[ Name of Docunent] Specification [Title of the Invention] Conmmunication
Devi ce and Method, and Program |[Technical Field] [0001] The present
invention relates to a device and a nethod for comunication, and a
~program and particularly to a device and a nmethod for comunication, and
“a program that make conmunication possible in the communication device
having at |east two el ectrodes irrespective of physical positional

rel ati on between a user of the comunication device and the conmuni cation
device. [Background Art] [0002] Conventionally, in a comunication system
including a transmtting device, a conmunication nmedium and a receiving
devi ce, a physmeabfchovumercal iSpecdifgaaliohr ansmitting path for transmtting
a communi cation signal and a physical reference point path different from
the comunil@atilencsi ymal Inveartsmin]t Cogmpat batihe Teafeiened Mpehal, path
being to share a reference point for determning a difference in |evel of
t he conmuni eadi 8nogsamgnal between the transnmitting device and the receiving
device, are provided to perform conmunication (see for 1 exanple Patent

Docunent 1 dfePhbiail DoiczindEnt 2).
[0001]
The present invention relates to a device and a

-method for communication, and a program, and particularly
to a device and awmethod for communication, and a progra&
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
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[ 0003] For exanple, Patent Docunent 1 and Patent Docunent 2 descri be
comuni cati on techni ques using a human body as a comunication nmedium In
bot h net hods, a hunman body is wused as a first conmunication path, and
direct capacitive coupling between electrodes in a ground or a space is
provi ded as a second comruni cation path, so that an entire conmunication
path formed by the first conmunication path and the second comruni cati on
path forns a closed circuit. [0004] [Patent Docunent 1] Japanese Patent
Lai d- Open No. Hei 10-229357 [Patent Docunent 2] JP-A-Hei 11-509380

[ Di scl osure of the Invention] [Problens to be Solved by the Invention]

[ 0005] Howevsdamplls BaEdh@ SITREHLCAL bRNPaYSHEModWentC@YUNI cati on pat hs,
that is, the communication signal transmtting path and the reference

poi nt path ((le3fiirst conmunication path and the second comuni cati on
path) need to be provided as a closed circuit between the 2 transmtting

device and the rec@widign@e¥l CeatShACBodgent V0 spat BPstane dbdddant paths,
maki ng the two paths
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 commugication bath, 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. Heli 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
‘transmitting path and the reference point path (the first

communication path and the second communication path)

need to be provided as a closed circuit between the
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stably coexist with each other may limt a use environnent for

communi cation. [0006] For exanple, the strength of capacitive coupling
between the transmitting device and the receiving device in the reference
poi nt path depends on a di stance 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 comunication depending on the
di stance of the reference point path between the transmtting device and
the receiving device. |In addition, there is a fear of the stability of
communi cati on bei ng changed by the presence of a shielding object or the
i ke bet veer LAent oyl ddinice HRVicte 28delbens SGAT deyLeepdurther,
for exanple, when a ground is set as a reference point, and the
transmtting, devhegsandet SCLIVI evi.ce. citiyely coupled with
each other via Eg 8r§ﬁ%d£%3$en ttﬁgngfeﬁgﬁéﬁéS%F%?R§%F%t¥§c|udes t he

ground)  t hacakeleE8oges DAL AU LEnehanged: aecordig to posi ti onal

rel ati on between the ground, the transmtting device, the receiving

devi ce, andchbe 6pPONAI £ | QR ARdi-um (for 3 exanple a human body), and thus
there is a fear of the stability of comunication being varied. [0007]

[00086]

For example, the strength of capacitive coupling
between the transmitting device and the receiving device
) Iin 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 communicatibn
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 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 ground, the transmitting device, the

receiving device, and the communication medium (for
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As descri bed above, in the conmunication nethods that formthe two paths,
that is, the communication signal transmtting path and the reference
point path as a closed circuit, the use environment greatly affects the
stability of comrunication, and it is therefore difficult to perform
stabl e communi cation. [0008] Further, for exanple, when such a transmtting
devi ce and such a receiving device are applied to nobile devices, and the
nobi | e devi ces perform comruni cation via a hunman body, a manner of for
exanpl e hol ding or wearing the casing of the transmtting device or the
receiving device may differ depending on the user. That is, it is

desirabl e t @:xeR@hkeaCRmaRi RO 4 AMAsSEALEe 855 | PN AS o hget ransmitting
device and the receiving device are in proximty to the human body;

hovever, in sta@ileeymuni bl JBIRRAS ARGt vEpI{dythe two paths, that is,

t he connunication signal transmtting path and the reference point path as
a cl osed cir[@aictrjas described above, it is difficult to secure each of the
two paths unless positional relation between the conmunicating 4 devices

(the transmitting meveserabddt BBobESEI NI fige Ef¥ieelaRREnt RELKOATUNI cation
medi umis defined. [0009] Cbnventlonally, there is a technique in which
' the 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.

[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

desiréble to enable communication in any state as long as

the transmitting device and the receiving device are in
o proximity to 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 positional relation between. the communicating




function of each of two electrodes included in a conmmunicating device is
fixed in order to secure the two paths. For exanple, there is a contact
type human body conmunicating device including a wistwatch type ID
retaining unit and a reading unit for reading the ID retaining unit. In

t he human body conmuni cati ng device, wearing positional relation between
the two electrodes attached to the wistwatch type IDretaining unit and a
human body is fixed. [0010] However, such a conmunicating device requires
positional relation between a user and the device to be in accordance with
a specific rule, thus limting the use environnment. [0011] The present

invention hagvhees TeHe tﬁaﬂé@ﬂﬂfngsaﬂék}lc@ ShUald OfbcdRf gt 1's an obj ect
of the present invention to inposé no limtations on p05|t|onal relation

between a  uRGH cBNdafAd COREUNGAIN NG tIBK fEdiSh P‘*r &£ KQymuni cation, and
provi de a high degree of convenience by dynamcally 5 controlling the

functions offoebe¢trodes. [Means for Solving the Problems] [0012] A
comuni cating device according to the present invention includes:

comuni cati on procesfidid i¥RANIyf Ofhere 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 body

communicating device including a wristwatch type ID
retaining unit and a reading unit for reading the ID
retaining unit. In the human body 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 relation between a user and the device to be
in accordance with a specific rule, thus limiting the use
environment.

[0011]

The present invention has been made in view of such
a situation, and it is an object of the present invention
to impose no limitations on positional relation between a
user and a communicating device, stabilize communicatioh,

and provide a high degree of convenience by dynamically




perform ng comuni cation processing; connecting nmeans for connecting the
communi cation processing neans to a plurality of electrodes; and
connection controlling neans for controlling the connecting nmeans to
connect a first electrode of the plurality of electrodes, the first

el ectrode being capacitively coupled with a comunication nmedium to a
first termnal of the comrunication processing neans, and connect a second
el ectrode capacitively coupled with a space nore strongly than the first
el ectrode to a second term nal of the communi cation processing neans.

[ 0013] The connection controlling nmeans can include: signal |evel

“det ecting nmeangroaricet eati pgnér Shghalr lavel rogbsa signal for checking a
state of capacitive coupling of each of the plurality of electrodes with

sur roundi ngs[Mesingn folre s8L9DAY tise SURPIlead t 0 each el ectrode; and
controlling nmeans for controlling connection of the plurality of

el ectrodes t{@oul2¢ communi cation processing 6 nmeans on a basis of the
signal level detected by the signal |level detecting nmeans. [0014] The

connection controlAi dgunRans tiwgt Aetitacheeesdig) add rodepsekegti ng neans
for selecting an electrode to which to supply the signaF, and the signal
| evel invention includes: communication processing means for

performing communication processing; connecting means for

connecting the communication processing means to a

plurality of electrodes; and connection contreclling means

for controlling the connecting means to connect a first

electrode of the plurality of electrodes, the firét

- 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.

[6013]

The connection controlling 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 is supplied to each electrode; and

controlling means for controlling connection of the

plurality of electrodes to the communication processing




detecting neans can detect the signal |level of the signal when the signa
is supplied to the el ectrode sel ected by the el ectrode sel ecting neans. |

[ 0015] The connection controlling nmeans further includes retaining neans
for retaining the signal level detected by the signal |evel detecting
means for each electrode, and the controlling neans can control the
connection of the plurality of electrodes to the comuni cati on processing
means on the basis of the signal |evel of each electrode, the signal |eve
being retained by the retaining neans. [0016] The connection controlling
means can sinultaneously supply the signal to all the electrodes, and the

signal | eveleafiet 66t hNgasBANSE GH2 Sligukianesss! yedal@et hhenesi gnal |evel
corresponding to each of all the electrodes. [0017] 7 The connection

control lingsigaas fievéhedetdtdivdemeanspl urality of |oads connected to each
of the plurality of electrodes and connected in series wth each other,

and the sigoali4ahevel detecting neans can detect signal |evels occurring
at the plurality of |oads connected in series wth each other. [0018]

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 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 electrodes, and the signal
level detecting means can simultaneously detect the

signal level corresponding to each of all the electrodes.

[0017]




The connection controlling neans can control the connecting neans after
st oppi ng the comruni cation processing by the comruni cation processing

nmeans. [0019] The connection controlling neans can control the connecting
nmeans in a free tinme of the comuni cation processing by the communi cation
processi ng nmeans. [0020] The connection controlling nmeans can control the

connecting neans in-a manner continuous with the comunication processing
by the conmuni cati on processing neans. [0021] The connection controlling
means can control the connecting neans sinultaneously with a transm ssion
process by the communi cation processing neans, using a transm ssion signal
in the transm ssi ot seedsctdop0022t rdhki rep MBahisC Fur@Acpr O§EBSId] Jreans
has a transmtting output termnal and a receiving input termninal, and
t he connectiBﬁuééh%Fbl¢fh@xﬁhamyn@anteGOﬂbr@iﬂthﬁf&ﬂﬂﬂ@ﬂh&@giﬂyaaﬁ to
connect the first electrode to the transmtting output termnal or the
recei vi ng i nflectepdehandicarinectedmini sati@n Wrec esshngthBRaANSnd

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 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.
[0020]

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.




[ 0023] A conmuni cating nethod according to the present invention includes:
~a communi cation controlling step of controlling a conmunication processing
unit for perform ng comruni cati on processing; and a connection
controlling step of controlling a connecting unit for connecting the
comuni cation processing unit for perform ng the communication processing
under control of the comunication controlling step to a plurality of

el ectrodes to connect a first electrode of the plurality of electrodes,
the first electrode being capacitively coupled with a comrunication
medium to a first termnal of the conmunication processing unit, and
connect a s el ectrode capacitively coupled with a space nore
strongly than the first electrode to a second termnal of the

comuni cation process! sl icard d0B28bebs OHARAGEQ A N L0 the present
invention includes: a communication controlfing step of controlling a

comuni cat i airapisaees$hidotplt f O rP8lHoLRLNG LSo0TYN, aﬂr@l’c processing; and
a connection controlling step of controlling a connetti unit for

connect i ng. dgmiGATTUBLAALhONPRREESHNSoHRED1 | Phq PRLLAL A0 the
communi cati on processing under control of the ~cofmuni cation controlling
step to a plddn@kblytRE connecting means to connect the first

electrode to the transmitting output terminal or the

receiving input terminal of the communication processing

means.
[0023]

A communicating method according to the present
invention includes: 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 electrodes, the first electrode being capacitively

coupled with a communication ﬁédium, 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.




el ectrodes to connect a first electrode of the plurality of electrodes,
the first el ectrode being capacitively coupled with a comrunication
medium to a first terminal of the comrunication processing unit, and
connect a second el ectrode capacitively coupled with a space nore
strongly than the first electrode to a second termnal of the

conmuni cati on processing unit. [0025) The conmuni cati ng devi ce and net hod

~and the program according to the present invention control a

comuni cati on processing unit to perform conmunication processing, and
control a connecting unit for connecting the conmunication processing unit
to a pluralifyyzaff electrodes to connect a first electrode of the plurality
of electrodes, the first electrode being capacitively 10 coupled with a

communi cation nediaBrdgamh htbstal 8§ Mdadne YrddABtCORPUAL LA, T ON processi ng
unit, and connect a second el ectrode capacitively coupled wth a space

more  stronghy1ubas: thecddnmili kgehr ed8101 fi SEONG (& MoRakopiinghe
comuni cation processing unit. [Effect of the Tnvention] [0026T ccordi ng

to the presantohfi@idaOfbn GHTBIREGALT ORiti BoMBYle RASSIHY € 1rrespective of
physi cal positional relation betweén a user of a communicating device and
‘the communication processing; and a connection controlling

step of controlling a connecting unit for connecting the

communication processing unit for performing the

communication proceséing under control of the

communication controlling step to a plurality of

electrodes 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 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.

[0025]

The communicating device and method and the program

according to the present invention control a

communication processing unit to perform communication

processing, and control a connecting unit for connecting

the communication processing unit to a plurality of

electrodes to connect a first electrode of the plurality

of electrodes, the first electrode being capacitively

10




communi cating device. [Brief Description of the Drawi ngs] [0027] [FIG 1]
FIG 1 is a diagram showi ng an exanple of a configuration according to an
enbodi ment of a conmmunication systemto which the present invention is
applied. [FIG 2] FIG 2 is a diagramshow ng an exanple of an equival ent
circuit of the comrunication systemof FIG 1. [FIG 3] FIG 3 is a

di agram showi ng an exanple of a nodel for a physical configuration of the
comuni cation system 11 of FIG 1. [FIG 4] FIG 4 is a diagram show ng
an exanpl e of actual wuse according to an enbodi nent of the conmmuni cation
systemto which the present invention is applied. [FIG 5] FIG 5 is a

di agram showong 1800 NEl LA RG SR maGedt I8 of ¢:3R.cqoi Nt OF the
comuni cation systemto which the present I nvention is applied. [FIG 6]
FIG 6 is ao@eﬁﬁeegéﬁﬁﬁif@é%yoﬂfp@@c@§§§9&euﬁﬁt, 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.

[Effect of the Invention]

[0026]

) According to the presen; invention, communication
is made possible irrespective of physical positional
relation between a user of a communicating device and the
communicating device.

[Brief Description of the Drawings]
[0027]
[FIG. 1]

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
applied.

[FIG. 2]

FIG. 2 is a diagram showing an example of an
equivalent circuit of the communiéation system of FIG. 1.
[FIG. 3]

FIG. 3 is a diagram showing an example of a model

for a physical configuration of the communication system

11




external configuration of a communicating device. [FIG 7] FIG 7 is a
bl ock di agram showi ng an exanple of internal configuration of a
transmtting device. [FIG 8] FIG 8 is a block diagram showi ng an exanpl e
of detailed configuration of an electrode controlling unit in FIG 7.
[FIG 9] FIG 9 is a block diagram show ng an exanple of detailed
configuration of a transmtting unit in FIG 7. [FIG 10] FIG 10 is a
fl omchart of assistance in explaining 12 a flow of a transm ssion process.
[FIG 11] FIG 11 is a flowhart of assistance in explaining a flow of an
el ectrode controlling process. [FIG 12] FIG 12 is a bl ock di agram show ng
an exanpl e ofr mmatennal configuration of a receiving device. [FIG 13] FIG
13 is a block diagram showi ng an exanple of detailed configuration of a
recei ving unigzd.nafl G 12. [FIG 14] FIG 14 is a flowhart of assistance
i n explaining

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 of a transmitting unit in FIG. 7.

[FIG. 10]

FIG. 10 is a flowchart of assistance in explaining

12




a flow of a transm ssion and reception process. [FIG 15] FIG 15 is a

bl ock di agram showi ng an exanple of internal configuration of a

comuni cating device. [FIG 16] FIG 16 is a block di agram show ng an
exanple of detailed configuration of a communicating unit in FIG 15.
[FIG 17] FIG 17 is a flowhart of assistance in explaining a flow of a
communi cation process. [FIG 18] FIGS. 18A, 18B, and 18C are di agrans of

assistance 13 in explaining exanples of timng of performng the
el ectrode controlling process. [FIG 19] FIG 19 is a bl ock di agram show ng
anot her exanple of detailed configuration of an electrode controlling

uni t in Fl Gy 394l Fe9s 20] Jﬂfésfg% F§o§egﬁagran13hom‘ng an exanpl e of

conflguratlon of a person ich an enbodi nent of the present
i nvention '%E%@P'h?? [Descrlptlon of Reference Nunerals] [0028] 1
conmmuni cation system 10 transmtting device, 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 i1s a block diagram showing an example of
internal configuration of a communicating device.
[FIG. 1e6]
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
a flow of a communication process.
[FIG. 18]

FIGS. 18A, 18B, and 18C are diagrams of assistance
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transm ssion signal electrode, 12 transm ssion reference electrode, 13
transmtting unit, 20 receiving device, 21 received signal electrode, 22
reception reference el ectrode, 23 receiving unit, 30 conmunication medi um
63-1 signal source, 63-2 reference point within the transmtting device,
64 Cte, 65 Ctg, 66 reference point, 73-1 Rr, 73-2 detector, 73-3 reference
point wwthin the receiving device, 74 Cre, 75 Cg, 76 reference point,
117-1 Cb, 117-2 ¢ h, 117-3 Ci, 127-1 Cb, 127-2 Crh, 127-3 Cri, 131 Rm
132 Cm 133 Rm 136 reference point, 180 human body, 200 casing, 211 to
216 el ectrode, 220 14 hand, 260 transmtting device, 261 el ectrode

control I'i ng irurixdpla262ngl €€dmdss WY ttind6d brapsprsiditgy WHd, 301 main
control unit, 302 signal input controlling unit, 303 retaining unit, 304 .
connect.i on edrictebbiengottidll 3P proMdsehi ng control ling unit, 311 signal
source, 312 switch, 313 detecting unit, 314 connecting unit, 351

transm ssi onfFIgonteel ling unit, 352 transm ssion signal generating unit,
353 anmplifying unit, 354 connecting unit, 355 connection controlling unit,

370 receiving deviEss. 34l iel acblodr dcestsim! dHd@yahorBE2 ekagprode unit,
373 receiving unit, 401 reception controlling unit, 450 comruni cating

device, 45bfedechidae® eaMEiIgdaitA@nuBift and82e8t£6dd QR W1 1 nd53
comuni cating unit, 501 comrunication controlling unit, 613 detecting unit,
614 connect ungtubntFIG. 15. '
[Fig. 20]

| FIG. 20 is ; 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 eleétrode, 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 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 electrode, 220

14




[ Best Mode for Carrying out the Invention] [0029] Enbodi nents of the
present invention will hereinafter be described with reference to the
drawi ngs. Description will first be made of principles of conmmunication
by a conmuni cation system [0030] FIG 1 is a diagram show ng an exanpl e of
a configuration according to an enbodi nent of a conmmunication systemto
whi ch the present invention is 15 applied. [0031] The conmuni cation system
1inFIG 1 includes a transmtting device 10, a receiving device 20, and
a comunication nmedium 30. In the conmunication system1, the
transmtting device 10 and the receiving device 20 transmt and receive a
signal via thendo@onieahsontt imdidewiz®, Phat elsctidud herra@mnngat i on
system1l, a signal transmitted by the transmtting device 10 is
transmtted uiia,t RE€2c ettt add IO tTeHedMt3AnsAngt {gunitECcaionedahy t he
receiving device 20. [0032] The transmtting device 10 has a transm ssion

si gnal el ectacodeollunat} r 306 M isfFiaan irplier esaersl Boid adait,1303and a
transmtting unit 13. The transm ssion signal
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 c;nnecting 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,
7451 electrode controlling unit, 452 electrode unit, 453
communicating unit, 501 communication controlling unit,
613 detecting unit, 614 connecting unit
[Best Mode for Carrying out the Invention]
[0029]

Embodiments of the present invention will

hereinafter be described with reference to the drawings.

Description will first be made of principles of

communication by a communication system.
[00301]

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




el ectrode 11 is one electrode of the electrode pair provided to transmt a
signal to be transmtted via the comrunication nmedium 30. The transm ssion
signal electrode 11 is provided in such a manner as to be capacitively
coupled to the comruni cati on nmedium 30 nore strongly than the transm ssion
reference el ectrode 12 as another electrode of the electrode pair. The
transmtting wunit 13 is provided between the transm ssion signal

el ectrode 11 and the transm ssion reference el ectrode 12. 16 The
transmtting unit 13 gives an electric signal (potential difference)
desired to be transmtted to the receiving device 20 between these

el ectrodes. dp@QA33H.The receiving device 20 has a received signal electrode
21, a reception reference el ectrode 22, and a receiving unit 23. The

recei ved si dmal3igl ectrode 21 is one electrode of the electrode pair
provided to receive the signal transmtted via the comruni cati on medi um

30. The received Higraimengebtod 2}stsmPr o dad.in sHehudesn@nner as to
be capacitively coupled to the conmmuni cation medium 30 nore strongly than

the recepti araneheteitg detesd noje a22eas1 00§ esvRiLcly,0dadot the el ectrode
pair. The receiving unit 23 is provided between the received signal

el ectrode 2toamdnibetietapidiomn Bef.er encenel Reidipdeat2dn IPELERCE Vi ng unit
23 detects an electric signal
the transmitting device 10 and the receiving device 20
transmit and receive a signal via the communication
) medium 30. That is, in the communieétion 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 traﬁsmit 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 transmission reference electrode 12.
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(potential difference) generated between these el ectrodes by the signal
transmtted via the communi cation nmedi um 30, converts the electric signal
into a desired electric signal, and thereby reconstructs the electric
signal generated by the transmtting unit 13 in the transmtting device
10. [0034] The communication medium30 is formed by a material 17 having a
physi cal characteristic that allows the electric signal to be transmtted,
for exanple, an electric conductor, a dielectric or the like. For exanple,
the comunication nedium30 is formed by a conductor typified by a netal
such as copper, iron, alumnumor the like, a dielectric typified by pure
wat er, rubbdhe Fgrassmiittine uhitkel 3 grivesmanerilatthiwisigyrieat h properties of
a conductor and properties of a dielectric, such for exanple as a living
body or the {Fokenidad dofiftexnad) tdesicenduot be ansnsmiteadi eloechei ¢ or an
el ectrolytic sol ution such as a saline solution or the like. In addition,
the comunir€geilgangedeuhe8hyetheea ahgsshapectfatewxanpl e, the
comuni cati on nmedium 30 may be of the shape of a line, of the shape of a
pl ate, of tH&0SRApe of a sphere, a prism a circular cylinder or the |ike,
or may further be of any arbitrary shape other than these shapes. [0035]
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 and the reception reference electrode
Z22. The receiving unit 23 detects an electric signal
{potential difference) generated between these electrodes
by the signal transmitted 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
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Description will first be nade of relation between - each el ectrode and the
communi cati on nediumor a space surrounding the devices in such a

comuni cation system1l. Incidentally, suppose in the follow ng that the
comunication nmedium 30 is a perfect conductor for conveni ence of
description. In addition, suppose that there is a space between the

transm ssion signal 18 electrode 11 and the communi cati on nmedi um 30 and
there is a space between the received signal electrode 21 and the

conmmuni cation nmedium 30, and that there is no electric coupling between
the transm ssion signal electrode 11 and the conmunication nmedium 30 and
there is nohelvéebr acphyolydl nhdreloveensthe tegei abwsl gnal eekectiode 21 and
the comunication nedium 30. That is, a capacitance is forned between the
transm ssi osighghato débectraodenitted, fbe exgaeivedrsicgraltrekbect rode 21 and

t he communi cati on nmedi um 30. [0036] The transm ssion reference el ectrode
12 is di sposeddustons 4 dfdeetaispacetheounkk ! haotr apamplé) nghalevi ce 10.
The reception reference electrode 22 is disposed so as to face a space
around the revmiwicgtideyineeli2h 3Cehser ablryed Mhen cvrenrdvet eypsphede is
present in a space, a capacitance is forned between the conductor sphere
and the sphgea Forakxanl a@s whepetheisdm@pes bfnitrher eenduset Dike, 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]

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 addition, suppose that

;there is a space between the transmission signal
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is a sphere with a radius r [n], the capacitance Cis obtained by the
follow ng Equation (1). [0037] [Equation 1] C = 4dicer [F] ... (1) [0038]
19 In Equation (1), 71 denotes a ratio of the circunference of a circle to
its dianeter, and denotes a dielectric constant, which is obtained by the
following Equation (2). [0039] [Equation 2] =C X Co ... (2) [0040] In
Equation (2), eo denotes a dielectric constant in a vacuumand is 8.854 X
10-12 [F/mM, and Cr denotes a relative dielectric constant, which
represents a ratio to the dielectric constant eo in the vacuum [0041] As

shown in the above Equation (1), the larger the radius r, the |larger the
capaci t ance €Gectmotidebl ahhy, thdecommgyiichtitlen Ohed hen cCRPagid aneecCisf a
conductor having a conplex shape other than a sphere cannot be expressed
sinply as i ® tspecabbvewE&gmiath®nrdcbivebt signobvée Destrodowavend that the
magni tude of the capacitance C of 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 transmissioﬂ signal electrode 11 or the
received signal electrode 21 and the communication medium
30. |
[0036]
The transmission reference electrode 12 is disposea
SO0 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 -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 sﬁhere with a radius r [m], the capacitance C is
- obtained by the following Equation (1).
[0037]
[Equation 1]

C=4dmer [F] :..(1)

[0038]
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conduct or changes according to the magnitude of the surface area of the
conductor. [0042] As described above, the transm ssion reference el ectrode
12 fornms a capacitance with the space 20 surrounding the transmtting
device 10, and the reception reference electrode 22 forns a capacitance
with the space surrounding the receiving device 20. That is, it is shown
that as viewed froma virtual point at infinity outside the transmtting
device 10 and the receiving device 20, the potentials of the transn ssion
reference electrode 12 and the reception reference el ectrode 22 increase
resi stance thereof to variation as the capacitances are increased. [0043]

I ncidental |y, though Hfuataenven enge Rhc@esChi PLEPH oPrtid a context or the
| i ke, a capacitor may herein be expressed sinply as a capacitance, the
capaci tor amdrtheferapecid@nceiiale tbeisan®idmaidmg.ankn caddhbtofn, suppose.
that the transmtting device 10 and the receiving device 20 in FIG 1 are
arranged suehdibhtclarsufddritenit, dwRiances odlstdmidd aiynedebebneeniide
devices, and that therefore effects of the transmtting device 10 and the
receiving 8guateo20(2n each other can be ignored. Further, suppose that
the transm ssion signal electrode 11 in the
{0039]
iEgquation 2]
£ = g, X g e (2)
[0040]
In Eguation (2), gy denotes a dielectric constant
in a2 vacuum and is 8.854 X 1072 [F/m], and e, denotes a
relative dielectric constant, which represents a ratio to
the dielectric constant £ 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

electrode 12 forms a capacitance with the space
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transmtting device 10 is capacitively coupled with only the comunication
medi um 30, and that the transm ssion reference electrode 12 is |ocated at
a sufficient distance fromthe transm ssion signal electrode 11, so 21
that effects of the transm ssion reference electrode 12 and the

transm ssion signal electrode 11 on each other can be ignored (the

transm ssion reference electrode 12 and the transm ssion signal el ectrode
11 are not capacitively coupled with each other) Simlarly, suppose that
the received signal electrode 21 in the receiving device 20 is
capacitively coupled with only the communication nedium 30, and that the

reception referenaeing! €ed rnades2A ticsnhoaal ede aio,a Y frinel ¢akegistance from
the received signal electrode 21, so that effects of the reception

reference elreceratee 221 entd-ddee 2veaeirt8daskgnadi t H1LCLAQHE tRE 9pag@ch ot her
can be ignored (the reception reference electrode 22 and the received

si gnal el ecsnedeundin@rihd10leceapanigt vl ¥e coupl edawi 1, each; Othenyy, Further,
in practice, the transm ssion signal electrode 11, the received signal

el ectrode 2thaandst¥ewNirdhcal veRtUBY H 30 A 6 diisSResedurkifin a space,
and therefore the :transm ssion signal electrode 11, the received signal

el ectrode 2theatdathdiel toGmil desatbononBil URSGL26R 1Raveediceapgci tance in
relation to the space. For conveni ence of description, however, suppose
that these thpagstatieS sCaF the transmission reference electrode 12
- and the reception reference electrode 22 increase
‘reéistance thereof to variation as the cé;acitances 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, suppose
‘that the transmission signal electrode 11 in the
transmitting device 10 is capacitively coupled with only
the communication medium 30, and that the transmission

reference electrode 12 is located at a sufficient

distance from the transmission signal electrode 11, so
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be ignored. [0044] FIG 2 is a diagramin which the communi cation 22
systeml1l of FIG 1 is represented by an equivalent <circuit. That is, a
comuni cation system 50 shown in FIG 2 is equivalent in effect to the
comuni cation system1l. [0045] Specifically, the communication system 50
has a transmtting device 60, a receiving device 70, and a connection
line 80. The transmtting device 60 corresponds to the transmtting device
10 in the conmunication system1 shown in FIG 1. The receiving device 70
corresponds to the receiving device 20 in the conmunication system 1 shown
in FIG 1. The connection |ine 80 corresponds to the comruni cati on medi um
30 in the coumiffgctsnciyshenttanhmiasion EeGerdncd 0OUSIt Haud he
transmtting device 60 in FIG 2, a signal source 63-1 and a reference
poi nt 63- 2 vithithe keansmaashen t$igpale\dlestcodeespom dari heeHeransmi tting
unit 13 in FIG 1. The signal source 63-1 generates, as a signal for
transm ssi o3 g dgnpped %§h¢r@ransmﬂaﬂibhcreperénmbteﬂé@ﬂrdabadp, wher e t
[s] denotes tinme, and co [rad/s] denotes an angul ar frequency, which can

be express@lhyhehErapsmbegiep Bhgnaloele8 rode 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 coupled with each other). Further,
in practice, the transmission signal electrode 11, the
received signal electrode 21, and the communicétion
medium 30. are disposed within a space, and therefore the
‘transmission signal electrode 11, the received signal
electrodg 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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[0047] [EQUation 3] 23 -----eccmmmommaammn- 6=2nf [rad/s] ... (3)
[0048] In Equation (3), it denotes a ratio of the <circunference of a

circle toits diameter, and f [Hz] denotes the frequency of the signal
generated by the signal source 63-1. The reference point 63-2 within the
transmtting device is a point connected to a ground of a circuit within
the transmtting device 60. That is, one of termnals of the signal source
63-1 is set to a predetermned reference potential of the circuit within
the transmtting device 60. [0049] Ce 64 is a capacitor, and represents a
capaci tance between the transm ssion signal electrode 11 and the

comuni cat i crysedi AnoB80Fi@. Al Gs keptedlenitsd HyeafdediSivAlRyi ded between the
connection line 80 and the term nal of the signal source 63-1 which

ternminal is cimrcant.oppes tie,Skadechnant thei el Bfanee sPosALWR3IR Mdhin the
transmtting device. Ctg 65 is a capacitor, and represents a capacitance

of the trangnisskeqniveletenae efHeett £8dend2cbfinih Gath di shakahi en to the
space. Ctg 65 is disposed between the term nal of the signal source 63-
[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 t;ansmitting device 10 in the
communication system 1 shown in FIG. 1. The receiving
device 70 correéponds to the receiving device 20 in the
communication system 1 shown in FIG. 1. The connection
iine 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
transmitting device correspond to the transmitting unit
13 in FIG. 1. The signal source 63-1 generates, as a
Signal for transmission, a sine wave having a specific
period @ X t [rad], where t [s] denotes time, and
[rad/s] denotes an angular frequency, which can be
expressed by the following Equation (3).

[0047]

[Equation 3]
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1 which terminal is on the side of the reference point 63-2 within the
transmtting device and a reference point 24 66 representing a point at
infinity (virtual point) on the space with the transmtting device 60 as a
reference. [0050] In the receiving device 70 in FIG 2, R 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 73-1is a |load

resi stance (reception load) for extracting a received signal. The detector
73-2 formed by an anplifier detects a potential difference across R 73-

1, and anplifies the potential difference. The reference point 73-3 within

the receiving devige iss; a Efg&usl connegted to a ground of a circuit within
the receiving device 70. That iI's, one of termnals of Rr 73-1 (one of

i nput term pabggpf the detector 73-2) is set to a predeterm ned reference
potential of the circuit within the receiving device 70. (0051]

Incidentally, the Qeteehelof312) My %Yl%t@ghgrra{w%f% of for exanple
[ I

dermodul ating a detected nodulated signal and decoding encoded information
included i nciheudeéesiad ¥ analirc[8082] i €% eqifdhdterd GaRaei {@L; and

represents a capacitance
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 transmittihg 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.
f0049]

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

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 transmitting device and a reference point
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bet ween the recei ved signal electrode 21 and the 25 comuni cati on nedi um 30
in FIG 1. That is, CGe 74 is provided between the connection line 80 and
the termnal of Rr 73-1 which termnal is on an opposite side fromthe
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. Cg 75 is disposed between the term nal

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. [d058pbrébentonpestpdimd iate i881inepy eFRItS1d1NHAeFyUBHCati on
medi um 30 as a perfect conductor. Incidentally, in the comunication

system 50 i nthiel GpaZe @ th 6thanthaQsgithingede XM essed as relreethkeal |y
connected to each other via the reference point 66 and the reference point
76 on the dqoisval ent circuit. In practice, however, these capacitors do
not need to be electrically connected to each other, and it suffices for

each of the capacilmrihe @eckoiihg &apasd tANGS, iFIlebat kpnyt0 t he space
surrounding the transmtting device 60 or the receiving device 70. It is

i nportant tdeknowothad-Whemd here fieseAcs Opsiuct Or3- A wikBRACEhance
proportional to the nmagnitude of the surface
receiving device correspond to the receiving unit 23 in
FIG. 1. Rr 73-1 is a load resistancé {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
functions of for example demodulating a detected
modulated signal and decoding encoded information
‘included in the detected signal.
f0052]

Cre 74 is a capacitor, and represents a capacitance

- between the received signal electrode 21 and the
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26 area of the conductor is always forned between the conductor and a
surroundi ng 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] Wen the conmmunication
medium 30 in FIG 1 is a perfect conductor, for exanple, the conductivity
of the <connection line 80 is infinite. Therefore the length of the
connection line 80 in FIG 2 does not affect conmunication. Incidentally,
when the comuni cation nedium 30 is a conductor having a sufficient
conductivity, a distance between the transmtting device and the
recei vi ng devimpendees inot mafif@et3a hie Ftrabi it yriefe icomawei ¢atign
practically. Thus, in such a case, the distance between the transnitting
device 60 amdoviidedr betiveengtideicomerRiony 1DRcagy denaide de@@5Bhiln the
conmmuni cation system 50, a circuit fornmed of the signal source 63-1, Rr
73-1, Ce 64f Brg765] @héci4terrant1Cig éh hS bppoeiie A iGRNMFrBRdLEAPaci t ance
C. of the four capacitors (Cte 64,. Ctg 65, the Cre capacitor 74, and Crg
75) connect e¢femneneri poimt t T3-chok totihetheanebeivexpressed .byctderf ol | owi ng

Equation (4). 27
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 refefence 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 667and 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 7
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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56 Equation 4] 1 1 1 1 [F ... (4 C=1CQe Qg Ge Cg [0057] A
[s?ge EAB.\[/qut(t) ge]nerat ed by[the signal source 63-1 is expressed by the
fol l ow ng Equation (5). [0058] [Equation 5] Vt(t) =V. Xsin (W + 0) [V]

: (5) [0059] Where V. [V] denotes a nmaxi mum anplitude voltage of a

si gnal source voltage, and O [rad] denotes an initial phase angle. An
effective value Vtzms [V] of the voltage generated by the signal source
63-1 can be obtained by the follow ng Equation (6). [0060] [Equation 6]
Vtzms = [V] ... (6) [0061] A conbined inpedance Z of the whole circuit can
be obtained by the follow ng Equation (7). [0062] 28 [Equation 7]

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 traﬁsmitting dévice 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. A combined capacitance C, of the
four capacitors (Cte 64, Ctg 65, 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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Z.=R2+12 (&C) R2+ 12 [S2] (7) ~2nfCx~ [0063] Thus, an effective
~value Vrrns [V] of a voltage across Rr 73-1 can be obtained by the
foll owi ng Equation (8) . [0064] [Equation 8] R Vrrnms = -XV,,,,. Z Rr
xV~ [V] ... (8 R2+ 1 (2nf C ~2 F[0065] Hence, as shown in Equation
(8), as the resistance value of Rt 73-1 is increased, and as the term
1/((2 X, Xf XC) 2) 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 magni tude can be generated across Rr 73-1. [0066] 29 For exanpl e,

results of calcul ation of the
[0056]

[Equation 4]

Cx =
] T I T [Fl ...(4)
+ + +

Cte Ctg Cre Crg

[0057]
A sine wave v¢(t) generated by the signal source
63-1 is expressed by the following Equation (5).
[0058] ) )
[Equation 5]
Ve(t) = Vp X sin (ot + 8) [V] ... (5)
[0059]
Where V, [V] denotes a maximum amplitude voltage of
a signal source voltage, and & [rad] denotes an initial
phase angle. An effective value Vs [V] of the voltage

generated by the signal source 63-1 can be obtained by

the following Equation (6).

{0060]
" [Equation 6]
A
Viems = — [V] . (6
t ‘\/5 ( )
[0061]

A combined impedance Z of the whole circuit can be
obtained by the following Eguation (7).

[0062]
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effective value Vrrns [V] of the voltage across Rr 73-1 when the effective
value Vtzns [V] of the voltage generated by the signal source 63-1 in the
transmtting device 60 is fixed at 2 [V], the frequency f of the signal
generated by the signal source 63-1is set at 1 [MHz], 10 [MHz], or 100

[ MHz], the resistance value of Rr 73-1 is set at 10 [KQ, 100 [KQ, or 1
[MJ, and the capacitance Cx of the whole circuit is set at 0.1 [pF], 1
[pF], or 10 [pF] show that other conditions being equal, the effective
value Vrrns is hi gher when the frequency f is 10 [MHz] than when the
frequency f is is higher when the resistance value of Rr 73-1 as
reception | oad |s [Eiq ‘Wﬁﬂo‘t Hdn when the resistance value of Rt 73-1 is 10

[ KC], and is higher when_the capacitance C. is 10 [pF] than when the
capacitance Cx is ?._1 %:] That is, as the value of the frequency f, the
resi stance val ue o { an the capacitance C. are increased, the
effective value Viins' of h é:h r voltage is obtained. [0067] Inci dentally,
when a transmtted si gnal has a very low signal level, comunication is
made possible by for {T}ﬂ e anpli f%l ng the_ signal det ected by the
detector 73-2 in the G §Eev[ le 60:- 80 [0068] Description will next
be nmade of a case wher the

[0063]

Thus, an effective value Vymgs [V] of a voltage

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

[Equation 8]

R
= L xV [V]

erms ... (8)
Rr2+—-—l———
(an C, )2

{OOGS]

Hence, as shown in Equation (8}, as the resistance
value of Rr 73-1 is increased, and as the term 1/((2 X =
X £ X C4)?) is reduced with increase in the capacitance
Cx 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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present comruni cation systemis physically formed in practice. FIG 3 is a
di agram showi ng an exanple of a nodel for conputing paraneters occurring
on the system when the above-descri bed communi cation systemis physically
formed in practice. [0069] That is, a conmunication system 100 has a
“transmitting device 110, a receiving device 120, and a comunication
medi um 130. The conmuni cati on system 100 corresponds to the
above-descri bed comuni cation system 1 (conmunication systemb50). Only
paraneters to be evaluated are different, and the conmunication system 100
has basically the sane configuration as the conmunication system 1l and the
communi cati on systEM stranRIFrOrePHatSi 8f aakeHgtdescoifpthen by conpari son
with the co nication systeml1l of FIG 1, the transmtting device 110
cor r esponds eFﬁévFr&ﬁéﬂgtY¢w@[H@ngeth@,VQ#R?QQwagépﬁﬁnérd ¥rte 120

correspondsw®% thg regﬁ%%ing device 20, and the comuni cation nedi um 130
cor r esponds 6™ H8e & ety e mddizand 80,0 ¢hr1rodtavRegeraritd ti ng

device 110 has ﬁ transm ssion signal electrode 111 corresponding to the
transmi ssi onY &PGnaFIRTbcIdHRE £ 1ainr Bhent san Bl tidmer slevdcel €8t r ode

- is fixed at 2 [V], the frequency f of the signal
generated by the signal source 63-1 is set at 1 [MHz], 10
[MHz], or 100 [MHz], the resistance value of Rr 73-1 is

‘set at 10 [KQ], 100 [KQ], or 1 [MQ], and the capacitance
Cx 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 is higher when the frequency f is 10
[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 is higher when the capacitande Cy is 10 [pF]

- than when the capacitance C4 is 0.1 [pPF]. That is, as the
value of the frequency f, the resistance value of Rr 73-1,
and the capacitance Cy are increased, the effective value
Vrms ©f higher voltage is obtained.

[0067]

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 60.
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112 corresponding to the transm ssion reference electrode 12, and a signal
source 113 corresponding to the transmtting unit 13. That is, the

transm ssion signal electrode 111 is connected to one of term nals on both
sides of the signal source 113, and the transmi ssion reference electrode
112 is connected to the other termnal. The transm ssion signal el ectrode
111 is disposed in proximty to the conmunication nedium 130. The

transm ssion reference electrode 112 is forned in such a manner as to have
a capacitance in relation to a space external to the transmtting device
110. Incideqﬁglly, while the signal source 63-1 and the reference point
63-2 withink 8t]ransrritting device in FIG 2 correspond to the
transmtting unit 13, the  reference Eoint within the transmtting device
is omtted in FI @SFHFH0anVEALRBBT Ope deads i9ft foRaspovIRUe Ashem th t he
transnittin% device 110, the receiving device 120 has a received signal

el ectrode 12TSSEBFr ESPBMGRF 48 SHEtPBCépvRaYSigHalY dossedoda 21, a
reception reference el ectrode 122 corresponding to the 32 reception

ref erence eP@éFEbﬂ%'ZfFGana RF 423139%30 HovidteenofxaeBle @bra esponding to
t he receivingduEiE 23. That is, the received signal electrode 121 is
connected T8%ne’df TUMMHTHACGs PaR2BEERTS| Aecupfiny op2ghe, syptemhe

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 commuﬁication 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.

00701

That is, making description by comparison with the
communication system 1 of FIG. 1, the transmitting device
110 corresponds 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.

[0071]
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reception reference electrode 122 is connected to the other termnal. The
received signal electrode 121 is disposed in proximty to the

comuni cati on nedium 130. The reception reference el ectrode 122 is forned
in such a manner as to have a capacitance in relation to a space externa
to the receiving device 120. Incidentally, while Rr 73-1, the detector
73-2, and the reference point 73-3 wthin the receiving device in FIG 2
correspond to the receiving unit 23, the reference point within the
receiving device is omtted in FIG 3 for convenience of description.
[0073] Incidentally, suppose that the communication nmedium 130 is a

per fect conduct or itransRighieg devirG 110 e aFtGngmisuipose that the
transmtting device 110 and the receiving device 120 are arranged at a
sufficient GPSPERCEIEFoTRIAd locheresapadingt teftihsciteapsmiheionr ansnitting
device 110 and the receiving device 120 on each other can be ignored.
[0074] 33 Dé&@PFEt%%Cwqqe aérn&déréflsmh@sm aiffiesescepelegpredie ance Cte
114 bet ween g?e transm ssi on si%nal el ectrode 111 and the communi cation
medi um 130 ¢dfr ESPERRONG NG &C6Ehpnt FRESMDS s i ssdeireane ee bect hrede

transnissiog reference electrode 112 in relation to the
2, 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 séurce 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 is formed in
such a manner as to have a capacitance in relation to a
Space external to the transmitting device 110.
Incidentally, while the signal source 63-1 and the
reference point 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 convenience of description.
[0072]

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 -
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space (a capacitance between the transm ssion reference electrode 112 and
a reference point 116-1 representing a virtual point at infinity fromthe
transm ssion 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 transmtting device 110
on the space correspond to the reference point 66 in FIG 2. The

transm ssion signal electrode 111 is a di sk-shaped el ectrode havi ng an
area Ste [nz], and is located at a minute distance dte [m from the
communi cati on nmedium 130. The transm ssion reference electrode 112 is also
a di sk- shapdFEPedPPodelcrpREhaslartnoggi @2, r agd[RE . 13D075%nd0a t he recei vi ng
device 120 sjde, a capacitance Cre 124 between the received signal

el ectrode 15FLaRECEhELITHRITTERONGHNFREPURDE 30ecoiviogpamds 23.Cre 74 in
FIG 2. A capacitance of the reception reference electrode 122 in

rel ati on to A& $Packt areefiaadt sigaabeeheehrode B riscepninentedf er ence

el ectrode 122 and a _reference point 126-1 representing a virtual point at
infinity fr&f PRe °f ebeptins onebetibesbiiesteDkr 128dn thd space) Crg 125
corresponds to Crg 75 in FIG 2. The reference point 126- 1 and a reference
poi nt 126- 2*FPEPPESMt THFLENAS edartrpdent2atis nfdnyieoretr m the recei vi ng

devi ce 120 on_ the .
other terminal. The received signal electrode 121 is

disposed in proximity to the communication medium 130.

" The reception reference electr;de 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 correspond 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. 2. 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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space correspond to the reference point 76 in FIG 2. The received signal
el ectrode 121 is a disk-shaped el ectrode having an area Sre [nR2], and is

| ocated at a minute distance dre [n] fromthe comruni cati on nedi um 130.
The reception reference electrode 122 is also a di sk-shaped el ectrode,
and has a radius rrg [m. [0076] Further, new paraneters are added to the
communi cation system 100 of FIG 3 as follows. [0077] For exanple, added
to the transmtting device 110 as new paraneters are a capacitance Cb
117-1 forned between the transm ssion signal electrode 111 and the

transm ssion reference electrode 112, a capacitance Cth 117-2 forned

bet ween t he transnPss8fbiPignalild| bet rode of lthanmhtdnetspace X a capacitance
between the transm ssion signal electrode 111 and a reference point 116-2
represent i nFaRag@ltenge g6¢ntlatbdtnicon thef toanshésgbon reingwilssi on si gnal

el ectrode 111 on the space), and a capacitance Cti 117-3 fornmed between

t he transni $3e6Hrofdef éféneed efhctqoodenitatand médiwonkihi cati on medi um 130.
[0078] Added to the receiving device 120 as new paraneters are a

capaci t ance CCEBESFRPREST BbY gl ek vide I IGhe 2k edlei aagphcigiagral o€l €ce r ode 121 and

the reception reference
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 tran;mission 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 in FIG. 2. The transmission signal
electrode 111 is a disk-shaped electrode having an area
“Ste [m?], and is located at a minute distance dte fm] from
the communication medium 130. The transmission reference
. electrode 112 is also a disk-shaped electrode, and has a
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 electrode 122 in

relation to the space (a capacitance between the
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el ectrode 122, a capacitance Ch 127-2 formed between the received signal
el ectrode 121 and the space (a capacitance between the received signal

el ectrode 121 and a reference point 126-2 representing a virtual point at
infinity fromthe received signal electrode 121 on the space), and a
capacitance Cri 127-3 forned between the reception reference el ectrode 122
and the communi cati on nedium 130. [0079] Further, a capacitance Cm 132
formed between the comrunication nedium 130 and the space (a capacitance
bet ween the conmuni cation medium 130 and a reference point 136
representing a virtual point at infinity from the comrunication nmedi um 130
on the spacdfFceptaghetieforentr denhnideatrdnanddi umk3®nas ponsWw par aneter.
In addition, since the conmunication nmedium 130 in practice has an

el ectric redi2dranEeraepening 2ovitthaadi peinB6at 5inffatidn dlromndhehe | i ke of
t he communi cati on_nmedi um 130, resistance values Rm 131 and Rm 133 as

resi stance TE6RPHAEAtEeBIrenfe ednnirodat L3A aedihenst8Cear €rgdddd as new
parameters. [0080] Incidentally, though omtted in the communi cation
system 100 &PTEREpronds werfathe ocdmmidGeali ofheediedrrhnse 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 reference electrode 122 is also a disk-shaped
electrode, and has a radius rrg [m].

[0076]

Further, new parameters 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 capacltance Ctb 117-1 formed
between the transmission signal electrode 111 and the
transmission reference electrode 112, a capacitance Cth
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_frém the
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not only conductivity but also dielectric properties, a capacitance
according to the dielectric properties is also fornmed. Wen the

comuni cati on nedi um does not have conductivity but has dielectric
properties, coupling between the transm ssion signal electrode 111 and the
received signal electrode 121 is provided by a capacitance determ ned by
the dielectric constant, distance, size, and disposition of the
dielectric. [0081] In this case, it is assuned that the transmtting

device 110 and the receiving device 120 are separated fromeach other at a
di stance such that an elenment of capacitive coupling can be ignored
(effects of @ysEiepien sbuptl el deinesien 1fheohr bhenspadely den ee 110 and
the receiving device 120 can be ignored). If the distance is short,
dependi ng orf§pssitrBaal CEel bt Toh remedehetnebn ehectragenisstionn t he
transmtting device 110 and each 37 electrode within the receiving device
120, capaci tEEfeEsnchetbpehrede Hllandibs moyrueibdatohaesicnsi d8fed
according to the above-described way of thinking. [0082] The conmmuni cation
system 100 H&Y’8Y such parameters has characteristics as follows. [0083] z

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 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
point 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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For exanpl e, the higher the value of Cte 114 (the hi gher the capacitance),
the greater the magnitude of the signal applied by the transmtting device
110 to the comrunication nmedium 130. In addition, the higher the value of
Ctg 115 (the higher the capacitance), the greater the magnitude of the
signal applied by the transmtting device 110 to the comunicati on nmedi um
130. Further, the lower the value of Cb 117-1 (the | ower the

capaci tance), the greater the magnitude of the signal applied by the
transmtting device 110 to the conmmunication nmedium 130. In addition, the
| oner the value of Cth 117-2 (the |ower the capacitance), the greater the.
magni t ude off3tRE1sLghad Eppliide 9f the commmsihdatigy reeliueel200 to the
comuni cati on nmedium 130. Further, the |ower the value of Qi 117-3 (the

‘| ower the d&&gaéteaneey2lusre Rir datleanthBrndghiasde ofsttadmeesi gnal  appl i ed
by the transmtting device 110 to the 38 comruni cation medi um 130. [0084]

The hi gher CREBPPRPUES 0P (the rpmUnieahigheredhan IcHpacict addedl, ashe greater
t he magni tude of the signal extracted fromthe conmunication medi um 130 by
the recei vifY Bey#BetaX®. |n addition, the higher the value of Crg 125
(the higher the capacitance), the greater the nagnitude of the signa
extracted fA8AFPhe communi cation

Incidentally, though omitted in the communication
system 100 of FIG. 3, when the communication medium has
not only conductivity but $1so 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 apd the receiving device 120 are separated

.from each other at a distance such that an element of
capacitive coupling can be ignored (effects of capacitive
coupling between thé 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
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medi um 130 by the receiving device 120. Further, the [|ower the value of
Crb 127-1 (the |l ower the capacitance), the greater the magnitude of the
signal extracted from the comuni cation nedium 130 by the receiving device
120. In addition, the lower the value of Crh 127-2 (the |ower the
capaci tance), the greater the magnitude of the signal extracted fromthe
comuni cation nedium 130 by the receiving device 120. Further, the | ower
the value of Cri 127-3 (the | ower the capacitance), the greater the
magni tude of the signal extracted fromthe communi cation nedium 130 by the
recei ving device 120. In addition, the |ower the value of R 123-1 (the
hi gher the redsics¢tradeeyithihelgr estceriviihg daghts ud® ofcadhe isiagrak extract ed
from the communi cation nedium 130 by the receiving device 120. [0085] The
| ower the véletiwseof tiRem dBdctandileRMmEI3nasd 88 besictisdneaedonponents of the
comuni cation nmedium 130 (the | ower the resistances), the greater the
magni t ude ofccphdiny ghal thep plbore -kl stébed awmsyr ¢ ithd ndkdwigce 110 to the
conmmuni cation medium 130. In addition, the |lower the value of Cm 132 as
the capacit dR€82bf the communication nmnedium 130 in relation to the space
(the lower the capacitance), the greater the magni tude of the signa
applied by the trdsmcornngidavice 44 i0fe hacdnyusnciat paramedingm 130.

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

transmitting device 110 to the communication medium 130.

Further, the lower the value 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 value of Cti 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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[0086] The magnitude of capacitance of a capacitor is substantially
proportional to the magnitude of the surface area of the el ectrode.
Therefore it is generally desirable to increase the size of each el ectrode

as much as possible. However, sinply increasing the size of electrodes
may al so i ncrease capacitances between the electrodes. In addition, an
extrene ratio between the sizes of el ectrodes may decrease efficiency. It
is thus necessary to determ ne the size, arrangenent position and the

| i ke of each electrode in consideration of a total balance. [0087]
Incidentally, with the characteristics of the above-described

conmuni cat i oromeystiemtiod, mefifbki B, 40 communication is nmade possible by
view ng the present equivalent circuit froma viewpoint of inpedance

mat chi ng anaktler mi ni ng each paraneter in a frequency band of high
frequencies of the signal source 113. By raising the frequency, it is
possi bl e to secureThe rieagieanadeewanuel b cae |l oW canaciianes, tae that each

device can be mniaturized easily. [0088] The reactance of a capacitor is
general | y i napeasedncs) | htidecyeaged tHd edyanedde Qe thee aihglaihand, the

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
magniccde of the signal extracted from the ccmmunication

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 addition, the lower the value of Crh 127-2 (the lawer

the capacitance), the greater the magnitude of the signal
extracted from the communication medium 130 by the

receiviﬁg device 120. Further, the lower the value of Cri

127-3 (the lower the capacicance), 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 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 133 as
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comuni cati on system 100 operates based on capacitance coupling, and
therefore this determnes a lower Iimt of the frequency of the signal
generated by the signal source 113. In addition, an arrangenment of Rm 131,
Cm 132, and Rm 133 fornms a |lowpass filter, and therefore characteristics
t hereof determ ne an upper limt of the frequency. [0089] A specific
nuneri cal val ue of each paraneter will next be considered. Incidentally,
suppose in the followi ng that the comunication system 100 is placed in
the air for convenience of description. In addition, suppose that the
transm ssion signal electrode 111, the transm ssion reference el ectrode
112, the recsisiedtasicgnabmpdnehestsDdtiel 2bmmand chbeof es@ptinon 30ef er ence

el ectrode 122 of the comunication system 100 are each a conductor disk
havi ng a di afféteerd coer5 thm rEHOOnSunposiheg grbatet hend Hiamiahiadt erbet ween
the transm ssion signal electrode 111 and the comunication nedium 130 is
5 nm the vdihee safynehieappphed tianceheCireahbhi ttongede®ycd e o kansAssi on
signal electrode 111 and the conmunication medium 130 is obtai ned by the

followi ng Egmatinénat2pn OB} 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 theUEransmitting 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 ratio between 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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[ EQuation 9] Cte = ex Ste - (8.854x10-12)x (2x10-3) dte 5 x 10-3 e 3.5
[pF] ... (9) [0092] Assune that Equation (9) can be adapted to Ctb 117- 1
as the capacitance between the el ectrodes. Wile the equation essentially
hol ds when the area of the electrodes is sufficiently |arge as conpared
with the interval as described above, an approximati on may be nade by
this equation in this case. Supposing that the interval between the
electrodes is 5 cm Cb 117-1 is expressed by the follow ng Equation (10).
42 [0093] [Equation 10] Cb = E X Ste _ (8.854 x 10-12) x (2 x 10-3) d 5x
10-2 e 0.35 [pF] ...(10) [0094] An assunption is nmade in this case that
when the i nt@mulidegtineenst hadé rprsniltlsi @y sigrahgetieetpodtenkll and the
communi cation nmedi um 130 is short, the transm ssion signal electrode 111 is
weakl y coupl&thiimalientt herspacefrdines efiewpodupposeimbadande naalcnengf C h
117-2 is sufficiently lower than the value of Cte 114, and that
: 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
gource 113. In addition, an arrangement of Rm 131, Cm 132,
and Rm 133 forms a low-pass filter, and therefore
characteristics thereof determine an upper limit of the

- frequency.
[00889]

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,

suppose that the transmission signal electrode 111, the

transmission reference electrode 112, the received signal
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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] Ce Ch =10 = 0.35

[pF] ...(11) [0096] Ctg 115 indicating the capacitance forned by the

transm ssion reference el ectrode 112 and the space can be obtained by the
foll ow ng 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 transm ssion signal
el ectrode 111 and the conmuni cation nmedium 130 are situated at
substantially the sane position, the value of Cti 117-3 is considered

to

be equal to Gb 117-1 as follows. [0099] Cti = CGb = 0.35 [pF] [0100] When
the formati elecsia@e PRCEAIRNLROTEER BRre fdifeddd @) LF BREN 8 ect rode in

t he receiving device 120
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 sign;i electrode 111 and the

communication medium 130 is obtained by the following

Equation (9}).

[0091]
[Equation 9]
~12 -3
Cte = g x Ste _ (8.854 x 107 x 2 x 107
dte 5x 1073
e 3.5 [pF] ...{(9)
[0092]

Assume that Equation (9) can be adapted to Ctb 117~
1 as the capacitance between the electrodes. While the
equation essentially holds when the area of the
electrodes is 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 is 5 cm, Ctb 117-1 is

expressed by the following Equation (10).
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is the sane as in the transmtting device 110, the paraneters of the

recei ving device 120 are set in the sane nmanner as the paraneters of the
transmtting device 110 as follows. [0101] Cre = Cte = 3.5 [pF] Cb = Cb
= 0.35 [pF] Ch =0Ch =0.35 [pF] Cg=Cg =1.8[pF] Ci =Ci =0.35
[ pF] [0102] For conveni ence of description, suppose in the 44 follow ng
that the conmunication nedium 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 conmunicati on nedium 130 fromthe
position of the transm ssion signal electrode 111 to the position of the
recei ved si goab3el ectrode 121 is 1 [MJ, and that the values of Rm 131 and
Rm 133 are each 500 [KQO . Suppose that the value of the capacitance Cm 132
formed between thempaminhcabion medi um 130 and the space is 100 [pF].
Further, suppose that the signal source 113 generates a sine wave having a

maxi nrum val ue of 1 and  a frequenc o 10 [ VHz 0103
CJ;VL e x Ste (5‘854 Y 0™ & % [ ]

5 x 10‘2
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 communiéation 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 = = 0.35 [pF] .. (1)

Cte
10
- [0096]
Ctg 115 indicating the capacitance formed by the
transmission reference electrode 112 and the space can be
obtained by the following Equation (12).

[0097]

[Equation 12]
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-When a sinmulation is perfornmed using the above paraneters, a difference
bet ween a nmaxi num value and a mninmmvalue (a difference between peak

val ues) of the waveform of a received signal is observed to be about 10
[pV]. Thus, by anplifying this by an anplifier (detector 123-2) having a
sufficient gain, it is possible to reconstruct the signal of the
transmtting side (signal generated in the signal source 113) on the
receiving side. [0104] Thus, the above-descri bed comuni cation systemto
whi ch the present invention is applied elimnates a need 45 for a physical
ref erence point path, and can achi eve conmmunication by only a

comuni cati on si gnakgt+afsri B g8pg xpatdri? Thepef oxe 1§-Tc@mungcati on
environnment not limted by a use environment can be readily provided.

[ 0105] A conl@dt e exabit)e of application of a communication system as
descri bed above will next be described. For exanple, a conmunication
system as ddé¥&6ilbed above can use a |iving body as a comrunication

medium FIG 4 is a schematic diagram showi ng an exanple of a

comuni cati on syst@imeherhec anmamBintabion ksgRel fardmdodsi 212 hygapnbody. The
comuni cation system 150 in FIG 4 1is a systemin which nusic data is
transnittedcormpmmacatiansmédiumd dewiree sifQadtiiaghashdr s ianmypart of a

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]
Crg = Ctg = 1.8 [pF]
Cri = Cti = 0.35 [pF]
[0102]

For convenience of description, suppose in the
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human body, and a receiving device 170 attached to a head part of the
human body receives the nusic data, converts the nmusic data into audio,
and outputs the audio to allow the user to listen to the audio. The
comuni cati on system 150 corresponds to the above-descri bed comruni cati on
systens (for exanple the conmunication system1). The transmtting device
160 and the receiving device 170 correspond to the transmtting device 10
and the receiving device 20, respectively. The human body 180 in the
comuni cati on system 150 is a conmuni cation nmedi um 46 and corresponds to
t he conmuni cation medium30 in FIG 1. [0106] Specifically, the

transmitti ngodeviesy 16k hiathea conh@ndPhesbeMad Aif!1 R 66t hadep}bds a
transm ssion reference electrode 162, and a transnlttlng unit 163. The

transm ssi omasiggatheteeidoda ikelcibhe tsansdEsHOn 1H6fiaLeRsay ebect rode
162, and the transmtting unit 163 correspond to the transn155|on si gnal

el ectrode libotibea $1ANYH SEISU'%aheE%H?nC%L\gp%%%r efgrlgn and-dine
transnlttlng unit 13, respectively, 1n . The receiving device 170

has a recei vedistgnad & atld e@ambAlcadi s8GRRI RN 13ef@LRNER €l ectrode 172,
and a receiving unit 173. The received signal electrode 171, the receptlon

reference pbectiglerflide Q&@nrsmsg%ﬁlyig}galuryltecﬁ%d@&&@sw%é0 the
recei ved signal electrode 21, the reception reference
position of the received signal electrode 121 is 1 [MQ],
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 [pF]. Further, suppose that the signal source 113
generates a sine wave having a maximum value of 1 [V] and
a frequency of 10 [Mﬁz].
[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) of the
waveform of a received signal is observed to be about 10
[Vl. 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.
[0104]

Thus, the above-described communication system to

- which the present invention is applied eliminates a need
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el ectrode 22, and the receiving unit 23, respectively, in FIG 1. [0107]
Thus, the transmtting device 160 and the receiving device 170 are pl aced
such that the transm ssion signal electrode 161 and the received signal

el ectrode 171 are in contact with or in proximty to the human body 180 as
a conmuni cation medium Since it suffices for the transm ssion reference

el ectrode 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 transmtting device and the receiving device (or electrodes)
is not required. [0108] FIG 5 is a diagram of assistance in explaining

anot her examplreaObhy8at4Zi Al d: & COMAMALCALERN SY$I&R WRGrievkn FIG 5, the
receiving device 170 is in contact with (or in proximty to) a sole part of

the human bedymbBcat 288 WP GALBRmWAE Bat Non L4 ARSI tiiRgndevige 160
attached to an armpart of the human body 180. Also in this case, the

transm ssi opaghgnath<dedtlrcode cfidureh t 6 diRG8NaEns! 8@l 1 ehecdd ode 171
are disposed so as to be in contact with (or in proximty to) the hunman

body 180 aspg aC@BWUGHERdRIEIEdHaWMbeapdati ey thansHsEi O ref erence
el ectrode 162 and the reception reference electrode 172
[0105] '

A concrete example of application of a
communication system as described above will next be
described. For example, a cé&munication 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 FIG. 4
is a system in which nusic 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
systems (for example the communication system 1). The
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,
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are disposed so as to face the space. This application exanple cannot be
realized by the conventional techniques wusing a ground as one

comuni cation path, in particular. [0109] That is, the conmunication
system 150 as descri bed above elim nates the need for a physical reference
point path, and can achi eve conmuni cati on by only a conmuni cation signal
transmtting path. Therefore a 48 comunication environnent not |imted by
a use environnent can be readily provided. [0110] In the conmuni cation
system as descri bed above, a nethod of nodulation of a signal to be passed
through the communication mediumis not particularly limted as long as

both the transriddri-egpeaub Ceo ik [euhAeehY: B H@é(i&r‘? 33l 4@l with the

nodul ati on net hod. An optinum nmet hod can be selected In con5|derat|on of
characteristijapeqf the comunication systemas a whole. Specifically, the
nodul ati on net hod may provi de one of a baseband, an anplitude-nodul at ed,

and a frequency- nosid @t £ikb-An8), 08he St 9985m AR randeoan
anpl i t ude- nodulateﬁgé frqutncyenndu a?ed ﬁb a phase-no Ul at ed di gi tal

si gnal , -or t&aﬁﬁ‘Siﬁtiﬂéﬂoﬁfs?grEHlure@Je'cttYone §l59naéstr419§n{11%lsﬂéwthef in the
comuni cati on system as descri bed
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 signai electrode 11, the
transmission reference electrode 12, and the transmitting
unit 13, respectively, in FIG. 1. The recelving device
170 has a received signal electrode 171, a reception
reference electrode 172, and a receiving unit 173. The
received signal electrode 171, the reception reference
electrode 172, and the receiving unit 173 correspond to
the received signal electrode 21, the reception reference
- .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
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
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above, a plurality of comunications may be established using one

comuni cation nedium so that full-duplex comrunication, comrunication
between a plurality of devices by a single conmunication nmedium or the

| i ke can be performed. [0112] Methods for realizing such nmultiplex

comuni cation 49 include for exanple a spread spectrum system a frequency
band division system a tinme division systemand the |like. By

comuni cating using each such system the comunication system can perform
si mul taneous conmunication with a plurality of devices using the sane
comuni cati on nmedium such for exanple as communication between a

plural ity of:devines angoa-siaale davices, COMA Gaion hetugen a

plurality of devices and a plurality oflﬁeV|ces, Furt her,

oo or ror e coabathe aboyes daseribad FRENOMs Y, e canihgd W h each

ot her, of course. [t 1s particular ortant rn a’specific

appl i cati onplhgbehnend r@fbﬁmr&fetqglgda\éws]ea&gd iR JREAMNI0adeYLge can

si mul t aneously comrunicate wth a” pluralit er devrces. sum ng
appl i cation (b@ @1etifdfls) Ols ddl F3AQLLALI on, for exanple, when a user
carrying both a device A having information on a conmuter
(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 éontact with
(or in proximity to) a sole part of the human body 180,
and communicates with the trénsmitting device 160
attached to an arm part of the human body 180. BAlso 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 body 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 application
example cannot be realized by the conventional teéhniques

using a ground as one communication path, in particular.

.[0109]

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
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pass and a device B having an el ectronic noney function uses an automatic
ticket gate, a system as described above is used, and thereby sinultaneous
comuni cation with the device A and the device B is perfornmed. Wen a

used section includes a section not covered by the comuter pass, the
system can be used conveniently to 50 deduct an amount of noney that is

| acking fromthe electronic noney of the device B. [0114] As descri bed
above, the transmtting 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 environnment only

by transmi t tddghuaibat 8681 ¥hPlr ShediiN@lor ViA;8LANGY, £1.8Gtrodes.
Incidentally, since a structure for the comunication process is

sinplified, dR8rosRERNELRIHONSYBIEMLoGRRgaSI |y Use various

communi cation systens such as nodul ati on, encoding, encryption,

mul tipl exi ngoandjthe like in conbination with each other. [0115] Wen such
a conmuni cation systemis used to perform comunication via the human body

180 as shown in FIfG the doffueX8HPESn &{stch HNLIRLARLBLNAbLHE 2

transmtting device and the receiving device be mniaturized as nobile
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, 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. Wile a nethod of use is conceivable in which the transmtting
device and the receiving device are for exanple fixed to an arm a |leg or
the like using a belt or the |ike so that positional relation between the
devi ces and the human body is stabilized, a nmethod of use 51 in which a
user freely holds or places the transmtting device and the receiving
device as in a case of a portable type tel ephone, for exanple, is also
assunmed. Therefore a higher degree of freedom of a wearing nethod
(positional relation between the devices and the human body) is desirable,
and wi dens a range of applications. [0116] For exanple, as shown in FIG

6, a casing nichhe foraBgbnpliénd GOMLE SHL IR okl Gysdeh s 4 FIRA A A Casing
200. Electrodes 211 to 216 to be used agéghe Pra%¥ﬁ125|on sigﬁalyelectrode

11 and the twansmiisgisabn’ ehecenrea elret§oses 12 ae drovhdednkn;gxter nal
surfaces of the casing 200. when a user holds such a transmtting device

10 by a hand22@muiuhe cht ang M i G LeVistenlQysaBnperfor m communi cation via
t he human body as shown in FIG 4 or FIG 5. [0117] Incidentally, each of

the el ectrodesumdhlcheiddbsgatem RaU$RE raSnt Benbi ARSLA. 851 on signal el ectrode

11 or the transm ssion reference electrode 12. That is, by
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 particuiarly important in a specific

application that the transmitting device and the
receiving device can simultaneously communicate with a
plurality of other devices. Assuming application to a
ticket for a transportaﬁion, 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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controlling (changing) connections of the electrodes 211 to 216 to an
internal circuit, the transmtting device 10 can use arbitrary el ectrodes
as the transm ssion signal electrode 11, and use other arbitrary

el ectrodes as the 52 transm ssion reference el ectrode 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 transm ssion signal electrode
11 and the transm ssion reference electrode 12, both the transm ssion
signal electrode 11 and the transm ssion reference electrode 12 may be

close to thdedard s22@masnd 60NHdMGE £ atHaN ikediaumihh Lo |@de Mnners to
each ot her depending on a holding state. In this case, a desirable

communi cat i onlerhtdrdrenewherBYT Nettie deriekt @.ned. [0119] Accordingly, the
communi cation device 10 in FIG 6 controls,the connection of the

el ectrodes 200114 216 to the internal circuit according to the position of
the hand 220 to thereby optim ze the positional relation between the
transni ssion si gnahsedesérimel @ebee] r 0Hest rasesh @si dh @ckiaBsbsgh@n si gnal
el ectrode) and the transm ssion reference electrode (el ectrodes used as
the = 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, multiplexing and the like in combination with

each other.

[0115]

When such a communication system is 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 which

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
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transm ssion reference el ectrode) and the comunication nedium (hand 220).
For exanple, in FIG 6, the transmtting device 10 connects the el ectrode
212, the 53 electrode 213, the el ectrode 215, and the el ectrode 216
covered by the hand 220 to the internal circuit so that the el ectrode 212,
the el ectrode 213, the el ectrode 215, and the electrode 216 are used as
the transm ssion signal electrode.11, and connects the other el ectrodes
211 and 214 to the internal circuit so that the electrodes 211 and 214
are used as the transm ssion reference electrode 12. In other words, the
communi cation device 10 perfornms control so as to optim ze the positional

rel ati on betiveehichhe essmunicaty o 18Rdbunp agekd (e Llieghiade pagr
(el ectrode pair formed by the transm ssion signal electrode 11 and the

transm ssi ogleveter engecied aaddedda ntPevib8129]id neident ald w, the
transmtting device 10 can control the connection so as to use a plurality

of el ectrogestasléheyd ailﬂ!@gﬁﬁ;in@) gognakasbBL! riade 1k} akshhgqt ransm ssion
reference el ectrode 12. In addition, the transmtting device 10 does not

need to nmakeheeBRELd i Dhigikrasiclg@edS8raklcddidhn &Gt KRUSI ndSmbbRod
transm ssion signal electrode 11 or the reception reference electrode 12,

and there mapobet ifiganneqized ool eekiedfSthd Nd¥iR:288d @heFhGnaf, for
exanpl e, electrodes only partly covered by
body) is desirable, and widens a range of applications.
[0116]
) For example, as shown in FIG. 6, 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 200. 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 transmission 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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t he hand 220, such as the electrode 212, the electrode 213, and the
el ectrode 215, may be di sconnected. By thus 54 controlling the connection,
the transmitting device 10 is for exanple able to use only el ectrodes that
can be clearly distinguished as el ectrodes capacitively coupled wth the
comuni cation nedium strongly or weakly anobng a group of electrodes as the
transm ssion signal electrode 11 or the transm ssion reference el ectrode
12, and not to wuse electrodes capacitively coupled with the conmunication
medi um to a nedi um degree (el ectrodes that cannot be clearly distinguished
as electrodes to be used as the transm ssion signal electrode 11 or to be
used as thenarendérsishonefef@i@nca witeetieode, 12). The transnmitting device
10 can thereby set the transm ssion signal electrode 11 and the
transm ssi onN0ldBérence el ectrode having an opti mum positional relation to
the comunication nmedium [0121] FIG 7 is a block diagram show ng an
exanpl e of confi gur aticin aofcaake, enbedveentiofid hett HaBsEbiti g device in
this case. [0122] The transmtting device 260 in FIG 7 has an el ectrode
control | i ngpweidtic26iow arhe|esdsr odtieUnbhd262) oBNtha (dea)S Mol lisngnaini t 263,
The el ectrode unit 262 has

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 environment may not

be obtained.

{0119]

Accordingly, the communication device 10 in FIG. 6

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 transmission 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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an electrode 271 and an el ectrode 272 as a pair of 55 electrodes having the
shape of a disk, for exanple, and capacitively coupled with an outside.
The el ectrode controlling unit 261 controls connection of each electrode
of the electrode unit 262 to the transmtting unit 263. The transmtting
unit 263 perforns a process of transmtting a signal via the el ectrode
unit 262. [0123] The transmtting device 260 corresponds to the
transmtting device 10 in FIG 1. The transmitting device 260 outputs a
signal to a conmunication nmedium 280 corresponding to the comunication
medi um 30, using electrostatic induction, and thereby transmts the signal

to a receividigaiewidee2VBa the SIBMAILALIIE) HREI HAL 280act ML 1igs
conductor or a dielectric. The electrode pair of the electrode 271 and the

el ectrode 2%dwefrethby ehechimdexamido 262 qALEesRONES L0id he ehggt rode pair
of the transm ssion signal electrode 11 and the transm ssion reference

el ectrode 1Zhen effkGtrdde THE2 | rans MtddtR@adnbl 3, 2683 COrd aspids 150 the
transmtting unit 13 in FIG 1. [0124] That is, one of the electrode 271

and the el ecindodBe 272ctBod®MmErid %%eﬁhﬁstEﬁ@Sﬂiéﬁ%ﬁﬁbéﬂdﬂ“ﬁlgﬁE§CtrOde 11
to the transmtting unit 263, and the other is connected as th
‘transm ssi orleetecascel £l atd radmekdst @hkh8ther electrodes 211 and
214 to the internal circuit so that the electrodes 211
and 214 are used as the transmission reference electrode
12. 1In other words, ;he 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 transmission signal
electrode 11 and the transmission reference electrode 12).
[0120]
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 feference electrode 12. In addition, the
transmitting device 10 does not need to make connection
S0 as to use all the electrodes as the transmission
signal electrode 11 or the reception reference electrode
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
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56 transmtting unit 263. The el ectrode controlling unit 262 checks a
state of capacitive coupling (magnitude of capacitance) of the el ectrode
271 and the electrode 272 with the external part, and controls the
connection of the electrode 271 and the el ectrode 272 to the transmtting

unit 263 to be optimzed according to the state. [0125] For exanple,
suppose that as shown in FIG 7, the comunication nmedi um 280 serving as a

comuni cation path and having conductivity or dielectric properties
approaches the electrode 271. At this time, the electrode 272 is facing a
free space, and forns a capacitance Ctg 295 with the free space. On the

ot her hand, amtirod]liagondai esindt iRl WRe280.30R1 echeidieehectgode 271,
capacitive coupling of the electrode 271 with the free space is weakened,

and capaci tifwr exappilagaie the us! eGl1R0de27ioMbd Ntidie LemMPeni cation nmedi um
280 becones dom nant. Wien the communi cati on nedium 280 is a conductor or

an obj ect hadiengly bighbiquiisHeCHy ¢1cc0Rshadt c4ht @ivel1 A Sapacht ance Cte
294 viewed fromthe electrode 271 is |larger than the capacitance Ctg 295.

Hence, when vsiaie thegoahmurs GitiRn e@dhont Bersh o) radesaihhe ppgyi tude of a
load attached to the paths is known on 57

: 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 med;um 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 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

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 é pair of
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t he basis of the magnitude of signal level of the load. 1In the case of the
free space, the capacitance is low, and thus the signal |evel of the | oad
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 fromthe electrode is thus changed, and thereby the
signal level (magnitude of anplitude) detected when a signal is applied to
the electrode is changed. Thus, by detecting the signal level, the

el ectrode controlling unit 261 can grasp a state of the el ectrode (whether

t he communication medium 280 is in the vicinity or not). The el ectrode
control | i ng ekect26es bemtingl shé hehapnnettd anshet veenetdgpld ansm tting unit
263 and the electrode unit 262 according to the state of each electrode
whi ch st at e ¢&padids vgdaspedpled2irih e dutansei. t tTHY dlrider3@3 connect s each
of the electrode 271 and the el ectrode 272 of the electrode unit 262 as
t he transm s&imirodilgngl vefect $bdeorrrdire conhansibssépPreda@f erence el ect rode
under control of the electrode controlling unit 261. [0128] FIG 8 is a
bl ock di agr gestiowdrgofntiex asptet ofde SHhidetap! ed epaft gHisatitimf the
electrode controlling unit

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 pair

of the electrode 271 and the electrode 272 of the

electrode unit 262 corresponds to the electrode pair of

the transmission 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 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
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261 in FIG 7. The electrode controlling unit 261 in FIG 8 has a main
control unit 301, a signal input controlling wunit 302, a retaining unit
303, a connection controlling wunit 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 perforns a process of
controlling the connection between the el ectrode unit 262 and the
transmtting unit 263 by controlling various parts within the el ectrode
controlling unit 261, for exanple the signal input controlling unit 302,
the retaining unit 303, the connection controlling unit 304, and the

swi t chi ng cantaraidiitngngnithi 80563 Thehsi gnakt i&detcof@¥11ahlyi 0fi HnbE2 302 i's
controlled by the main control unit 301 to turn on or off the swtch 312.

The signal dheplis eosthekl bAgcaplditi2 HARReRYyCoRig SudRt of a signal
generated in the signal source 311 to each electrode of the el ectrode unit

262. [0130] cHpaciebats) ngf uthd S0%trpgeontnokhgdihy dh&vmide 269ntrol unit
301 to retain a signal |level detected in the detecting unit 313 and supply

t he val ue t oritthe thai axbOrgoNtgait ,URind 30h+aS15 eal ' &hneths sgoBRect i on
controlling wunit 304 is controlled by the main control unit 301 to
the electrode 271 and the electrode 272 to the
transmitting unit 263 to be optimized according to the
state.
[0125]

For example, suppose that as shown in FIG. 7, the
communication medium 280 serving as a communication 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 frge space. On the other hand, as the
communication medium 280 approaches the electrode 271,
capacitive coupling of the electrode 271 with the free
space is 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 295,
Hence, when some signal is supplied to the electrodes,

the magnitude of a load attached to the paths is known on
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control the swi tching of connection by the connecting wunit 314. The
swtching controlling unit 305 is controlled by the main control unit 301
to supply information for controlling the connection between the

el ectrode unit 262 and the transmtting unit 263 to the transmtting unit
263. The switching controlling unit 305 thereby controls the connection
between the electrode wunit 262 and the transmtting unit 263. [0131] The
signal source 311 supplies a signal of a predeterm ned frequency to the
switch 312. The switch 312 is controlled by the signal input controlling
unit 302 to supply the signal fromthe signal source 311 to the detecting

unit 313, ortHe iR LEethUPRhYni e d8t eGljnag 1HpLE %%H@&o%d' oad
resi stance 321 having a predeterm ned resistance value wthin the

detecti ng umir ﬁ5b3caEQeo@e£R§tffEblﬁﬂdbe3l%h%aEaBQE§€£nékF¥§‘i%h'al across
the load resistance 321. That is, information on the potentlal across the

| 0ad resi st ange (3R itheSYPPhi £H dv1t he th%tébahngsuﬂé& 393 4. S géa|n|ng
unit 303 obtains a signal |evel applied to an electrode on t asi s of

the infornaif @nconduBEopOs £ idile 136409S,, t RRe! 0302 £8ItANGE 160321, and
retains the value. [0132] The connectlng unit 314 has a king g?'
mul ti-contaeind thus the signal level of the load is higher.

[0126]

The capacitance as viewed from the electrode is
thus changed, and théreby 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 controlling unit 261
controls the connection between thé transmitting unit 263
and the electrode unit 262 according to the state of each

- electrode which state is thus grasped.
[0127]

The transmitting unit 263 connects each of the
electrode 271 and the electrode 272 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 block diagram showing an example of
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switch. The nulti-contact switch changes connection between a term nal 322
connected to the detecting unit 313 and a plurality of term nals provided
for each electrode. In the case of FIG 8, for exanple, the term nal 323
is connected to the electrode 271, and the termnal 324 is connected to
the el ectrode 272. That is, the connecting unit 314 is controlled by the
connection controlling unit 304 to performswitching so as to connect the
termnal 322 to the termnal 323 or the termnal 324 or not to connect the
termnal 322 to the termnal 323 or the term nal 324. The connecting unit
314 thereby perforns switching so as to supply the signal fromthe signal

source 311 t@edda & eehiradarddionlof o ehechinde 228, 01108 kR Supply the
e or the

signal fromthe signal source 311 to the electrod el ectrode

272. [0133] 461 anmde.of . chacking Gapae ELYE-SPERLE NEhOf RAch, ghect!ode,

the main control unit 301 controls the connection controlling unit 304 to

sequenti al | y8 einecChaibhecherd N@LiB3&H1 N 4t Qe aopnegt i .4 to each
of 61 the term nal 323 and the ter%inal'SfA, gn f?n%???hééﬁéﬁgigﬁghe

connect on anf £58029Na0pEa AP w1t At oRepnLhes IR Dkl uni ¢ 301
controls the signal input controlling unit 302 In each of these“states
(the state unit 304, a switching controlling unit 305, a signal

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

connecting unit 314.

[6129]

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 cdntrolling 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

unit 301 to turn on or off the switch 312. The signai

input controlling unit 302 thereby controls input of a

signal generated in the signal source 311 to eéch

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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of the termnal 322 being connected to the termnal 323, the state of the
termnal 322 being connected to the termnal 324, and the state of the
term nal 322 being unconnected), so that the switch is turned on for a
predetermned tine to apply the signal. The detecting wunit 313 detects the
signal level of each signal thus applied, and then supplies the signal
|l evel to the retaining unit 303 to nake the signal |evel retained by the
retaining unit 303. Wen obtaining the result of detection of the signal
| evel fromthe retaining unit 303, the main control unit 301 supplies the
result of detection of the signal level as control information to the
transnitti ngcantine12688iyi a01 hes sméduihieny Comd reddridigidmicon80511{0434] FIG
9 is a block diagram show ng an exanple of detailed configuration of the
transmttingniki 80268si conEt@ 1éd Hy0135] mIbe. comaRSIIdRit@ounith 263 in FI G
9 has a 62 transm ssion controlling unit 351, a transm ssion signal
generating @wentrab2thansehpthing ngf unhhe3db3on ab ¢ o cidri@ctynigt 354, and a
connection controlling unit 355. [0136] The transm ssion controlling unit
351 control #ngichld. The switching controlling unit 305 is

controlled by the main contrel 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 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 load

resistance 321. That is, 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 electrode on the basis of the

information on the potential across the load resistance
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part within the transmtting unit 263 to thereby perform a control process
for signal transm ssion, such as controlling connection to the el ectrode
unit 262 and outputting a transm ssion signal, on the basis of the

control information supplied fromthe electrode controlling unit 261 (the
switching controlling unit 305 in the electrode controlling unit 261).
[0137] The transm ssion signal generating unit 352 can generate a
plurality of kinds of transm ssion signals, for exanple. The transm ssion
signal generating unit 352 generates a transm ssion signal corresponding
to transm ssion information indicated by the transm ssion controlling

unit 351, agrdit hghRasHepdies e Jnaasm ssion signal to the anplifying unit
353. The anplifying unit 353 is forned by an operational anplifier or the
i ke. Undemgogepirol of the transm ssion controlling unit 351, the
anplifying unit 353 anplifies the transm ssion signal supplied fromthe

transm ssion si gnalhcgeranatintyUmhic 352 13 %nqtihaeafsl!dﬁp{iﬂéo&ﬁ%t

transm ssion signal to the connecting unit 354 to supply the transni ssion

signal to &hecér angMeS w001 SEERBS €l Sptdedenandebheohhadsission
reference el ectrode. The connecting unit 354 has a nulti- contact sw tch

for switchipgcsosnnecticrnibrivesn euhRbtted TRl SIRbckRfgaARL e fying unit
353 and el ectrodes. That
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 2?2. That is,
the connecting unit 314 is controlled by the connecﬁion
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 écurce 311 to the electrode 271 or the electrode
272.
[0133]

In a mode of checking capacitive coupling of each
electrode, the main éontrol unit 301 confrols the
connection controlling unit 304 to sequentially connect

the terminal 322 in the connecting unit 314 to each of
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is, under control of the connection controlling unit 355, the connecting
unit 354 connects each of the output termnal 361 and the output term nal
362 of the anplifying unit 353 to one of a termnal 363 and a term nal
364 (termnals different fromeach other), or disconnect (open) both the
output termnal 361 and the output termnal 362. In the exanple of FIG 9,
the connecting unit 354 connects the output termnal 361 of the
anplifying unit 353 for the transm ssion signal electrode to the tern na
364 (electrode 272), and connects the output term nal 362 for the

transm ssion reference electrode to the termnal 363 (el ectrode 271).

That is, intHd seaasfaltl e elRctdRia 2htndgt 5225 408 £ifANM SSi on
reference el ectrode, and the el ectrode 272 acts as the transm ssion signal

el ectrode. [R13BkeFehe examid@:idd shdede abh bpapssiitd Ng1a ghgpalonon the
basis of the control information generated and 64 ------ - - ----- supplied

by the el ectuhedeagants@t NGt 3026konBrbhg +ROAS Hfaichegking the
capacitive coupling of each electrode, the transmssion controlling unit

351 contr ol sonttte1tongeetitoneonty @alhng rupht sS85 4t@Lorpectrgagh term nal
of the connecting unit 354 and thereby determ ne the transm ssion signal
el ectrode amd the téaMMHISS20Nbeing 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 ;hat 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 controlling

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. 9 has a
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reference el ectrode. Wen the connection to the electrode wunit 262 is
establ i shed, the transm ssion controlling wunit 351 controls the

transm ssion signal generating unit 352 to generate a transm ssion signal,
controls the anplifying unit 353 to anplify the transm ssion signal, and
t hen makes the transm ssion signal output fromthe electrode unit 262 to

t he communi cation nmedium 280 via the connecting unit 354. [0139] As

descri bed above, the transmitting device 260 perfornms optim zation by
switching the transm ssion signal electrode and the transm ssion reference
el ectrode according to a state of capacitive coupling of each electrode,

and then trQﬁ%ﬁ%h§s§13ﬂgﬁgﬁtrdﬁﬁ%5.f%ﬁ%ttggl Sé néﬁy%sg%ntgﬁgﬁgltted to

the receiving device stably Tirrespeciive of Ional relatron to the

human body @bne@al$gy @i CAPNiGaL iy @lg‘gglllé”ﬂ 19]3%@ G5 Anhbay 2

process for such control of the electr next” be descri e Flrst,

a flow of auniel ssif ofigs GONLAIGNPLOLSS: | £l fj@NSBssi on process

performed by the transnlttlng eV|ce 2 escrlbed with reference
to a flowchaptsgf FIG 10. [0141] Wiile the transm ssion process is

perfornmed, the
: 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 ghe 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 control 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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main control unit 301 in step Si controls the transm ssion controlling
unit 351 in the transmtting wunit 263 via the swtching controlling unit
305 to stop transmtting a signal, with predetermned timng or a
predeterm ned process as a cue. According to an instruction fromthe main
control unit 301, the transmssion controlling unit 351 controls the
transm ssion signal generating unit 352 to stop generating the signal.

[ 0142] When the generation of the signal is stopped, the main control unit
301 advances the process to step S2, where the main control unit 301
perforns the electrode controlling process for controlling the connection

bet th de,HAi a : LttL] i e 263.. Detail f
et ween t he gleeheadguppiec264and ﬁ@@%g%gmgfﬁg@ d&q"éh alls o

the el ectrode controlling process w esc ater. \Wen the

el ectrode c k i e t i ; ral it 301
Qhnekking BRPEESS, 6§ g ?ﬁg Pgalq&h{'s&?%f Qartdl Lo

advances the process to step S3, mai n cont 301 controls

the transmigel @RaRORALEOL oM NG I e3olehBabNEnkr RS W LIIRAE s YRt 263 via

the switching controlling unit” 305 to start transmtting a signal.
fccor ding t @edBrbASLr UEbE ORbdd OTrnt NEoRLA ANl WL n301a hiEcs -
S

transm ssion controlling wunit 351 contro e transm ssion signal

generating WBhtac85dwieciStadt HARGHALLNEIchAE-El A ctween output
terminals of the amplifying unit 353 and electrodes. That
is, under control of the connection controlling unit 355,
the connecting unit 354 connects e;;h 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 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 mode of transmitting a signal, on

the basis of the control information generated and
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[0143] When the transm ssion of the signal is ended, the main control unit
301 ends the transm ssion process. [0144] As described above, the signal

is transmtted, and optimzation is performed by switching the

transm ssion signal electrode and the transm ssion reference el ectrode
according to a state of capacitive coupling of each el ectrode. Therefore
the main control unit 301 can transmt the signal to the receiving device
stably irrespective of positional relation between the transmtting
device 260 and the communication medi um 280. [0145] Details of the

el ectrode controlling process perfornmed in step S2 in FIG 10 will next be

descri bed wdﬁplri%aebgn@@eta&éﬂm%&h@ﬁlgh&uﬁt &4 Q14§ When the

el ectrode controlling process is started, the nmain control unit 301 in

step S21 comiddel &ft BRecki@NSUAd tdapG Rt e263uNi And her SWigching control ling
unit 305 to disconnect tﬁ% elecF%%deslaﬁd tﬁ% tr%nsnitf%hg unit from each

ot her. Underiherean)rohe Exkﬁsfn{i%i%s%%ro%j?ﬂﬁ]g Qldigsynibngagikn the
I the connecting unit 354

transmtting unit 263 makes each termnal o _ 4
opened, -t her@by codhseoineddmaiieng! GRtE0dEs UN t. 202 4And e transmitting

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 unif
352 to generate a transmission signal, contreols the
amplifying unit 353 to amplify the transmission signal,
-and then makes the transmission signal output 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
raccording 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
irrespective of positional relation to the human body of
.84 user as communication medium.

f0140]
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unit 263 fromeach other. [0147] After each electrode and the transmtting
unit 263 are disconnected fromeach 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

el ectrode controlling unit 261 to an initial value. That is, the main
control unit 301 controls the connecting unit 314 to connect the el ectrode
to be checked first to the detecting unit 313. Then, the main control unit
301 in 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 rof et g Rkks3E3r Jhen Sidialor $eSyYpRlied to an 68
el ectrode of the electrode unit 262 via the detecting unit 313 and the

connecting Widct3bdies ThE1 HedSed I dddick1b343 117 SIeP aS24odeLecls a
potential difference across the load resistance 321 as a signal |evel, and

supplies i rfleictabbencoR t&eL 9 Rl sdihf 8T epgesd & ding Lelbakakng unit
303. The retaining unit 303 in step S25 retains t%e I nformation on the

potenti al digkheoence 85 Sldnaladsaitling(AL4Ste | Bosten 1528, the min control
unit 301 determ nes ether the signal level is detected in all patterns.
described with reference to a flowchart of FIG. 10.
[0141]
While the transmission process is performed, the
main control u;it 301 in step S1 controls the ﬂ
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
transmission signal generating unit 352 to stop
generating the signal.
{0142]
When the generation of the signal is stopped, the
main contrel unit 301 advances the procesé to step 52,
where the main control unit 301 performs the electrode
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
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When the main control unit 301 determnes that the detection is conpleted,
the main control unit 301 advances the process to step 527, where the main
control unit 301 obtains the detected signal level fromthe retaining
unit 303, and selects each of the electrodes of the electrode unit 262 as
an electrode to be used as the transm ssion signal electrode or as an

el ectrode to be wused as the transm ssion reference el ectrode on the basis
of the obtained signal |evel. For exanple, when the signal level is a
predeterm ned threshold val ue or higher, the capacitance fornmed between
the el ectrode and the surroundings is |large, and therefore the main

control unit;s3Qkqdal etnk nesit halh e GaIPURjsaLion, aediym §§Qcé§s in

proximty, and selects the electrode as the 69 transm ssioh signal

el ectrode. Gonveesely, hlr&aihin WBRRbNCR ONH1 Idkelos Lower fhan

the predeterm ned threshold value, the capacitance forne etween the

el ectrode andahbRi SYLERUASHIGS 1iHoSTRLL. 33 NEK 1,016 ol B gl n cont ol

unit 301 determ nes that the electr I's capacitively coupled with the

space. and sghechsstigs GlEWdRiAg LOR: LEANAM SLAN 08 ehepeey el ect rode.

[0149] The main control unit 301 in"step S28 controls the connecting unit

314 via t heteansectt Oy COMIaN NG Ul Aai 304 d ArORRGe 2hke 1P A&fM nal s and

t hereby di sconnect the
the main control unit 301, the transmission controlling

unit 351 controls the transmission signal generating unit
352 to start generatin; the signal.
[0143]

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

BAs described above, the signal is transmitted, and
optimization is performed by switching the transmission
signal electrode and the transmission reference electrode
according tc 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.
(6145}

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.
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el ectrode unit 262 and the electrode controlling unit 261 from each other.
Then, the main control unit 301 supplies identifying information for the
transm ssion signal electrode and the transm ssion reference el ectrode
which information indicates which electrode is to be used as the

transm ssion signal electrode or the transm ssion reference electrode to
the transm ssion controlling unit 351 in the transmtting unit 263 via the
switching controlling unit 305. The transm ssion controlling unit 351 in
step S29 controls the connecting unit 354 to connect the el ectrodes of the
el ectrode unit 262 to the transmtting unit 263 on the basis of the
supplied idantddiying information. That is, the electrode unit 262 70 is

t hereby connected to the transmitting unit 263 by a nethod optim zed on

the basis of checksndy the LleRetbadecosORETPlhd Nd¥lst 261 Yhenyt he
process of step S29 is ended, the main control "'unit 301 ends the el ectrode

- control i ng theoa@ss. cbAEBO] il dent ahl %eephgps tAsnRiL GaRtrol unit 301
determnes in step S26 that the signal level Is not etected in all the

patterns (sigaakmhieveh§ &0ft ald3 the tﬁEGE%!‘LQQﬁJS.n@r&)Moﬁ?E%CEﬁg}.1 the main
control unit 301 in step S30 controls the connecting unit 314 via the
connection @08t £6l Hi Bomddt 30 LAebE88H8 PRUTELD Qfansmitting
unit from each other. Under the control, the transmission
controlling unit 351 in the transmitting unit 263 makes
) ‘each terminal of the connectingwunit 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 initial wvalue. That is, the
main control unit 301 controls the connecting unit 314 to
:connect. the electrode to bé cheﬁked first to the
detecting unit 313. Then, the main control unit 301 in
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
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connecti on between the el ectrode unit 262 and the electrode controlling
unit 261. That is, the connecting unit 314 connects the term nal 322
connected to the detecting unit 313 to the termnal for the electrode to
be checked next. After the process of step S30 is ended, the nmain control
unit 301 returns the process to step S23 to performthe process for the
new el ectrode. (0151] That is, each part of the electrode controlling wunit
261 repeatedly perfornms the processes of steps S23 to S26 and step S30 to
check a state of capacitive coupling of each el ectrode. When the checking
of all the 71 electrodes is thereafter ended, the main control unit 301

perforns the agess bEORhS! 8D SN HOWN 269 9PLI P26y necti on
bet ween the el ectrode unit 262 andjthe transmtting un?%gg%%ﬂﬁ[0152]

Because t he aliacty10dangohs ObbAMEG-OIRLRSS ¢l S14PCriHY NRA A% jdesGhiped above,
the main control unit 301 can detefﬁfne for each of the eﬁe%tro%es whet her

to use the Hl®eakhr edepas2ihgetsansm %ﬁt‘é&t&%ﬁefi%ﬁ?r&l@&t Od§s OfeneWhet her
to use the electrode as the transm ssion signal electrode, and a signal

can be 1 anamald edstoriiice 1 soeiad ng devagerstabl vahd reghectdye of the
positi-onal relation between the transmtting device 2 and t he
: ‘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.
[dﬁ48] )
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-completed, 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
‘Cf 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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comuni cati on medi um 280. [0153] Incidentally, there may be three or nore
electrodes in the electrode unit 262. In this case, the transmtting

devi ce 260 can control selection of an electrode pair by swtching the
connecting unit 354. That is, in this case, the transmtting device 260
does not need to determne an electrode to be used as the transm ssion
signal electrode and an electrode to be used as the transm ssion.
reference. electrode in such a manner as to distinguish the el ectrodes from
each other; it suffices to determine 72 which plurality of el ectrodes
anong the group of electrodes of the electrode unit 262 are to be used as

a pair of t )5 S ' lLagt r hhe apg .S on
P 8nthABSLRSL A ANAcglaet ggﬁn%$gf%§'eFEE Q§%@§§%onnected to

reference electrode. That 1is, in this cas ectro

the output Geeni pRE SfdnaandJdie i%UtlBHtertﬁE'é% "Gle $0%adieghegt rode nearer

to the conmunication nedium 280 acts as e transm ssion signal electrode

as a consequeresno P AN 18t rode TRE e dESE gégyg§5h%hgonnunication

medi um 280 acts as the transm ssion reference el ectrode as a consequence.

Therefore thecoutoi 4RI MHAlsfi9oubRens ANS eI 0N o LhpLENGE, £l ectrode and
the output termnal for the transm ssion signal 'electrode do not need to
be = differenshbaheth fdFQHRRACKNALNED1 determines that the electrode

is capacitively coupled with the space, and selects the

electrode as the transmission reference slectrode.

[0149]

The main control unit 301 in step S28 controls the
connecting unit 314 wvia 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
electrode 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 via the switching

- controlling unit 305. The transmission controlling unit
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
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[0154] In addition, the transmtting device 260 may specify and use a
plurality of electrodes as the transm ssion signal electrode, and specify
and use a plurality of electrodes as the transni ssion reference

el ectrode. In addition, the transmtting device 260 may specify el ectrodes
to be used as the transm ssion signal electrode and el ectrodes to be used
as the transm ssion reference electrode such that the el ectrodes to be
used as the transnmi ssion signal electrode and the electrodes 73 to be used
as the transm ssion reference electrode are different fromeach other in
nunber. [0155] Wiile the transmtting device has been described above, the

resent inventiceare L4a d.qar a Id-ng. . devi ce
p 8RB reBh 8&nsdiidfrdy ad @qusﬁﬁﬁg%h?z,l.{r{ﬁhcte 2%l3 g%; &

corresponding to the transmtting device. e recefving device

can al so charg@od(68biMOtdd CRINER! 1Al 1ReLreen. ek £61 qgdes eagét%diel”t er nal

circuit such that positional relation between the Teceived signa

el ect rode andnthellesgniion JAf.er RACE ol ealdde aRdsths epgmuni cation

mediumis optimzed according to positi-o rel ation ween the receiving

devi ce and thaeap MMl kAd QbTRANULL; HEBEE, oAdhe cilegqiiRtban of the
el ectrode connection control in the transmtting device described above
with refereaeatt01 His process.

[0150]

Incidentally, when the main control unit 301
determines in step 526 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 coﬁnects the terminal 322 connected to the
detecting unit 313 to the terminal for the electrode to
‘be checked next. After the process of step S30 is ended,
the main control unit 301 returns the process to step 523
to perform the process for the new electrode.

[0151)

That is, each part of the electrode controlling

~unit 261 repeatedly performs the processes of steps $S23 -

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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6 can be applied to the receiving device. In addition, arrangenent
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 bl ock diagram
showi ng an exanple of internal configuration of an enbodi nrent of such a
recei ving device. 74 [0157] A receiving device 370 in FIG 12 corresponds
to the transmtting device 260, and receives a signal supplied by the
transmtting device 260 via the comunication nmedium 280. The receiving
device 370 mainly has an electrode controlling unit 371, an el ectrode unit

372, and a raeeictbigsuns Lol hUSEhaThe e eChLafSGanoLbROaHR L 371 i s

a processing unit corresponding to the él éctrode co ing unit 261 in

the t1ansim (a9 evice 0. oWt FLE 577 ol G4 Lgagna0ut ol I1ng

unit 371 controls connection between the receiving unit t he

electrode U 3éanecSafHdlRldY rnlh)BLeebs ot GOMdNgpuni t 371
checks a state of capacitive coupling of each el'ectrode 1'n the electrode
unit 372, i@gghg&gg§i$$qnghg@%@qde to be used

[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
électrode, 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 262. In this case, the transmitting
device 260 can control selection of an electrode pair by
‘switching the connecting unit 354. That is, in this case,
fhe 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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as received signal electrode and the electrode to be used as reception
reference el ectrode, and then supplies identifying information identifying
the el ectrodes as control infornmation to the receiving unit 373. The

el ectrode controlling unit 371 has basically the sane configuration and
operation as the electrode controlling wunit 261. The description above
made with reference to FIG 7 and the block diagram and the description of
the 75 el ectrode controlling unit 261 shown in FIG 8 can be applied to
the el ectrode controlling unit 371, and therefore description thereof wll
be omtted. [0159] The el ectrode unit 372 corresponds to the el ectrode

unit 262 irldﬂy%ht%@g§glig é%%o%ggséggﬂﬁ {ﬁgFﬂéﬁ As with the

el ectrode unit 26 t he *ectro e unit as an Ig%trode 381 and an

el ectrode 382 .3%r84P4I & Oéhe eél%t&%%s udyi Dg, the s&i?%ee s disk, for

exanple, and capacitively coupled wth an outsi he receiving unit 373

corresponds 459 »t B¢ LR@NSPAAdNG W ki éﬁgl'gl%g%Eo&ézyHﬂnéﬂg ng device 260

shown in FI 7. The receiving unit perfornms a process of receiving a

signal via ttf}v.%nsﬁh%léﬁdﬁefé]}etnc@%le%%ag Ofp *ag %r a’iﬁ”’cﬁﬂ; 08, HL OCESS.
[0160] For exanple, suppose that as shown in EI communi cati on
medi um 280 $@r ¥1B80e ASc @ SUINHYGRRR P8t Phe 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
reference electrode and the output terminal for the
‘transmission signal electrode do not need to be
differentiated from each other.
[0154]
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 electrodes to be used as the transmission

reference electrode such that the electrodes to be used

as the transmission signal electrode and the electrodes
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and having conductivity or dielectric properties approaches the el ectrode
381. At this tine, the electrode 382 is facing a free space, and forns a
capacitance Crg 395 with the free space. On the other hand, as the ‘
comuni cati on nedi um 280 approaches the el ectrode 381, capacitive coupling
of the electrode 381 with the free space is weakened, and capacitive
coupling of the 76 el ectrode 381 with the communi cati on nmedi um 280 becones
dom nant. \Wen the communication medium 280 is a conductor or an object
having a higher dielectric constant than air, a capacitance Cre 394 vi ewed
fromthe electrode 381 is |larger than the capacitance Cg 395. Hence,

when sorte signale kcBURR! LRY {fuddi Lo adeSenct he IBANIAE Of a | 0ad

attached to the paths is known on the basis e magni tude of signal

llevel of theilf@dent! Rrifees@se@fert N fiGeesPace, the capacitance is |ow,
and thus the signal level of the load is low In the case of a conductor

or a dielectpigsit he capacitance is high, and thus the signal |evel of the
| oad is higher. 60161] The capacitance as viewed fromthe electrode is

thus changed, and Wieretbhd Re-AARRL: heVaLy{dBAd WlenOhesBERbL UTE)

'detected when a signal is applied tot electrode i's changed. Thus, as
with el ectr agevepntnel biddent!Nidvedthond aleheClifth 111 Sdpded €¥el . the
el ectrode

- 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
recelved signal electrode and the reception 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.
- 6 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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controlling unit 371 can grasp a state of the electrode (whether the
comuni cation nedium 280 is in the vicinity or not) The el ectrode
controlling unit 371 controls the connection between the receiving unit
373 and the electrode unit 372 according to the state of each el ectrode
whi ch state is thus grasped. 77 [0162] Incidentally, the pattern of
connection of the termmnals in the connecting unit 354 shown in FIG 9 is
an exanpl e of connection. In practice, the connecting unit 354 is

controll ed by the connection controlling unit 355 as descri bed above to
change the connection of each termnal in a plurality of connection
patterns inclQiditig a connection pattern shown in FIG 13. [0163] FIG 13
is a block diagram showi ng an exanple of detailed configuration of the
recei ving unit 3732 Féeeiviereidevigeudird 8£3rid@. AGcok3cbasndsr €5epti on
controlling wunit 401, a connection controlling unit 402, a connecting
unit 403, arrhemlriehgnhgt i tdedbidse 250 ,a aheCek¥edyss anali gn@ht ai ni ng unit
405. [0164] On the basis of the control information supplied fromthe
el ectrode cemppdlikednpyuthé Sahspidenhil WeRdcel PEOr+®|d it i dentifying the
el ectrode to be used as 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
electrode 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 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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recei ved signal electrode and the electrode to be used as 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 term nal 413 78 connected to a
termnal of the anplifying unit 404 for the received signal electrode to
the received signal electrode, and connect a termnal 414 connected to a
terminal of the anplifying unit 404 for the reception reference el ectrode
to the reception reference electrode. 1In the case of FIG 13, the
connecting unit 403 connects the termnal 413 to a term nal 412 connected

to the el ecilrcedeod82coriEb CIOMEGIS t P& 1t ghBhAa n 44k t @ &ant gm nal 411
connected to the electrode 381. That is, in this case, the el ectrode 381

i's connectedippaias t6 figd slectifrld eoaitvedlshgnaliteleatrede, and the
el ectrode 382 is connected, so as to act as the reception reference

el ectrode. [thbGRFoka asklidipiiont RRck@EEPYLON KOMMiIAHddNg unit 401 controls
the anplifying unit 404 as required to anplify a received received signa
and then sugphlgothe received signal to the received signal obtaining unit
405, and controls the received signal obtaining unit 405 as required to
obtain the anplifi®@k reeetyedeSifnal 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 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 receiving.

unit 373 performs a process of receiving a signal via the

electrode unit 372 instead of the transmission process.

[0160]

For example, suppose that as shown in FIG. 12, the

communication medium 280 serving as a communication path

and having conductivity or dielectric properties

approaches the electrode 381, At this time, the electrode

382 is facing a free space, and forms a capacitance Crg

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
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[0166] As described above, the receiving device 370 controls the

el ectrodes in the sane manner as the transmtting device 260. That is, the
recei ving device 79 370 perforns a reception process in a simlar nmanner to
the transm ssion process shown in the flowhart of FIG 10. The receiving
device 370 stops signal reception, and then perforns the el ectrode
controlling process. After the electrode controlling process is ended, the
receiving device 370 resunes signal reception. The receiving device 370
perforns an el ectrode controlling process as in the case of the el ectrode
controlling process represented in the flowhart of FIG 11. The receiving

device 370 iglpittsoda S8UNA tH arRachmelactheden MERSRS 2Boshatenel capacitive
coupling of each electrode on the basis of a signal |evel obtained, and

t hen det er mide&snbhe. r aRinV @fes conini €3 €034 oRRyiand 2kbeisegeption reference
el ectrode. [0167] As descri bed above, the signal is received, and

optim zati oronslupest osFesh Wb Mt Ghivaggt Aent gl ek 1e5it@ral el ectrode and
the reception reference electrode according to the state of the capacitive

coupl i ng of ceacbanel €4 atier, Bhewphereahbe ¢LLePI4 GR LRAt Fobki pge uni t 401
enables a signal transmtted fromthe transmtting device to be received
stably irrespectryge (38 PO Niagiyalr £BhAL L1908 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 sign;l 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. 1In the case

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

and thus the signal level of the load is higher.

[01l61]

The capacitance as viewed from the electrode is

thus changed, and thereby the signal level (magnitude of

amplitude) detected when a signal ié 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 the receiving unit 373 and thé

@lectrode unit 372 according to the state of each

electrode which state is thus grasped.
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bet ween the receiving device 370 and the comruni cation nedi um 280. [0168]
80 - - - - - e Incidentally, the electrode controlling process

may be perforned while the transmitting device 260 and the receiving
device 370 perform ng comuni cation 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 transmtting device 260 that has been
perform ng the transm ssion process first transmts a transm ssion stop
notifying signal to the receiving device 370 in step S41 to notify the
recei ving device 370 that the transm ssion process wll be stopped. Wen
the notificllied] is conpleted, the transmtting device 260 advances the
process to step 542, where the transmtting device 260 stops signal
transm ssi on. The Inaidmtdlilng tdevpset2pd) Perdommtliba gkeehs ode
controlling process described with reference to the flowhart of FIG 11

in step 543erfdbz0p Whethé heomeeriivigngndevdse SHéd nrstrap.S6likecei ves
the transm ssion stop notifying signal transmitted in

an example of connection. In practice, the connecting

unit 354 is controlled by the connection controlling unit

--335 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 éonnecting
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 372), the reception controlling

~unit 401 controls the connecting unit 403 via the

connection controlling unit 402 to connect a terminal 413
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step $41 by the transmtting 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 el ectrode
controlling process described with reference to the flowhart of FIG 11
in step S63. [0171] After the electrode controlling process in step S43 is
ended, and thus the connection between the electrode wunit 262 and the
transmtting unit 263 is optim zed, the transmtting device 260 advances
the process to step S44, where the transmtting device 260 starts signal
transm ssion. Then the process is ended. [0172] After the receiving device

370 ends thecehesttratec eorbralihsDgo Praee S 1aFdihBUsH 9Pt idd z€s, t he
connection between the electrode unit 372 and the receiving unit 373, the

recei ving deviheers3#] vadvangaslt beePros@S S d Hel eRcS8deg WhgiLL the recei ving
device 370 starts signal reception. Then the process is ended. [0173] As

descri bed aboMa;trdue,t kadsabhhédy end 6 260 sand cohhecf&getying device 370
synchroni ze timng of performng the electrode controlling process with
each ot her. tebhemelly oft haet a@psiiyinfdideviea 260 apd thespgecsi ving
reference electrode to the reception reference electrode.
“In the case of FIG. 13, the connecting unit 403 connects
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 so as to act as
the received signal electrode, and the electrode 382 is
connected. so as to act as the reception reference
electrode.
[0165]
In addition; 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 signal.
[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
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device 370 reduce problens in communi cation such for exanple as a case
where the transmtting device 260 82 -------------- transmts a signa
while the receiving device 370 is performng the electrode controlling
process. Therefore the comunication process can be performed nore
efficiently and nore accurately. [0174) Incidentally, while in the above
description, the electrode unit 372 has two el ectrodes (the el ectrode 381
and the el ectrode 382), the present inventionis not I|imted to this, and
t he nunber of such electrodes nay be three or nore. In this case, the
receiving device 370 can control selection of an el ectrode pair by
switching tReo senneehd Y ridpt408. pFhatss Sin id) 4iMiS aGasannkhets ecei vi ng
device 370 does not need to determne an el ectrode to be wused as the

recei ved si ghal tebeshi Hderrand-caRsel 8BbRAIEN tithe R di&eG rasoEheIG £CEPLi ON
reference electrode in such a manner as to distinguish the electrodes from

each ot her; 10.t Y freces viagdat¢i & nE7oitehspibakit Yebépel @ct 1zades anong
the group of electrodes of the electrode unit 372 are to be used as a pair

of the receitred 5éanatnel@r! adetrrand therreceply @rdceker enceceal ectrode.
That is, inthis case, of the electrodes connected to the input term nal
413 and t hethapélediefdiddordtl 160§ pLEE€d4HMR REYRY, tBe receiving
device 370 resumes signal reception. The receiving device
. 370 performs an electrode contreclling process as in the

case of the electrode ;ontrOIling 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.

[0167]

As described above, the signal is received, and

optimization is performed by switching the received

signal ‘electrode and the reception reference electrode
accérding 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 device 370 and the communication

medium 280.

[0168]
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t he conmuni cati on nmedi um 280 acts as the received signal electrode as a
consequence, and the electrode nore 83 distant fromthe comuni cation
medi um 280 acts as the reception reference electrode as.a consequence.
Therefore the output termnal for the reception reference el ectrode and
the output termnal for the received signal electrode do not need to be
differentiated fromeach other. In addition, arrangenent relation of the
el ectrodes is arbitrary. Further, the magnitudes of surface areas and
shapes of the electrodes are arbitrary, and may be different from each

ot her, of course. [0175] In addition, the receiving device 370 may specify

and use a pluralitimofqdsleatiodeseas) dbersKERU1MRT A1l protesd mode, and
specify and use a plurality of electrodes as the reception reference

el ectrode. kr pddibidd Whele 8GLItVLAGNIEVE£E TP dBY, @PaGIf ¥nel ectrodes to
be used as the received signal electrode and el ectrodes to be used as the

reception rekeeenehyel&fidoder s el rbhal niheokh&eisndes heebe used as the
received signal electrode and the electiodes to be used as the reception

reference ekaehrofezad i fRf@ntLcheem each it her tha ?9&9&3 i 0176]

I ncidental ly, one device may of course have both the functions of the
above-descriched t538si 11 i @ARWEBed with reference to a flowchart

of FIG. 14.
[0169}

The transmitting device 560 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 traﬁsmission process will be stopped. When the
notification is completed, the transmitting device 260
radvances the process to step S42, where the transmitting
device 260 stops signal transmission. The transmitting
device 260 performs the electrode controlling process
described with reference to the flowchart of FIG. 11 in
step S43.

[0170]

When the receiving device 370 in step S61 receives
‘the transmission stop notifying signal transmitted in
step S41 by the transmitting device 260, the receiving
device 370 advances the process to step S62, whereby the

- receiving device 370 stops signal reception. The
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260 and the functions of the receiving device 370. 84 [0177] FIG 15 is a
bl ock di agram showi ng an exanple of configuration of an enbodi nent of a
comuni cating device to which the present invention is applied, the
comuni cating device corresponding to the transmtting device 260 in FIG
7 and the receiving device 370 in FIG 13. [0178] The conmmuni cati ng device
450 in FIG 15 perfornms the same comruni cations as the communi cations
performed by the transmtting device 260 and the receiving device 370
bidirectionally with another comunicating device 450 via a conmunication
medi um 280. The comuni cating device 450 has an el ectrode controlling unit

451, an el ectdcedeingnibvASL, 3 ANGHCRINURI at FHEmdNide 493 cthBL49] The
el ectrode controlling unit 451 is a processing unit corresponding to the

el ectrode caint@bllilnggUstdcedsl ddddr@bed) wabd toes Ll redeneontrol ling unit
371 (FIG 12). The electrode controlling unit 451 controls connection

bet ween t he falgehtedectinFtc 452 and ddag egsnuni cating unit 453,
Specifically, the electrode controlling unit 451 checks a state of

capaci tive qoupliijng of each electrode in the electrode unit 452, identifies
an el ectrode to be
: 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 S44,
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 S$64,
where the receiving device 370 starts signal reception.
Then the process is ended.

[0173]

As described above, the transmiﬁting device 260 and
the ieceiving device 370 synchronize timing of performing
‘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
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85 used as transm ssion signal electrode, an electrode to be used as
recei ved signal electrode, an electrode to be wused as transm ssion
reference el ectrode, and an electrode to be used as reception reference
el ectrode, and then supplies identifying information identifying the

el ectrodes as control information to the communicating unit 453. The

el ectrode controlling unit 451 has basically the sanme configuration and
operation as the electrode controlling unit 261 and the el ectrode
controlling unit 371. The bl ock diagram and the description of the

el ectrode controlling unit 261 shown in FIG 8 can be applied to the

el ectrode canbhoht{fGs iftidar!Shiiandnbhecelos saglenasical 5o tbereof will be

omtted. However, since the electrode unit 452 has four electrodes, the

el ectrode coRiEahifng Ml te AR CeCkS, 5621 8% AfrLARACT thyercaud i ng of al |

-the four electrodes.” Mrre specifically, while the connecting unit 314 in
FIG 8 hast@%e80&@@&1&4&%&&*5%0%@%&0Baﬁaﬂérﬁbfﬁ%%ﬂ%@ﬂ&@%%s on one side

whi ch switch selectively connects the termnal 322 to the term nal 323 or

the term nakr324; cDECAUSR) e RURNELLQIyterm nal s sel ected to be connected
to the termnal 322 corresponds to the nunber of electrodes in the

el ectrode unppiysfhe connecting unit in the comunicating device 450 is
formed by aswitch having 86
Incidentally, while in the above description, the

electrode unit 372 has two electrodes (the electrode 381
-and the eléctrode 382), the present invention is ;ot
limited to this, and thé 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 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 group of electrodes of the electrode unit 372
are to be used as a pair of the received signal electrode
and the reception reference electrode. That is, in this
.case, of thé 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 conseqguence, and the electrode more
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four contacts on one side. [0180] The el ectrode unit 452 corresponds to
the electrode wunit 262 in the transmtting device 260 showmn in FIG 7. As
with the el ectrode unit 262, the electrode unit 452 has pairs of

el ectrodes having the shape of a disk, for exanple, and capacitively
coupled with an outside. However, the electrode unit 452 has four

el ectrodes 461 to 464. The communicating unit 453 corresponds to the
transmtting unit 263 in the transmtting device 260 shown in FIG 7. The
comruni cating unit 453 perfornms not only a transm ssion process but also a
process of receiving a signal via the electrode unit 452. That is, the

el ectrode unifs452 PELAOLNE GoAITMNGRL RRAPLACESS ad AChieving a

t wo-way conmuni cati on with another comunicating device 450. [0181] For

exanpl e, supRReStibat ragesao dint it Guells Eheo%gg lcat bgn,opgidm 280

serving as a communi cation path and having conductivity or dielectric

properties t%pro%gﬁestéﬁﬁi&l1ePédxoct%e‘l%c@ﬁéiwer@%eeféfr{c%d%fé@%m&é. this

time, the electrode 463 is facing a free space, an orms a capacitance

Ccg 473 Wi t Benbr 86¢ SPACE L n0ARAH LRRCEDEL YEET: {12 1elackrpdge463 and a
reference 87 point 496-1 representing a virtual point  at infinity erm
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 elecﬁ}odes are arbitrary, and may be
different from each cther, 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 received signal electrode and electrodes to be used
as the reception 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.
[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.
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the electrode 463) Simlarly, the electrode 464 is also facing the free
space, and forns a capacitance Ccg 474 wth the free space (a capacitance
between the el ectrode 464 and a reference point 496-2 representing a
virtual point at infinity fromthe el ectrode 464). On the other hand, as
t he communi cati on nmedi um 280 approaches the electrode 461 and the

el ectrode 462, capacitive coupling of the electrode 461 and the el ectrode
462 with the free space is weakened, and capacitive coupling of the

el ectrode 461 and the electrode 462 with the conmunication nedi um 280
becones dom nant. \Wen the conmunication nmedium 280 is a conductor or an
obj ect havimg 7a1hi gher dielectric constant than air, a capacitance Cce
471 viewed fromthe el ectrode 461 and a capacitance Cce 472 viewed from

the el ectrode 462 @re. ilsarger bDaPktHL2EANRUHANGS CRYefdmp P LEY 474
Hence, when sone signal is supplied to the electrodes, the magnitude of a

| oad attachednifegtibet pa her i kRewaifRnther bashmnffikhengrgaitude of
signal level of the load. In the case of the free space, 'the capacitance

is |ow, andctot hHschhensigindlentevaleftibheil0athifed,0Wnel N the case of a
conductor or a dielectric, the capacitance is high, and thus the signal

level of theohfaditsti@heniRB8ch8183bodlensapacidancgnanivtengd fromthe
el ectrode is

: 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 trénsmitting 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 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 controlling unit 371 (FIG. 12).
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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t hus changed, and thereby the signal |evel (magnitude of anplitude)
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 comrunication nmedium?280 is in the
vicinity or not) The electrode controlling unit 451 controls the
connection between the communicating unit 453 and the el ectrode unit 452
according to the state of each electrode which state is thus grasped.
[0183) Under control of the electrode controlling unit 451, the

communi cating unit 453 connects each of the el ectrodes 461 to 464 of the

el ectrode URised452 ﬁﬁaﬁ@r@iséircﬁri_"%mg%!loﬁlélzgg%e?lﬁpterl%%ro Be tbr BASM Ssi on
reference electrode, the received signal electrode, or the reception

reference ehgelr agdereO8i ¥es iRPla1CRNBEELo8aCan ) dE Rl gdes 461 to
464. [0184] Incidentally, the pattern of connection of the termnals in

the connect uggduRkt t ABsBAM L FelFeBendd bSecBfb&XAMAEL ¢f connection. In
practice, the connecting wunit 403 is controlled by the connection

control Ii ngeBttr88e 482 s BR3Chished apeyent fe £hange Lheceepagsti on of each
terminal in a plurality of connection patterns including the connection '
pattern showhAdi théh Gudidies identifying 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 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 to the electrode controlling

unit 451, and therefore description thereof will be

omitted. However, since the electrode unit 452 has four
elect;odes, the electrode cdntrolling 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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[0185] FIG 16 is a block diagram showi ng an exanple of detailed
configuration of the comunicating unit 453 in FIG 15. As shown in FIG
16, the comunicating unit 453 has a communication controlling unit 501, a
transm ssion signal generating unit 502, an anplifying unit 503, a
connection controlling unit 504, a connecting unit 505, an anplifying unit
506, and a received signal obtaining wunit 507. [0186] That is, for two-way
comuni cation, the comunicating unit 453 has both a configuration
corresponding to the transmtting unit 263 in FIG 9 and a configuration
corresponding to the receiving unit 373 shown in FIG 13. Specifically,

t he conmuni cattiorontentsobhi cige Wide 501 corresponds to the transm ssion
controlling unit 351 in FIG 9 and the reception controlling unit 401 in

FIG 13. Thd®@&@iunication controlling unit 501 perforns a control process

involved 1in a transm ssion process and a reception process on the basis

of control informetherelaqpladeduhiemibhecet sedgnde 20 eaat edbEiAgdnit 451

The transm ssion signal generating unit 502 corresponds to the -

transmi ssi omnditg@&k igevies atdargninittind5Aeiv &l 50 Shokhe ity angni $si on si gnal

generating unit 502 is controlled by the conmmunication
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 signal via the electrode unit 452. That is,
-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 462. At
this time, the electrode 463 is 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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controlling unit 501 to generate a transm ssion signal corresponding to
transm ssion information, and supply the transm ssion signal to the
anplifying unit 503. The anplifying unit 503 corresponds to the anplifying
unit 353 in FIG 9. The anplifying unit 503 is controlled by the

communi cation controlling unit 501 to anplify the transm ssion signal
supplied fromthe transm ssion signal generating unit 502, and supply the
anplified transm ssion signal to the connecting unit 505. [0187] The
connection controlling unit 504 corresponds to the connection controlling
unit 355 in FIG 9 and the connection controlling unit 402 in FIG 13. The

connecti on quwitmtoldderg uepte508tisy CORt@agdpBY nthge COMAYRICELLAN
controlling unit 501 to control connections 1n the connecting unit 505.

The connect ity wilieictT08e ¢68) espandsat 0y} hens oanestidig uBint 1354144 FIG 9
and the connection controlling unit 402 in FIG 13. The connecting unit

505 contr ol sSasimgecheonsebespees, tdel foampl bf ¥hpgciidcdQR.gand at he
anplifying unit 506 and the 91 electrodes 461 to 464. " The connecting unit

505 has a t&rthi nhk Sidecopaest @d dapaaitanbnpbtRéed henamkickybag unit 503

for the transm ssion signal electrode, a termnal 512 connected to a

term nal of 4tdeaadphi tyfagenemidois@3 4062t hepteaastifpi-oRikefigrence

electrode, a .

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 couplihg
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 conductor 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 electfode 462 are
larger than the capacitance Ccg 473 or Ccg 474. 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 capacitance is high, and

thus the signal level of the load is higher.
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term nal 531 connected to a termnal of the anplifying unit 506 for the
recei ved signal electrode, and a termnal 532 connected to a term nal of :
the anmplifying wunit 506 for the reception reference el ectrode. The ;
connecting unit 505 connects each of these termnals to one of a term nal é
521 connected to the electrode 461, a termnal 522 connected to the

el ectrode 462, a termnal 523 connected to the electrode 463, and a

term nal 524 connected to the electrode 464 (termnals different from
.each other) That is, the connecting unit 505 perforns a process of
assigning the electrodes 461 to 464 as one of the transm ssion signal

el ectrode, tHE&Zdansni ssion reference electrode, the received signal

el ectrode, and the reception reference electrode. [0188] The anplifying
unit 506 correspontike teandve taargl abyvhgwedi fra@dhea cHeGtrd8e The anplifying
unit 506 is controlled by the comunication controlling unit 501 to
anplify a rédeisvebaspgral andippidmbwithet kegoehnketre hg(maBfhidnide 565 and
supply the received signal to the received signal obtaining unit 507. The
recei ved si gaelisbtai ndagected twhsl7 aceipespondsappl idie treeddieved si gnal
obtaining wunit 405 in FIG 13. The received signal obtaining unit 507 is
control | ed l®fechesodenmisntlcandash cBhtsol by ndetmittinbOhet cigbhdi hetvbl,

recei ved signal supplied fromthe
: 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 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 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 does 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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anplifying unit 506. [0189] Since the electrode controlling process is
performed as descri bed above, the communi cating device 450 can determ ne
for each of the electrodes whether to wuse the electrode as the

transm ssion reference el ectrode, whether to use the electrode as the
transm ssion signal electrode, whether to use the electrode as the
reception reference el ectrode, whether to use the electrode as the

recei ved signal electrode, or whether to disconnect the electrode. The
comuni cating device 450 can therefore performsignal transm ssion and
reception stably irrespective of positional relation between the

communi cat i Mpdesi desébibaddabdes coMnANGat LRE ABEhawE 280.0f [Q1H0]
Incidentally, there may be five or nore electrodes in the electrode unit

452. In thi seasealt he acomruslcal idfy cdenkeei d80pLare antir1ugghgct i on of
an 93 electrode pair by switching the connecting unit 505. That is, in
this case, tthe commuoitatipgttden chodn0idoescnot3. need to deternine an
el ectrode to be used as the transm ssion signal electrode and an el ectrode
to be used [®#48bhe transm ssion reference electrode in such a manner as to
di stinguish the el ectrodes fromeach other, and does not need to determ ne
an electrode to beFlsed @dst heblock diagram showing an example of
detailed configuration of the communiéating 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 5085,
an amplifying unit 506, and a received signal obtaining
unit 507.
[0186]
That is, for two-way communication, the
communicating unit 453 has both a configuration
corresponding to the transmitting unit 263 in FIG. 9 and
-a configuration corresponding to the receiving unit 373
~shown in FIG. 13. Specifically, the communication
‘controlling unit 501 corresponds to the transmission
controlling unit 351 in FIG. 9 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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recei ved signal electrode and an el ectrode to be used as the reception
reference el ectrode in such a manner as to distinguish the electrodes from
each other. It suffices for the comunicating device 450 to determ ne
which plurality of electrodes or which el ectrode anong the group of

el ectrodes of the electrode unit 452 are to be wused as an el ectrode pair
for signal transm ssion, and determ ne which plurality of electrodes or

whi ch el ectrode anong the group of electrodes of the electrode unit 452
are to be used as an electrode pair for signal reception. [0191] In

addi tion, the conmuni cating device 450 may allow an electrode to be shared
bet ween t he @irgotoiddegpantitfOFl. sirpsat rén&msdd 55 Wigad Hhaeehenig ode pair
for signal reception. Further, the comunicating device 450 may identify

a plurality wfitelb@et codesspsnds ent rodes rafshes Ydonsetyas. t he transm ssion
signal electrode, identify a plurality of electrodes as el ectrodes to be

used as the geneansimgsiuoit r@$eriancacel oct rmae, tddemfiistsyoa plewmal ity of
el ectrodes as el ectrodes to be used as the received signal electrode, and
i.dentify a pleneahttiygofinkt €202 ddesongtotl @t Pdtise tereinisadias t he
reception reference electrode. [0192]
R - 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
generating unit 502, and supply the amplified
transmission signal to the cbnnecting unit 505.

[0187]

The connection controlling unit 504 corresponds to
the connection controlling unit 355 in FIG.'Q and the
connection controlling unit 402 in FIG. 13. The
‘connection controlling unit 504 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

~camplifying unit 503 and the amplifying unit 506 and the
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In addition, the conmunicating device 450 may identify electrodes to be
used as the transm ssion signal electrode, electrodes to be used as the
transm ssion reference electrode, electrodes to be used as the received.
signal electrode, and el ectrodes to be used as the reception reference
el ectrode such that the electrodes to be used as the transm ssion signal
el ectrode,. the electrodes to be used as the transm ssion reference
el ectrode, the electrodes to be used as the received signal electrode, and
the el ectrodes to be used as the reception reference electrode are
different from each other in nunber. In addition, arrangenent relation of
t he el ectrodelsdtsodebi t6aryo Fnthehe tbene®gitid ugds 506 pusface areas and
shapes of the electrodes are arbitrary, and nay be different from each
ot her, of oEMME@ald51]0d8Fedtiad dentaleymihhe patires @il idgangcti on of the
termnals in the connecting unit 505 shown in FIG 16 is an exanple of
connect i on. umitpbacst £oe, thdetcommndcising stighél Sdbedtsraaiant zol | ed by the
connection controlling unit 504 as described above to change the
connection dferedchl 5&2 nesratedtiedd tol ar akirhyn®f €ONRC ) iFgtiher ns
|nclud|ng a connection pattern shown in FIG 16. [0194]

‘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 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 received 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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I ncidentally, the comrunicating device 450 perforns a transm ssion process
and a reception process in the sane nmanner as the transmtting device 260
and the receiving device 370 descri bed above. Hence, the comunicating
device 450 perfornms the electrode controlling process of checking a state
of capacitive coupling of each el ectrode and assigning each electrode as
one of the transm ssion signal electrode, the transm ssion reference

el ectrode, the received signal electrode, and the reception reference

el ectrode according to the state in the same nmanner as described wth
reference to the flowhart of FIG 11. Therefore description thereof wll

be omitted. YyrAt95p5| med damiply hea rlcwh abilt ¥i@ha X QIMHNL aleicBgvEgVi ces 96
450 perform ng conmuni cati on may synchronize timng of performng the

el ectrode cergnall bigapiioeesmias So7 .t MEhe casR i9kdt Beghhanspii gy devi ce
260 and the receiving device 370 described above. A flow of the process in
this case wnlit be7desarddpedhds tth rakersneevéd idriawehaatingbhg FIG 17.
[0196] Wth predetermined timng or a predeternm ned event as a cue, one of

two communi catiing0flemi %5450 . COREURG EAtvaRD sWighB1ea6ba ohhed it
comruni cati ng device
307 is controlled by the communication controlling unit
501 to obtain the received signal supplied from the
amplifying unit 5086.
[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, whéther 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 positional relation between the
‘communicating device 450 and the communication medium 280.
[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
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450-1) transmts a transm ssion and reception stop notifying signal
notifying a stoppage of a transm ssion and reception process to the other
comuni cating device in step S81. The ot her conmunicating device 450-2 as
the other device conmunicating with the conmmunicating device 450-1
receives the transm ssion and reception stop notifying signal in step
$101. The comruni cati ng device 450-2 transnmits an acknow edgnent signal in
response to the received transm ssion and reception stop notifying signal
in step $102. [0197] The comuni cating devi ce 450-1 receives the

acknow edgment signal in step $82. Receiving the acknow edgnent signal,

-t he comuni caltdatyg odiev ipeé r4b9- dwidkisitrepshei goahett 8NGNMussi @DsaNdTh&eept i on
in step 583, and perfornms the electrode controlling process in step 584.
Details of tim elhethriedeasonttlad [danghupriceesagatdevibe sR0iosas ndescri bed
with refefence to the flowhart of FIG 11, and therefore description
t hereof wil Indsel gmi teedrmihi¢ ean dlretelceet todeecanéd cdd idig process i s ended,
t he conmuni cati ng device 450-1 starts signal transm ssion and reception in

- step 585, andanbensends $hegngr eclestrod@la8l Fheetormmpuuc aid mg deedce 450-2
that has transmtted the acknow edgnent signal stops signal transm ssion
and 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 andqén 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 transmission, and
-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

reception.

[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

~ddentify a plurality of electrodes as electrodes to be
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reception in step 5103, and perforns the electrode controlling process in
step 5104. Details of the electrode controlling process are the sane as
described wth reference to the flowhart of FIG 11, and therefore
.description thereof will be omtted. After the electrode <controlling

process is ended, the comuni cating device 450-2 starts signal
transm ssion and reception in step 5105, and then ends the process. [0199]

As descri bed above, the communicating device 450-1 and the comuni cating
devi ce 450-2 performng conmunication synchronize the timng of performng
the electrode controlling process with each other. Thereby, 98 the
communi cat i mgedewiscebedbfanenties oy GhbaRE &DeceasIBIN GRINtaAySHCh for
exanpl e as a case where while one of the comunicating devices 450 is
perform ng Phleradléegt obdel contadels aBgepPeO€LSSes t e ¥ heveddawi eget ransnits
a signal. Therefore the comuni cation process can be perfornmed nore
efficientlytandsmbseiaccreddmince Q200ko&er {dhenteteranpnatrbont pf ot he
detecting unit in each device described above, a nethod can be considered
in  which meflhotiradesnpard sertreidgsakol Byehsés getgtdrinediivag advance, and
determ nation is made on the basis of whether a signal |evel is higher or
-l ower - than shgnal 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 to be used as the transmission
‘reference electrode, 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. 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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conparison signal level. The el ectrode whose level is close to the
conparison signal level may be in a subtle position relation to the
comuni cation nedium 30 (for exanple the hand 220 in FIG 6), and
therefore is not connected to any el ectrode by the connecting unit of the
transmtting device, the receiving device, and the conmunicating devi ce,
wher eby adverse effects on other electrodes can be avoi ded. [0201]
Incidentally, the timng of performng the electrode controlling process
descri bed above (that is, wupdating the function assigned to each

el ectrode) may be 99 any timng. For exanple, however, when the
comuni cat i ng1%fdvi ce 450 is forned as a mobile device or the like, and
comuni cation is perfornmed with a human body (user) as a communication
medi um posi tional {reident lyet whenpehterusef daoomutibaabEosheedi un) and
the communi cating device 450 (electrodes) may be changed during the
comuni cat i dfrMadSaadsr dguthe oforfrovctdxanping tt 65 uskswrichanginey asmasner of
hol di ng the comruni cating device 450. It is therefore desirable not only
t o perform t3e SERBPLLOEE eoMaWiilonng Iprpcessidea) ahei pbhhattsh@te at a tine
of a start or the |I|ike but also to repeatedly performthe el ectrode
control | i ngUpréca8s &% ecprraddiest biynstief regnentciordurdmgoldtamauahtat i on.

504 as described above to change the connection of each
- terminal in a plurality of connection patterns including
a connectlon pattern shown in FIG. 16. *
[0194]
Incidéntally, 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
‘controlling 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

~electrode, and the reception reference electrode
according to the state in the same manner as described

with reference to the flowchart of FIG. 11. Therefore

description thereof will be omitted.
.[0195]

Incidentally, a plurality of communicating devices

96




[0202] For exanple, as shown in FIG 18A, the conmunicating device 450 may
performthe el ectrode controlling process (control 551 or control 554)
using a free tine during which the transm ssion process (transni ssion
552) orthe reception process (reception 553 or reception 555) is not
performed (when the transm ssion process or the reception process is not
performed for a predetermned tinme, for exanple), and thereby update the
assignment of electrodes as the transm ssion signal electrode, the

transm ssion reference 100 el ectrode, the received signal electrode, or the
reception reference el ectrode. Thus, the comruni cating device 450 can
perform co CRETERTHAY| eonBIMCatiien meff eyhrhebyizandintiver elfy i nprove
comuni cation efficgiency. - [0203] In addition, for exanple, as shown in
FIG 18B, tHRETICIMATA] Eé?ifﬁ Heiadee P3O reRy inonprocesslas paer them t he

el ectrode controlling process, the transm ssion process, and the reception
process suctr®g§ 85an%ItEﬁﬂﬁmlﬁ?%ﬂﬁﬂﬁa§§p©n2562andetkﬁﬂﬁameﬂ&ﬁag control 564,
transm ssi on 565, and reception 566, and repeatedly performthe processes
as one cycl &eVEGP aXAnPeEcribed mbovexan| Blahovih the BrGeed88in titels

connunicating device 450 continuously perfornms the el ectrode controlling
pr ocess, case will be described with reference to a flowchart of

FiG. 17.

[0196]

With-predeﬁermined 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 ¢f a transmission
and reception process to the other communicating device
in step S81l. The other communicating device 450-2 as the
other device communicating with the communicating device
450-1 receives the transmission and reception stop
notifying signal in step S101. The .communicating device
450~2 transmits an acknowledgment signal in response to
the received transmission and reception stop notifying
signal in step S102.
[0197]

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

acknowledgment signal, the communicating device 450-1
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the transm ssion process, and the reception process in respective T/3
tinmes with a periodic T tine as a repetition period, and further
repeatedly perforns the series of processes as one cycle. Thus, timng of
perform ng each process is fixed. Therefore the conmunicating device 450
can easily synchronize the timng of the performance w th anot her
comuni cating device 450. [0204] Further, as shown in FIG 18C, for
exanple, the 101 communicating device 450 nay performthe el ectrode
controlling process using a transm ssion signal. In this case, the
transm ssion process (transm ssion 571 or transm ssion 574) and the
el ectrode cdiitarsl lsiiggapr bragsmig<iont rolk Fé2epticonin od &’ BB 3ar anger f or ned
si mul taneously. The reception process (reception 573 or reception 576) is
performed i Pegifleamst thesel¢ptidies cmateolihegcpmuassatn rgepdesitce 450
measures a signal |evel when supplying a transm ssion signal to an
el ectrode (tigaeils, ofihthe elemismdd icngtaciignal procesk graspheasshat e of
capacitive coupling of each electrode on the basis of the signal |evel.
Thus, the c@®ndREcaibag WiV cee4S@ncantsi tpei fyowpaoess $iepsliyeduce a
| oad, and al so shorten a process performng tine and thereby shorten the
repetition pefi saerefopgslescription 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 S103, and performs the electrode
controlling process in step S104. 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
.450-2 starts signal transmission and reception in step
5105, and then ends the process.

[0199]

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,
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Incidentally, in the above description, the electrode controlling unit"
261, the electrode controlling wunit 371, and the electrode controlling
unit 451 each check states of capacitive coupling of respective

el ectrodes one by one. However, the present inventionis not |limted to
this; for exanple, states of capacitive coupling of all electrodes may be
checked sinmultaneously. [0206] FIG 19 is a block diagram show ng an
exanple of 102 internal configuration of the electrode controlling unit
451 in the comruni cating device 450 in this case. The el ectrode
controlling unit 451 shown in FIG 19 has a detecting unit 613 and a

connecting uihet coivhudi tdetentdediass tte detiaeti peoinins and the connecting
unit of the electrode controlling unit 261 shown in FIG 8. [0207] The

det ecti ng unmicmmgb3chason pheh afdrt exefnplleads &esisd ancaes 6k 100624
connected in series with each other between the switch 312 and a reference

poi nt 626. oFerthienabsm@iBilds tind A iek st BO0COANSSE FaVhiuy terRld are
connected. between the respective resistances (four points) . Potentials
of these comiectirode podmtisodrimgeatidcessppthedotifet hewitlcditangmypkt 303.
[0208] The resistance values of the |oad resistances 621
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 signal level may be in a subtle
‘position relation to the communication medium 30 (for
example 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 controlling process described above (that is,

updating the function assigned to each electrode) may be
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to 625 are each known. The termnals 631A to 634A of the connecting unit
614 are respectively one termnal of swtches 631 to 634. Wen the
switches 631 to 634 are brought into an on state, the termnals 631A to
634A are respectively connected to other termnals 631B to 634B. The
termnals 631B to 634B are respectively connected to the electrodes 461 to
464 of the electrode unit 452. [0209] 103 Hence, for exanple, respective
capaci tances when the electrodes 461 to 464 are each capacitively coupl ed
Wi th a space surrounding the comruni cati ng device 450 (when the

comuni cation mediumis not in the vicinity) are known, and thus

potential s betweeminbhe |mad dxesipitanaefe62d, tvﬂm@lzdch\éh%@:mﬁlﬁﬁtﬂc§¥\iﬂ§h of the
connecting wunit 614 is turned on are al so known. [0210] When the

comuni cat i aleviegi UADI $s pfaemet ids PPNkt Yt Dl Ll@rd nagde, apgt he ot her
hand, the capacitance between the el ectrode and the surroundings is

changed Thumrtihécdei ect i N pamidroeB wdehest Suh&S Wdd NG usignges,i n the
potentials between the |oad resistances 621 to 624 82hanges in S|gnal

l'evel), and aumesitheion eiatining dodit 130311 85 Bith ¢ RWderOfnEhe detection.
On the basis of the changes in the levels of the signals input to the
respective elsect (odesumbiti cthaR@Esndl 8nd 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 stéﬁe at a time of a start or the
like but also to repeatedly perform the electrode
controlling process at a predetermined frequency during
’bommunication.

[0202]

For example, as shown in FIG. 184, the
communicating device 450 may perform the electrode
controlling process ({(control 551 or control 554) using a
free time during which the transmission process
(transmission 552) or..the reception process (reception
353 or reception 555) is not performed (when the
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
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retained in the retaining unit 303, the main control unit 301 controls the
assi gnnent of a function (the transm ssion signal electrode, the

transm ssion reference electrode, the received signal electrode, or the
reception reference electrode) to each el ectrode. [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 el ectrode nore easily and nore quickly.

I nci dental |y, any nunber of electrodes may be checked sinultaneously at
this time. All the electrodes possessed by the conmunicating device 450
may be checkd@ctgiofgl t sheoustsivant =diopart edbcthede) est roges possessed by
the conmmuni cating device 450 may be checked sinultaneously. [0212] In
addi ti on, wHigGeEPtaonheedpovece esicrdtpioden, This, tite elaetnodesiage checked
using one detecting unit, a plurality of detecting units may be provided.
For exanpl e devdeeedbPngannpest eyuaiommanieabeont whi hatusdfngelkentr odes may be
provi ded, and the detecting units may be connected to the el ectrodes

different fredfeehénedyhennd| hhehélsy chgerove heonetrdehitngnusicEsciespect i vel y

detect signals input to the electrodes different fromeach other (eéeach
detecting

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
example shown in FIG. 18B, the communicating device 450
continuously 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 cycle. Thus, timing of
.performing each process is fixed. Therefore the
-communicating device 450 can easily synchronize the
timing of the performance with another communicating
device 450.
[0204]

Further, as shown in FIG. 18C, for example, the
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unit detects a signal input to the corresponding electrode). [0213] As
descri bed above, the conmunicating device 450 to which the present
invention is applied not only achieves a conmmunication environnment not

limted by a use 105 environnment by elimnating a need for a physi cal
reference point path and achi eving comuni cation by only a conmunication
signal transmtting path, but also can perform stable comrunication
irrespective of positional relation between the conmunicating device 450
and the comunication nediumin proximty to the comrunicating device 450
by controlling the assignnment of a function to each el ectrode. [0214]
| nci dent al | ygormurtive tdlngvdediserd J inery; Rachradevheee1ddh@dd ansmitting
device, the receiving device, and the comrunicating device) in the
comuni cat i orPrEyEstldingoprabésh ddimgre seahsna¥enbh 08 disaBPphhegnig ansnits
or receives a signal wth a predeterm ned potential as a reference.
However, thegneesdhe itnepstionids melcdsismtednshoss s, 57angf or exanpl e two
signal s whose phases are reversed with respect to each other nay be
transnitted trangmiweivnahdi ssidrHd rasctsodthabnersl iRy @bicakssi gnal
transnlttlng information represented by difference
(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 alsc shorten a process
performing time and thereby shorten the repetition period.
[0205]
Incidentally, in the above description, the
electrode controlling unit 261, the electrode controlling
unit 371, and the electrode controlling 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 simultaneously.

[C206]

FIG. 19 is a block diagram showing an example of
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between the signals is transmtted and received. In this case, the tw
transm ssion lines are provided as conmuni cation nedi um between the

devi ces communicating wth each other. Also, in this case, the
transmtting wunit in the transmtting device, the receiving unit in 106

t he receiving device, and the communicating unit in the communicating
device are each forned by a differential «circuit. [0215] Incidentally, the
series of processes described above (for exanple the el ectrode controlling
process and the like) can be carried out not only by hardware but also by
software. In this case, for exanple, the above- described main control unit
301 may be fiotredadscant ppusonain ednphteel ast sbdWedrt dd1®indOunf216] In
FIG 20, a CPU 701 of the personal conputer 700 perforns various processes
accordi ng td5 proghancstoreidatiimgadRMZ0250rim fiega®dl.oaged from a
storage unit 713 into a RAM 703. The RAM 703 al so stores data and the |ike
necessary f6hetheo@PUEdirdld iper uoim BBE sdvUish rTeGeIesadsar equired.

[0217] The CPU 701, the ROM 702, and the RAM 703 are interconnected via a
bus 704. Théebestig ursital&l® and a connecting unit 614 different
from the detecting unit and the connecting unit of the
electrode controlling unit 261 shown in FIG. 8.
[0207)
) The detecting unit 613 has aqplurality of load
resistances 621 to 624 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 points are each
supplied to the retaining unit 303.
[0208]

The resistance values of the load resistances 621
to 625 are each known. The terminals 631A to 634A of 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 631B to 634B are respectively connected to

the electrodes 461 to 464 of the electrode unit 452,

[0209]
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connected with an input/output interface 710. [0218] The i nput/ out put
interface 710 is connected with an input unit 711 formed by a keyboard, a
nouse and the like, 107 an output unit 712 including a display fornmed by a
CRT (Cathode Ray Tube), an LCD (Liquid Crystal Display) or the like, a
speaker, and the like, the storage unit 713 fornmed by a hard disk or the
i ke, and a communi cation wunit 714 formed by a nodemor the |ike.. The
comuni cation unit 714 perforns a process of comrunication via a network
including the Internet. In addition, the output wunit 712 is connected with
the signal input controlling wunit 302, the retaining unit 303, the
connection controff¢ReRy Uit SBEIPlehersapechivy cgaaidanceg whet 305 and
the like. The output unit. 712 outputs control information to each of the
uni ts. FurtHée elRetrages 4nltto MM iarecennbeteapaei tivehe geetediedi ng unit
303, so that information retained in the retaining unit 303 is input from
the retaini M§HINRt SBB3S Thf soundigrndhiconompusippt iy dewidehe SCPU 701.
[0219] The input/output interface 710 is also connected wth a drive 715
as requir ed.("RePehBe aBPEMWRHE M 72 Mesligh iasnat nhgnete cvidiisktyan opti cal
di sk, a magneto-optical disk, a sem conductor. nenory or the like is
| oaded i nt o@re known, and thus potentials between the load

resistances 621 to 624 when each switch of the connecting

unit 614 is turned on are also known.

[0210]

When the communication medium is placed in
proximity to an electrode, on the other hand, the
capacitance between the electrode and the surroundings is
~changed. Thus, the detecting unit 613 detects resulting
- changes in the potentials between the load resistances
621 to 624 (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 controls the assignment of a function (the
transmission signal electrode, the transmission reference
electrode, the received signal electrode, or the
reception reference electrode) to each electrode.

[0211]

Thus, since the states of capacitive coupling of
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the drive 715 as required. A conputer programread from the nediumis
installed in the storage unit 713 as required. 108 [0220] Wen the
above-descri bed series of processes is to be carried out by software, a
program constituting the software is installed froma network or a
recording nmedium [0221] As shown in FIG 20, for exanple, the recording
mediumis not only fornmed by the renovable nmedium 721 distributed to users
to provide the program separately fromthe device proper and having the
program recorded thereon, the renovable nmedium 721 including a nmagnetic
di sk (including flexible disks), an optical disk (including CD ROM (Conpact
Di sk- Read Otihe WEmoey)tandfDyDec{Bbdpd atarVares atidokeld Sk) bneaprocess,
magnet o-optical. disk (including MD (Mni-Disk) (registered trademark)), a
sem conduct dhensepnyndcat heg | ddecduts0alkcsn tontedl byhd hassiBaMe®@2, the hard
di sk included in the storage unit 713, or the like that has the program
recorded t herfeenfandtiohi th éachdicdterithrotiednb e t dies ilseraridnmaret at e of bei ng
prei ncorporated in the device proper. [0222] It is to be noted that in the
present spe@uficédyi orincidentally, 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 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 respéctively detect signals input to
the electrodes different from each other (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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the steps describing the programrecorded on the recordi ng nmedi umincl ude
not only processes carried out 109 in tinme series in the described order
but al so 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 fornmed 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 conbi ned
wi th each other and forned as one device. In addition, a constitution

ot her t han «nvé rabaeet deg crliireichacomst iat nbeansoney figrsdddad to t he
constitution of each device, of course. Further, a part of the

consti t uti oredfergndevipeckntnma the andc kudedving ¢henonnsitiitout bgnoaiyanot her
device as long as the constitution and operation of the systemas a whole
are the sameccnmghfezgtior] Napmadf thacsmntindl@urs Hu@l ailgollaA

comuni cating device for perform ng conmunication via a comunication
medi um sai #ecdmmnscatimgatevindeathaui hgrespiatriald of pbsekeehaddes
capacitively coupled wth an outside, said comunicating device
conprising: 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 transﬁitting 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 is 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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communi cati on processing neans for performng 110 conmuni cation
processi ng; connecting neans for connecting said communi cati on processing
nmeans to said plurality of electrodes; and connection controlling nmeans
for controlling saird connecting neans to connect a first el ectrode of said
plurality of electrodes, said first electrode being capacitively coupled
Wi th said communication nedium to a first termnal of said conmunication
processi ng neans, and connect a second el ectrode capacitively coupled with
a space nore strongly than said first electrode to a second term nal of

said comuni cation processing neans. [Caim2] The conmunicating device as
clained in ditei meteivihardetire,zethd nhihabmmsadl ch€ninastitonncentr ol I i ng
means i ncludes: signal |evel detecting nmeans for detecting a signal |evel

of a signal domupheskimg desicat e@ref caapatbthny® b aplifgrehteach of said
plurality of electrodes with surroundings when said signal is supplied to
each el ect rcg@epiénd controlling neans for controlling connection of said
plurality of electrodes to said comrunication processing neans on a basis
of said sigri&2lbével detected by said signal |evel detecting neans.
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. 1In 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 storage unit 713
into a RAM 703. The RAM 703 also stores data and the like
necessary for the CPU 701 to perform the various
processes as required.
[0217]
The CPU 701, the ROM 702, and the RAM 703 are
interconnected via a bus 704. The bus 704 is also
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,
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111 [daim 3] The conmmunicating device as clained in claim 2,
characterized in that: said connection controlling nmeans further includes

el ectrode sel ecting nmeans for selecting an electrode to
and said signal |evel detecting neans detects the signal

| evel of said signal when said signal is supplied to said electrode

sai d signa
sel ected by
device as ¢
control ling

el ect r ode,

which to supply

said el ectrode selecting neans. [Claim4] The comuni cating
laimed in claim?2, characterized in that: said connection
means further includes retaining neans for retaining said
signal level detected by said signal |evel detecting neans for each said

and osdipd tcont t oV 12 nghdmarisigcantiiepsaly heo aennest izoaref said

plurality of electrodes to said comruni cation processing neans on t
- basis of theCaithrde ReyeTuled) eanh Leoai(digheat cogesal g spiiagal okevel

retained by said retaining neans. [Caim5] The conmuni cating device as
clainmed in c¢ha miRe, 412peaker, 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. 1In 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 contrelling unit 305

and the like. The output unit 712 outputs 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 retaining unit 303 is input
from the retaining unit 303. This information is supplied
to the CPU 701.

[0219]

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 into
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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characterized in that: said connection controlling nmeans sinmultaneously
supplies said signal to all said el ectrodes, and said signal |eve
detecting nmeans sinultaneously detects said signal |evel corresponding to
each of all the electrodes. [Caim®6] The conmunicating device as clained
in claim4, characterized in that: said connection controlling nmeans
further includes a plurality of |oads connected to each of said plurality
of electrodes and connected in series with each other, and said signal
| evel detecting neans detects signal I|evels occurring at said plurality of
| oads connected in series wth each other. [Caim7] The comruni cating
device as cl{@i2?®d in claiml1l, characterized in that: said connection
controlling neans controls said connecting neans after stopping said
comruni cation proglessitig: yposa-desopMuad Ceéi Dés ROGR55ERgeBEaASto [ Cl ai m
8] The communi cating device as clainmed in claim1, 113 characterized in
t hat : 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 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 recorded thereon 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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sai d connection controlling neans controls said connecting neans in a free
time of said comrunication processing by said communi cation processing
means. [Claim9] The conmuni cating device as clainmed in claiml1,
characterized in that: said connection controlling nmeans controls said
connecting neans in a manner continuous wth said conmunication processing
by said conmuni cation processing neans. [C aim 10] The conmuni cati ng
device as claimed in claim1l, characterized in that: said connection
controlling neans controls said connecting nmeans sinultaneously with a
transm ssion process by said conmunicati on processing neans, using a
transm ssi onnsicgmal sernisaiih tohanslkisest Dad P eges Jut [Glsal prddbsdbe
comuni cating device as clainmed in claiml, characterized in that: said
conmmuni cat | carpiedesst nih meand lkasoa ihaansdadIlingreUtpgt term nal and a
receiving input termnal, and 114 said connection controlling neans
control s sandcessanely iig tw@Nsetraegeonnect said first electrode to said

[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 aé a
plurality of devices may be combined with each other and
formed as one device. 1In 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 constitution of a device may be included in
.the constitution of another device as long as the
constitution and operation of the system as a whole are
the same in effect.

[Name of Document] Claims
(Claim 1]

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
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transmtting output termnal or said receiving input termnal of said
conmuni cati on processing neans. [Caim 12] A conmuni cating nethod of a
commruni cating device for perform ng conmunication via a comrunication

medi um  said comruni cati ng device having a plurality of electrodes
capacitively coupled with an outside, said comunicating nethod
conprising: a comuni cation controlling step of controlling a

comuni cation processing unit for performng comunication processing; and
a connection controlling step of controlling a connecting unit for
connecting said communi cation processing unit for performng said

communi cat i oRCMpbEdsiong PargessErmt rol of sai d communication controlling
step to said plurality of electrodes to connect a first electrode of said
plurality of el ect FEHBECting w4 forekeoneoténpesaid capeeinticaeliyncoupl ed
with said comunication nmedium to a first termnal of said conmunication
processi ng UNFISeHIPIcHFABEL ta setdmllurellddtr odeedapacodevelanccoupl ed with
a space nore strongly than said first electrode to a second term nal of
said 115 communi cafPBRepf beeswinigadding mpohai fiod ot mridgmgmeeod maki ng a

conput er perform a process
connecting means 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 commdhication processing means, | )
and connect a second electrode capacitively coupled with
a space more strongly than said first electrode to a
second terminal of said communication processing means.
[Claim 2]

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

.said connection controlling means includes:

signal level detecting means for detecting a signal
level of a signal for checking a state of capacifive
coupling of each of said plurality of electrodes with
surroundings when said signal is supplied to each
electrode; and

controlling means for controlling connection of
said plurality of electrodes to said cohmunication

processing means on a basis of said signal level detected

by said signal level detecting means.
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of a communi cating device for perform ng comrunication via a conmunication
medi um said conmuni cating device having a plurality of el ectrodes
capacitively coupled wth an outside, said programconprising:. a
comuni cation controlling step of controlling a conmmunication processing
unit for performng comrunication processing; and a connection controlling
step of controlling a connecting unit for connecting said comuni cation
processing unit for perform ng said conmunication processing under control
of said conmmunication controlling step to said plurality of electrodes to
connect a first electrode of said plurality of electrodes, said first
el ectrode. bEflsgmcdpacitively coupled with said communication nedium to a
first termnal of said conmmunication processing unit, and connect a second
el ectrode capaciti Ved ycaouplied tiinghdevspacas norzingtd dagkyaimhan said first
el ectrode to a second term nal of said communication processing unit.
[ Name of Doctvwectenbsedatn et present invention relates to a device and a
116 nmethod for communi cation, and a programthat make it possible to
.provi de-a comuni cgaidbrramegcatdorentnhodllinsgrineathshyfuathee enviundesrent. An
el ectrode controlling wunit 261 in a transmtting device 260 checks a state
of - electrode selecting means for selecting an electrode to

" which to supply said signal, and

Said.signal level detecting means detects the
fsignal level of said signal when said ;ignal is 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 includes
retaining means for retaining said signal level detected
by said signal level detecting means for each said
electrode, and

said controlling means controls the connection of
said ‘plurality of electrodes to said communication

~processing means on the basis of the signal level of each
said electrode, the signal level being retained by said
retaining means.

[Claim 5]

The communicating device as claimed in claim 2,
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capacitive coupling of each of an electrode 271 and an electrode 272 in an
el ectrode unit 262 with surroundi ngs, controls connection of each
el ectrode to a transmtting unit 263 according to a result of the check,

and makes the electrode 271 and the el ectrode 272 function as a
transm ssion signal electrode or a transm ssion reference electrode, the
transm ssion signal electrode and the transm ssion reference el ectrode
being different from each other. The transmitting unit 263 connects the

el ectrode 271 and the electrode 272 to an anplifying unit under control of

t he e1ectrodqj%8pE§oILin8 unit 261, and transmts a signal to a
communi cat i on” Fedi U 28692 Bat: of the el ectrodes. The present invention

is applicable to conqynication systens. 117
Said connection controlling means simultaneously

supplies said signal to all said electrodes, and
sald signal level detecting means simultaneously
detects said signal level corresponding to each of all
the electrodes.
[Claim 6]
The communicating device as claimed in cléim 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 locads 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,
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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 clainm 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,
characterized in that:

said communication processing means has a
transmitting output terminal and a receiving input

terminal, and
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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 iaving 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 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 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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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 comﬁunicating device
having a plurality of electrodes capacitively coupled
with an outside, said program comprising:

a communication controlling ;tep 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 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

communication processing unit.

[Name of Document] Abstract

The present:invention relates to a device and a
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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 electrode to a transmitting

unit 263 according to a result of the check; and makes

the electrede 271 and the electrode 272 function as a
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 electrode controlling unit 261, and
transmits a signal to a communication medium 280 via one

- of the electrodes. The present invention is applicable to

communication systems.
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