting
device 260, and receives a signal supplied by the transmitting device 260 via the communication
medium 280. The receiving device 370 mainly has an electrode controlling unit 371, an electrode unit
372, and a receiving unit 373. [0158] The electrode controlling unit 371 is a processing unit
corresponding to the electrode controlling unit 261 in the transmitting device 260 shown in FIG. 7. The
electrode controlling unit 371 controls connection between the receiving unit 373 and the electrode unit
372. Specifically, the electrode controlling unit 371 checks a state of capacitive coupling of each
electrode in the glegtrode unit 372, identifies the electrode to be used as received signal electrode
and the electrode to be used as reception reference electrode, and then supplies identifying

information identifying thg electrades,gs ceantral infesmation te the yecejvingunit.343+The
the transmitting device 260, and receives a signal
supplied by the transmitting device 260 via the
communicatlon medium 28C. The receiving device 370 mainly
has an electrode controlling unit 371, an electrode unit
372, and a receiving unit 373.
[0158] ﬁ _

The electrode controlliing unit 371 is a processing

unit corresponding to the electrode controlling unit 261
in the transmitting device 260 shown in FIG. 7. The
electrode contrelling unit 371 controls connection
between the receiving unit 373 and the electrode unit 372.
Specifically, the electrode contrelling unit 371 checks a
state of capacitive coupling of each electrode in the
electrode unit 372, identifies the electrode te be used
as received signal electrode and the electrode to be used
as reception reference electrode, and then supplies
identifvyving information identifying the electrodes as
control information to the receiving unit 373. The
electrode controlling unit 371 has basically the same
configuration and operation as the electrode controlling
unit 261. The description above made with reference to

FIG. 7 and the block diagram and the description of the
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electrode controlling unit 371 has basically the same configuration and operation as the electrode
controlling unit 261. The description above made with reference to FIG. 7 and the block diagram and
the description of the 75 electrode controlling unit 261 shown in FIG. 8 can be applied to the electrode
controlling unit 371, and therefore description thereof will be omitted. [0159] The electrode unit 372
corresponds to the electrode unit 262 in the transmitting device 260 shown in FIG. 7. As with the
electrode unit 262, the electrode unit 372 has an electrode 381 and an electrode 382 as a pair of
electrodes having the shape of a disk, for example, and capacitively coupled with an outside. The
receiving unit 373 corresponds to the transmitting unit 263 in the transmitting device 260 shown in

FIG. 7. The receiying, unit 373 performs a process of receiving a. signal via the _electrode unit 372
instoad of e tENSHIETON protaess ToLE0] For Examie Sibast that ss ShGRh FHIG. 1. the

communication medium28Q, serving as4 cgmmunication path, angd;having condyctivity or dielectric
properties approaches the electrode 381. At this time, the electrode 382 is facing a free space, and
forms a capacitanee-6fgre description thereof will be omitted.
[0159]
The electrode unit 372 corresponds to the electrode
unit 262 in the transmitting device 260 shown in FIG. 7.
As with the electrode unit 262, the electrode unit 372
has an electrode 381 and ;n electrode 382 as a pailr of
electrodes having the shape of a disk, for example, and
capacitively coupled with an outside. The receiving unit
373 corresponds to the transmitting unit 263 in the
transmitting device 260 shown in FIG. 7. The receiving
unit 373 performs a process of receiving a signal via the
electrode unit 372 instead of the transmission process.
[0160]7
For example, suppose that as shown in FIG. 12, the
communication medium 280 serving as a communication path
and having conductivity or dielectric properties
appreaches the electrode 381. At this time, the electrede
382 is facing & free space, and forms a capacitance Cxg
385 with the free space. On the other hand, as the
communication medium 280 approaches the electrode 381,
capacitive coupling of the electrode 381 with the free

space is weakened, and capacitive coupling cof the
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395 with the free space. On the other hand, as the communication medium 280 approaches the
electrode 381, capacitive coupling of the electrode 381 with the free space is weakened, and
capacitive coupling of the 76 electrode 381 with the communication medium 280 becomes dominant.
When the communication medium 280 is a conductor or an object having a higher dielectric constant
than air, a capacitance Cre 394 viewed from the electrode 381 is larger than the capacitance Crg 395.
Hence, when some signal is supplied to the electrodes, the magnitude of a load attached to the paths
is known on the basis of the magnitude of signal level of the load. In the case of the free space, the
capacitance is low, and thus the signal level of the load is low. In the case of a conductor or a

dielectric, the caenlaec(i:tgncgeies %,ﬁ@%tr%% theosigng:lLlceé/ 5,8% theelggdniis i ebré[_]O]ﬁ@el The
capacitance as viewed from the eléctrode is thus ¢ anged, andI%here%yt e signa Jeve (magnitude of

amplitude) detegigd:when a signahis-appliedfa.ihe. sleciiodedis changed. Thus, as with electrode
controlling unit 261, by detecting the signal level, the electrode controlling unit 371 can grasp a state
of the electrode cowaetbes the;eommunigation medivm 280 is;intheavieiny tric

constant than alir, a capacitance Cre 394 viewed from the

electrode 381 is larger than the capacitance Crg 395.

Hence, when some signal is supplied to the electrodes,

the magnitude of a lcad attached to the paths is known on

the basis of the magnitude of sign;l level of the load.

In the case of the free space, the capacitance is low,

and thus the signal level of the lcad is low. In the case

of a conductor or a dielectric, the capacitance is high,

and thus the signal level of the lcocad is higher.

[0161]

The capacitance as viewed from the electrode is
thus changed, and thereby the signal level (magnitude of
ampliitude) detected when a signal is applied to the
electrode is changed. Thus, as with electrode controlling
unit 261, by detecting the signal level, the electrode
controlling unit 371 can grasp a state of the electrode
{(whether the communication medium 280 is in the vicinity
or not). The electrode controlling unit 371 controls the
connection between fhe receiving unit 373 and the

electrode unit 372 according to the state of each

electrode which state is thus grasped.
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or not) . The electrode controlling unit 371 controls the connection between the receiving unit 373 and
the electrode unit 372 according to the state of each electrode which state is thus grasped. 77 [0162]
Incidentally, the pattern of connection of the terminals in the connecting unit 354 shown in FIG. 9 is
an example of connection. In practice, the connecting unit 354 is controlled by the connection
controlling unit 355 as described above to change the connection of each terminal in a plurality of
connection patterns including a connection pattern shown in FIG. 13. [0163] FIG. 13 is a block
diagram showing an example of detailed configuration of the receiving unit 373. The receiving unit
373 in FIG. 13 has a reception controlling unit 401, a connection controlling unit 402, a connecting
unit 403, an amplifying, unit 404, and a received signal obtaining unit 405. [0164] On the basis of the
control information supplied from the electrode controlling unit 371 (identifying information identifying

the electrode to be used astheereceived signal elactiade and the glectrade tobe Hsed as

terminals in the connecting unit 354 shown in FIG. @ is
an example of connection. In practice, the connecting
unit 354 is controlled by the ceonnection controlling unit
355 as described above to change the connection of each

terminal in a plurality of connection patterns including

a connection pattern shown in FIG. 13.
(01631

FIG. 13 is a block diagram showing an example of
detailed configuration of the receiving unit 3273. The
receiving unit 373 in FIG. 13 has a reception controlling
unit 401, a connection controlling unit 4C2, a connecting
unit 403, an amplifying unit 404, and a received signal
obtaining unit 405.

[0164]

On the basis of the control information supplied
from the electrode controlling unit 371 (identifying
information identifying the electrode to be used as the
received signal electrode and the electrode to be used as
the reception reference electrode in the electrode group
of the electrode unit 37Z), the reception controlling
unit 401 controls the connecting unit 403 via the

connection controlliing unit 402 to connect a terminal 413
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the reception reference electrode in the electrode group of the electrode unit 372), the reception
controlling unit 401 controls the connecting unit 403 via the connection controlling unit 402 to connect
a terminal 413 78 connected to a terminal of the amplifying unit 404 for the received signal electrode
to the received signal electrode, and connect a terminal 414 connected to a terminal of the amplifying
unit 404 for thecreception! referente electrotiedd thé reception referencuelecttode Ldr the case of FIG.
13, the connecting unit 403 connects the terminal 413 to a terminal 412 connected to the electrode
382, and conriéuts tive terprinal Aildntela temwihab4el tonrérted o theveldc#odaa81. That is, in this
case, the electrode 381 is connected so as to act as the reception reference electrode, and the
electrode 382¢ fscetnmiattad 80 AstoBiceas the fsvaption referdnceiactiotié. [PL65] In addition, the
reception controlling unit 401 controls the amplifying unit 404 as required to amplify a received
received signakand.thieh supplytheraeéivenl signantotthétécdivad sighal ebeiriagunit 405, and

controls the received signal obtaining unit 405 as required to obtain the amplified received signal.
reference electrode to the reception reference electrode.

In the case of FIG. 13, the connecting unit 403 ceonnects
the terminal 413 to a terminal 412 connected to the
electrode 382, and connects the terminal 414 to a
terminal 411 connected to the electrode 381. That is, in
this case, the electrode 381 is connected s0 as to act as
the reception reference electrode, and the electrode 382
is connected so as to act as the reception reference
electrode.

[0165]

In acddition, the reception controlling unit 401
controls the amplifying unit 404 as required to amplify a
received received signal and then supply the received
signal to the received signal obtaining unit 405, and
controls the received signal obtaining unit 405 as
required to obtain the amplified received signail.

{0leb]

As described above, the receiving device 370

controls the electrodes in the same manner as the

transmitting device 260. That 1s, the receliving device
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[0166] As described above, the receiving device 370 controls the electrodes in the same manner as
the transmitting device 260. That is, the receiving device 79 370 performs a reception process in a
similar manner to the transmission process shown in the flowchart of FIG. 10. The receiving device
370 stops signal reception, and then performs the electrode controlling process. After the electrode
controlling process is ended, the receiving device 370 resumes signal reception. The receiving device
370 performs an electrode controlling process as in the case of the electrode controlling process
represented in the flowchart of FIG. 11. The receiving device 370 inputs a signal to each electrode,
grasps a state of capacitive coupling of each electrode on the basis of a signal level obtained, and
then determines3 e rece]'%ved signal electrade and the reception reference electrode. [0167] As
described above, the Signaris feceived End Spihization is pefformead By switching the received

signal electrodeand the reception Jeference electiode, ageording 9 dhe state of the capacitive

coupling of each electrode. Therefore the reception controlling unit 401 enables a signal transmitted

from the transmitting d8¥dC@ cceiving device 370 stops signal reception, and
then performs the electrode controlling process. After
the electrode controlling process is ended, the receiving
device 370 resumes signal reception. The receiving device
370 performs an electrode controlling process as in the
case cof the electrode EOntrolling process represented in
the flowchart of FIG. 11. The receiving device 370 inputs
a signal to each electrode, grasps a state of capacitive
coupling of each electrode on the basis of a signal level
obtained, and then determines the received signal
electrode and the reéeption reference electrode.
01671

As described above, the signal is received, and

optimization is performed by switching the received
signal electrode and the reception reference electrode
according to the state of the capacitive coupling of each
electrode. Therefore the reception controlling unit 401
enables a signal transmitted from the transmitting device
to be received stably irrespective of positional relation
between the receiving devige 370 and the communication
medium 280.

{0ie8]
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to be received stably irrespective of positional relation between the receiving device 370 and the
communication medium 280. [0168] 80 Incidentally, the electrode controlling process may be
performed while the transmitting device 260 and the receiving device 370 performing communication
are synchronized with each other. A flow of the process in this case will be described with reference
to a flowchart of FIG. 14. [0169] The transmitting device 260 that has been performing the
transmission process first transmits a transmission stop notifying signal to the receiving device 370 in
step S41 to notify the receiving device 370 that the transmission process will be stopped. When the
notification is completed, the transmitting device 260 advances the process to step 542, where the
transmitting device 260 stops signal transmission. The transmitting device 260 performs the electrode

controlling process desctbetAfith efefendd fo e fiowRhsmt OF EIEC 11 1R 9%sRpHS J0178] When the

recewnm;devmq&gﬂ%g&§%¥%§gl&ggﬁge§h@ transmitting device 260 and the

receiving device 370 performing communication are
synchronized with each other. A flow of the process in
this case will be described with reference to a flowchart
of FIG. 14.

[0169]

The transmitting device £6O that has been
performing the transmission process first transmits a
transmission stop notifyving signal to the receiving
device 370 in step $41 to notify the receiving device 370
that the transmission process will be stopped. When the
notification is completed, the transmitting device 260
advances the process to step $42, where the Transmitting
device 260 stops signal transmission. The transmitting
device 260 performs the slectrode controlling process
described with reference te the flowchart of FIG. 11 in
step 343.

[1Q176]

When the receiving device 370 in step 561 receives
the transmission stop notifying signal transmitted in
step S41 by the transmitiing device 260, the receiving
device 370 advances the process to step S62Z, whereby the

recelving device 370 stops signal reception. The
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the transmission stop notifying signal transmitted in step S41 by the transmitting device 260, the
receiving device 370 advances the process to step 562, whereby the receiving device 370 stops
signal reception. The 81 receiving device 370 thereafter performs the electrode controlling process
described with reference to the flowchart of FIG. 11 in step S63. [0171] After the electrode controlling
process in step S43 is ended, and thus the connection between the electrode unit 262 and the
transmitting unit 263 is optimized, the transmitting device 260 advances the process to step 044,
where the transmitting device 260 starts signal transmission. Then the process is ended. [0172] After
the receiving device 370 ends the electrode controlling process, and thus optimizes the connection
between the electrode unit 372 and the receiving unit 373, the receiving device 370 advances the

process to step 647 Wheié RETRE8iving dg%}ie_é _%‘“Sﬁéﬁé@sﬁgﬁﬁ“@cé ﬁor?l_%gmﬁé process is
ended. [0173] As described above, the tragsmiting device 260 and, the receiving device 370

synchronize timing of perforniing
flowchart of FIG. 11 in step S63.

01717

After the electrode contreolling process in step 543
is ended, and thus the connecticon between the electrode
unit 262 and the transmitting unit 263 1is optimized, the
t;ansmitting device 260 advances the pré&ess to step 3544,
where the transmitting device 260 starts signal
transmission. Then the process is ended.

[0172]

After the receiving device 3270 ends the electrode
controlling process, and thus optimizes the connection
between the electrode unit 372 and the receiving unit 373,
the receiving device 370 advances the process tc step 564,
where the receiving device 370 starts signal reception.
Then the process 1is ended.

(01731

As described above, the transmitting device 260 and
the receliving device 370 synchreonize timing of performing
the electrode contrelling process with each other.

Thereby, the transmitting device 260 and the receiving

device 370 reduce problems in communication such for

example as a case where the transmitting device 260
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the electrode controlling process with each other. Thereby, the transmitting device 260 and the
receiving device 370 reduce problems in communication such for example as a case where the
transmitting device 260 82 transmits a signal while the receiving device 370 is performing the
electrode controlling process. Therefore the communication process can be performed more
efficiently and more accurately. [0174] Incidentally, while in the above description, the electrode unit
372 has two electrodes (the electrode 381 and the electrode 382), the present invention is not limited
to this, and the number of such electrodes may be three or more. In this case, the receiving device
370 can control selection of an electrode pair by switching the connecting unit 403. That is, in this
case, the receiving device 370 does not need to determine an electrode to be used as the received

signal electrode &id-aft Eisciodd 15 He WB&d Bs'thE ré&&ston RfefShtE Elett8dé Tn such a manner

as to distinguish thefelectrode§£rom fggleroot gr;ci(g Sgicff 19 det rmi?Swhi%elyé%lggf Of electrodes

oce . . .
among the grou%eo% eléttrodes of the electrode unit 372 are {6 be used as a pailr of the received signal

electrode and the reception,referange electrode. That ise s ormed nore
efficiently and more accurately.
[0174]

Incidentally, while in the above description, the
electrode unit 372 has two electrodes (the electrode 381
and the el;ctrode 382), the present invention 1is ;ot
limited teo this, and the number of such electrcdes may be
three or more. In this case, the receiving device 370 can
control selection of an electrode pair by switching the
connecting unit 403. That is, in this case, the receiving
device 370 does not need to determine an electrode to be
used as the received signal electrode and an electrode to
be used as the reception reference electrode in such a
manner as to distinguish the electrodes from each other;
it suffices to determine which plurality of electrodes
among the greoup of electrodes of the electrede unit 372
are to be used as a pair of the received signal electrode
and the reception reference electrode. That is, in this
case, cf the electredes connected to the input terminal
413 and the input terminal 414, the electrode nearer to
the communication medium 280 acts as the received signal

electrode as a conseguence, and the electrode more
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case, of the electrodes connected to the input terminal 413 and the input terminal 414, the electrode
nearer to the communication medium 280 acts as the received signal electrode as a consequence,
and the electrode more 83 distant from the communication medium 280 acts as the reception
reference electrode as a consequence. Therefore the output terminal for the reception reference
electrode and the output terminal for the received signal electrode do not need to be differentiated
from each other. In addition, arrangement relation of the electrodes is arbitrary. Further, the
magnitudes of surface areas and shapes of the electrodes are arbitrary, and may be different from
each other, of course. [0175] In addition, the receiving device 370 may specify and use a plurality of
electrodes as the received S|%nal electrode, and specify and use Iurah%sof electrodes as the

reception referefic& eféctrade.n it hE e’ Ning BEdiEe™ 2dfy l&&trodes to be used
as the rece'Vedrsé%'é%ltel%%t“%%%9@9&!@“&%%5&%98 ”§§d ag fhe recention refqeltl%r}egfglggtrode such

that the electrodes to'be used as the received signal e ectrode and the electrodes to be used as the
reception referepge electrade aredifferent from gach OtherdRIWMBeL rence electrode

and the output terminal for the received signal electrode
do not need to be differentiated from each other. In
addition, arrangement relation of the electrodes is
arbitrary. Further, the magnitudes of surface areas and
shapes of the elecfﬁodes are arbitrary, and may ke
different from each other, of course.

[0175]

In addition, the receiving device 370 may specify
and use a plurality of electrodes as the received signal
electrode, and specify and use a plurality of electrodes
as the reception reference electrode. In addition, the
receiving device 370 may specify electrodes to be used as
the recelved signal electrode and electrodes to be used
as the recepticn reference electrode such that the
electrodes to be used as the received signal electrode
and the electrodes to be used as the reception reference
electrode are different from each other in number.

[01786]

Incidentally, one device may of course have both

the functicns of the above-described transmitting device

260 and the functions of the receiving device 370.
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[0176] Incidentally, one device may of course have both the functions of the above-described
transmitting device 260 and the functions of the receiving device 370. 84 [0177] FIG. 15 is a block
diagram showing an example of configuration of an embodiment of a communicating device to which
the present invention is applied, the communicating device corresponding to the transmitting device
260 in FIG. 7 and the receiving device 370 in FIG. 13. [0178] The communicating device 450 in FIG.
15 performs the same communications as the communications performed by the transmitting device
260 and the receiving device 370 bidirectionally with another communicating device 450 via a
communication medium 280. The communicating device 450 has an electrode controlling unit 451, an
electrode unit 4?@ ,?@d a communicating unit 453. [0179] The electrode controlling unit 451 is a
processing unit'corresponding to the electrode controlling unit 261 (FIG. 7) and the electrode

controlling unit 371 (FIG.;12). The ggecgrq:gleog%nt&qlggg &Qitéﬁgwg%@rgﬁ C&l&%&ign of

configuration of an embodiment of a communicating device
to which the present invention is applied, the
communicating device corresponding to the transmitiing
device 260 in FIG. 7 and the receiving device 370 in FIG.
13.
[c1781

The communicating device 450 in FIG. 15 performs
the same communications as the communications performed
by the transmitting device 260 and the receliving device
370 bidirectionally with another communicating device 450
via a communication medium 280. The communicating device
450 has an electrode controlling unit 451, an electrode
unit 452, and a communicating unit 453.
[0179]

The electrode controlling unit 451 is a processing
unit corresponding to the electrode controlling unit 261
(FIG. 7) and the electrode controliing unit 371 (FIG. 1Z).
The electrode controlling unit 451 controls connection
between the electrode unit 452 and the communicating unit
453, Specifically, the electrode controlling unit 451
checks a state of capacitive coupling of each electrode

in the electrode unit 452, identifies an electrode to be
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between the electrode unit 452 and the communicating unit 453. Specifically, the electrode controlling
unit 451 checks a state of capacitive coupling of each electrode in the electrode unit 452, identifies an
electrode to be 85 used as transmission signal electrode, an electrode to be used as received signal
electrode, an electrode to be used as transmission reference electrode, and an electrode to be used
as reception reference electrode, and then supplies identifying information identifying the electrodes
as control information to the communicating unit 453. The electrode controlling unit 451 has basically
the same configuration and operation as the electrode controlling unit 261 and the electrode
controlling unit 371. The block diagram and the description of the electrode controlling unit 261 shown

in FIG. 8 can be applied totthe electrode controllini; u?it 451,gnd theref?re descriptjﬁon hereof will be
omitted. Howevef, Sinée the SIREHHEE Lk A5 HaS f50F erédtictes® thé efsttiode cortréifing unit 451

checks states of capagitive counling of Pélntgg fg%g@%@ggsaygrfe%geg@%allgo while the connecting

unit 314 in FIG. 8 has been described as a switch having two contacts on one side which switch
selectively conngstsithestermingln322 te the-terminal-323 ok the-terminal324,.because the

electrode to be used as reception reference slectrode,
and then supplies identifyving information identifying the
electrodes as control information to the communicating
unit 453. The electrode controlling unit 451 has
basically the same configuration and ;peration as the
electrode contreolling unit 261 and the electrode
controlling unit 371. The block diagram and the
description of the electrode controlling unit 261 shown
in FIG. 8 can be applied tc the electrode contrelling
unit 451, and therefcre description thereof will be
omitted. However, since the electrode unit 452 has four
electrodes, the electrode controlling unit 451 checks
states of capacitive coupling of all the four electrodes.
More specifically, while the connecting unit 314 in FIG.
8 has been described as a switch having two contacts on
one side which switch selectively connects the terminal
322 to the terminal 323 or the terminal 324, because the
number of terminals selected to be connected to the
terminal 322 corresponds to the number of electrodes in

the electrode unit, the connecting unit in the

communicating device 450 is formed by a switch having
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number of terminals selected to be connected to the terminal 322 corresponds to the number of
electrodes in the electrode unit, the connecting unit in the communicating device 450 is formed by a
switch having 86 four contacts on one side. [0180] The electrode unit 452 corresponds to the
electrode unit 262 in the transmitting device 260 shown in FIG. 7. As with the electrode unit 262, the
electrode unit 452 has pairs of electrodes having the shape of a disk, for example, and capacitively
coupled with an outside. However, the electrode unit 452 has four electrodes 461 to 464. The
communicating unit 453 corresponds to the transmitting unit 263 in the transmitting device 260 shown
in FIG. 7. The communicating unit 453 performs not only a transmission process but also a process of
receiving a sign%IO\{lig tggneggcggosd%gniéégzs Thgt is, the electrode unit 452 performs a communication
process for achieving atwo-way communication with another communicating device 450. [0181] For
example, supposgthatas shown in FIG. 15, the communication medium 280 serving as a
communication path- and having conductivity or dielectric properties

The electrode unit 452 corresponds to the electrode
unit 262 in the transmitting device 260 shown in FIG. 7.
BAs with the electrode unit 262, the electrode unit 452
has pairs of electrodes having the shape of a disk, for
example, and capacitively coupled with an outside.
Howeveg, the electrode unit 452 has four elec%rodes 461
to 464, The communicating unit 453 corresponds to the
transmitting unit 263 in the transmitting device 260
shown in FIG. 7. The communicating unit 453 performs not
only a transmission process but also a process of
receiving a signal via the electrode unit 452. That 1is,
the electrode unit 452 performs a communication process
for achieving a two-way communication with another
communicating device 450,

[0181]

For example, suppose that as shown in FIG. 15, the
communication medium 280 serving as a communication path
and having conductivity or dielectric properties
approaches the electrode 461 and the electrode 46Z. At
this time, the electrode 463 1s facing a free space, and

forms a capacitance Ccg 473 with the free space (a

capacitance between the electrode 463 and a reference
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approaches the electrode 461 and the electrode 462. At this time, the electrode 463 is facing a free
space, and forms a capacitance Cog 473 with the free space (a capacitance between the electrode
463 and a reference 87 point 496-1 representing a virtual point at infinity from the electrode 463).
Similarly, the electrode 464 is also facing the free space, and forms a capacitance Ccg 474 with the
free space (a capacitance between the electrode 464 and a reference point 496-2 representing a
virtual point at infinity from the electrode 464). On the other hand, as the communication medium 280
approaches the electrode 461 and the electrode 462, capacitive coupling of the electrode 461 and
the electrode 462 with the free space is weakened, and capacitive coupling of the electrode 461 and

the electrode 462 with tQ%es(-:— mmunicationtrpnecgiumVZ%QCbe ome;ndt()minagt. Vﬂ??@ th&ggﬂmmunication
medium 280 is & Q6Rductor or alﬁegﬁjggte rF1avmg a hig &1 digldttic Constant’ ffnan ai, a capacitance

Cce 471 viewed,from the electradq 461 and a, capacitancs, Ceg A72 vigwed,frgm.the glectrode 462

are larger than the capacitance Ccg 473 or Ccg 474."Hence, when some signal is supplied to the

electrodes, the magniidenef alead afaehed i therpaths is knoyiren dhe dbasis of the magnitude of
signal level of the load. In

with the free space (a capacitance between the electrode
464 and a reference point 496-2 representing a virtual
point at infinity from the electrode 464). On the other
hand, as the communication medium 280 approaches the
electrode 461 a;d the electrode 462, capacitive coupliﬁg
of the electrode 461 and the electrode 462 with the free
space is weakened, and capacitive coupling of the
electrode 461 and the electrode 462 with the
communication medium 280 becomes dominant. When the
communication medium 280 is a conducter or an object
having a higher dielectric constant than air, a
capacitance Cce 471 viewed from the electrode 461 and a
capacitance Cce 472 viewed from the electrode 462 are
larger than the capacitance Ccg 473 or Ccg 474. Hence,
when scme signal is supplied to the electrodes, the
magnitude of a load attached to the paths is known on the
basis of the magnitude o©of signal level of the load. In
the case of the free space, the capacitance is low, and
thus the signal level of the lcad is low. In the case of
a conductor or a dielectric, the capacitance 1s high, and

thus the signal level of the load is higher.
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the case of the free space, the capacitance is low, and thus the signal level of the load is low. In the
case of a conductor or a dielectric, the capacitance is high, and thus the signal level of the load is
higher. 88 [0182] The capacitance as viewed from the electrode is thus changed, and thereby the
signal level (magnitude of amplitude) detected when a signal is applied to the electrode is changed.
Thus, by detecting the signal level, the electrode controlling unit 451 can grasp a state of the
electrode (whether the communication medium 280 is in the vicinity or not) The electrode controlling
unit 451 controls the connection between the communicating unit 453 and the electrode unit 452
according to the state of each electrode which state is thus grasped. [0183] Under control of the
electrode controuglgsggit 451, the communicating unit 453 connects each of the electrodes 461 to 464
of the electrode unit 452 as the transmission signal electrode, the transmission reference electrode,

the received signal electrade, or the ;reception reference; electrode,, or dogs npf gannect each of the
electrodes 461 to 464. [0184]

thus changed, and thereby the signal level (magnitude of
amplitude) detected when a signal ls applied to the
electrode 1s changed, Thus, by detecting the signal level,
the electrode controlling unit 451 can grasp a state of
the electrode (whether the communication medium 280 is in
the vicinity or not}. Tﬁé electrode controliing unit 451
controls the connection between the communicating unit

453 and the electrode unit 452 according to the state of
each electrode which state 1s thus grasped.

[0183]

Under control of the electrode controlling unit 451,
the communicating unit 453 connects each of the
electrodes 461 to 464 of the electrode unit 452 as the
transmission signal electrode, the transmission reference
electrode, the received signal electrode, or the
reception reference electrode, or dces not connect each
of the electrodes 461 to 464,

[0184]

Incidentally, the pattern of connection of the
terminals in the connecting unit 403 shown in FIG. 13 is
an example of connection. In practice, the connecting

unit 403 is controlled by the connection controlling unit
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Incidentally, the pattern of connection of the terminals in the connecting unit 403 shown in FIG. 13 is
an example of connection. In practice, the connecting unit 403 is controlled by the connection
controlling unit 89 402 as described above to change the connection of each terminal in a plurality of
connection patterns including the connection pattern shown in FIG. 13. [0185] FIG. 16 is a block
diagram showing an example of detailed configuration of the communicating unit 453 in FIG. 15. As
shown in FIG. 16, the communicating unit 453 has a communication controlling unit 501, a
transmission signal generating unit 502, an amplifying unit 503, a connection controlling unit 504, a
connecting unit 505, an amplifying unit 506, and a received signal obtaining unit 507. [0186] That is,
for two-way communicatian, the, communicating unit 453 has both a configuration corresponding to
the transmitting g{r}% 763 i%nel‘—slgléjgﬁmd agCc):xéenfiJgrjgranlrtl)anngc?rre%s?]p%ncél?r'rfgrj1 o &%Oﬁec%ﬁliﬁﬁ %Eﬁit 373 shown
in FIG. 13. Specifically,.the gammunicatian .controlling, yait 503,cqttasponds to,the transmission

controlling unit 351 in FIG. 9 and the reception
the connection pattern shown in FIG. 13.
[0185]

FIG. 16 1s a block diagram showing an example of
detailed configuration ¢f the communicating unit 453 in
FIG. 15. As shown in FIG. 16, the communicating unit 453
has a communication controlling uﬁit 501, a transmission
signal generating unit 502, an amplifying unit 503, a
connection contrelling unit 504, a connecting unit 505,
an amplifying unit 506, and a received signal obtaining
unit 507.

10186}

That is, for two-way communication, the
communicating unit 453 has both a configuration
corresponding Lo the transmitting unit 263 in FIG. 92 and
a configuration corresponding to the receiving unit 373
shown in FIG. 13. Specifically, the communication
contrelling unit 501 corresponds to the transmission
controlling unit 351 in FIG. ¢ and the reception
controlling unit 401 in FIG. 13. The communication
controlling unit 501 performs a control process involved
in a transmission process and a reception process on the

basis of control information supplied from the electrode
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controlling unit 401 in FIG. 13. The communication controlling unit 501 performs a control process
involved in a transmission process and a reception process on the basis of control information
supplied from the electrode 90 controlling unit 451. The transmission signal generating unit 502
corresponds to the transmission signal generating unit 352 in FIG. 9. The transmission signal
generating unit 502 is controlled by the communication controlling unit 501 to generate a transmission
signal corresponding to transmission information, and supply the transmission signal to the amplifying
unit 503. The amplifying unit 503 corresponds to the amplifying unit 353 in FIG. 9. The amplifying unit
503 is controlled by the communication controlling unit 501 to amplify the transmission signal

supplied from the transmission signal generatj nit 502, .and supply the amplified_ transmission
signal to the corﬁ:ﬁt’erf:tfirnctf:;?l;trf“if1 §05™b18 heagogr%nlé[&fbrhséﬁ&nst%]ﬁﬁlg f%ﬁ 4 Sorredpondsto the

connection controlling ypit 3551 G, 9.and the, connection canfrglling ypit 402 in FIG. 13. The
connection controlling unit 504 is controlled by the communication controlling unit 501 to control
connections in the-eennecting LNit 5852 The conpecting uNikS@3ansmission signal
generating unit 502 is controlled by the communication
controlling unit 501 to generate a transmissicn signal
corresponding to transmission information, and supply the
transmission signal to the amplifying unit 503. The
ampiifying unit 503 corresponds to the ampiifying unit
353 in FIG. 8. The amplifving unit 503 is controlled by
the communication contrelliing unit 501 to amplify the
transmission signal supplied from the transmission signal
generating unit 502, and supply the amplified
transmission signal to the connecting unit 505,
rersv)

The connection controlling unit 504 corresponds to
the connection controlling unit 355 in FIG. ¢ and the
connection controlling unit 402 in FIG. 13. The
connection controlling unit 204 is controlled by the
communication controlling unit 501 to control connections
in the connecting unit 505, The connecting unit 505
corresponds to the connecting unit 354 in FIG. 9 and the
connection controlling unit 402 in FIG., 13. The

connecting unit 505 controls connections between the

amplifying unit 503 and the amplifying unit 506 and the
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corresponds to the connecting unit 354 in FIG. 9 and the connection controlling unit 402 in FIG. 13.
The connecting unit 505 controls connections between the amplifying unit 503 and the amplifying unit
506 and the 91 electrodes 461 to 464. The connecting unit 505 has a terminal 511 connected to a
terminal of the amplifying unit 503 for the transmission signal electrode, a terminal 512 connected to
a terminal of the amplifying unit 503 for the transmission reference electrode, a terminal 531
connected to a terminal of the amplifying unit 506 for the received signal electrode, and a terminal
532 connected to a terminal of the amplifying unit 506 for the reception reference electrode. The
connecting unit 505 connects each of these terminals to one of a terminal 521 connected to the
electrode 461, a terminal 522 connected to the electrode 462, a termjnall%§%3 connected to the

I

electrode 463, ahd & [erMiRAl 854 ¢Shrietied ththe SIENFSde 484 trminal] difiéreht from each
other). That IS, e gennectiag il BeHaIDs 2, IASGRS,9hasong i pleciages 401 10 464 as

one of the transmission signal electrode, the transmission reference electrode, the réceived signal
electrode, and the;jreceptonsefergace eleairodes (0188l gnat electrode, a

terminal 512 connected to a terminal of the amplifying
unit 503 for the transmission reference electrode, a
terminal 531 connected to & terminal of the amplifying

unit 506 for the received signal electrode, and a

terminal 532 connected to a terminal cof the amplifving
unit 506 for the reception reference electrode. The
connecting unit 505 connects each of these terminals to
one of a terminal 521 connected to the electrode 461, a
terminal 522 connected tc the elecirode 462, a terminal
523 connected to the electrode 463, and a terminal 524
connected to the electrode 464 (terminals different from
each other). That is, the connecting unit 505 performs a
process of assigning the electrodes 461 to 464 as one of
the transmission signal electrode, the transmission
reference electrode, the receilved signal electrode, and
the reception reference electrode.
[0188]

The amplifying unit 506 corresponds to the
amplifying unit 404 in FIG. 13. The amplifying unit 506
is controlled by the communication controlling unit 501

to amplify a received signal supplied via the connecting
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The amplifying unit 506 corresponds to the amplifying unit 404 in FIG. 13. The amplifying unit 506 is
controlled by the communication controlling unit 501 to amplify a received signal supplied via the
connecting 92 unit 505 and supply the received signal to the received signal obtaining unit 507. The
received signal obtaining unit 507 corresponds to the received signal obtaining unit 405 in FIG. 13.
The received signal obtaining unit 507 is controlled by the communication controlling unit 501 to
obtain the received signal supplied from the amplifying unit 506. [0189] Since the electrode controlling
process is performed as described above, the communicating device 450 can determine for each of
the electrodes whether to use the electrode as the transmission reference electrode, whether to use
the electrode as the transmission signal electrode, whether to g§§ the eI%ctrode asv'gg% reception

Vi

reference electrdtel whethérfd Fa8 e elettiotis W5 the" rédéiléd sighar efedtfode: BF whether to
disconnect the electroidedk;l' thaei%qrg ?qpfjl%tir%g) qQVi%éSQ gan itgg@fgrlegng{fo(ggltaigmhgansmission

. szbgrma L . . i
and reception stably irrespective of positional relation between the communicating device 450 and
the communicatign medjym-28Q-esponds to the received signal obtaining

unit 405 in FIG. 13. The received signal cobtaining unit
507 is controlled by the communication controlling unit
501 to obtain the received signal supplied from the
amplifying unit 506,
[0189]

Since the electrode controlling process is
performed as described above, the communicating device
450 can determine for each of the electrcdes whether to
use the electrode as the transmission reference electrode,
whether to use the electrode as the transmission signal
electrode, whether to use the electrode as the reception
reference electrode, whether to use the electrode as the
received signal electrode, or whether to disconnect the
electrode. The communicating device 450 can therefore
perform signal transmission and reception stably
irrespective of positiocnal relation between the
communicating device 4350 and the communication medium Z280.
01907

Incidentally, there may be five or more electrodes
in the electrode unit 452. In this case, the

communicating device 450 can control selection of an
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[0190] Incidentally, there may be five or more electrodes in the electrode unit 452. In this case, the
communicating device 450 can control selection of an 93 electrode pair by switching the connecting
unit 505. That is, in this case, the communicating device 450 does not need to determine an
electrode to be used as the transmission signal electrode and an electrode to be used as the
transmission reference electrode in such a manner as to distinguish the electrodes from each other,
and does not need to determine an electrode to be used as the received signal electrode and an
electrode to be used as the reception reference electrode in such a manner as to distinguish the
electrodes from each other. It suffices for the communicating device 450 to determine which plurality
of electrodes or V\_/Lhicr% eIertrode. among thetg{lqu o%glectrodes og the electrode.unit 452 are to be
used as an electrods praﬁr faor%‘"i‘gjﬁal F’an%‘ﬁ%’isslo“ﬁ, And'" Getérmmine which Bﬁﬁality ot electrodes or which

electrode among the gjoup of electiodes,of the glectrods. N 452 2re. 1056 sedag;gp electrode pair

for signal reception. [0191) In addition, the communicating device 450 may allow
need to determine an electrode to be used as the

transmission signal electrode and an electrode to be used
as the transmission reference electrode in such a manner
as to distinguish the electrodes from each other, and
does not need to determine an elecirode to be used as the
recelved signal electrode gnd—an electrode to be used as
the reception reference electrode in such a manner as to
distinguish the electrodes from each other. It suffices
for the communicating device 450 to determine which
plurality of electrodes or which electrode among the
group of electrodes of the electrode unit 452 are to be
used as an electrode pair for signal transmissiocn, and
determine which plurality of electrodes or which
electrode among the group cof electrodes of the electrode
unit 452 are to be used as an electrode pair for signal
recepticon.
[0191]

In addition, the communicating device 450 may allow
an electrode to be shared between the electrode pair for
signal transmission and the electrode pair for signal

reception. Further, the communicating device 450 may

identify a plurality of electrodes as electrodes to be
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an electrode to be shared between the electrode pair for signal transmission and the electrode pair for
signal reception. Further, the communicating device 450 may identify a plurality of electrodes as
electrodes to be 94 used as the transmission signal electrode, identify a plurality of electrodes as
electrodes to be used as the transmission reference electrode, identify a plurality of electrodes as
electrodes to be used as the received signal electrode, and identify a plurality of electrodes as
electrodes to be used as the reception reference electrode. [0192] In addition, the communicating
device 450 may identify electrodes to be used as the transmission signal electrode, electrodes to be
used as the transmission reference electrode, electrodes to be used as the received signal electrode,
and electrodes to be used as the reception referepce electrode such that the eslgctrodes to be used

as the transmissioh Sigifal “BfectrodieStHe® Bletttodbg 8 be ussd a8 te transisdidn *reference
electrode, the electrodes 1o be-used as the recelved signal glectrode, and the, electrodes to be used

as the reception reference electrode are ditferent from each other in number. In addition, arrangement

relation transmission reference electrode, identify a plurality of
electrodes as slectrodes to be used as the received
signal electrode, and identify a plurality of electrodes
as electrodes to be used as the reception reference
electrode,
{0192]

In addition, the communicating device 450 may
identify electrodes to be used as the transmission signal
electrode, electrodes to be used as the transmission
reference electrode, electrodes to be used as the
received signal electrode, and electrodes to be used as
the reception reference electrode such that the
electrodes to be used as the transmission signal
electrode, the electrodes toc be used as the transmission
reference electrode, the electrodes to be used as the
recelved signal electrode, and the electrodes to ke used
as the reception reference electrode are different from
each other in number. In addition, arrangement relation
of the electrodes is arbitrary. Further, the magnitudes
of surface areas and shapes of the electrodes are

arbitrary, and may be different from each other, of

course.,
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of the electrodes is arbitrary. Further, the magnitudes of surface areas and shapes of the electrodes
are arbitrary, and may be different from each other, of course. 95 [0193] Incidentally, the pattern of
connection of the terminals in the connecting unit 505 shown in FIG. 16 is an example of connection.
In practice, the connecting unit 505 is controlled by the connection controlling unit 504 as described
above to change the connection of each terminal in a plurality of connection patterns including a
connection pattern shown in FIG. 16. [0194] Incidentally, the communicating device 450 performs a
transmission process and a reception process in the same manner as the transmitting device 260 and
the receiving device 370 described above. Hence, the communicating device 450 performs the
electrode contr IM% process of checking a state of capacitive coupling of each electrode and
assigning each electrode as one of the transmission signal electrode, the transmission reference

electrode, the received signal d%'SEE[E’??’, ategéh% reception reference glectrode: ageording to the state

in the same manner as described
terminals in the connecting unit 505 shown in FIG. 16 is

an example of connection. In practice, the connecting
unit 505 is contrelled by the connection controlling unit
504 as described above to change the connection of each
terminal in a plurality of connection patterns including
a connection pattern shown in FIG. 16.
[0194]

Incidentally, the communicating device 450 performs
a transmission process and a reception process in the
same manner ag the transmitting device 260 and the
recelving device 370 described above. Hence, the
communicating device 450 performs the electrode
centrolling process of checking & state of capacitive
coupling of each electreode and assigning each electrode
as one ¢f the transmission signal electrode, the
transmission reference electrcde, the received signal
electrode, and the reception reference electrode
according to the state in the same manner as described
with reference to the flowchart of FIG. 1i. Therefore
description thereof will be omitted.
{0185]

Incidentally, a plurality of communicating devices
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with reference to the flowchart of FIG. 11. Therefore description thereof will be omitted. [0195]
Incidentally, a plurality of communicating devices 96 450 performing communication may synchronize
timing of performing the electrode controlling process as in the case of the transmitting device 260
and the receiving device 370 described above. A flow of the process in this case will be described
with reference to a flowchart of FIG. 17. [0196] With predetermined timing or a predetermined event
as a cue, one of two communicating devices 450 communicating with each other (a communicating
device 450-1) transmits a transmission and reception stop notifying signal notifying a stoppage of a
transmission and reception process to the other communicating device in step S81. The other

communicating gwceé}?&% Iggﬂt%eg gi%r;aeur %eCVé%e communlcatljlrg%wnh;the ommunicating device

450-1 receives the transmission reception stjé(ﬁnngﬁf\}inSg"’ agn?fﬁ%t%p 161 %rhe communicating
device 450-2 trapsmits anacknowledgment signal in 1espeNse 1 -the.received; frapgmission and

reception stop notifying signal in step 5102.

case of the transmitting device 260 and the receiving
device 370 described above. A flow of the process in this
case will be described with reference to a flowchart of
FIG. 17.
[0196]

With predeéermin@d timing or a predetermined even£
as a cue, one of two communicating devices 450
communicating with each other (a communicating device
450-1) transmits a transmission and reception stop
notifying signal notifying a stoppage of a transmission
and recepticn process to the other communicating device
in step 381. The other communicating device 450-2 as the
other device communicating with the communicating device
450-1 receives the transmission and reception stop
notifyving signal in step S$101. The communicating device
450-2 transmits an acknowledgment signal in response Lo
the received transmission and reception stop notifying
signal in step S102.
[0197)]

The communicating device 450-1 receives the
acknowledgment signal in step S82. Receiving the

acknowledgment signal, the communicating device 450-1
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[0197] The communicating device 450-1 receives the acknowledgment signal in step 582. Receiving
the acknowledgment signal, the communicating device 450-1 97 stops signal transmission and
reception in step 583, and performs the electrode controlling process in step 584. Details of the
electrode controlling process are the same as described with reference to the flowchart of FIG. 11,
and therefore description thereof will be omitted. After the electrode controlling process is ended, the
communicating device 450-1 starts signal transmission and reception in step 585, and then ends the
process. [0198] The communicating device 450-2 that has transmitted the acknowledgment signal
stops signal transmission and reception in step 5103, and performs the electrode controlling process
in step 5104. Details of the electrode controlling process are the same as described with reference to

the flowchart of £GP 11 5afd terefora™teseriBlion tereoF fib& Briitted ™ ARl the efidtode

e ProcSiB FEMEC e OUaUng ey 450 s S engmisen o
Petails of the electrode controlling process are the same
as described with reference to the flowchart of FIG. 11,
and therefore description thereof will be omitted. After
the electrode controlling process is ended, the
communicating device 450~1 starts signal transmission and
recepticon in step S85, andwthen ends the process.
[0198]

The communicating device 450-2 that has transmitted
the acknowledgment signal stops signal transmission and
reception in step 8103, and performs the electrode
contrclling process in step $104. Details of the
electrode controlling process are the same as described
with reference to the flowchart of FIG. 11, and therefore
description therecf will be cmitted. After the electrode
centrolling preocess 1s ended, the communicating device
450-2 starts signal transmission and reception in step
3105, and then ends the process.

[0199]

hs described above, the communicating device 450-1
and the communicating device 450-2 performing
communication synchronize the timing of performing the

electrode controlling process with each other. Thereby,
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As described above, the communicating device 450-1 and the communicating device 450-2
performing communication synchronize the timing of performing the electrode controlling process
with each other. Thereby, 98 the communicating devices 450 reduce problems in communication such
for example as a case where while one of the communicating devices 450 is performing the electrode
controlling process, the other device transmits a signal. Therefore the communication process can be
performed more efficiently and more accurately. [0200] For the determination of the detecting unit in
each device described above, a method can be considered in which method a comparison signal
level is determined in advance, and determination is made on the basis of whether a signal level is
higher or lower than the comparison signal level. The electrode whose level is close to the
comparison sigridi4evatmnay bedn Brsulsife positidib felatehisthercsrhminiéation medium 30 (for
example the hand 220 in FIG. 6), and therefore is not connected to any electrode by the connecting
unit of the transTATHY dEGES CtheSraTRIVIRG dBVRED BRdRe comfuri YBvite, Whereby adverse

eﬁeCKson(ﬁherJ%egggdgggggé¥%g¥?g8ddevices 450 is performing the

slectrode controlling process, the other device transmits
a signal. Therefore the communication process can be
performed more efficiently and more accurately.

[0260]

For the determination of therdetecting unit in each
device described above, a method can be considered in
which method a comparison signal level 1s determined in
advance, and determination is made on the basis of
whether a signal level is higher or lower than the
compariscon signal level. The electrode whose level is
close to the comparison signal level may be in a subtle
positicon relation to the communication medium 30 (for
axample the hand 220 in FIG. 6}, and therefore is not
connected to any electrode by the connecting unit of the
transmitting device, the receiving device, and the
communicating device, whereby adverse effects on other
electrodes can be avoided.

[0201]

Incidentally, the timing of performing the

electrode contrelling process described above (that is,

updating the function assigned to each electrode) may be
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[0201] Incidentally, the timing of performing the electrode controlling process described above (that is,
updating the function assigned to each electrode) may be 99 any timing. For example, however, when
the communicating device 450 is formed as a mobile device or the like, and communication is
performed with a human body (user) as a communication medium, positional relation between the
user (communication medium) and the communicating device 450 (electrodes) may be changed
during the communication as a result of for example the user changing a manner of holding the
communicating device 450. It is therefore desirable not only to perform the electrode controlling
process in an initial state at a time of a start or the like but also to repeatedly perform the electrode
controlling process at a predetermined frequency during communication. [0202] For example, as

shown in FIG. 18X, tﬁé'm&&ﬂm_uﬁiﬁétiﬁ&%f_&?/?c%4§6"ﬁf?é’f6erf8ﬁﬁrfhé}é?e&%ﬂ‘éu%ﬁ?r‘6ﬁfh% process
ot oL o SIS0 2 S 0 o= g fpgremison
communication is performed with a human body (user) as a
communication medium, positional relaticn between the
user {communication medium) and the communicating device
450 (electredes) may be changed during the communication
as a result of for example the user changing a manner of
holdi;g the communicating device 450. It isktherefore
desirable not only to perform the electrode controlling
process in an initial state at a time of a start or the
like but also to repeatedly perform the electrode
controlling process at a predetermined frequency during
communication.
[06202]

For example, as shown in FIG. 184, the
communicating device 450 may perform the electrode
controlling process (contrel 531 or contrel 554) using a
free time during which the transmission process
(transmission 552) or the reception process (reception
553 or reception 555} is not performed (when the
transmission process or the recepticn process is not
performed for a predetermined time, for example), and

thereby update the assignment of electrodes as the

transmission signal electrode, the transmission reference
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transmission process or the reception process is not performed for a predetermined time, for
example), and thereby update the assignment of electrodes as the transmission signal electrode, the
transmission reference 100 electrode, the received signal electrode, or the reception reference
electrode. Thus, the communicating device 450 can perform communication while using time
effectively, and thereby improve communication efficiency. [0203] In addition, for example, as shown
in FIG. 18B, the communicating device 450 may continuously perform the electrode controlling
process, the transmission process, and the reception process such as control 561, transmission 562,
reception 563, control 564, transmission 565, and reception 566, and repeatedly perform the

processes as one cycle. For example, in the exam lejl (iwn in F G 188 tt__@le communicating device
450 continuousTy PEFBIINS the ectrode comraIiAg prosess. Hhatransission process, and the

reception process n, [especive TELtimes it areriodicd ime as.a tepeitionneriod, and further

repeatedly performs the series of processes as one cycle. Thus, timing of performing each process is
fixed. Therefore the; semmunigating device 450 6an.easlly syachronize theing time

effectively, and thereby improve communication efficiency.
(02031

In addition, for example, as shown in FIG. 18B, the
communicating device 450 may continucusly perform the
electrode conggoliing process, the transmission procéss,
and the reception process such as control 561,
ftransmission 562, reception 563, contrel 564,
transmission 565, and reception 566, and repeatedly
perform the processes as one cycle. For example, in the
example shown in FIG. 18B, the communicating device 450
continuocusly performs the electrode controlling process,
the transmission process, and the reception process in
respective T/3 times with a periodic T time as a
repetition period, and further repeatedly performs the
series of processes as one cyclile. Thus, timing of
performing each process is fixed. Therefore the
communicating device 450 can easily synchronize the
timing of the performance with ancther communicating
device 450.

[02G4]

Further, as shown in FIG. 18C, for example, the
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timing of the performance with another communicating device 450. [0204] Further, as shown in FIG.
18C, for example, the 101 communicating device 450 may perform the electrode controlling process
using a transmission signal. In this case, the transmission process (transmission 571 or transmission
574) and the electrode controlling process (control 572 or control 575) are performed simultaneously.
The reception process (reception 573 or reception 576) is performed in other times. In this case, the
communicating device 450 measures a signal level when supplying a transmission signal to an
electrode (that is, when transmitting a signal), and grasps a state of capacitive coupling of each
electrode on the basis of the signal level. Thus, the communicating device 450 can simplify process
steps, reduce a load, and also shorten a process performing time and thereby shorten the repetition

period. [0205] IRETFERERIRA - Tite dBGwE tedclipfity, ther érRERobE TontBNing (it 261, the electrode
controlli_ng unit 3(7)1,{1 %2‘1 {h% elecltgodegescsorgltgolling g”@}r?ls %%csh iccbnecslfiStraEf.Of %%pat%ig\ée coupling of
respective eIecﬁoaes onelb)goﬁ'e. ﬁowever,l‘tﬁ% presenfllnven 1on 1S d

case, the transmission process (Lransmission 571 or

transmission 574} and the electrode controlling process

{control 572 or control 575) are performed simultaneously.

The reception process {(reception 573 or reception 576} is

performed in other times. In this case, the communicating

device 450 measures a sign;l level when supplying a

transmission signal to an electrode (that 1s, when

transmitting a signal), and grasps a state of capacitive

coupling of each electroede on the basis of the signal

level. Thus, fhe communicating device 450 can simplify

process steps, reduce a load, and alsc shorten a process

perferming time and thereby shorten the repetition pericd.

[0205]

Incidentally, in the above description, the
electrode controlling unit 261, the electrode controlling
unit 371, and the electrode contrelling unit 451 each
check states of capacitive coupling of respective
electrodes one by one. However, the present invention is
not limited to this; for example, states of capacitive
coupling of all electrodes may be checked simultanecusly.

[0206]

FIG. 19 is a block diagram showing an example of
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not limited to this; for example, states of capacitive coupling of all electrodes may be checked
simultaneously. [0206] FIG. 19 is a block diagram showing an example of 102 internal configuration
of the electrode controlling unit 451. in the communicating device 450 in this case. The electrode
controlling unit 451 shown in FIG. 19 has a detecting unit 613 and a connecting unit 614 different
from the detectirigeunié andthé tonmedtingunitoftihe efeetrbdedontrollingwhiti26é1 shiovin in FIG. 8.
[0207] The detecting unit 613 has a plurality of load resistances 621 to 625 connected in series with
each other bétweehrthelswitchn3121and bireferdace point 26 11T ekmirfals 63 8A to B34A of the
connecting unit 614 are connected between the respective resistances (four points). Potentials of
these connectior pointsiare-east subplied 6 iHe retainirgrutit 303 50208 Phe'fesistance values of
the load resistances 621 to 625 are each known. The terminals 631A to 634A of the connecting unit
614 are respedtively orectewnirial of Switches 6311109634 WhettHe SwifcHesEFIr®R634 are brought

into an on state, the terminals 631A to 634A are
from the detecting unit and the connecting unit of the

electrode controlling unit 261 shown in FIG. 8.
[0207]

The detecting unit 613 has a plurality of load
resistances 621 to 625 connected in series with each
other between the switch 312 and a reference point 626,
Terminals 631A to 634A of the connecting unit €614 are
connected between the respective resistances (four
points). Potentials of these connection pqints are each
supplied to the retaining unit 303.

[0208]

The reslistance values of the lcad resistances 621
to 625 are each known. The terminals 631A to 634A cf the
connecting unit 614 are respectively one terminal of
switches 631 to 634. When the switches 631 to 634 are
brought into an on state, the terminals 631A to 634A are
respectively connected to other terminals 631B to 634B.
The terminals 6318 to 634B are respectively connected to
the electrodes 461 to 464 of the electrode unit 452,

[0209]
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respectively connected to other terminals 631B to 6348. The terminals 631B to 634B are respectively
connected to the electrodes 461 to 464 of the electrode unit 452. [0209] 103 Hence, for example,
respective capacitances when the electrodes 461 to 464 are each capacitively coupled with a space
surrounding the communicating device 450 (when the communication medium is not in the vicinity)
are known, and thus potestials between thenjopg, resistanees 621 ta 625 Wher-eachswiich of the

connecting unit 614 is turned on are also known. [0210] When the communication medium is placed
in proximity toran eleetrade,dasthesathes hand, thescapatitanee Heiweer the electrode and the
surroundings is changed. Thus, the detecting unit 613 detects resulting changes in the potentials
between the loadiresistances 621 ta>626 {changes insignal level); agd deakiesthé Sfetaining unit 303
retain a result of the detection. On the basis of the changes in the levels of the signals input to the
respective elegtiodesivhickh changes are aetamatt imnthé setaining unit!30 3y thel mairy control unit 301
controls the assignment of a function (the transmission signal electrode, the transmission reference

are known, and thus potentials between the load

resistances 621 to 625 when each switch of the connecting

unit €14 is turned on are alsc known.

[0210]

When the communication medium is placed in

proximity to an electrode, on the other hand, the

capacitance between the electrode and the surrocundings is

changed. Thus, the detecting unit 613 detects resulting

changes in the potentials between the load resistances

621 to 625 {(changes in signal level), and makes the

retaining unit 303 retain a result of the detection. On

the basis of the changes in the levels of the signals

input to the respective electrodes which changes are

retained in the retaining unit 303, the main control unit

301 contrcels the assignment of a functicn (the

transmission signal electrode, the transmission reference

electrode, the received signal electrode, or the

reception reference electrode) tTo each electrode.

[0211]

Thus, since the states of capacitive coupling of
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electrode, the received signal electrode, or the reception reference electrode) to each electrode.
[0211] Thus, since the states of capacitive coupling of 104 the plurality of electrodes can be checked
in one process, the communicating device 450 can control the assignment of a function to each
electrode more easily and more quickly. Incidentally, any number of electrodes may be checked
simultaneously at this time. All the electrodes possessed by the communicating device 450 may be
checked simultaneously, or a part of the electrodes possessed by the communicating device 450
may be checked simultaneously. [0212] In addition, while in the above description, all the electrodes
are checked using one detecting unit, a plurality of detecting units may be provided. For example,
detecting units et%ual irl numib.er to that (?Lf eI%ctr%des malgl %e pr%vid%d&and the detecting units may be
connected to the SleBirodés ditferdnt flom each other-In this case, the detelling BAITS réspectively

detect signals inpyt t%o%%ﬁl%%%‘l%%); difierentireaneach, othgl (eash detecting: i detects a signal

input to the corresponding electrode).
of a function to each electrode more easily and more

guickly. Incidentally, any number of electrodes may be
checked simultaneously at this time. All the electrodes
possessed by the communicating device 450 may be checked
simultaneously, or a part ¢f the electrodes pcssessed by
the communicafing device 450 may be checked
simultanecusly.
[0212]

In addition, while in the above description, all
the electrodes are checked using one detecting unit, a
plurality of detecting units may be provided. For example,
detecting units equal in number to that of electrodes may
be provided, and the detecting units may be connected to
the electrodes different from each other. In this case,
the detecting units respectively detect signals input to
the electrodes different from each cther (each detecting
unit detects a signal input to the corresponding
electrode).
[0213]

As described above, the communicating device 450 to
which the present invention is applied not only achieves

a communication environment not limited by a use
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[0213] As described above, the communicating device 450 to which the present invention is applied
not only achieves a communication environment not limited by a use 105 environment by eliminating
a need for a physical reference point path and achieving communication by only a communication
signal transmitting path, but also can perform stable communication irrespective of positional relation
between the communicating device 450 and the communication medium in proximity to the
communicating device 450 by controlling the assignment of a function to each electrode. [0214]
Incidentally, in the above description, each device (the transmitting device, the receiving device, and
the communicating device) in the communication system to which the present invention is applied
transmits or receives a srlr%r:acl vl\éith a.predet rgmnpi‘neg1 poterimjfia asa re{lerence.lHowever, the present

. . nv1iro 1 Timina nee a g§1ca .
invention is not fimited 1o t IS, and for example two signals whose pﬁages are reversed with respect

to each other may e fransmitted. via, twe transmission-jines. s thata differgntial,sigaal, transmitting
information represented by difference between the signals Is transmitted and received. In this

a communication signal transmitting path, but alsc can
perform stable communication irrespective of positional
relation between the communicating device 450 and the
communication medium in proximity to the communicating
device 450 by contreolling the assignment of a function to
each electrode, V
(02141

Incidentally, in the above description, each device
{the transmitting device, the receiving device, and the
communicating device) in the communication system to
which the present invention is applied transmits or
receives a signal with a predetermined potential as a
reference. However, the present invention is not limited
to this, and for example two signals whose phases are
reversed with respect to each other may be transmitted
via two transmission lines, so that a differential signal
transmitting information represented by difference
between the signals 1s transmitted and received. In this
case, the two transmission lines are provided as
communication medium between the devices communicating
with each other. Also, in this case, the transmitting

unit in the transmitting device, the receiving unit in
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case, the two transmission lines are provided as communication medium between the devices
communicating with each other. Also, in this case, the transmitting unit in the transmitting device, the
receiving unit in 106 the receiving device, and the communicating unit in the communicating device
are each formed by a differential circuit. [0215] Incidentally, the series of processes described above
(for example the electrode controlling process and the like) can be carried out not only by hardware
but also by software. In this case, for example, the above- described main control unit 301 may be
formed as a personal computer as shown in FIG. 20. [0216] In FIG. 20, a CPU 701 of the personal
computer 700 performs various processes according to a program stored in a ROM 702 or a program

loaded from a s{qrageynit 713, Jnin.a RAM 203; The RAM.(03;al50 stores dataand e like
necessary for the CPU 701 to perform the various processes as requiréd. [0217] The CPU 701, the
ROM 702, and the:RAM #98:atg iderceangetedviaa bus/94. Jhebus 704 isalksoal

circuit.

[0215]

Incidentally, the series of processes described
above {(for example the electrode controlling process and
the like) can be carried cut not only by hardware but
also by software. In this case,ffor example, the above-
described main control unit 301 may be formed as a
personal computer as shown in FIG. 20.

[0216]

In FIG. 20, a CPU 701 of the persconal computer 700
performs various processes according toc a program stored
in a ROM 702 or a program loaded from a storage unit 713
into a RAM 703. The RAM 703 alsoc stcores data and the like
necessary for the CPU 701 to perform the wvaricus
processes as regulred.

[6217)

The CPU 701, the ROM 702, and the RaM 703 are
interconnected via a bus 704. The bus 704 is alsoc
connected with an input/ocutput interface 710.

(02181

The input/cutput interface 710 is connected with an

input unit 711 formed by a keyboard, a mouse and the like,
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connected with an input/output interface 710. [0218] The input/output interface 710 is connected with
an input unit 711 formed by a keyboard, a mouse and the like, 107 an output unit 712 including a
display formed by a CRT (Cathode Ray Tube), an LCD (Liquid Crystal Display) or the like, a speaker,
and the like, the storage unit 713 formed by a hard disk or the like, and a communication unit 714
formed by a modem or the like. The communication unit 714 performs a process of communication via
a network including the Internet. In addition, the output unit 712 is connected with the signal input
controlling unit 302, the retaining unit 303, the connection controlling unit 304, the switching
controlling unit 305 and the like. The output unit 712 outputs control information to each of the units.

Further, the input unit 71%5 conﬁne%tid Wltht retainin fEBOB SO thaI nformgtﬁqtn retained in the
retaining unit 303'is mpﬁfl rom the retalnlng un l:%% aThIS nﬁ)orrfﬁaFon IS supfglled he CPU 701.

[0219] The inpui/eutpiydntesfacer 1Lis alsg canpected, with éﬂr%’@aﬁlﬁ)i‘%ﬁ%"ie%ﬁ removable
medium 721 such as a magnetic disk, an optical disk, a magneto-optical

the like, a speaker, and the like, the storage unit 713
formed by a hard disk or the like, and & communication
unit 714 formed by a modem or the like. 7The communication
unit 714 perfcorms a process of communication via a
network including the Internet. In additicn, the output
uﬁgt 712 is cennected with the signal inéut controlling
unit 302, the retaining unit 303, the connection
controlling unit 304, the switching controlling unit 305
and the like. The output unit 712 ocutputs control
information to each of the units. Further, the input unit
711 is connected with the retaining unit 303, so that
information retained in the retailning unit 202 is input
from the retaining unit 303. This information is supplied
to the CPU 701.
(02199

The input/output interface 710 is also connected
with a drive 715 as required. A removable medium 721 such
as a magnetic disk, an optical disk, a magneto-optical
disk, a semiconductor memory or the like is loaded inte
the drive 715 as required. A computer program read from

the medium is installed in the storage unit 713 as

required.
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disk, a semiconductor memory or the like is loaded into the drive 715 as required. A computer
program read from the medium is installed in the storage unit 713 as required. 108 [0220] When the
above-described series of processes is to be carried out by software, a program constituting the
software is installed from a network or a recording medium. [0221] As shown in FIG. 20, for example,
the recording medium is not only formed by the removable medium 721 distributed to users to
provide the program separately from the device proper and having the program recorded thereon, the
removable medium 721 including a magnetic disk (including flexible disks), an optical disk (including
CD-ROM (Compact Disk-Read Only Memory) and DVD (Digital Versatile Disk)), a magneto-optical
disk (including Ig/lé)%!}g'ni-Disk) (registered trademark)), a semiconductor memory or the like, but also
formed by the 2, the hard disk included in the storage unit 713, or the like that has the

program recorded thereqp,and (whichyjs fistibuted;to the-user in a.state of beings preincerporated in

the device proper.
he carried out by software, a program constituting the

software is installed from a network or a recording
medium,
[0221)

As shown in FIG. 20, for example, the recording
medium is Aot only formed by the removable mediuﬁ“721
distributed to users to provide the program separately
from the device proper and having the program recorded
thereon, the removable medium 721 including a magnetic
disk {(including flexible disks), an coptical disk
{including CD-ROM (Compact Disk—-Read Only Memory) and DVD
{bigital Versatile Disk}), & magneto~optical disk
{including MD (Mini-Disk) (registered trademark)), a
semiconductor memory or the like, but also formed by the
ROM 702, the hard disk included in the storage unit 713,
or the like that has the program reccrded therecon and
which is distributed to the user in a state of being
preincorporated in the device proper.

(0222}

It is to be noted that in the present specification,

the steps describing the program recorded on the

recording medium include not only processes carried out
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[0222] It is to be noted that in the present specification, the steps describing the program recorded on
the recording medium include not only processes carried out 109 in time series in the described order
but also processes carried out in parallel or individually and not necessarily in time series. [0223] In
addition, in the present specification, a system refers to an apparatus as a whole formed by a plurality
of devices. Incidentally, a constitution described above as one device may be divided and formed as a
plurality of devices. Conversely, constitutions described above as a plurality of devices may be
combined with each other and formed as one device. In addition, a constitution other than the
above-described constitutions may be added to the constitution of each device, of course. Further, a
part of the consti'trlljtig:rtl n%‘ a_ device may pgeing{lgdgd :ﬂgetgleocro(pes%it%t&ocn ofl%nother devisce as long as the

constitution and operation of the Ssy%trém as awhole are the same in effect. 110 Claims [Claim 1]
carried cut in parallel or individually and nct A
necessarily in time series.

[0223]

In addition, in the present specification, a system
refers to an apparatus as a whole formed by a plurality
of devices. Incidentally, a constitution described above
as one device may bé divided and formed as a plurality of“
devices. Conversely, constitutions described above as a
plurality of devices may be ccmbined with each cother and
formed as one device. In addition, a constituticon other
than the above-described constitutions may be added to
the constitution of each device, of course. Further, a
part of the constitution of a device may be included in
the constitution of another device as lcng as the

constitution and operation of the system as a whole are

the same in effect.

11¢



A communicating device for performing communication via a communication medium, said
communicating device having a plurality of electrodes capacitively coupled with an outside, said
communicating device comprising: communication processing means for performing communication
processing; connecting means for connecting said communication processing means to said plurality
of electrodes; and connection controlling means for controlling said connecting means to connect a
first electrode Bf'said plurality of electrodes, said first electrode being capacitively coupled with said
communication efljum, to a first terminal of said communication processing means, and connect a
.second electrode capacitively coupled with a space more strongly than said first electrode to a second

terminal of saidrcommunication precessing-means: [Claim2lIhecoramunicaling deviceias elaimed in
claim 1, characterized in that, said connection controlling means includes: signal level detecting

means for detectingza:signal leeeliofa signal for checking acstatenaf capacitive couphmggf each of
said plurality of electrodes with surroundings when said signal is supplied to each electrode; and L1

plurality of electrodes capacitively coupled with an outside,
said communicating device comprising:

communication processing means for performing
communication processing;

connecting means for ©connecting saild communication
processing means to said plurality of electrodes: and

connection controlling means for controlling said
connecting means to connect a first electrode of sald
plurality of electrodes, said first electrode being
capacitively coupled with said communication medium, to a
first terminal of said communication processing means, and
connect a second electrode capacitively coupled with a space
more strongly than saild first electrode to a second terminal
of said communication processing means.
[Cilaim 2]

The communicating device as c¢laimed in claim 1,
characterized in that,

sald connection controlling means includes:

signal level detecting means for detecting a signal level
of a signal for checking a state of capacitive coupling of
each of said plurality of electrodes with surroundings when
gaid signal is supplied to each electroede; and
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controlling means for controlling connection of said plurality of electrodes to said communication
processing means on a basis of said signal level detected by said signal level detecting means.
[Claim 3] The communicating device as claimed in claim 2, characterized in that: said connection
controlling means further includes electrode selecting means for selecting an electrode to which to

supply said sigré%)li?%r:}d filigﬁsignal level de;%ging@ggggggg%pés the signal level of said.signal when
i .

said sign_al ig sup |¢dCfo sald? eléﬁc_?%pd“e selected by said electrode selecting means. [Claim 4] The
communicating device s claimed-inclaim 2, gharacterizedn thati said.connestiam gortreling means

further includes retaining means for retaining said signal level detected by said signal level detecting
means f@;ﬁ@h@gﬂigle@tfod@ a0dsaigheontialling means coatiols thes sannection=of saielvplurality of
electrodes to said communication processing means on the basis of the signal level of each said

electrodejdhe csignal legelbeing retained by said retaining means. [Claim 5] The communication

device as claimed in claim 2,
[Claim 3]

The communicating device as clalimed in claim 2,
characterized in that:

said connection controlling means further includes
electrode selecting means for selecting an electrode to which
to supply sald signal, and

said signal level detecting means detects the signal
level of said signal when said signal 1s supplied to said
electrode selected by said electrode selecting means.
[{Claim 4]

The communicating device as claimed in claim 2,
characterized in that:

said connection controlling means further ilncludes
retaining means for retaining said signal level detected by
szid signal level detecting means for each said electrode, and

said contrclling means controls the connection of salid
plurality of electrodes to said communication processing means
on the basis of the signal level of each saild electrode, the
signal level being retained by said retaining means.
[Ciaim 5]

The communication device as claimed in claim 2,



112 characterized in that: said connection controlling means simultaneously supplies said signal to all
said electrodes, and said signal level detecting means simultaneously detects said signal level
corresponding to each of all the electrodes. [Claim 6] The communicating device as claimed in claim
4, characterized in that: said connection controlling means further includes a plurality of loads
connected to each of said plurality of electrodes and connected in series with each other, and said
signal level detecting means detects signal levels occurring at said plurality of loads connected in
series with each other. [Claim 7] The communicating device as claimed in claim 1, characterized in
that: said connection controlling means controls said connecting means after stopping said
communication ﬁfs‘éé”%ﬁ&’b%’?s%ﬁ’d €bBnirhafication processing means. [Claim 8] The communicating

device as claimed in claim 1, .
sald connection controlling means simultaneously

supplies said signal to all said electrodes, and

said signal level detecting means simultaneously
detects said signal level corresponding to each of all
the electrodes.
[Claim 6]

Th; communicating device as claimed in ciéim 4,
characterized in that:

said connecticn controlling means further includes
a plurality of loads connected to each of said plurality
of electrodes and connected in series with each other,
and

said signal level detecting means detects signal
levels occurring at said plurality of loads connected in
series with each other.
[Claim 7]

The communicating device as claimed in claim 1,
characterized in that;

said connection controlling means controls said
connecting means after stopping said communication
processing by said communication processing means.

[Claim 8]

The communicating device as claimed in claim 1,

113



113 characterized in that: said connection controlling means controls said connecting means in a free
time of said communication processing by said communication processing means. [Claim 9] The
communicating device as claimed in claim 1, characterized in that: said connection controlling means
controls said connecting means in a manner continuous with said communication processing by said
communication processing means. [Claim 10] The communicating device as claimed in claim 1,
characterized in that: said connection controlling means controls said connecting means
simultaneously with a transmission process by said communication processing means, using a
transmission signal in said transmission process. [Claim 11] The communicating device as claimed in

claim 1, characterizeckintthat. -sadd comipyRication processing means has a transmitting output
terminal and a receiving input terminal, and

said connection controlling means controls said
connecting means in a free time of said communication
processing by said communication processing means.
[Claim 9]

The communicating device as claimed in claim 1,
characterized in that:

said conneétion controlling means controls said
connecting means in a manner continuous with said
communication processing by said communication processing
means.
[Claim 10}

The communicating device as claimed in claim 1,
characterized in that:

sald connection controlling means controls said
connecting means simultaneously with a transmission
process by sald communication processing means, using a
transmission signal in said transmission process,
[Claim 117

The communicating device as claimed in claim 1,
characterized in that:

said communication processing means has a

transmitting output terminal and a receiving input

terminal, and
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114 said connection controlling means controls said connecting means to connect said first electrode
to said transmitting output terminal or said receiving input terminal of said communication processing
means. [Claim 12] A communicating method of a communicating device for performing
communication via a communication medium, said communicating device having a plurality of
electrodes capacitively coupled with an outside, said communicating method comprising: a
communication controlling step of controlling a communication processing unit for performing
communication processing; and a connection controlling step of controlling a connecting unit for
connecting said communication processing unit for performing said communication processing under

control of said communicafion conffolling-stepdo said plurality of electrades,tos copnget a first
electrode of said plurality of electrodes, said first electrode being capacitively coupled with said

communication mediuay; 1a@ firskterminalefsaid rcammunication processing=unit; angieonnect a
second electrode capacitively coupled with a space more strongly than said first electrode to a
second terminaltafssaggiitting output terminal or said receiving input
terminal of said communication processing means.
[Claim 12}
A cemmunicating method of a communicating device
for performing communication via a communication medium,
said communicating device having a plurality of
electrodes capacitively coupled with an cutside, said
communicating method comprising:
a communication controliing step of controlling a
communication processing unit for performing
communication processing; and
a connection controlling step of controlling a
connecting unit for connecting said communication
processing unit for performing said communication
processing under control of said communication
controlling step to said plurality of electrodes to
connect a first electrode of said plurality of electrodes,
sald first electrode being capacitively coupled with said
communication medium, to a first terminal of said
communication processing unit, and connect a second

electrode capacitively coupled with a space more strongly

than said first electrode to a second terminal of said
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115 communication processing unit. [Claim 13] A program for making a computer perform a process
of a communicating device for performing communication via a communication medium, said
communicating device having a plurality of electrodes capacitively coupled with an outside, said
program comprising: a communication controlling step of controlling a communication processing unit
for performing communication processing; and a connection controlling step of controlling a
connecting unit for connecting said communication processing unit for performing said communication
processing under control of said communication controlling step to said plurality of electrodes to
connect a first electrode of said plurality of electrodes, said first electrode being capacitively coupled
with said communication mgg(%mgi%g gg%titrelgfr;ép%ﬁ said communication processing unit, and

C Url1cC . .
connect a second electrode capacitively coup a space more strongly than said first electrode

to a second terminal, of,sqigh, communication processing unit. 116 Abstract

A program for making a computer perform a process
of a communicating device for performing communication
via a communication medium, said communicating device
having & plurality of electrodes capacitively coupled
with an outside, sald program comprising:

a communication controlling ;t@p of contrclling a
communication processing unit for performing
communication processing; and

a connection controlling step of controlling a
cennecting unit for connecting said communication
processing unit for performing said communication
processing under control of saild communication
controlling step to said plurality of electrodes to
connect a first electrode of said plurality of electrodes,
said first electrode being capacitively coupled with said
communication medium, to a first terminal of said
communication preocessing unit, and connect a second
electrode capacitively coupled with a space more strongly
than said first electrode to a second terminal of said

communication processing unit.
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The present invention relates to a device and a method for communication, and a program that make it
possible to provide a communication environment not limited by a use environment. An electrode
controlling unit 261 in a transmitting device 260 checks a state of capacitive coupling of each of an
electrode 271 and an electrode 272 in an electrode unit 262 with surroundings, controls connection of

each ele t{)odce to %transmitting unit 263 according to a result of the check, and makes the electrode
E =] . .. . ..
271 and the electrode 272 function as a transmission signal electrode or a transmission reference

electrode, the trapsmission signak elegtroderandthe transmissian referense elestradeheing Jdifferent
from each other. The transmitting unit 263 connects the electrode 271 and the electrode 272 to an

amplifying ¢mit amgeneanrizelafthe electrode contrpling unit 261, rande transmits>a sigrad tota
communication medium 280 via one of the electrodes. The present invention is applicable to
conununmamyigﬁﬂeauicommunication environment not limited by a use
environment. An electrode controlling unit 261 in a
transmitting device 260 checks a state of capacitive coupling
of each of an electrode 271 and an electrode 272 in an
electrode unit 262 with surroundings, controls connection of
each electrode to a transmitting unit 263 according to a
result of the check, and makes the electrode 271 and the
electrode 272 function as & transmission signal electrode or a
transmission reference electrode, the transmission signal
electrode and the transmission reference electrode being
different from each other. The transmitting unit 263 connects
the electrode 271 and the electrode 272 to an amplifying unit
under control of the electrede controlling unit 261, and
transmits a signal to & communication medium 280 via one of
the electrodes. The present invention 1is applicable to

communication systems.
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