SYSTEM, APPARATUS, METHOD AND COMPUTER PROGRAM FOR
PROCESSING INFORMATION CROSS REFERENCES TO RELATED
APPLICATIONS The present invention contains subject matter related to
Japanese Patent Application JP 2005-365910 filed in the Japanese
Patent Office on December 20, 2005, the entire contents of which are
incorporated herein by reference. BACKGROUND OF THE INVENTION
1. Field of the Invention The present invention relates to a system,
apparatus, method, and computer program for processing information

and. o pagicular, a3 systery Appatalys, melfiod, and comauter

program Tor providing a content subsequent 1o ticketinspection at Affeket

gate in a station. 2. Desggription ot the RetatedArtin a communication
system including a transmitter, a receiver, and a communication medium,

different physical communication paths are used for a physical

ication._signal transmission path for transmitting a communication
CR@%%];%%%%%%%J@%& %%llﬁz%‘ %Fé?n %\or?slhzac%%%? Betveen the transmitter

andrthe rgeeiver.a referencepointthat is ysgdutpedeterminea leval .« o g
difference of the communication signal. For example, Japanese
toUdhexantred PatemttApplicationt i ¢n PdBlicatidn-Res210-220857 dmd the

11-509380 disclose communication techni%ues using a human body as a
Japanese Patent O0ffice on December 20, 2005, the entire

contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a system, apparatus,
method, and computer program for processing information and,
in particular, to a system, apparatus, method, and computer
program for providing a content subsequent to ticket
inspection at a ticket gate in a station.
2. Description of the Related Art

In a communication system including a transmitter, a
receiver, and a communication medium, different physical
communication paths are used for a physical communication
signal transmission path for transmitting a communication
signal, and a reference point path for sharing, between the
transmitter and the recelver, a reference point that is used
to determine a level difference of the communication signal.

For example, Japanese Unexamined Patent Application



communication medium. In each of the techniques, the human body is
used as a first communication path, and a direct capacitive coupling
between electrodes in space and the ground are used as a second
communication path. The entire communication path composed of the
first communication path and the second communication path thus forms
a closed circuit. In such a communication system, two communication
paths, namely, a communication signal transmission path and a
reference point path (including the first communication path and the
PuEztcond communication Eath need to be arranged as a closed circuit

feen & randiitter and 2 recefvet. Sihce the tvd t8mfidRication paths
contgdifferent pathsthe; requirement.that the, two paths be reliably

maintained can serve as limitation to the application environments of
cogommiuricationsiddrexample, thecstrerfigthiof coapling detweenithe human
transmitter and the receiver in the reference point path depends on the

Pofiétarce BEfveeh thetrandmRArEPFamhat fETeiver Fheetiabilitl drHhk
capathsehangesdenending on, the, distanage. Mare spedifically, theyreliability

of communications can depend on the distance between the transmitter
grandthe receiverd The reliabitity:df c2mecammunidationsaalso depeadsran re

the presence of any shield between the transmitter and the receiver.
communication path compesed of the first communication path
and the second communication path thus forms a closed
circuit.

In such a communicaticn system, two communication paths,
namely, a communication signal transmission path and a
reference point path (including the first communication path
and the second communication path) need to be arranged as a
closed circuit between a transmitter and a receiver. Since
the twe communication paths are different paths, the
requirement that the two paths be reliably maintained can
serve as limitation to the application environments of
communications.

for example, the strength of coupling between the
transmitter and the receiver in the reference point path
depends on the distance between the ftransmitter and the
receiver. The reliability of the path changes depending on
the distance. More specifically, the reliability of

communications can depend on the distance between the

transmitter and the receiver. The reliability of



Reliable communications are thus difficult because application

environments greatly affect the reliability of communications in the
commcommiinication method dhatuses thertwa:loathg, magaelyethesr any  shield

communication signal transmission path and the reference point path, as

pe v Tlosetfoifctit: SUMMAR Y OF THE INVENTION Althougha
C%@ﬂ%ﬁ?etionct&%ﬂk%ﬁa%'%c% hum@ré bod%/,p and a cQ Eniucnll3 ation hecause

e NSRS |
medium are not well materialized, appahcatlons of this tec nique1o a
applvaretyof fields-dreccontemplatede i is thussdesirable thapplyea iability of
communication technique using a human body as a communication

comMifiaditih: eXvected thlbe ARIENKzE4 'S6BH, tH-aticket iRbpactisRsystere  two

pacalOl Reormyng 2 fickel nspection af stations and aickly. geliverinaa . . g
content. In a first aspect of the invention, there is prowdeénan information

the proGessingeappatatuspnstalled-ata ticket gate; ifor performing a ticket
inspection process, and a second information processing apparatus for
performing a content delivery process subsequent to the ticket inspection

suMvREecess, Whereinthe firstinformation processing apparatus includes:
authentication means for authenticating a communication terminal

ndourited: oh azpassenger passing threugh theiticket igate bynuman body and
communicating the communication terminal, the communication terminal

? COUBMmMHicatity dsing 48 afdSmmitinicifion Médiama dieléctric iitériaia tions
of cindudingthe humanpady,afithe .passenger ficketinspection means for

performing the ticket

It is thus desirable to apply a communication Techniqgue
using & human body as a communication medium, expected to be
materialized soon, To  a  ticket inspection system for
performing a ticket inspection at stations and guickly
delivering a content.

In a first aspect of the invention, there is provided an
- information processing apparatus, installed at a ticket gate,
for performing a ticket inspection process, and a second
information processing apparatus for performing a content
delivery process subsequent to the ticket inspection process,
wherein the first information processing apparatus includes:
authentication means for authenticating a communication
terminal mounted on a passenger passing through the ticket
gate by  communicating the communication  terminal, .the
communication terminal communicating using as a communication
medium a dielectric material including the human body of the
passenger; ticket inspection means for performing the ticket

inspection process on the communication terminal authenticated



inspection process on the communication terminal authenticated 3 by the
authentication means; and registration means for registering an
by  identifieationeofithexommunicatiorsterminall thathassundergone the:-tieket for
. inspection process, and wherein the second information processing

L9 ghpardtts iftludes® idertification Detérminalibn Me&Rs fdrddtéffiniing coinal
that mgw%%%glc@@ G&flt B%&Q mm%%@@ oﬁ‘?”EiQéE%%%“”eQﬂB wherein

communication with the communication terminal is registered by “the first
the infermatioh pracessingzappatatuspinfaratations acquisitionameans farncludes:

‘ apﬁﬁgin subscription information of a_content stored on the
tdenty Grgﬁgﬁondt%rr%ﬂ%]rﬁ%é%eﬁ‘fﬁﬁf&ﬁorﬁ%te?ﬁﬁ?a”cf&h%@gnémethe‘—” the

idengﬁﬁrgg@ﬁ%wm g@ i%ific@&&'&nﬁf&%&é’_mu“iﬁﬁmﬁﬂ"”%{Lﬁquired in
registered by the first information processing apparatus; and delivery

commpmearst fordelivéting the comtentn-todhe communication teeminabinstered by
accordance with the subscription information acquired by the information

B acquisition meafs iR a'sEtond aspect of e invidrtioh2tHete is proviaggation
acqu 89 information processing method-of a ipformation processing. system ¢

including a first information processing apparatus, installed at a ticket
centgate, for performingra ticket inspectionuprocess,and atsecend diformation the
i g pracessing apparatus for performing a content delivery process .
~UeNehhs&dentto the ticket iMspetion pro&EsSthe HfetRdd Eomprisirg teps the
i den©fsthrough, the firstinformation Rrocessing apparatys, authe ncating areq py

the first information processing apparatus; and delivery means
for delivering the content to the communication terminal in
accordance with the subscription information acquired by the
information acguisition means.

In a second aspect of the invention, there is provided an

g

information processing method of an information processing
system including a first information processing apparatus,
installed at a ticket gate, for performing a ticket inspection
process, and a second information processing apparatus for
performing a content delivery process subseguent tco the ticket
inspection process, the method comprising steps of: through
the first information processing apparatus, authenticating a
communication terminal mounted on a passenger passing through
the ticket gate by communicating the communicating terminal,
The communication terminal communicating uszing as a
communication medium & dielectric material including the human

body o©f the passenger; performing the ticket inspection

process on the authenticated communication terminal; and
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communication terminal mounted on a passenger passing through the

ticket gate by communicating the communicating terminal, the
regigbmmunication termimal Eomaiunicating usiigeascarrcommunication terminal
Chat néedium a dielectric material including the human body of the passenger;

Y

ASmiTHG THe fidket n&pedtdi processistheHutierticafesyy anc through

the C@@E&ﬂ$3ﬂ98§%?ﬂ@@iéﬂd3@5%@@%%@9&””%@%@%3@9@Pf“@etezmining
communication terminal that has undergone the ticket inspection process,

whetlaad thidugh theésseconddafofmatiom procelssing apparatisadeterminingrminal
ether the identification of the communication terminal acquired in

wh u . :
2CqULhhimuricatiGh With th8 cortmURication termiraie tégierad by e first 1 is
regidHfepmation processingapparatus; Acquiringsubscription infarmation.aofa. | . ;

content stored on the communication terminal if the identification of the
acquigomnunricdtionttepminat isidefermineddo befregisteredtlby:thes fitsted on the
information processin%]a paratus; and delivering the, content to the

oM hSUAiRAtion tet A accdrdancERWith thedaBddired aisetiptioRt  the

commifOEBation. In a third aspect offbednyention, thereds provided-ancy 1y +he
information processing apparatus installed at a ticket gate for performing

first ticket inspection process; somprisiagauthenticatiemmeansiforering  the
authe tica:ti}[fg a communication terminal mounted on a passenger

CONTEassing throtghtheticket Faté by Eommdticating the<Commanicatioh tn  the
acqu tewminal;the: copmunicatien terminal.communicating using as a

communication

In a third aspect of the invention, there is provided an
information processing apparatus installed at a ticket gate
for performing a tTicket iInspection process, comprising:
authentication means for authenticating a communication
terminal mounted on & passenger passing through the ticket
gate by communicating the communication  terminal, the
communication terminal communicating using as a communication
medium a dielectric material including the human body of <the
passenger; ticket inspection means for performing the ticket
inspection process on the communication terminal authenticated
by the authentication means; registration means for
registrating an identification of the communication terminal
that has undergeone the ticket inspection process;
identification determination means for determining whether the
identification of the commnunication terminal acquired in
communication with the communication terminal is registered by
the r@gistratioﬁ means; 1nformation acguisition means for

acguiring subscription information of a content stored on the
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medium a dielectric material including the human body of the passenger;

ticket inspection means for performing the ticket inspection process on
conmmtirel cernmunicatimterminal afithenticated by the avthentication: meanshat ion

registration means for registratin an identification of the communication

meangs Jils hat fisls GHdergohe ket ﬁfs%%%ﬂ&?pr%@e;éﬁs@%éﬁi%ﬁﬂéﬁati@n
termgsge,{mi@atigaﬁ%%@@&sﬂetsa@in&&W@?&H{Pfﬂg%ﬁ%e%%ﬁg&@ﬁ&@%smg the

communication terminal acquired in communication with
conteommunication terminal is:registereddoyn the: fegistrationemeansre with the
information acquisition means for acquiring subscription information of a

Subs ephiant Sbred DA tHE™SE coMmunicdiohterminali¥ the idéftificafign © rmation
acqu dgtermination. ;means determines that the identification of the
communication terminal is registered; and delivery means for delivering
ther confent 1o thesgramunicatiohderminahiniaccordaneeavithetherovided an

, subscription information acquired b thexinformation_ acquisition means. In
InIoTah R asgett 6E e indentisit. there Biprovitled-&f dafetmafion Processing

proce siﬁg m ? Cpf an infor :Eati]gn rocessin appar%tysl[_n_stfllled ata,
b ticclégltszate ?orgpwefr) ormﬁqg aaticg:étC w?stgegﬁd”neprggé:sst,)%om%r@l]ﬁaqsteapstof:c ket

inspé@ﬂkﬂﬁmaﬁﬂg@@§@U"n@3%@¥¥bE%@mV§{@@gﬁe%PDfiB@%ﬁ%EEﬂpating a

passing through the ticket gate by communicating the communication
commermipal; cthe tommuritatiomterrmihabcommunisatingyasingas&ing through

communication medium a dielectric material including the human
the ticket gate by communicating the communication terminal,
the communication terminal communhicating using as a
communication medium a dielectric material including the human
body of the passenger; performing the ticket inspection
process on the authenticated communication terminal;
registering an identification of the communication terminal
that has undergone the ticket inspection process; determining
whether the identification of the communication terminal
acguired in communication with the communication terminal is
registered; acquiring subscription information of a content
stored on the communication terminal if the identification of
the communication terminal is determined to be registered; and
delivering the content to the communication terminal in
accordance with the acqguired subscription information.

In & fifth aspect of the invention, there is provided a

computer  program  for causing an  information processing

apparatus installed at a ticket gate to perform a ticket

3c



body of the passenger; performing the ticket inspection process on the

authenticated communication terminal; registering an identification of the
inspeombumicationgeminah that has wndergonedheticketinspesction pracess; of :

determining whether the identification of the communication terminal
authgpadiréd in'CorfmGRTEANGH Withithe corifidmeatisrrienhthl & régistersdnoer
passjag% uirincgn?ubsqgiptioghinforn%qtiq(ne f a content stored on the

munlcéﬁgﬁ ferminal if the identi icat%antgf th %om%ﬂﬁf&%ﬁijoﬁ%ﬁﬂ%al the

commﬁ%QQgﬁﬁm@dtot@@?ﬁgﬁﬂfg;andﬂ%@veanﬁkﬁﬂ%E@g§9$ge.. terminal
communication terminal in accordance with the acquired subscription

comminfomaationy Inues fifthy aspect of theinvention, there iscprovided a computer-ric
program for causing an information processing apparatus installed at a .
matefieRet gaté topersrmt Bticker3¢ indpestion’ probess A6 eBfputerperforming

prqgram comprising steps of: authenticating a communication terminal .
toe mouﬁ?(%%n a ﬁansss%e%aér*%%ssinaﬁﬁﬁ)%sgﬁ the ticket gat§ by SUthenticated

commEAMHAYNIcalingdhe ;communication termyinal, the communication ferminal .,
communicating using as a communication medium a dielectric material

comminmcluding dhe hutanibodyl of thenpassenges; perfermaingcthe tickete  ticket
inspection process on the authenticated communication terminal;

1 SPREGisRRing BRGEERtificAFSIT 6Tthel BEmhupication trminalthdtinascation of

undergone the ticket inspection process, determining whether the .
the  Ciehthcation of Iﬁugﬁ ceorrﬁnr%rd%i!%:a ioniterminal h@qﬁ%ﬁﬁﬁ%ﬁ%ﬂﬁaﬁ’dﬁh the

commMWthdhe: on terminal is registered; acqguiring subscription
information of a content stored on the communication ferminal
1f  the identification of the communicaticn terminal is
determined to be registered; and delivering the content to the
communication terminal in accordance with the acguired
subscription information.

In a sixth aspect of the invention, there is provided an
information processing system comprising a first information
processing apparatus, installed at a ticket gate, for
performing a ticket inspection process, and & second
information processing apparatus for performing a content
delivery process subseguent to the ticket inspection process,
wherein the first information processing apparatus'includes:
an authentication unit authenticating a communication terminal
mounted on a passenger passing through the ticket gate by
communicating the communication terminal, the communication

terminal communicating using as a communicaticn medium a

3d



communication terminal is registered; acquiring subscription information
of a content stored on the communication terminal if the identification of
dielgreteommunication terminalis ideterminedtobe registered; and-delivesngger;
the content to the communication terminal in accordance with the .
& LLeGited “SUHRRAPLOR infofmAtioR SR &k Gspect df the fHvehtiohl hefst 1on

procfyovided i, infornation PIocessing syslem Somprisng AISL. ¢ by e
information “processing apparatlus, instalied af'a ticket gate, for

auth@ﬁﬁ@ﬁ@mgd%ﬂcﬁﬁﬁm§pe§ﬂgnFHOQ§§§i@®%Qﬁ%%@nQEHﬁgnnﬁggﬁstering an
processing apparatus for performing a content delivery process

idensalfsemuentto the ficket mspectiomyprocesst wherein theqfitst information  has
processing apparatus includes: an authentication unit authenticating a

unde egipdunicaton fetMival moURRRESH 8'pastERGESFassiig througietisin  the
icket gate-by communicating the communication terminal, the )

= CO%%m m%;nrllifzftl\rz)rrﬁa%ej'"r%}lnal (%ﬁ]gr%ﬁﬁi%éﬁﬁg using as & communidifiondes:  an

idenﬂﬁﬂ@é@@ié@dk@@@@%ﬂ%ﬂgﬂ@@ﬁd”@mgﬂheQH@EEH%%@%@th%hethez the
passenger; a ticket inspection unit performing the ticket inspection

idenpidcess oncthe commuhieatiarterminat avthenticatedhhythe acquired in
authentication unit; and a registration unit registering an identification of

commyd eGrmhnitihication teffinaPIaERAS Alridergsristhieticket Mspectiort e red by
process, andfwherein the second information processing apparatus

the tdidcs: ap ideATcaton dESTRANOR uniR tfermifing whéthet the rmation

acgulsition unit acguiring subscription informaticn of a
content stored on the communication Terminal it the
identification determination unit determines that the
identification of the communication terminal is registered by
the first information processing apparatus; and a delivery
unit delivering the content to the communication terminal in
accordance with the subscription information acquired by the
information acgquisition unit.

In a seventh aspect of the invention, there is provided
an information processing apparatus installed at a ticket gate
for performing a ticket inspection process, comprising: an
authentication wunit authenticating a communication +terminal
mounted on a passenger passing through the ticket gate by
communicating the communication terminal, the communication
terminal communicating using as a communication medium a
dielectric material including the human body of the passenger;

a ticket inspection unit performing the ticket inspection

3e



identification of the communication terminal acquired in communication
with the communication terminal is registered by the first information
Procpidressing dpparatisian e fhation tacquisSition uhittdoguiringeted by  the
subscription information of a content stored on the communication
authediminalifthe idéhtificatioft deteriation urfit detétines thaftie-ering  an
iden deptification,of the communicaion ferminalis eaisteied by Mhe firgh,. . o
information processing apparatus; and a delivery unit delivering the
unde cgptent taithe communication terminalin accordance With thedentification
subscription information acquired by the information acquisition unit. In a
det e gayannthiaspedtiof thedAvention; iere isrovided dmeinformatiof ication of
processing apparatus installed at a ticket gate for performing a ticket =
the ﬁ%ﬁ@éﬁﬁﬁr?ﬁ?o]c%%s,tc%%ﬁkﬂg:%ﬁq&&tﬁ%%tiﬁdﬁoﬁ%ﬁ%ﬂffé%ﬁib%ﬂng“ém the
conm@AMMMNIEATANEMInA maunted 00,4 passanger passiag IR IS unse;
ticket gate by communicating the communication terminal; the
an ConFpuRication terminal communmicating using as.a.communicaligBscription
medium a dielectric material including the human body of the passenger;
infoygtickepinspection umitimstorminguthe ticket iftspectiom3e precessontheninal
communication terminal authenticated by the authentication unit; a

L5 “fegistrafioh tint registéting an® idéntificatioh of the"coimtRTeali6 terfiiral <1
iden Eqaﬁtflaa?'t Egger%gne ‘yﬂ% “ng}fmagﬁgglph%@ CES e‘?z’ %r:]LzLLdaeLntlprgtIOP egistered;

determination unit determining whether the identification of ~

and a delivery  unit delivering the content to  the
communication terminal in accordance with the subscription
information acquired by the information acquisition unit.

In accordance with one embodiment of the present
invention, an information processing system includes a first
information processing apparatus, installed at a ticket gate,
for performing a ticket inspection process, and a second
information processing apparatus for performing a content
delivery process subsequent to the ticket inspection process.

The first information processing apparatus includes an

3f



the communication terminal acquired in communication with the
communication terminal is registered by the registration unit; an
information acquisition unit acquiring subscription information of a content
stored on the communication terminal if the identification determination
unit determines that the identification of the communication terminal is
registered; and a delivery unit delivering the content to the
communication terminal in accordance with the subscription information
acquired by the information acquisition unit. In accordance with one
embodjment of the present invention, an information processing system

AU RIHESE irintSrvatsi pPocdsSiHy apparatud ifSIEMEd B attdket
t e 9GO REKfQEING. 8 t%&'&@@@g@ﬂ PLQCESS, and. 256600, e ticket

information processing apparatus for performing a content delivery
gaprodesssuirseqiient tnthetticket imspectioatprocess: rhedirst infarmation
processing apparatus includes an 3f authentication unit for authenticating

CoRRMmthicatioh® féthiiAdl MOBHtEY-GA Bl pdsseniR? passfhg through the
coﬂﬁﬁﬂigﬁ%a@%CBEHH%QCQ“BQé@%89?!%“%§%Q¥1§¥”¥H§Eﬂaing the

communication terminal communicating using as a communication
humeditmdy diefectrie patesiahinetyding the Kauman dedywofdhe passenger,

a ticket inspection unit for performing the ticket inspection process on the
PeESRTIYRIEalieT terhfikalFauthenficatsarbP i adthefficatién unit, and a

coﬁ%ﬂﬁq%@%lggnQ@Hﬁ@ﬁgﬁnggégénticated by the authentication

unit, and a registration unit for registering an
identification of the communication terminal that has
undergone the ticket inspection process. The second
information processing apparatus includes an identification
determination unit for determining whether the
identification of the communication terminal acguired in
communication with the communication terminal is registered
by the first information processing apparatus, an
information acguisition unit for acguiring subscription
infermation of a content stored on the communication
terminal if the identification determination unit determines
that the identification of the communication terminal is
registered by the first information processing apparatus,
and a delivery unit for delivering the content to the
communication terminal in accordance with the subscription
information acquired by the information acguisition unit.

The registration unit may register a session key,



identification of the communication terminal that has undergone the ticket
inspection process. The second information processing apparatus
includes an identification determination unit for determining whether the
identification of the communication terminal acquired in communication
with the communication terminal is registered by the first information
processing apparatus, an information acquisition unit for acquiring
subscription information of a content stored on the communication
terminal if the identification determination unit determines that the
identification of the communication terminal is registered by the first

Shitgiin&iort BrocessRiyapparatls, " Shtt e delivety EinftTordeliveringthe
aufARient (o the, commuypigation fermingl in ageqrdance with the, - .y,

subscription information acquired by the information acquisition unit. The
coregistration unit teaytegister ansession Key,i v4r gharedbythe encrypt
communication terminal as a result of the authentication, together with

thehe Riehtficatitrt6f tHee cdRfitAizakiBN téffinaf ‘ahtthe tdeliveny bR tidy
cofiPERYPL et‘%%‘t%%%@%},@%%é%ofaekf i%%dlde'%eitgeseé‘fwtﬁg heing
inal, t $sion key if the

content to the communication terminal, the session eing rea
reidentificatien determimation usi determines athas thesidentification of the
communication terminal is registered by the first information processing

thapphhgud d&nGthet entbcdinteht Bf the prasent iivertiontis ralbted s

registered by the first information processing apparatus.
Another embodiment of the present invention is related
to an information processing method of an information
processing system including a first information processing
apparatus, installed at a ticket gate, for performing a
ticket inspectiocon process, and a second information
processing apparatus for performing a content delivery
process subsequent toe the ticket inspection process. The
information processing method includes steps of, through the
first information processing apparatus, authenticating a
communication terminal mounted on a passenger passing
through the ticket gate by communicating the communication
terminal, the communication terminal communicating using as
a communicaticn medium a dielectric material including the
human body of the passenger, performing the ticket
inspection preccess on the authenticated communication
terminal, and registering an identification of the

communication terminal that has undergone the ticket



to an information processing method of an information processing system
including a first information processing apparatus, installed at a ticket
gate, for performing a ticket inspection process, and a second information
processing apparatus for performing a content delivery process
subsequent to the ticket inspection process. The information processing
method includes steps of, through the first information processing
apparatus, authenticating a communication terminal mounted on a
passenger passing through the ticket gate by communicating the
communication terminal, the communication terminal communicating

INGERGEL A ESRfiTeatfoif metfa A dielectAe Fra rianiheitiid the
prumansbody. of the passenger perfarning the ticket inspection.arocess ;

on the authenticated communication terminal, and registering an
ofidentificatiamof the: communpication terminal that hasdamdergone the ticket:
- 5 inspection process, and through the second information processing

thﬁpﬁ&_%}d&@ﬁﬁ{hiﬁﬁ%%‘fﬁé th% iaéﬁﬁﬁdﬁ%ﬁddﬁhél@&mﬁﬁmﬁéatiqn
in%m%'i%%%@%Qscgmugg;%@wgb tQ&f@m%g'Cgéa%é%ﬁm nal is

registered by the first information processing apparatus, acquiring

insuhscription #foematien efia contertstored-aa thecammuaicatian
terminal if the identification of the communication terminal is determined

teigpatégisteredby herrstirtormation probessingrapparatisoangerminal
isdgg(gg%%g§ECQ%EEEK%g§Estered by the first information
precessing apparatus, and delivering the content to the
communication terminal in accerdance with the acquired
subscription information.

In accordance with one embodiment of the present
invention, an information processing apparatus installed at
a ticket gate for performing a ticket inspection process,
includes an authentication unit for authenticating a
communication terminal mounted on a passenger passing
throuch the ticket gate by communicating the communication
terminal, the communication terminal cemmunicating using as
a communication medium a dielectric material including the
human body of the passenger, a ticket inspection unit for
performing the ticket inspection process on the
communication terminal authenticated by the authentication
unit, a registration unit for registering an identification
of the communication terminal that has undergone the ticket

inspection process, an identification determination unit for



communication terminal in accordance with the acquired subscription
information. In accordance with one embodiment of the present invention,
an information processing apparatus installed at a ticket gate for
performing a ticket inspection process, includes an authentication unit for
authenticating a communication terminal mounted on a passenger
passing through the ticket gate by communicating the communication
terminal, the communication terminal communicating using as a
communication medium a dielectric material including the human body of
the passenger, a ticket inspection unit for performing the ticket inspection

defiodRsR g e Thiffufitation $8iminaF altetieated By firgmunication
cediifhentication unit, autecisigation unit faregistering, anddentiication: of

the communication terminal that has undergone the ticket inspection
teprocess, an identificatioadleterminatioadinittfor + 6o deteriminingrwhether
the identification of the communication terminal acquired in

nEGhlnieatcT Withthe Wintiihicatioh t&riiRarisvegisiseninfifen
integinauon. upk an Jofqrmation acauisition ULt faracquiring, s %crlptlon

information of a content stored on the communlcatlon termln
teidentification determinaticr’ un determines rthah thel islentificatior ok the nes

communication terminal is registered, and a delivery unit for delivering the
thednteht tbine ichhmtihication teffimat M aEcGraahéewifitieinal is

registered, and a delivery unit for delivering the content
to the communication terminal in accordance with the
subscription information acquired by the information
acquisition unit.

The registration unit may register a session key,
shared by the communication terminal as a result of the
authentication, together with the identification of the
communication terminal, and the delivery unit may encrypt
the content with the session key and deliver the encrypted
content to the communicaticn terminal, the session key being
read if the identification determination unit determines
that the identification of the communication terminal is
registered by the registration unit.

Another embodiment of the present invention is related
to an information processing method of an information
processing apparatus installed at a ticket gate for
performing a ticket inspection process, and includes steps

of authenticating a communication terminal mounted on a



subscription information acquired by the information acquisition unit. The
registration unit may register a session key, shared by the communication
terminal as a result of the authentication, together with the identification of
the communication terminal, and the delivery unit may encrypt the
content with the session key and deliver the encrypted content to the
communication terminal, the session key being read if the identification
determination unit determines that the identification of the communication
terminal is registered by the registration unit. Another embodiment of the
present invention is related to an information processing method of an

PaiHiGM Ao TOCBSsinG HpparattRSnstfisa fat ke Yat TR péAEm g
+n@ tickghinspesction procsss; and inclydes steps, of authenticating a,

communication terminal mounted on a - 7 passenger passing through the
coticketigate byccamimunicating thewgomimanicatiomeeriminak thg e lectric
communication terminal communicating using as a communication

Ma g d OrelechiRImatsridRandhifihefurhif BOUyTtAE passenger,
peReorming the ticket inspecfion progess gn the authenticated

communication terminal, registering an identification of the
auCcommunieation terminalithat has wederpene,thedicket inspegtiam process,

determining whether the identification of the communication terminal
idgg&&ﬁ%yﬂ;ion of the communication terminal that has
undergone the ticket inspection process, determining whether
the identification of the communication terminal acquired in
communication with the communication terminal is registered,
acguiring subscription information of a content stored on
the communication terminal if the identificaticn of the
communication terminal is determined to be registered, and
delivering the content to the communication terminal in
accordance with the acquired subscription infeormation,

In accordance with one embodiment of the present
inventicn, a computer program for causing an information
processing apparatus installed at a ticket gate to perform a
ticket inspection process, includes steps of authenticating
a communication terminal mounted on a passenger passing
through the ticket gate by communicating the communication
terminal, the communication terminal communicating using as
a communication medium a dielectric material including the

human bedy of the passenger, performing the ticket

inspection process on the authenticated communication



communication with the communication terminal is registered, acquiring

subscription information of a content stored on the communication

terminal if the identification of the communication terminal is determined

to be registered, and delivering the content to the communication terminal

in accordance with the acquired subscription information. In accordance

with one embodiment of the present invention, a computer program for

causing an information processing apparatus installed at a ticket gate to

perform a ticket inspection process, includes steps of authenticating a

communication termlnal mounted on a passenger passin through the .
Ce ket gljia[te]f)y SESmtuicatiny theseommuica f%h %ﬁmlhg gmni dat ion

t e CRARUNIcatien It%rénlﬁﬁh@%@&@'%&%%‘ﬁ@@%ﬁs@%ﬁﬂ%ﬁc%mess ;
medium a dielectric material including the human body of the passenger,

deperoimingothetidket rinspecticreplocessagri thie afthehticategmunication
commlinlcatlon 8 terminal, registering an identification of the

= LB iSO 8l GRASGONEThE tickEt HeBBLHGR prdcass,
ce8RtEIMINIDG Whether the identification of the,communication teupingl ; o

acquired in communication with the communication terminal is registered,
of agquiringcssubsetiption inforrmationcofr@content storedmmitiel 1f the
communication terminal if the identification of the communication terminal

LApndtetifted o B ragiste Rt Hht ddvatingthe Coterittodfige Tmined
toCpmMunicatien terminalinaccordance, withdhe Acauired; o cne

communication terminal in accordance with the acquired
subscription information.

In accordance with embodiments of the present invention,
the first information processing apparatus communicates with
the communication terminal mounted on the passenger passing
through the ticket gate and communicating using as the
communication medium the dielectric material including the
human body o0f the passenger, authenticates the communication
terminal, performs the ticket inspection process on the
authenticated communicatlon terminal, and registers the
identification {(ID) of the ticketed inspected communication
terminal. The second infeormation processing apparatus
determines whether the first information processing
apparatus has registered the ID of the communication
terminal acquired in communication with the communication
terminal, acquires the subscription information of the

content stored on the communication terminal if the first



subscription information. In accordance with embodiments of the present
invention, the first information processing apparatus communicates with
the communication terminal mounted on the passenger passing through
the ticket gate and communicating using as the communication medium
the dielectric material including the human body of the passenger,
authenticates the communication terminal, performs the ticket inspection
process on the authenticated communication terminal, and registers the
identification (ID) of the ticketed inspected communication terminal. The
irl%econd information processing apparatus determines whether the first

ITSration processing: Apparatts has redidterstPtheter 6Fthee 10 ©F

£ hEORRMRIcation. teAMinalacauired in,gommunication Withtherent to the
communication terminal, acquires the subscription information of the
copontent stored orethreicormunicatiortdemirsal vfithie first- 8 cinfdrmeation
rocessing apparatus has registered the ID of the communication

SURSHInACARE detivrthe Chtent to the communication terminal in
acegrdance with, the acquired.subseriptian informatiop, IN.ageordanes « ; op,,

with embodiments of the present invention, the information processing
thapparbtus edbamupicatesswith the pgommumicatiomtenmhina esourited ome
the passenger passing through the ticket[%ate and communicating using

CORE e ConHunTCHIb e ditit & didlBetriimBtTf iHehiding e "9

through the ticket gate and communicating using as the
communication medium the dielectric material including the
human body of the passenger, authenticates the communication
terminal, performs the ticket inspection process on the
authenticated communication terminal, and registers the ID
of the ticket inspected communication terminal. The
information preccessing apparatus determines whether the ID
of the communication terminal acguired in communication with
the communication terminal is registered, acguires the
subscription informaticon of the content stored on the
communication terminal if the ID of the communication
terminal is determined 1o be registered, and delivers the
content to the communication terminal in accordance with the
acguired subscription information.

The word network refers to a mechanism including at
least two apparatuses thal are connected to each other to
transfer information from one to another apparatus. An

apparatus communicating via the network may ke individual
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human body of the passenger, authenticates the communication terminal,
performs the ticket inspection process on the authenticated
communication terminal, and registers the ID of the ticket inspected
communication terminal. The information processing apparatus
determines whether the ID of the communication terminal acquired in
communication with the communication terminal is registered, acquires
the subscription information of the content stored on the communication
terminal if the ID of the communication terminal is determined to be
apfegistered: and deliyers the, content to the cammunicatign terminalin,
PRELS AR Wil the” Achiifed SUbEEriptidl mfohiation. e Word hatiisrk
refef$ {0 adpechanisinincluding ah deastiwp.apparatyses,that k8 e s s
connected to each other to transfer information from one to another

conpparatas./An, apparatus comnrurieatimgviathe network nwyiber of the
_individual - 10 apparatus or may be each block constituting the

"L ABp&RIuS CFREWGRICSMnititictith Hérehy ntf F18r fowirgless 17 the

caS@Mmunigation,wired communrication, /:a combination, of the wireless cq
communication and the wired communication. In the case of the

conombinationoof, wiré lesscommommoationzanicowined ycomnmuniCatiorsd in
wireless commupnication may be performed in one area and wired

ONEofhhfitnicafior i o& PRHGMMEdin the “Gthel arék Fitiéthore, Wifed
ot RRPMynicationmay,beperiormed fom-afirst-apparatys 1.g second

apparatus, and
performed from a first apparatus tc a second apparatus, and

then wireless communicaticon may be performed from the second
apparatus tc a third apparatus.

In accordance with embodiments of the present invention,
the communication technique of using the human body as the
communication medium 1s applied to the ticket inspection
system fto quickly provide the content after the ticket

inspecticn.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an underlying concept of a communication
system in accordance with one embodiment of the present
invention;

Fig. 2 illustrates an equivalent circuit of the
communication system of Fig. 1 in the ideal state thereof;

Fig. 3 1is a table listing calculation results of a

reot-mean-square value of a voltage appearing across a

L I



then wireless communication may be performed from the second
apparatus to a third apparatus. In accordance with embodiments of the
present invention, the communication technique of using the human body
as the communication medium is applied to the ticket inspection system
to quickly provide the content after the ticket inspection. BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 is an underlying concept of a
communication system in accordance with one embodiment of the
present invention; Fig. 2 illustrates an equivalent circuit of the
communication system of Fig. 1 in the ideal state thereof; Fig. 3 is a table

Z e fi§tng Calcrtion Te51tS bf Atobb iy tare Va8 of ¥Vditaget F19-

1;appearing across a - 11 receiver load resistor in the communication
system of Fig. 1; Fig. 4 illustrates a physical model of the communication
systeiy of Fig. 115 =g rb tiustrates pataraétets geheratedhn the
communication system of FigF. 4, Fi%'6 illustrates a distribution of electric

t

CORARE OF Forcd g SN a8 RithfreSpedtto electrodes; Fig. 7 illustrates

anoghey distripption,af glecinic., Ings.eLiorces gengrated with respect to
electrodes;

communicatiqn system of Fig. 4;

Fig. 6 illustrates a distribution of electric lines of
force generated with respect to electrodes;

Pig. 7 illustrates ancther distribution of eleaclric
lines of forces generated with respect fto electrodes;

Fig. 8 illustrates one model of electrode in a
transmitter;

Fig. 9 illustrates an equivalent circuit of the
communication system of Fig. 5;

Fig. 10 iilustrates frequency characteristics of the
communication system of Fig. 9;

Fig. 11 illustrates a signal received by a receiver;

Fig. 12 illustrates a mounting position of electrcdes;

Fig. 13 illustrates another mounting position of the
electrodes;

Fig. 14 illustrates yet another mounting position of
the electrodes;

Fig. 15 illustrates a further mounting position c¢f the
electrodes;

Figs. 16A and 16B illustrate yet a further mounting

- 12 -



Fig. 8 illustrates one model of electrode in a transmitter; Fig. 9 illustrates

an equivalent circuit of the communication system of Fig. 5; Fig. 10

illustrates frequency characteristics of the communication system of Fig.

9; Fig. 11 illustrates a signal received by a receiver; Fig. 12 illustrates a

mounting position of electrodes; Fig. 13 illustrates another mountisgé6ri515

position of the electrodes; Fig. 14 illustrates yet another mounting position

of the electrodes; Fig. 15 illustrates a further mounting position of the

electrodes; Figs. 16A and 16B illustrate yet a further mounting - 12

S06P1515 position_of the electrodes; Figs. 17A and 17B illustrate yet a
POfirthé? mBhnfifg osition 8FHe electrodes; Figs. 18A and 18B illustrate

yet psfyther mounting; pesifion ofitbg elecirades; Figs.l9A19G Husttate

the structure of an electrode; Fig. 20 illustrates the structure of another
poelectrode; fFigh21 dllstratesanother equivalent circuit of the

ConyEgQFaygg%%Sg”?égF?%ligtrate yet a further mounting
position of the electrodes;

Figs. 192A-19C illustrate the structure of an electrods;

Fig. 20 illustrates the structure of another electrode;

Fig. 21 illustrates another equivalent circuit of the
communication system of Fig. 5;

Fig. 22 illustrates an installation location of the
communication system of Fig. 1;

Fig. 23 illustrates another structure of a
communication system in accordance with one embodiment of
the present invention;

Fig. 24 illustrates an application of the communication
system in accordance with cne embodiment of the present
invention;

Fig. 25 illustrates another application of the
communication system in accordance with one embodiment of
the present invention;

Fig. 26 illustrates vyet another structure of the
communication system in accordance with one embodiment of
the present invention;

Fig. 27 illustrates a distribution of frequency

spectrum;
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Fig. 22 illustrates an installation location of the communication system of
Fig. 1; Fig. 23 illustrates another structure of a communication system in
accordance with one embodiment of the present invention; Fig. 24
illustrates an application of the communication system in accordance with
one embodiment of the present invention; Fig. 25 illustrates another
application of the communication system in accordance with one
embodiment of the present invention; Fig. 26 illustrates yet another
structure of the communication system in accordance with one
embadiment of _the present invention; Figig 27 illustrates a distribution of

t

freubhy” Spedtnifit X 15°Rigr 28 MudiratedFet ATHHRBF SGuiurs st the
cofRlImURIcation system in acgordangg.with pneembodiment of fbg: or

present invention; Fig. 29 illustrates a distribution of frequency spectrum;
thE&igr3G:#ustrateseyst isofurther structure of the communication system in
accordance with one embodiment of the present invention; Fig. 31

illustrates Adisthibafibh bt Sigfal Withr 1 Put+on of frequency

spectrum;

Fig. 30 illustrates yet a further structure of the
communication system in accordance with one embodiment of
the present invention;

Fig. 31 illustrates a distribution of signals with
respect to time;

Fig. 32 is a flowchart illustrating a communication
process;

Fig. 33 illustrates yet a further structure of the
communication system in accordance with one embodiment of
the present inventicn;

Fig. 34 illustrates a ticket inspection system in
accordance with one embodiment of the present invention;

Fig. 35 illustrates the ticket inspection systen of Fig.
34 viewed from above;

Fig. 36 is a block diagram of z signal processing
apparatus of Fig. 35;

Fig. 37 1s a block diagram of a controller of Fig. 35;

Fig. 38 is a block diagram of a user device;

Fig. 39 is a flowchart illustrating a process of the

gignal processing apparatus in the ticket inspection system

...,.14,...



respect to time; Fig. 32 is a flowchart illustrating a communication
process; Fig. 33 illustrates yet a further structure of the communication
system in accordance with one embodiment of the present invention; Fig.
34 illustrates a ticket inspection system in accordance with one
embodiment of the present invention; Fig. 35 illustrates the ticket
inspection system of Fig. 34 viewed from above; Fig. 36 is a block
diagram of a signal processing apparatus of Fig. 35; Fig. 37 is a block
diagram of a controller of Fig. 35; Fig. 38 is a block diagram of a user
device; Fig. 39 is a flowchart illustrating a process of the signal
Oprdc%ss?n% apparatus in the ticket inspection system - 14 of Fig. 35; Fig.

40 ig g, flowghart i'HJSHPQ‘QS}%'%}‘E‘@Hﬁ!%%ec%t!?@iﬁ!ﬁo%eséii&%%p St kg,
39; Fig. 41 is a flowchart illustrating a content delivery process performed
privvstep Si6 of Hig. B He. 42 is.a fibwchart illustrating a process of the

user device; Fig. 43 is a continuation of the flowchart Fig. 42; Fig. 44

illustrales Anofterstikiiie Githe tickeftrating a content delivery

process performed in step §16 of Fig. 39;

Fig. 42 is a flowchart illustrating a process of the
user device;

Fig. 43 is a continuation cf the flowchart Fig. 42;

Fig. 44 illustrates another structure of the ticket
inspection system in accordance with one embodiment of the
present invention;

Fig. 45 illustrates a vending machine that causes
subscription information to be registered in the user
device;

Fig. 4¢ is a block diagram iliustrating the vending
machine of Fig. 45;

Fig. 47 is a flowchart illustrating a pre-process of
the vending machine of Fig. 45;

Fig. 48 illustrates another ticket inspection system in
accordance with cone embodiment of the present invention;

Fig. 49 is a block diagram illustrating a controller in
a signal processing apparatus for ticket inspection of Fig.
48;

Fig. 50 is a block diagram illustrating the controller

in the signal processing apparatus for content deliver of

....1_5.....



inspection system in accordance with one embodiment of the present
invention; Fig. 45 illustrates a vending machine that causes subscription
information to be registered in the user device; Fig. 46 is a block diagram
illustrating the vending machine of Fig. 45; Fig. 47 is a flowchart
illustrating a pre-process of the vending machine of Fig. 45; Fig. 48
illustrates another ticket inspection system in accordance with one
embodiment of the present invention; Fig. 49 is a block diagram
illustrating a controller in a signal processing apparatus for ticket
_inspection of Fig. 48; Fig. 50 is a block diagram illustrating the controller
Fifhtheignal processing apparatus for content deliver of - 15 Fig. 48; Fig.

51 ig g flowehart illuspating,a. process,of fhe .signal processing apparaus

for ticket inspection in the ticket inspection system of Fig. 48; Fig. 52 is a
siflowthant dtustrating aprecess.of the rsighakprocessingapparatis fofie

_content delivery in the ticket inspection system of Fig. 48; Fig. 53
tlfﬂﬁ%ﬁaﬁéésé’ﬁ&gé?ﬁcﬁéfﬁﬁ%b&grﬁ é}%‘tef#ih accordance with one

eml%%ddmeﬁ oﬁ,h%pﬁsoqpé}i@éepti?figggrating a process of the

signal processing apparatus for content delivery in the
ticket inspection system of Fig. 48;

Fig. 53 illustrates another ticket inspection system in
accordance with one embodiment of the present invention; and
Fig. 534 illustrates yet another ticket inspection

system in accordance with one embodiment of the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before describing an embodiment of the present
invention, the correspondence betwesen the features of the
claims and the specific elements disclosed in an embodiment
of the present invention is discussed below. This
description 1s intended to assure that embodiments
supporting the claimed invention are described in this
specificaticon. Thus, even if an element in the following
embodiments is not described as relating to a certain
feature of the present inventicn, that does not necessarily
mean that the element does not relate to that feature of the

claims. Conversely, even if an element is described herein
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Fig. 54 illustrates yet another ticket inspection system in accordance with
one embodiment of the present invention. DESCRIPTION OF THE
PREFERRED EMBODIMENTS Before describing an embodiment of the
present invention, the correspondence between the features of the
claims and the specific elements disclosed in an embodiment of the
present invention is discussed below. This description is intended to
assure that embodiments supporting the claimed invention are described
in this specification. Thus, even if an element in the following

embodiments is not described as relating to a certain feature of the
aspredbht ifentibn2tHzt tors hot frecessamly Meanthai e eldméntioes

ncROLIElAle 10 fhat feplure ol e claims. Ganversely. even f an elaments

escri herel as relating to a certain feature o?%he claims, tha?

oteees motnecessarilyimean thakibe element does not relate to other
features of the claims. Furthermore, this description should not be
constrgéd- a8 restrictiiy that i thé ispertssdicthednvertticre diselesed it
the erpgodicrg“entst%rgtd%slc{ibg in the c!: ims{.3 g’ hﬁaggies, fQ@ description

as restri n ; e aspe entl1o
does not ﬁeny ?he existence o aspegts o) Sthe present Inverrlltlon at are

didescribed indhenembastimentsibut notclaimed-inthe inventien of this.: .
application, i.e., the existence of aspects of the present
That is, the description does not deny the existence of
aspects of the present invention that are described in the
embodiments but not claimed in the invention of this
application, i.e., the existence of aspects of the present
invention that in future may be claimed by a divisional
application, or that may be additionally claimed through
amendments.

In accordance with one embodiment of the present
invention, an information processing system (for example,
ticket inspection system 1500 of Fig. 48} includes a first
information processing apparatus (for example, signal
processor 1501 of Fig. 48), installed at a ticket gate, for
performing a ticket inspection process, and a second
information processing apparatus (for example, signal
processor 1502 of Fig. 48) fer performing a content delivery
process subsequent to the ticket inspection process. The
first information processing apparatus includes an

authentication unit (for example, authentication processing

unit 1071 of Fig. 49) for authenticating a communication
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invention that in future may be claimed by a divisional application, or that
may be additionally claimed through amendments. In accordance with
one embodiment of the present invention, an information processing
system (for example, ticket inspection system 1500 of Fig. 48) includes a
first information processing apparatus (for example, signal processor
1501 of Fig. 48), installed at a ticket gate, for performing a ticket
inspection process, and a second information processing apparatus (for
example, signal processor 1502 of Fig. 48) for performing a content

delivery process subsequent to the ticket ir;fection process. The first
CeHfdrRation” Broces’itiy dpparatus MeHides dr Muthénfidationidnit ek ted

on©X2mples guthentication progessing.,unif 1071 9f Fig. 49).foy, .
authenticating a communication - terminal (for ex mple, dser device
coht0 Of Fig.ridd v enntetk onanpassengerqpassigithtaugh the ticket gate

by communicating with the communication terminal, the communication
CoREtialIdomubicatittUsifG BEH kontrhificatibAdeédiutn a dielectric

m{gterial i@cludin tope humacp. @dé/ of the passenger, a ti ke&ins qﬁio_n
Counﬁ?f%)(fae)%aorrn]p e, eﬁtlrr?/ iﬁforﬁ"n%ti%ntsre%[t%rr;i)%?lro gl;g.lﬁ f(larls rf?)trrﬁlng

huthenticket inspection precess gaAhe acommunicatiptermind unic (for
authenticated by the authentication unit, and a registration unit (for
exg%&%%k%QQ@ﬁk|{pformation setter 1074 of Fig. 4%) for
performing the ticket inspecticn process on the
communication terminal authenticated by the authentication
unit, and a registration unit (for example, device ID
register 1525 of Fig. 49) for registering an identification
of the communication terminal that has undergone the ticket
inspection process. The second information processing
apparatus includes an identification determination unit (for
example, device ID searcher 1543 of Fig. 50) for determining
whether the ldentification of the communication terminal
acquired in communication with the communication terminal is
registered by the first information processing apparatus, an
infoermation acquisition unit (for example, subscripticon
determiner 1081 of Fig. 50) for acquiring subscription
information of a content stored on the communication
terminal if the identificaticn determination unit determines
that the identification of the communication terminal is
registered by the first information processing apparatus,

and a delivery unit (for example, content delivering unit
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register 1525 of Fig. 49) for registering an identification of the
communication terminal that has undergone the ticket inspection process.
The second information processing apparatus includes an identification
determination unit (for example, device ID searcher 1543 of Fig. 50) for
determining whether the identification of the communication terminal
acquired in communication with the communication terminal is registered
by the first information processing apparatus, an information acquisition
unit (for example, subscription determiner 1081 of Fig. 50) for acquiring

10 ngbcsl%rl%til.on ng;gegnr?i?tlongg _content stored on the communjcation

erminafl it the i iCAtiON }é‘tfeer”Fnliﬁgtié:rlfﬁnﬁ%%eer%ngg that the

colgenification of the gemmunication terminaliswregistered byrhe firgit i on
information processing apparatus, and a delivery unit (for example,

ingontent delivednglunid 18/ 1083 6iriFigrBe)-fordelivaring itié content to
the com{punica jon terminal i? accordance with the subscription

infotmation acglirad By the formAtidh-aSuisition UAit Alotrigr *etated
o empodiment of the present lventionds xelated: to.aniinformation,

processing method of an information processing system including a first
priifornation prodessing:@pparatus: inStalted and dicket-gate, forqerforaTiog
a ticket inspection process, and a second information processing

SPRIhAFAtTS foFSeRdrhTing™ cBnteht G8livEaR " Brocet itseqtEnth the
¢ 1 Hgket INSRECNQN process - Ihe  and a second information

processing apparatus for performing a content delivery
process subseguent to the ticket inspection process. The
information processing method includes steps of, thrcugh the
first information processing apparatus, authenticating a
communication terminal mounted on a passenger passing
threough the ticket gate by communicating the communication
terminal, the communicaticn terminal communicating using as
a communication medium a dielectric material including the
human body of the passenger {for exanmple, in step 321 of Fig.
4G), performing the ticket inspection process on the
atvthenticated communication terminal (for example, in step
327 of Fig. 40), and registering an identification of the
communication terminal that has undergone the ticket
inspection prccess {for example, in step S214 of Fig. 51},
and through the sgecond information processing apparatus,
determining whether the identification of the communication

terminal acguired in communication with the communication
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information processing method includes steps of, through the first
information processing apparatus, authenticating a communication
terminal mounted on a passenger passing through the ticket gate by
communicating the communication terminal, the communication terminal
communicating using as a communication medium a dielectric material
including the human body of the passenger (for example, in step S21 of
Fig. 40), performing the ticket inspection process on the authenticated
communication terminal (for example, in step S27 of Fig. 40), and
registering an identification of the communication terminal that has

e hRd8yone theSitkat Shepe&ion Bocess {or eiahTpIa i &iep S2E4 Bt .
appibadd thrayghdhe second;infarmation RreCessipg APPAFAUS, ;¢ i ng

determining whether the identification of the communication terminal
sulequited irpoodmiynitatice withfthe commenicationr=<t9 derminal is

registered by the first information processing apparatus (for example, in

COUEH'S535 Lt Eid B2 B duitihg - BEbdctstiohtinfotmtionost £e8ntent
c omﬁq @&@Srpo{@wmgﬂiopsteﬁgﬁr@rﬁfi@gdd %BtifLC@“PQgCH stg Ered b y the

communication terminal is determined to be registered by the first
f i indormatienpeocessingrapparatus (forexample, in step «S4dhef £jg.141)step
and delivering the content to the communication terminal in accordance

S4Withthe dtquired sBBScitioh Rfdmratidif(fGrexEmple: tn Sish S46 of

coﬁ%hn%%%tion terminal in accordance with the acquired
subscription information {for example, in step S46 of Fig.
41y,

In accordance with one embodiment of the present
invention, an information processing apparatus (for example,
signal processor 1011 of Fig. 35) installed at a ticket gate
for performing a ticket inspection process, includes an
authentication unit (for example, authentication processing
unit 1071 of Fig. 37) for authenticating a communication
terminal (for example, user device 1100 of Fig. 34) mounted
on a passenger passing through the ticket gate by
communicating with the communication terminal, the
communication terminal communicating using as a
communication medium a dielectric material including the
human body of the passenger, a ticket inspection unit {(for
example, entry information setter 1074 of Fig. 37} for
performing the ticket inspection process on the

communication terminal authenticated by the authentication
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In accordance with one embodiment of the present invention, an
information processing apparatus (for example, signal processor 1011 of
Fig. 35) installed at a ticket gate for performing a ticket inspection
process, includes an authentication unit (for example, authentication
processing unit 1071 of Fig. 37) for authenticating a communication
terminal (for example, user device 1100 of Fig. 34) mounted on a
passenger passing through the ticket gate by communicating with the
communication terminal, the communication terminal communicating
using as a communijcation medium a dielectric material including the

unp Gmah B6dy BF e passetiyer, 4 tickefhiapBdton Rt HoF éXarhpret ety

1 o¥formatqn, seder, 174 0}5%&- 37) for, performing, he-ticket ingpection,
process on the communication terminal authenticated by the
coauthentication - 20runitad registration unitiderexample; deviceD register
. 1056 of Fig. 37) for registering an identification of the communication
l“@?ﬁﬁﬁé%a@ﬁﬁ%%erg”&néf?‘?é‘ﬁ&lféﬁﬁ%io%%%@éé{%%ﬁfﬁiéétion

edetelngtion Ul (orexamole, deyloe Bhsgaisher 1054 0f Fig. 37 for
determining whether the identitication of the communication terminal

deaequifed iycammiizeation: withdhe icormamunigation terminakisegistereen
by the registration unit, an information acquisition unit (for example,

tesHpScHptRstH detEthinBr TOBTGF Fig tdPfol AtHuifing subserpica tion

terminal is registered by the registration unit, an
information acqguisition unit (for example, subscription
determiner 1081 of Fig. 37) for acguiring subscription
information of a content stored on the communication
terminal 1f the identification determination unit determines
that the identificaticn of the communication terminal is
registered, and a delivery unit {for example, content
delivering unit 19083 of Fig. 37) for delivering the content
to the communication terminal in accordance with the
subscription informaticn acquired by the information
acqguisition unit.

Another embodiment of the present invention is related
to one of an information processing method and a computer
program of an information processing apparatus installed at
a ticket gate for performing a ticket inspection process,
and includes steps of authenticating a communication
terminal mounted on a passenger passing through the ticket

gate by communicating the communication terminal, the
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information of a content stored on the communication terminal if the
identification determination unit determines that the identification of the
communication terminal is registered, and a delivery unit (for example,
content delivering unit 1083 of Fig. 37) for delivering the content to the
communication terminal in accordance with the subscription information
acquired by the information acquisition unit. Another embodiment of the
present invention is related to one of an information processing method
and a computer program of an information processing apparatus installed
at a ticket gate for performing a ticket inspection process, and includes

CogfaPR S HuthEn iR ] Cofrmaiit afiéh “te?mitat Hodiited on a
cRASSENIEr Passing;thipuah the ticket, gate by communicating the, 1

communication terminal, the - 21 communication terminal communicating
hunsinglasiy commivmigationemedium Addielectigpmaterial incledingiheor Fig.

human body of the passenger (for example, in step S21 of Fig. 40),
10perfBtming thetEket fhspettithn ptocEscbn the RARRERcatBd the

aufQfRunication terminal;(far.examale, j step e 01519, 40) registering,

an identification of the communication terminal that has undergone the

soticket nspection pracesssferrexample, inistepi $1o0f Figh 39), the
determining whether the identification of the communication terminal

COFEHIIrEE inteomhfiidation With thEtonndfication the ticket

inspection process (for example, in step 3515 of Fig. 39,
determining whether the identification of the communication
terminal acgquired in communication with the communication
terminal is registered (for example, in step S13 of Fig. 39},
acguiring subscription information of a content stored on
the communication terminal if the identification of the
communicatien terminal is determined to be registered (for
example, in step S$41 of Fig. 41), and delivering the content
to the communication terminal in accordance with the
acquired subscription information (for example, in step 546
of Fig. 41).

The embodiments of the present invention are described
below with reference to the drawings.

Fig. 1 illustrates an underlying communication system
160 of one embediment of the present invention.

As shown in Fig. 1, the communication system 100
inciudes a transmitter 110, a receiver 120 and a

communication medium 130. The communication system 100 is a
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terminal is registered (for example, in step S13 of Fig. 39), acquiring
subscription information of a content stored on the communication
terminal if the identification of the communication terminal is determined
to be registered (for example, in step S41 of Fig. 41), and delivering the
content to the communication terminal in accordance with the acquired
subscription information (for example, in step S46 of Fig. 41). The
embodiments of the present invention are described below with reference
to the drawings. Fig. 1 illustrates an underlying communication system
100 of pne embodiment of the present inyention. As shown in Fig. 1, the
SHmaAlcATOr Sydtém 100 THUUdEs"a IaRsREITE0,  FecRRIL20 ™

Eommunication Sy
rhand&-coprpunication medivm 13Q. Thecommuynicatian system 1004s &,
22 system in which the transmitter 110 transmits a signal and the
merEoaiver3l20 réteivesstrecsignakvia the tonhanicationnmediumil3dystem
More E%ecificall , iIn the communication system 100, a signal transmitted

LOR onf e fARsmittet ST0ts trahsteBd Vi thd GoFRigation fhetfium 130
+ rand then Jeceived by the receiver 120, The transmittes 1104ncludes a

transmission signal electrode 111, a transmission reference electrode
rett2-apd &vtramsmitting: dpik 4182 The transmission signal electrode 111 is

used to transmit a signal via the communication o ‘
The transmitter 110 includes a transmission signal

s

L)

electrode 111, a transmission reference electrode 112 and a
transmitting unit 113. The transmission signal electrode
111 is used to transmit a signal via the communication
medium 130 and has a stronger capacitive coupling with the
communication medium 130 than the transmission reference
electrode 112. The transmission reference electrode 112 is
used to obtain a reference point according to which a signal
level difference is determined. The transmitiing unit 113
is arranged between the transmission signal electrode 111
and the transmission reference electrode 112 and provides
petween the two electrodes an electrical signal {vecltage
change) to be transmitted to the receiver 120.

The receiver 120 includes a reception signal electrode
121, a reception reference electrode 122, and a receiving
unit 123, The reception signal electrode 121 is used to
receive a signal transferred via the communication medium
130 and has a stronger capacitive coupling with the

communication medium 130 than the reception reference
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medium 130 and has a stronger capacitive coupling with the
communication medium 130 than the transmission reference electrode
112. The transmission reference electrode 112 is used to obtain a
reference point according to which a signal level difference is determined.
The transmitting unit 113 is arranged between the transmission signal
electrode 111 and the transmission reference electrode 112 and provides
between the two electrodes an electrical signal (voltage change) to be
transmitted to the receiver 120. The receiver 120 includes a reception

signal electrode 121, a reception reference electrode 122, and a receivin
elﬁr?’?i%%e%ggéceg&oen Jéfig%%%@e%r%rord% PIEITséd - 18C& Ve H Sighal 7= °

asfransterted viadbeconmunication medivm, J13Q.and haga stranger <o
capacitive coupling with the communication medium 130 than the
whigdeptionireferenteve 23deletaode d221 Théareeeptiordeferdinee

electrode 122 ser(];/r%e}sa as an electrode to obtain a reference paint

re5&eortity 18 Whi dignarEdBrGfehsiiE 8 Hetefmnate R he fecthding
e 1Bt 123ds prranged between therecaption signal eleetrode 121 andthe, 4

reception reference electrode 122 and converts an electrical signal
cofvoitage change) occundig sbetweeén the tweetectredesinte acdesiredy

electrical signal, thereby restoring the electrical signal generated by the
e '

PeRRASMItiRG UrifL £3 i e tiafsnhitie? 1207 Sk Esmtinicatiorihedica L
thé§93§n¥¥¥%92§ﬁ@m@H@|electrical signal generated by the

transmitting unit 113 in the transmitter 110.

The communication medium 130 is made of a material
having a physical property capable of cconducting an
electrical signal, for example, an electrically conductive
material or a dielectric material. More specifically, the
communication medium 130 may be made of a conducteor such as
a metal (for example, copper, iron, or aluminum}.
Alternatively, the communication medium 130 may be made of
deionzed water, rubber, glass, an electrolytic solution such
as a salt solution, or a dielectric material such as a human
body which is a compound of thesse materials. The
communication medium 130 may have any shape, such as wire,
plate, sphere, cylindrical column.

The electrodes, the communication medium, and space
surrounding the apparatuses of the communication system 100
are described first. For the simplicity of explanation, the

communication medium 130 is a perfect conductor. Space is
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having a physical property capable of conducting an electrical signal, for
example, an electrically conductive material or a dielectric material. More
specifically, the communication medium 130 may be made of a conductor
such as a metal (for example, copper, iron, or aluminum). Alternatively,
the communication medium 130 may be made of deionzed water, rubber,
glass, an electrolytic solution such as a salt solution, or a dielectric
material such as a human body which is a compound of these materials.
The communication medium 130 may have any shape, such as wire,

prgﬁéfn’ts%heeégé%ﬂ"Hﬂé‘a{%gwé?ﬂ's%@"%ﬁ'eﬁ“’dgf’ teh]? corpmunication,
medium, and space surrounding the appargtrbses 0] ?ﬁe communication

th8yslemn 100 -are; deseribed first. Fordthe sipplicibrotexplanation.ithe
communication medium 130 is a perfect conductor. Space is - 24 present

s 1 patlean thettradsmission sigridh electrotentith dadntheecommuhicatidn: t
medium lBOgnd between the reception siggnal electrode 121 and the

0 B Catlon AU E30 b8t R SIctiCArEstpling s prasaft. == <"

s1bglveen the rapsmission rsigrakelestiade 141 anshthgcommuneation;
medium 130 and between the reception signal electrode 121 and the

betermnuribation: predidom1 30 oMate specificallis alédpacitantkeis created
between each of the transmission signal electrode 111 and the reception

CORIpHAH REh Y™ Hid thE - comffunicAton metiim 180} capacitance

is created between each of the transmission signal electrode
111 and the receptiocn signal electrode 121 and the
communication medium 130,

The transmission reference electrode 112 1s arranged to
lock toward the outside space surrounding the transmitter
119, and the reception reference electrode 122 is arrangsd
to look toward the ocutside space surrounding the receiver
120. Generally if a conducteor is present in space, a
capacitance is created in the space clocse to the surface of
the conductor. For example, if the conductor has a sphere
having a radius of r m, a capacitance C thereof is
determined from the following eguation (1):

C=4mer [F] N
where ® represents the circular constant, and & represents a
dielectric constant of the space surrounding the conductor
and is represented by the following equation (Z):

£=£, X gy el 129

where g; is the dielectric constant of vacuum, namely,
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The transmission reference electrode 112 is arranged to look toward the
outside space surrounding the transmitter 110, and the reception
reference electrode 122 is arranged to look toward the outside space
surrounding the receiver 120. Generally if a conductor is present in
space, a capacitance is created in the space close to the surface of the
conductor. For example, if the conductor has a sphere having a radius of
r m, a capacitance C thereof is determined from the following equation
(1): C=4nr [F] ... (1) where it represents the circular constant, and
§resen;§ a_dielectric constant of thgdsaeace surrounding the conductor

8. rée 41 tepre&éRred™y tife fofioRingPeqddtion BYE1ER G (HNFEE G is
refe:dielgctric, copgtant of yagyumy, pameli.. = 2p; 8-854x10:12 F(m, apd Er

Is a specific dielectric constant representing the ratio of the dielectric
diedrstant to thengielectricfcorstantof vacuum. As represented by equation

(1), the larger the diameter r, the larger the capacitance C. Altho%(gh the
capAcitdree” €5 6 AR DrjEctIvaiing Acolplex SHape bifer thaR the ameter

r, SRREre; ;Gannot he.expressed 1n, aJorm as,Simple g qquation (1)t Jg .o ¢

obvious that the capacitance C changes depending on the size of the
of sarac® area ofithel abjest. the transiissien referencecelestrode ld2here,
creates a
cannot be expressed in a form as simple as equation (1), it
is cobvious that the capacitance C changes depending on the
size of the surface area of the object.

The transmission reference electrode 112 creates a
capacitance in the space surrounding the transmitter 110 and
the reception reference electrode 122 creates a capacitance
in the space surrounding the receiver 120. When viewed from
an imaginary point at infinity, the potential of the
transmission reference electrode 112 and the reception
reference electrode 122 is fixed and unlikely to vary.

The mechanism of communication of the communication
system 100 i1s described below. For the simplicity of
explanation, the word capacitor is used to refer to a
capacitance depending on context, and the two words have the
same meaning,

The transmitter 110 and the receiver 120 of Fig. 1 are
sufficiently spaced to the distance under which mutual

efifect therebetween is negligible. In the transmitter 110,

the transmission signal electrode 111 is capacitively
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capacitance in the space surrounding the transmitter 110 and the
reception reference electrode 122 creates a capacitance in the space
surrounding the receiver 120. When viewed from an imaginary point at
infinity, the potential of the transmission reference electrode 112 and the
reception reference electrode 122 is fixed and unlikely to vary. The
mechanism of communication of the communication system 100 is
described below. For the simplicity of explanation, the word capacitor is
used to refer to a capacitance depending on context, and the two words
have the same meaning. The transmitter 110 and the receiver 120 of Fig.

cofRyEdsifficimtly spatet IBIHE tidthhed URaRH Whick utudP @ffect
rrierbeween ishegligihle. In the trangmitter 110, the treansmission.signal,

electrode 111 is capacitively - 26 coupled to only the communication
frmedinm 13GinEhe dransmissionaefereace elertrade. 132 is sufficientlya 1
spaced from the transmission signal electrode 111 so that mutual effect

e HifeebbtifesiP RIEGIIBIE (With'ro ¢ap&citive ‘CoupfingFrSifitifatysin the
co %ﬁﬂ\é%ﬁl.zo’é'ﬂ%{%%ﬁ%” Signal electrode, 121 Js gapagitively coupled to

only the' communication medium 130, and the reception referenc
sielectroglest22-iscrufficiently spacead from ¢he receptiond signab glectrade

121 (with no capacitive coupling). Since the transmission signal electrode
COTT??&%?&%@@ﬁ@ﬁ%ﬁﬁ%ﬂ130! and the reception reference

electrode 122 is sufficiently spaced from the reception
signal electrode 121 {(with no capacitive coupling). Since
the transmission signal electrede 111, the reception signal
electrode 121, and the communication medium 130 are
installed in space in practice, each has a capacitance in
the space. For simplicity of explanation, these capacitance
is neglected.

Fig. 2 illustrates an equivalent circuit 200 of the
communication system 100 of Fig. I. The equivalent circuit
200 is substantially eguivalent to the communication system
100.

The equivalent circuit 200 includes a transmitter 210,
a receiver 220, and a connection line 230. The transmitter
210 corresponds to the transmitter 110 in the communication
system 100 of Fig. 1, the receiver 220 corresponds to the
receiver 120 in the communication system 100 of Fig. 1, and
the connection line 220 corresponds to the communication

medium 130 in the communication system 100 of Fig. 1.
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electrode 121, and the communication medium 130 are installed in space
in practice, each has a capacitance in the space. For simplicity of
explanation, these capacitance is neglected. Fig. 2 illustrates an
equivalent circuit 200 of the communication system 100 of Fig. 1. The
equivalent circuit 200 is substantially equivalent to the communication
system 100. The equivalent circuit 200 includes a transmitter 210, a
receiver 220, and a connection line 230. The transmitter 210 corresponds
to the transmitter 110 in the communication system 100 of Fig. 1, the
receiver 220 corresrgonds to the receiver 120 in the communication

systen T80 SFEGTT ahd the'Cortectivo liner 230 E6HBEPoRas I the’ 13+

an&Og¥NyRicatign smedium 1304p,the communication.systerp,100,0f Hg: 4. -
27 In the transmitter 210 of Fig. 2, a signal source 213-1 and an

thin-traasmittértreferencé point32 13- 2k6arre spondrtoe thel rapdmitting amit2 13-
113 of Fig. 1. The signal source 213- 1 generates a sinusoidal wave

1 Al parfitarpeiod 8oxt F3G a3 Sifhaftd Be trandhiitted SHere! toé,x.’C
=dERIESENts; fims, and g0 rad/s s anangplar frequency and gxpressed-by

the equation (3): o = 2nf [rad/s] ... (3) where n represents the circular
tigenstant, and-tHZ srepresentsrayfréquency ofithecsigaabigengrated: by the

thgigé’](:%lzation {3):

o = 28f [rad/s] cee {3}
where n represents the circular ccenstant, and f Hz
represents a freguency of the signal generated by the signal
source 2Z13-1. The in-transmitter reference point 213-2
refers to a point that is connected to ground of a circuit
in the transmitter 210. More specifically, one terminal of
the signal source 213-1 is set to a predetermined reference
potential of the circuit in the transmitter 210.

Cte 214 is a capacitor having a capacitance between the
transmission signal electrode 111 and the communication
medium 130 of Fig. 1. The Cte 214 is arranged between the
other terminal of the signal scurce 213-1 opposite from the
in-transmitter reference pcint 213~2 and the connection line
230. Ctg 215 is a capacitor representing a capacitance of
the transmission reference electrode 112 of Fig. 1 with
respect to space. The Ctg 215 is arranged betwesn the
terminal of the signal source 213-1 on the side cof the in-

transmitter reference point 213-2 and a reference point 216

- 28 -



source 213-1. The in-transmitter reference point 213-2 refers to a point
that is connected to ground of a circuit in the transmitter 210. More
specifically, one terminal of the signal source 213-1 is setto a
predetermined reference potential of the circuit in the transmitter 210. Cte
214 is a capacitor having a capacitance between the transmission signal
electrode 111 and the communication medium 130 of Fig. 1. The Cte 214
is arranged between the other terminal of the signal source 213-1
opposite from the in-transmitter reference point 213-2 and the connection

line 230. Ct 2}1é5 iS a capacitor. representing a capacitance of the
3 K g

eRARSHISIBA refiteRCe Blectiodt 112 bt Eig! T RN 1esheRP 0 Spack: The

re&it9 2458 arrangedibetweanthe; {ermipakpfthe signal source 213-1 on
the side of the in- transmitter reference point 213-2 and a reference point

216228 2representig-thetpaink atmfindypgineaginamepaint) awith séspecicto
the transmitter 110 in space. Rr 223-1, a detector 223-2 and a in-receiver

POtEferénice hoifit 2253%f the Feceivél250 of Fity. 2 cGréSfomPistne he

refRGENING unit 123 94 Fig: 1zsThe Rr 223-1 is:3 load; resistor {receiver load)
to pick up a reception signal, and the detector 223-2 including an

reamplifier detect$and amplifies @ voltagexdifference:atross the Rra223-dnd
The in- receiver reference point 223-3 is connected to ground of a circuit

thih fhi fedeifer’ 220, Oné teritinalofiRed@P223-45r detects and

amplifies a voltage difference across the Rr 223-1. The in-
receiver reference point 223-3 is connected to ground of a
circuit in the receiver Z20. One terminal of the Rr 223-1
{one input terminal of the detector 223-2) is set to a
predetermined potential level in the circuit in the receiver
220.

The detector 223-2 may have another function to
demodulate a detected modulated signal, or to decode encoded
information contained in the detected signal.

Cre 224 is a capacitor representing a capacitance
between the reception signal electrode 121 and the
communication medium 130 of Fig. 1. The Cre 224 is arranged
between one terminal of the Rr 223-1 opposite from the in-
recelver reference point 223-3 and the connection line 230.
Crg 225 is a capacitor representing a capacitance of the
reception reference eiectrode 122 of Fig. 1 with respect to
space. The Crg 225 is arranged between the other terminal

of the Rr 223-1 on the side of the in-receiver reference
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(one input terminal of the detector 223-2) is set to a predetermined
potential level in the circuit in the receiver 220. The detector 223-2 may
have another function to demodulate a detected modulated signal, or to
decode encoded information contained in the detected signal. Cre 224 is
a capacitor representing a capacitance between the reception signal
electrode 121 and the communication medium 130 of Fig. 1. The Cre 224
is arranged between one terminal of the Rr 223-1 opposite from the in-
receiver reference point 223-3 and the connection line 230. Crg 225 is a
aci%r rgpresenting a capacitance of the re;ggtion reference electrode

ca
poiﬁ% of Fig-1 With respactlo 3pacE HHE Crg 225 R iyed BetwiserP e -
atOther ferminal ;0fthe Rr223:1:0n the,side ofdhe in-reqeivereference.29,
point 223-3 and a reference point 226 representing the point at infinity
12 (imaygisarycpoint) with respect to the receiver 120 in space. The
connection line 230 represents the communication medium 130 as a

perfeet cERAGEDE I thd Bfuivalént THEGR P0bof Fig. 2 e G218 ahd
met€.G19 285816, elecincally connected,io therreference pojgt, 216 and the

reference point 226, respectively. In practice, it is not nécessary that the
ciCtg2452dnd the Cigy 225, becelectricallg 16ormetteti4o theyreféfence=point
elé%ggggg?f;eggﬁgggéggn%o the reference point 216 and the
reference point 226, respectively. In practice, it is not
necessary that the Ctg 215 and the Crg 225 be electrically
connected to the reference point 216 and the reference point
226, respectively. It is sufficient if one of the
transmitter 210 and the receiver 220 creates a capacitance
with respect to respective surrounding space. More
specifically, it is not necessary that the reference point
216 and the reference point 226 be electrically connected to
each other, and the reference point 216 and the reference
point 226 may be independent of each other.

A conductor must create a capacitance proportional to
the surface area thereof with respect to surrounding space.
The transmitter 210 and the receiver 220 may be mutually
spaced from each other by any large distance. For example,
if the communication medium 130 of Fig. 1 is a perfect
conductor, the electric conductivity of the connection line

230 1is considered to be infinity, and the length of the

connection line 230 does not affect communications. If the
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226, respectively. It is sufficient if one of the transmitter 210 and the
receiver 220 creates a capacitance with respect to respective surrounding
space. More specifically, it is not necessary that the reference point 216
and the reference point 226 be electrically connected to each other, and
the reference point 216 and the reference point 226 may be independent
of each other. A conductor must create a capacitance proportional to the
surface area thereof with respect to surrounding space. The transmitter
210 and the receiver 220 may be mutually spaced from each other by any
Iar%e dlst%nce For exam%e if the commémlcatlo medium 130 of Fig. 1
IS a pe ect con]fauct'L Tthe electshc condhc%vﬁy of the’coiinéction line 230
sulsrgonsidered t@&%@f@ﬂgc@@qw%@m&i&@imec@pna@@ﬂ@@ge@@é’@ does
not affect communications. If the - 30 communication medium 130 is a
begorductohhaving s suffisientiy fargedldédtric vonddetvity? 2ie distancet
etwee the tr nsmlt er 210 nd the receiver.220 does not affect the

at eﬁ.a%un bf &6 Jrﬁ‘ﬁr%u éﬁé{ns n 5AIEETRS telRaléntdiftuit 200
Inclq@l@s agircyit compesed..of the signal seurees213-1; the Rr 2231 heq
Cte 214, the Ctg 215, the Cre 224, and the Crg 225. A combined

ofregistance@x oftherfoar £apaditorsi{€t& 2147 @fg 215n€ret224 1dnd Cng

225) is expressed by the followm eqcuatlon 4)
Ctg 215, the Cre 224, and

cO

A conmbined
resistance Cx ¢of the four capacitors (Cte 214, Ctg 215, Cre

224, and Crg 225) is expressed by the following equation
(4):

Cx= [F] e (4)

1 1 1 1
Cte + Ctg + Cre + Crg

A sinuscidal wave vt{t) generated by the signal source
213-1 is expressed by the following eguation (5):

Vt{t) = Vm x sin (ot + 8) [VI ... (5)
- where Vm V represents a maximuﬁ amplitude voltage of a
signal source voltage, and 6 rad represents an initial phase
angle., A root-mean-square value Vtrms V of the voltage
generated by the signal source 213-1 is determined from the
following equaticn (6):

Vtrms = vm/N2 [V] . {8

The combined impedance of the entire circuit is

calculated from the following equation (7):
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Ox=1[Fl... (4) Ote + Otg + Ore + Org A sinusoidal wave vt(t) generated
by the signal source 213-1 is expressed by the following equation (5):
Vi(t) = Vm x sin (c)t + 0) [V] ... (5) where Vm V represents a maximum
amplitude voltage of a signal source voltage, and 0 rad represents an
initial phase angle. A root-mean-square value Virms V of the voltage
generated by the signal source 213-1 is determined from the following
equation (6): Vtrms = Vm/'J2 [V] ... (6) The combined impedance of the
entire circuit is calculated from the following equation (7): - 31 Z=/Rr2+
(c~CX)2 | CX) The root-mean-square value Vrrms of
the yoltag Qfaringhcross the Rr 223-1 is determined from the
followin Cﬁaat' n rrms = Zr X Vtrms = Rr X Virms [V] ...(8) J2 1
Rr + (2nfCX)2 As repregented in equation (8), the larger the resistance of
Rr 223-1, the larger the capacitance Cx. The

1
= 2p— 1
/Rr (270C,)? . 7)

The root-mean-square value Vrrms of the voltage
appearing across the Rr 223-1 is determined from the

folliowing equation (8):

__Rr

Vrrms"‘ 7 xvtrms

- Rr X Virms [V] <= (8)

1
R 2
4// i (27ff0x)2

As represented in equation (8}, the larger the

resistance of Rr 223-1, the larger the capacitance Cx. The
higher the frequency f Hz of the signal source 213-1, the
smaller the term 1/((2rRfC)2) becomes, and the larger signal
occurs across the Rr 223-1,

For example, Fig. 3 is a table 250 listing the
calculation results of the root-mean~square value Vrrms of
the veoltage generated across the Rr 223-1 in response to the
root-mean—-sguare value Virms of the fixed voltage of the
signal source 213-1 in the transmitter 210. The results are
obtained under the conditions that the frequency f of the

signal generated by the signal source 213-1 is 1 MHz, 10 MHz
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higher the frequency f Hz of the signal source 213-1, the smaller the term
1/((2nfC)2) becomes, and the larger signal occurs across the Rr 223-1.
For example, Fig. 3 is a table 250 listing the calculation results of the
root-mean-square value Vrrms of the voltage generated across the Rr
223-1 in response to the root-mean-square value Virms of the fixed
voltage of the signal source 213-1 in the transmitter 210. The results are
obtained under the conditions that the frequency f of the signal generated
by the signal source 213-1 is 1 MHz, 10 MHz - 32 or 100 MHz, the

resistance of the Rr 223-1 is 10 KO 100 kQ, or 1 M, and the ca aC|tance
o et irEaE IO BE, Arp 6t £ pE29Vith ieferehdiblo (G0

oriable 250, givendthe piber @9@9&'%@ %&Cme&ﬁﬁgﬁ'&y@@w%y% OI

the root- mean-square value Vrrms become larger with a frequency f of
pF10MHE tham with g@frequency f of 1 MHz, with a receiving load resistance

of Rr 223-1 of 1 MS2 than with a receiving load resistance of Rr 223-1 of

10 T hadfiihslcapadtame EXRdELE pRthdd Vith E%p‘%ﬁéﬁce Cx of

cofds PE o More Spegi 34;@&';/ the higher. the fregyency f, geg largerghe . _

resistance of Rr 22 and the larger the capacitance Cx, the arger
metoBtneansqualeyaluer v ms restis: hedablei2’0 shewsdhatay ¢ of

electrical signal is generated even with a capacitance equal to or less
1Oﬂ%ﬂ;1%ﬁﬁn with a freguency f of 1 MHz, with a receiving
load resistance of Rr 223-1 of 1 MQ than with a receiving
load resistance of Rr 223-1 of 10 KO, and with a capacitance
Cx of 10 pF than with a capacitance Cx of 0.1 pF. More
specifically, the higher the freguency £, the larger the
resistance of Rr 223-1, and the larger the capacitance Cx,
the larger root-mean-square value Vrrms results.

The table 250 shows that an electrical signal is
generated even with a capacitance equal to or less than 1 pF.
Even 1f the signal level c¢f the transmitted signal is
extremely low, communications are still possible if a signal
detected by the detector 223-2 in the receiver 220 is
amplified.

Calculation examples of parameters of the eguivalent
circuit 200 are specifically described below with reference
to Fig. 4. Fig. 4 illustrates the calculation example
accounting for the physical structure of the communication

system 1C0.

A communication system 300 of Fig. 4 corresponds to the

- 33 -



Even if the signal level of the transmitted signal is extremely low,
communications are still possible if a signal detected by the detector
223-2 in the receiver 220 is amplified. Calculation examples of
parameters of the equivalent circuit 200 are specifically described below
with reference to Fig. 4. Fig. 4 illustrates the calculation example
accounting for the physical structure of the communication system 100. A
communication system 300 of Fig. 4 corresponds to the - 33
communication system 100 of Fig. 1. In other words, the communication

system 300 is the equivalent circuit 200 of Fig. 2 with the physical
o RO SF s S battin e 100 Aa S HETRRE THE™e

coRQMuUBication systesm 300oincludesa diansiitten310.;a recaivend2,
and a communication medium 330. If described in comparison with the
Figonimuaichtich systerns 100 of Figcrmheitranshiitten 8100 torresperids to
itter 110, the receiver 320 corresponds to the receiver 120,

the tra 8 aorbd
SYihe @o% URICAASH FRedilifh 330 corfeSpondats e TonuRicatish °
inMedivm 13Q. Therdransmittes 310Jncludes-atrangmissignysignal

electrode 311 corresponding to the transmission signal electrode 111, a
cofransmission nefeeericeeEtirodel31 2iscorresponding tootheatrarrsmissiom
cnicletence electrode 112, and g jonal spurce 3131 conresponding 0 the

tranSMiting Y EAN
corresponds to the transmitter 110, the receiver 320
corresponds to the receiver 120, and the communication
medium 330 corresponds to the communication medium 130.

The transmitter 310 includes a transmission signal
electrode 211 corresponding to the Transmission signal
electrode 111, a transmission reference electrode 312
corresponding to the transmission reference electrcocde 112,
and a signal source 313-1 corresponding to the transmitting
unit 113. One terminal of the signal source 313-1 connects
to the transmission signal electrode 311 and the other
terminal of the signal source 313-1 connects to the
transmission reference electrode 31Z. The transmission
signal electrode 311 is arranged to be close to the
communication medium 330. The transmission reference
electrode 312 1s spaced apart from the communication medium
330 so that the transmission reference electrode 312 is not

affected by the communication medium 330, and has a

capacitance with respect to external space surrocunding the
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unit 113. One terminal of the signal source 313-1 connects to the
transmission signal electrode 311 and the other terminal of the signal
source 313-1 connects to the transmission reference electrode 312. The
transmission signal electrode 311 is arranged to be close to the
communication medium 330. The transmission reference electrode 312 is
spaced apart from the communication medium 330 so that the
transmission reference electrode 312 is not affected by the
communication medium 330, and has a capacitance with respect to

¢ extern%ltsepac§l%urro%nding the - 34 transmitter 310. As shown in Fig. 2,
e tfansmission “signal eleciiode %ﬂlc%’r%s'poﬁ]ag {6 {RE Sy £5lirce

sighdil and-ihejn-dransmitier refgrence peint 213-2% utda Fig.A.the 13-4
in-transmitter reference point is omitted for convenience of explanation.
andstthe tlangmittes810-the recbiver829 ipcludesidl Feéeptiortsignaiig. 4,

electrode 321 correspondin% to the re,ceg;ion signal electrode 121, a

P fecabtion retlrehc” eleBhOHE" 22 BSitésporting td tic réception

cofeference- elegtrodg,122,and an Rr323-1 and a detector 323-2
corresponding to the receiving unit 123. The reception signal electrode

3217 corirects te vae tetmmak 0P thet RE323:d e dnd thé Péceptiohareference
electrode 322 connects to the other terminal of the Rr323-1. The

L ersaEption SgHER eldttitde 85 is’ atrafiged t6 B tosetd-thet e

reEQEﬁ@chégﬁﬂal electrode 121, a reception reference
electrode 322 corresponding to the reception reference
electrode 122, and an Rr323-1 and a detector 323-2
corresponding to the receiving unit 123. The reception
signal electrode 321 connects to one terminal of the Rr323-1
and the reception reference electrode 322 connects to the
other terminal of the Rr323-1. The reception signal
glectrode 321 is arranged to be close to the communication
mediuvm 330. The reception reference electrode 322 is spaced
part from the communicaticn medium 330 so that the reception
reference electrode 322 is not affected by the communication
medium 330. The reception reference electrode 322 has a
capacitance with respect to external space surrounding the
receiver 320. As shown in Fig. 2, the receiving unit 123
corresponds to the Rr 223-1, the detector 223-2, and the in-
receiver reference point 223-3. BAs shown in Fig. 4, the
corresponding in-receiver reference point is omitted.

The communication medium 330 is a perfect conductor in
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medium 330. The reception reference electrode 322 is spaced part from
the communication medium 330 so that the reception reference electrode
322 is not affected by the communication medium 330. The reception
reference electrode 322 has a capacitance with respect to external space
surrounding the receiver 320. As shown in Fig. 2, the receiving unit 123
corresponds to the Rr 223-1, the detector 223-2, and the in- receiver
reference point 223-3. As shown in Fig. 4, the corresponding in-receiver
reference point is omitted. The communication medium 330 is a perfect
conductor in - 35 the same manner as in Figs. 1 and 2. The transmitter

181 52850 e P&ceidsr 320 ardSufficiéHily spaced dpart B A& otheP in
an@ @ﬁ%n%re%mg@t f@l@tugl;@ff%%tﬁ.§ ﬂ?ggg‘pi%r %H@BS%QH §£gc9§| each

electrode 311 is capacitively coupled to only the communication medium
01B30. The atransmissicneferdrce glectrede 8 Rds sufficiently Spaced: .

from the transmission signal electrode 311 in a manner such that mutual

TheHbCHR Heghoide. Sinflaty, te rédéifton Siynbf eHRdas S ey
cofgnacitively goupled,to anly.the . cammynication megiym 330, The

reception reference electrode 322 is sufficiently spaced apart from the
t reeceplionisignale Electiode 32k inta saanrierasuch thar mutuakeffectipaced
negligible. Strictly speaking, the transmission signal electrode 311, the

Iregee _'%n%&ﬁéﬁ@iééﬁé’&e 3591 4Rd THE SCHRAfuNTcatioh me dRifE30 Favd
thg%p%ﬂgﬂg@sé9§ggngg]negligible. Similariy, the reception

signal electrode 321 is capacitively coupled to cnly the
communication medium 330. The reception reference electrode
322 is sufficiently spaced apart from the reception signal
electrode 321 in a manner such that mutual effect is
negligible. Strictly speaking, the transmission signal
electrode 311, the reception signal electrode 321, and the
communication medium 330 have capacitances thereof with
respect to spacing, but for convenience of explanation, the
capacitances are neglected.

As shown in Fig. 4, the transmitter 310 is arranged on
one end of the communication medium 330 and the receiver 320
is arranged on the cother end of the communication medium 330
in the communication system 300.

A distance of dte m is permitted between the
transmission signal electrode 311 and the communication
medium 330. If the transmission signal electrcede 311 is a

conductive disk having a surface area of Ste m® on one side,
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respect to spacing, but for convenience of explanation, the capacitances
are neglected. As shown in Fig. 4, the transmitter 310 is arranged on one
end of the communication medium 330 and the receiver 320 is arranged
on the other end of the communication medium 330 in the communication
system 300. A distance of dte m is permitted between the transmission
signal electrode 311 and the communication medium 330. If the
transmission signal electrode 311 is a conductive disk having a surface
area of Ste m2 on one side, - 36 a capacitance Cte 314 created with the

communication medi 330 is determined from the following equation
= P CRE St o [, (6 EAGANSH (6) 15 KnoWTBE A eoRoTar -1

33detesmining &, capaciance efparallel plates, Eqiation () holds true
when the parallel plates have the same area. However, even if the

par pl; arS teiferent iy area, the of equation (9) does not make
Hafetence nibe reothd) Eqvationi®)

muc ce httbe restilt: Equation s thus used herein. In
equation (9), s represents a dielectric constant. If the communication

system 300ds plaged; 0 the Al aygpegific digletds constant Cris ning a

approximately 1. The dielectric constant s is considered to be equal to the
cagietectac censtanta:ofithe wdeuum. ThBgapatitande® Cte3lddstrue
e Y o g e N ) e Sy Tage arg R T N e
1f the parallel plates are different in area, the use of
equation (9) does not make much difference in the result.
Egquaticn (2) is thus used herein., In equation (%), £
represents a dielectric constant. If the communication
system 300 is placed in the air, a specific dielectric
constant er is approximately 1. The dielectric constant £ is
considered tc be egual to the dielectric constant €0 of the
vacuum. The capacitance Cte 314 is expreassed by the
following eguation (10} if the surface arxea 3Ste of the

* (having a

transmission signal electrode 311 is 2x107° m
diameter of about 5 cm) and the spacing dte is 5x107° m (5
mm) :
Cte = (8.854 x 107'%)x2x107%/5x107% »3.5 [pFl... {10}
Fguation (9) holds in the strict sense in the actual
physical phenomenon when the relationship of Ste>>dtet is
satisfied. Egquation (9) approximately holds herein.

Capacitance Ctg 315, constructed of the transmission

reference electrode 312 and space, is described below. If a
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transmission signal electrode 311 is 2x10-3 m2 (having a diameter of
about 5 cm) and the spacing dte is 5x10-3 m (5 mm) : Cte = (8.854 x
10-12)x2x10"3/5x10-3 X3.5 [pF]... (10) Equation (9) holds in the strict
sense in the actual physical phenomenon when the relationship of
Ste>>dtet is satisfied. Equation (9) approximately holds herein.
Capacitance Ctg 315, constructed of the transmission reference electrode
312 and space, is described below. If a - 37 disk having a radius of r m is
placed in space, a capacitance C F formed between the disk and the
. Space is, determined from equation (11): C = 8sr [F] ... (11) The
1 SRR SYOEHT 508 g b IBLET 7 i il PR e lelectric
cafanstaptebthe air mav.be approximated by the diglectrie congtant of -
vacuum sO. If the transmission reference electrode 312 is a conductive
detlisknhavihgia radigs of ¥gt=2.5X102: m (2.5 cm), the capacitance Ctg 315
formed of the transmission reference electrode 312 and the space is
determin ECxirus,ir?gbﬂtﬁe following equation (12) in view of equation (ﬁ]ﬁ:) Ctg

= 8%8,854xI0:12%2-3x10:2 X1,8 IR -3dd 2hdfthereception sighalne a:r

electrode 321 and the transmission signal electrode 311 equal to each
angthgrgndielectric constant of the air may be approximated
by the dielectric constant of wvacuum 0. If the
transmission reference electrode 312 is a conductive disk
having a radius of rgt=2.5x10"" m (2.5 c¢m), the capacitance
Ctg 315 formed cof the transmission reference electrode 312
and the space is determined using the following squation
{12) in view of equation {(11):

Ctg = 8x8.854x107%%2.5x107°
~1.8 [pF] ci. (12
If the reception signal electrode 321 and the

transmission signal electrode 311 equal to each other in
size and have the same distance to the communication medium
330, a capacitance Cre 324 constructed of the reception
signal electrode 321 and the communication medium 330 equals
the capacitance Cte 314 on the transmitter side, namely, is
approximately 3.5 pF. If the reception reference electrode
322 and the transmission reference electrode 312 egual to
each other in size, a capacitance Crg 325 constructed of the
reception reference electrode 322 and space equals the

capacitance Ctg 315, namely, is approximately 1.8 pF. A
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size and have the same distance to the communication medium 330, a
capacitance Cre 324 constructed of the reception signal electrode 321
and the communication medium 330 equals the capacitance Cte 314 on
the transmitter side, namely, is approximately 3.5 pF. If the reception
reference electrode 322 and the transmission reference electrode 312
equal to each other in size, a capacitance Crg 325 constructed of the
reception reference electrode 322 and space equals the capacitance Ctg
315, namely, is approximately 1.8 pF. A - 38 combined capacitance Cx of
f%u.r cagacitancest, namely, Ctgf 314, th? 315, Cre 324, and Cr 325tis
Brétmined biding e following ebitiafion 123§ i VB ot edtition’(@) “GX=
314, 1kl w1 Clefg refarg Lolh+ded 43:9x40:14 e 8610 A28-9%10:0 2 e
1.8x10-12 0. 6 [pF] a (13) More strictly, Cx=0.525 pF. The
foldotvheansyuare valuelVirnis:generated acrpssithen Ri323-1 is
determined using the following equation (14) if the frequency f of the
signal source 313-1 is 1IMHz, the root-mean-square value of the voltage
vtrm& is 2 \fand thg Rr32341 is 1001K52:

Cte  Ctg * Cre + Crg

Cco

1

i i i i
+ +
3.5%10-2 ' 1.8%10-Z  35%x10-7 ' 1.8x 107

~0.6  [pF]  --(13)

More strictly, Cx=0.525 pF.

The root-mean-square value Vrrms generated across the
Rr323-1 is determined using the following eguation {14} if
the freguency f of the signal source 313-1 is 1 MHz, the
root-mean-sqguare value of the voltage Vtrms is 2 V and the

Rr323-1 is 100 Kf2:

Rr
Vrr[{gs = X vtrms

i
R 24_________mm
/ ARRNTrrY
1%10°

= X2

05)2+ ]
J“xi ) (2% 7t X (1x108) % (0.6%10712))?

~0.71  [V] - (14)
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Vruns = -- Vtrms 2 Rr 1 X Rr + (2nfCX)2 1x105 x2 (1 x105)2+ 1 (2x n X
(1 x 106) x (0.6x1012))2 -0.71 [VI (14) - 39 From the above results, a
signal can be conducted from the transmitter to the receiver using the
capacitance created with respect to the space. The capacitance of the
transmission reference electrode and the reception electrode with respect
to the space can be created if space is available at the location of each
electrode. The transmitter and the receiver can achieve communication
reliability regardless of the distance therebetween if the transmitter and
the receiver are cowoled to each other via the communication medium.

The ESRMURICAISH Sy et may bé pRySiaty CoRsthicted"Fig e from
rhillustrates.a calculation- model of parameters penerated.inthes e

communication system when the above- described communication system
criggetdaity physiealty cooristrudted. shogommunication system 400 includes
a transmitter 410, a receiver 420 and a communication medium 430. The

comttinRakidnSy&kHH 400 CoiTe Bt b thb Commtinication ©ectrode

and the reception electrode with respect to the space can be
created if space 1s available at the location of each
electrode. The transmitter and the receiver can achieve
communication reliapnility regardless of the distance
therebetween if the transmitter and the receiver are coupled
to each other via the communication medium.

The communication system may be physically constructed.
Fig. 5 illustrates a calculation model of parameters
generated in the communication system when the above-
described communication system is actually physically
constructed.

A communication system 400 includes a transmitter 410,
a receiver 420 and & communication medium 430. The
communication system 400 corresponds to the communication
system 100 {(alsc the eguivalent circuit 200 and the
communication system 300}, and is basically identical to
each of the communicaticn systems 100, 200, and 300 except
parameters to be analyzed.

In comparison with the communication system 300, the
transmitter 410 corresponds to the transmitter 310. In the

transmitter 41C, a transmission signhal electrode 411



system 100 (also the equivalent circuit 200 and the communication
system 300), and is basically identical to each of the communication
systems 100, 200, and 300 except parameters to be analyzed. In
comparison with the communication system 300, the transmitter 410
corresponds to the transmitter 310. In the transmitter 410, a transmission
signal electrode 411 - 40 corresponds to the transmission signal
electrode 311, a transmission reference electrode 412 corresponds to the
transmission reference electrode 312, and a signal source 413-1

corresponds to thehsignal source 313-1. The receiver 420 corresponds to
“Cthe” ?é?:%r?\l;iesr 320. INthé 188&Vr426 a Sré%@ﬁ[elror? signat fetiroe 421

+ r SAHRSAARS 0-thesreception: signabgleckrode 321, agecention setgrence
electrode 422 corresponding to the reception reference electrode 322,

tr Re423<scomesporisstocthecRE323-tdand dddetectdr 423i2 reorresponds
to the detector 323-2. The communication medium 430 corresponds to

41 the cSRAMTGTEARSIT metitht330. 91t pafitéters are how deScribiee Ave T
12 6apacitance-Gle: 414 hetween the transyission:signalelectrode 411,and

the communication medium 430 corresponds to the capacitance Cte 314
reobthel commiuniedtion systemi800.2A capaciancer€tg 4d5tbbthezception
_transmission reference electrode 412 with respect to space corresponds

St %B“ﬁ?e EAFAGENCR Cry'315 of HPBoMMUMiEAto T8y stem S6G R T&fetérice
coPQggﬁgﬁhkng to the reception reference electrode 322,

-Rrd423~1 corresponds to the Rr323-1, and a detector 423-2
corresponds to the detector 323-2. The communication medium
430 corresponds to the communication medium 330.

The parameters are now described., A capacitance ClLe
414 between the transmission signal electrode 411 and the
communication medium 430 corresponds to the capacitance Cte
314 of the communication system 300. A capacitance Ctg 415
of the transmission reference electrode 412 with respect to
space corresponds to the capacitance Ctg 315 of the
communication system 300. A reference point 416-1
representing the point at infinity as an imaginary point
viewed from the transmitter 410 corresponds to the reference
peint 316 of the communication system 3C00. The transmission
signal electrode 411 1s a circular disk electrode having an
area Ste m?, and arranged at a location spaced from the
communication medium 430 by a small distance dte m. The

transmission reference electrode 412 is also a circular disk
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representing the point at infinity as an imaginary point viewed from the
transmitter 410 corresponds to the reference point 316 of the
communication system 300. The transmission signal electrode 411 is a
circular disk electrode having an area Ste m2, and arranged at a location
spaced from the communication medium 430 by a small distance dte m.
The transmission reference electrode 412 is also a circular disk - 41
having a radius of rtg m. On the side of the receiver 420, a capacitance
Cre 424 between the reception signal electrode 421 and the
communication medium 430 corresponds to the capacitance Cre 324 of

haﬁf@@oﬁwnﬁﬂﬂé&ﬁoﬁ@ﬁ@% 300. A capacitance Crg 425 of the reception
refesence, glecirode 422 with respect.lp space Sogggggﬁ‘ﬁﬁ%@%re 424

capacitance Crg 325 of the communication system 300. A reference point
bed6<h representiag aiimagdinarlpeiht at infindy 4o dhel receiver 420 in
space corresponds to the reference point 362 of the communication

CORtRAT 360 °ThE FECeftich Sighal Efeatots 458 is-htirctie dhdie Raving™
3p@ngreqyof Stem?,, and.arranged to he spaced from the eommunicafion , 5

medium 430 by a small distance dre m. The reception reference
ofeleetroteA2? iscalse efeiraitardisk havingia radiziswof1rg Msther to

communication system 400 includes new parameters in addition to the
spgﬁ@ng%%%ﬁB@aiﬁuéﬁeggg.capacitance Crg 325 of the

communication system 300. A reference point 426-1
representing an imaginary point at infinity from the
receiver 420 in space corresponds to the reference point 362
of the communication system 300. The reception signal
electrode 421 is a circular disk having an area of Sre m?,
and arranged tc pe spaced from the communication medium 430
by a small distance dre m. The recepticn reference
electrode 422 is also a circular disk having a radius of rzg
m.

The communication system 400 includes new parameters in
addition to the above-described parameters.

For example, the transmitter 410 includes as new
parameters a capacitance Ctb 417-~1 created betwéen the
transmission signal electrode 411 and the transmission
reference electrode 412, a capacitance Cth 417-2 created
between the transmission signal electrode 411 and space, and
a capacitance Cti 417-3 created between the transmission

reference electrode 412 and the communication medium 430.
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For example, the transmitter 410 includes as new parameters a
capacitance Ctb 417-1 created between the transmission signal electrode
411 and the transmission reference electrode 412, a capacitance Cth
417-2 created between the transmission signal electrode 411 and space,
and a capacitance Cti 417-3 created between the transmission reference
electrode 412 and the communication medium 430. - 42 The receiver 420
includes as new parameters a capacitance Crb 427-1 created between
the reception signal electrode 421 and the reception reference electrode

422 a capacitance %r2 427- c%?ated between the receé)tion signal
electite 35T hhaspace, and & Cipadtante CRASTS thédied between

cafigraceptiondeference electiode-422 angddbg egmunication,medivm. |
430. The communication medium 430 includes as a new parameter a

e legpacittnce2Cnra82 created dratween the fegramuniedtion: mediurh 2430 a
and ,erace. The communication medium 430 has an electrical resistance

CaHBReNdRGorr Si2e* akd m&ETAK SHeFEbY RcRidint ad FefP pard st al
« 1keSistanee R 43]zand resistance Rm433.Jf the, communigations medium,, 4

430 contains not only conductivity but also a dielectric constant in the
betemmuriitatior systehr 400 of &ig.ns;ca edpacitande rEspoasieticthe
dielectric constant (not shown) is also created. If the communication

CORRHIMA3E Ral ity Biefettric constant

The communication medium 430 includes as a new
parameter a capacitance Cm 432 created ketween the
communication medium 430 and space. The communicaticn
medium 430 has an electrical resistance depending on size
and material, thereby incliuding as new parameters a
resistance Rm 431 and resistance Rm 433.

If the communicaticn medium 420 contains not only
conductivity but alsco a dielectric constant in the
communication system 400 of Fig. 5, a capacitance responsive
tc the dielectric constant (not shown) i1s also created. If
the communication medium 430 has only dieleciric constant
with no conductivity, a capacitance determined by a
dielectric constant, distance, length, size and location of
a dielectric material 1is created between the transmission
signal electrode 411 and the reception signal electrode 421.

It is premised that the transmitter 410 and the
receiver 420 are spaced apart by a distance far encugh to

neglect mutual capacitive coupling therebetween. If the
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with no conductivity, a capacitance determined by a dielectric constant,
distance, length, size and location of a dielectric material is created
between the transmission signal electrode 411 and the reception signal
electrode 421. It is premised that the transmitter 410 and the receiver 420
are spaced apart by a distance far enough to neglect mutual capacitive
coupling therebetween. If the - 43 distance is near, capacitances of
electrodes may need to be considered depending on the positional
relationship of the electrodes in the transmitter 410 and the electrodes in

dit@eanrggelver 420, in accordance with tcr)]%\ c ncegtltggrewousl discussed.

pattion of B communication systeRt 400 F Fig. &5 HedchbEd befow ©

coHsingLleatricdinasffores, Rigs 6 and:{ dustrate the relatienshipr the
between electrodes and between electrodes and the communication

e l aedione430. in thestramsmitter 419rindhe comimuhicatibasystelad0r the
using the rgéectric lines of force. Fi‘g 6 diagrammatically illustrates a

Tegietiition of etEctit TRES Bt FSrcl With NocommuRatBhTREait 430

a: emplayed. The transmission signal electrode 411 has a positive charge
(is positively charged) while the transmission reference electrode 412 has

a négative:clearget (ishregativelyrclargedy Arvowdeatied imestrepresenits
ae S s P T A e o ol 00K e Figs. 6 and
7 iilustrate the relaticnship between electrodes and between
electrodes and the communication medium 430 in the
transmitter 410 in the communication system 400 using the
electric iines of force.

Fig. 6 diagrammatically iilustrates a distribution of
electric lines of force with no communication medium 430
employed. The transmissicn signal electrode 411 has a
positive charge {is positively charged) while the
transmission reference electrode 412 has a negative charge
(is negatively charged). Arrow~headed lines represent
electric lines of force, and the direction thereof loocks
toward the negative charge from the positive charge. Each
electric line of force does not suddenly disappear in the
way thereof, and reaches an object having an opposite charge
or an ilmaginary point at infinity.

Electric lines of force 451 represent ones that

terminate on the point at infinity from among the electric

lines of force directed from the transmission signal
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toward the negative charge from the positive charge. Each electric line of
force does not suddenly disappear in the way thereof, and reaches an
object having an opposite charge or an imaginary point at infinity. Electric
lines of force 451 represent ones that terminate on the point at infinity
from among the electric lines of force directed from the transmission
signal - 44 electrode 411. Electric lines of force 452 represent ones that
originate on the point at infinity and terminate on the transmission
reference electrode 412. Electric lines of force 453 represent ones that
are directed between the transmission signal electrode 411 and the

e Landmission referehts didcirodd a2 °As shoWn inFigZ 66 167ees
tnQHOALe or termipate aa each,of the electrades.in,the wansmitter 410 that

is positively or negatively charged. The distribution of electric lines of
trforeeis determinde bynthe size of eadh eléétrode; lad:-thecpdsitiesalo £
relationship of the electrodes. Fig. 7 diagrammatically illustrates the

Foqffribution 6P SFEGRE IRBS Bf Forcé vitién the EimRTUMEATIT heditm 430
£ ri$h placed; clgser i the ransmittes 4195 sincesthe communication: medium
430 is close to the transmission signal electrode 411, coupling
retherebetwedreistintensifidd Mosts obthevelettrictlines &f, forded51dhaving
e A P e S PR
the transmitter 410 that is positively or negatively charged.
The distribution ¢f electric lines of force is determined by
the size of each electrode, and the positional relationship
of the electrodes.

Fig. 7 diagrammatically illustrates the distributicn of
electric lines of force when the communication medium 430 is
placed closer to the transmitter 410. Since the
communication medium 430 1s close to the transmission signal
electrode 411, coupling therebetween is intensified. Most
of the electric lines of force 451 having terminated on the
infinity point now become electric lines of force 461
terminating on the communicaticn medium 430. The number of
electric lines of forgce 463 terminating on the infinity
point (electric lines of force 451 in Fig. 6} 1is now reduced.
A capacitance (Cth 417-2 of Fig. 5) with respect to the
infinity point viewed from the transmission signal electrode

411 decreases, and a capacitance (Cte 414 of Fig. 5) with

. respect to the communication medium 430 increases. In
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terminating on the communication medium 430. The number of electric
lines of force 463 terminating on the infinity point (electric lines of force
451 in Fig. 6) is now reduced. .A capacitance (Cth 417-2 of Fig. 5) with
respect to the infinity point viewed from the transmission signal electrode
411 decreases, and a capacitance (Cte 414 of Fig. 5) with respect to the
communication medium 430 increases. In - 45 practice, a capacitance
(Cti 417-3 of Fig. 5) is also present between the transmission reference
electrode 412 and the communication medium 430, but neglected herein.

Accarding to the Gauss law, tQ number N of electric lines of force
P rgﬁgilﬁgﬁhg %ncgﬁf (C::I%)Eaeacseurf %é“‘s %%ﬁaz %ﬁec%%ﬁgesg &oﬁ?aiﬁ%f in the

prelosed suefaces, divided by 6srand isnot-affected by charges exterpabtos ng
the closed surface S. If n charges are present within the closed surface

thg, gefollonied eguatien {18) Kalds: hN="EsigifLir@shexe5): =1 where i
is an integer and a variable gi represents an amount of charge ,
accl r%%?aggér%ﬁ e%%hté]gctcrgg%‘és.sE&ﬁe‘ﬁiont?l%)nélﬁ%’\% thatdle&tricdineof

11 frce griginating fromdthe. elosedsurtace S of thestransmission S’@g@a s
electrode 411 are determined by the charges present in the close

algudace @ andahataltetectric lines ol fored emteriigrené locatiohed by €,

and is not affected by charges external to the closad
surface 5. If n charges are present within the closed

surface 5, the following equation (15} holds:

n
N“—"LZqi (Lines] -~ (15)
&=

where 1 1s an integer and a variable gi represents an amount
of charge accumulated in each electrode. Eguation (15)
shows that electric lines of force coriginating from the
closed surface $ of the transmission signal electrode 411
are determined by the charges present in the closed surface
S and that all electric lines of force entering ons location
from outside the transmission reference electrode 412 also
exit from another location.

The communication medium 430 may not be grounded as
shown in Fig. 7. According to the Gauss law, charges Q3 are
induced on an area 472 of the communication medium 430 near
the electric lines of force 4461 through electrostatic
induction, because there is no source for charge in a closed

surface 471 near the communication medium 430. 24 total
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from outside the transmission reference electrode 412 also exit from
another location. The communication medium 430 may not be grounded
as shown in Fig. 7. According to the Gauss law, charges Q3 are induced
on an area 472 of the communication medium 430 near the electric lines
of force 461 through electrostatic induction, because there is no source
for charge in a closed surface 471 near the communication medium 430.
A total - 46 amount of charge of the communication medium 430 remains
unchanged because the communication medium 430 is not grounded.
Charges Q4 equal to but opposite from the charges Qg3 are induced on an

AMGRIELA TS oGRGAE e Ardd 875 BERYNYC i CRargRS 08, ERtieReS 8f
unfoee, 1&9& causedly the, charges 04 originate from the closed surface

471. The larger the communication medium 430, the more the charges
grQdnacel spreat; andsthesmnallerthecharge depsiy becomeas. The charges

number of electric lines of force per unit area is also reduced. The
Q3cErfdmicaitntadidh 4364 §5%r@EFééﬁ®&8ﬁ Béceméd2 bearing

enSaWRoteNtial gn the entite pody fhareof because of the property af the ,,
perfect conductor, and has a su%)stantlaﬁy uniform charge density oh the
chentiresbady. df- the commirication amedivae436 is-a dieleatric. matefial
having a resistance, the number of electric lines of force is reduced
laggpending orraistdnces fithe cutRmuRichiion hBdiunyre the charges 04

. are spread, and the smaller the charge density becomes. The
number ¢of electric lines of force per unit area is also
reduced.,

The communication medium 430, if a perfect conductor,
becomes equipotential on the entire body thereof because of
the preperty c¢f the perfect conductor, and has a
substantially uniform charge density on the entire body. If
the communication medium 430 is a dielectric material having
a resistance, the number of electric lines of force is
reduced depending on distance. If the communication medium
430 is a dielectric material having no conductivity, the
electric lines of force are dispersed and directed through
polarization. If n-conductors are present in space, a
charge Qi in each conductor is determined using the
following equation (16):

n

0;=-—-,Z1(CU><VJ-) [C] -+ (16)

=

where 1 and j are integers, and Cji represents a capacity
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430 is a dielectric material having no conductivity, the electric lines of
force are dispersed and directed through polarization. If n conductors are
present in space, a charge Qi in each conductor is determined using the
following equation (16): n Q; _ > (G; jx V)) [G] ... (16) where i and j are
integers, and Cji represents a capacity - 47 coefficient of a conductor i
and a conductor j, and may be considered as having the same property
as a capacitance. The capacity coefficient is determined by only shapes
and positional relationship of the conductors. The capacity coefficient Cii
is g ca acitance of the conductor.i itself with respect to space. Further
S T qAtich T8 S ysten %B%p%sgarbqgcﬁlﬁf?alﬁy oF Contibdiors
col$sKRRWA 40 (Work:0n the sHReasition-prRciple. J@eac@gdgs@f@gwce .
conductor of interest is determined by a total sum of products of
Theapagitarideybetwsthicdrductos ard avoltage inveach gondactes. and
Parameters related to Fig. 7 and equation (16) are defined as below. For

PORxEHPIE 101 Feplesehts AR hatg& iR dGREE N tRE SranshiigsiorPéignal
cofleetrode 411,Q2 srepresents & eharge induced opdhe transmission. . 1 ¢

reference electrode 412, Q3 represents a charge induced on the
wicbhmmupieation mediame430 bythedrgnsmigsionisigndln equation (16),

CO

a system -composed of a plurality of conductors is known to
work on the superposition principle. The charge of any
conductor of interest is determined by a total sum of
products of capacitance between conductors and a veoltage in
each conductor.

Parameters related to Fig. 7 and eguaticn (16} are
defined as below. For example, Ql represents a charge
induced on the fransmission signal electrode 411, (¢2
represents a charge induced on the transmission reference
electrode 412, Q3 represents a charge induced on the
communication medium 430 by the transmission signal
electrode 411, and Q4 represents a charge, equal to and
opposite from the charge (03, on the communicaticn medium 430.

V1 represents a voltage of the transmission signal
electrode 411 with respect to the infinity point, V2
represents a voltage of the transmission reference electrode
412 with respect to the infinity point, and V3 represents a
voltage of the communication medium 430 with respect to the

infinity point. Cl2 represents a capacity coefficient
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electrode 411, and Q4 represents a charge, equal to and opposite from
the charge Q3, on the communication medium 430. V1 represents a
voltage of the transmission signal electrode 411 with respect to the infinity
point, V2 represents a voltage of the transmission reference electrode
412 with respect to the infinity point, and V3 represents a voltage of the
communication medium 430 with respect to the infinity point. C12
represents a capacity coefficient - 48 between the transmission signal
electrode 411 and the transmission reference electrode 412, C13

represents a capacity coefficient between the transmission sjgnal
et ibde 11 ARG 10 Coniihunalon moditnt 430, G185 Fihtessits a

 r§8RAGINLcaefficient behveen the trapsmission signalelgeirade 4l1.and
space, C25 represents a capacity coefficient between the transmission

capefetdnteceletirodest1? amtvsace; andtC35 sepresents a tapacity
coefficient between the communication medium 430 and space. The

©Lehbfge 03" tetimihed ot thE tomowing Eitratidh (£7): g3'2 c13x vi
refCheetld) Mor@aﬁﬁet%f%@é@ﬁi@ié%%&% equatian {1-47sINCe 8n

second term and a third term on the right side of equation (17'), namely,

s 1 Q28X ¥ et M53he Vbldresgsiakie equalion (iZh)reqeation (l Hdpacity
cos PRSI Ml QISR VLSRR AYE S8 Rcs Gldctrode 412
and space, and C35 represents a capacity ceoefficient between
the communication medium 430 and space.

The charge Q3 1s determined from the following equation
(17 :

3 = CI13 x V1 [C] N

Mcre strictly, equation (17) should be equation (17').
Since a second Term and & third term on the right side of
eguation (17'), namely, C23 x V2 + V53 % V5 are small in
eqguation (17%), eguation {17) is employed here.

03 = C13 x V1 + C23 x V2 + C53 x V5 e (17

To apply a large amount of electric field to the
communication medium 430, the charge Q3 needs to be
increased. To this end, the capacity coefficient C13
between the transmission signal electrode 411 and the
communication medium 430 is increased to provide a
sufficiently high voltage V1. The capacity coefficient C13

is determined by only shape and positional relatioconship of

related electrodes. The smaller the mutual distance between
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To apply a large amount of electric field to the communication medium
430, the charge Q3 needs to be increased. To this end, the capacity
coefficient C13 between the transmission signal electrode 411 and the
communication medium 430 is increased to provide a sufficiently high
voltage V1. The capacity coefficient C13 is determined by only shape and
positional relationship of related electrodes. The smaller the mutual
distance between - 49 the electrodes, and the larger the facing areas of
the electrodes, the higher the capacitance becomes. The voltage V1
needs to be sufficient| hlgh when viewed from the infinity point. A voltage

hfs Srovided BEtwedt the™ transiigsibn 'Signditfédtrodd 41T antl the®
o1 apsRYssion t@e@ﬂgﬁ@}e%@%éggwt@ﬁc%%@mge onthe yo1cage

transmitter 410. For a sufficiently high voltage to appear when viewed
V1fropetire infinity poin £ theibehdwohobthe tramsmissien réferencée
electrode 412 becomes important. If the transmission reference electrode

0193 infiffitédimal ih €25 3AE the tRRSFiSSon g4l Slediite 411 is
tr§H@k‘&h"é§'¥dﬁ@%éﬁ% fapacity cogfiicient Gl2,and the, capacity cogfficient

C25 become small. On the other hand, capacity coefficients C13, C15,
reénd<C4s have dargedwalies and areelectnically dess variablet Most of
voltage difference caused in the signal source apgears as the voltage V2

ST pP el frafismisston réfefertte sIbEGAE 1R, dng9n voltage to appear

when viewed from the infinity point, the behavior of the
transmission reference electrode 412 becomes important.

If the transmission reference electrode 412 is
infinitesimal in size, and the transmission signal electrode
411 is sufficiently large, the capacity coefficient Cl2 and
the capacity coefficient C25 become small. On the other
hand, capacity coefficients Cl13, Cl15, and C45 have large
values and are electrically less variable. Most of voltage
difference. caused in the signal source appears as the
voltage VZ of the transmission reference electrode 412, and
the voltage V1 of the transmission signal electrode 411
becomes smaller.

This process is shown in Fig. 8. A transmission
reference electrode 481 is coupled to neither conductor nor
the infinity point because of the small size therecf. The
transmission signal elecirode 411 creates a capacitance Cte
with the communication medium 430 while alsc forming a

capacitance Cth 417-2 with respect to space. The
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the voltage V1 of the transmission signal electrode 411 becomes smaller.
This process is shown in Fig. 8. A transmission reference electrode 481 is
coupled to neither conductor nor the infinity point because of the small
size thereof. The transmission signal electrode 411 creates a capacitance
Cte with the communication medium 430 while also forming a
capacitance Cth 417-2 with respect to space. The - 50 communication
medium 430 creates the capacitance Cm 432 with respect to space.
Since the capacitance Cte 414, the capacitance Cth 417-2 and the
capacitance Cm 432, each_related to the transmission signal electrode

SORPRRIE PretBTiRAMIPIATGE. EVER e vottaoe oEGTs HotieRithe=2 with
- egnsmission. signal elegirode 411.and the fransmission refgrence.

electrode 412, a large amount of energy is required to vary the voltage of
catheccapacitances rélated tarthe ttamsmigsionsignad etectrode 424 c8ince
the capacitance of the transmission reference electrode 481 facing a

reéi@ﬁﬁﬁs&&céfkﬁs‘}ﬁg%ﬁfa?l,s Wvél%@ of ﬂﬁ]eeofr%ﬁ%ﬂﬁsﬁéﬁ sigrtal
pr%'%gmgn L varigs little, and 2 voltage, change 0&&%%@%é§a§g%$ the

-1 appears on the side of the transmissionreference electrode 481.
t rEanwerselysthe fransmissiontsignal electredri4thanay Hesinfipitesimal in
size and the transmission reference electrode 481 may be sufficiently
rﬂ%ﬁi@”?ﬁéﬁ%ﬁ@ﬁﬁ§§§n4lzf a large amount of energy is

reguired to vary the voltage of the capacitances related to
the transmission signal electrode 411. Since the
capacitance of the transmission reference electrode 481
facing a signal source 412-1 is small, the voltage of the
transmission signal electrode 411 varies little, and a
voltage change of the signal source 413-1 appears on the
side of the transmissicn reference electrode 481,

Conversely, the transmission signal electrode 411 may
be infinitesimal in size and the transmission reference
electrode 481 may be sufficiently large. The transmission
reference electrode 481 increases the capacitance therecof
with respect to space, thereby becoming slectrically less
variable. Although a sufficiently high veoltage V1 is
generated on the transmission signal electrode 411,
capacitive coupling with the communication medium 430
becomes weak, and no sufficient electric field cannot be
applied.

In a balanced operation, the transmission reference
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reference electrode 481 increases the capacitance thereof with respect to
space, thereby becoming electrically less variable. Although a sufficiently
high voltage V1 is generated on the transmission signal electrode 411,
capacitive coupling with the communication medium 430 becomes weak,
and no sufficient electric field cannot be applied. In a balanced operation,
the transmission reference - 51 electrode preferably provides a
sufficiently high voltage while applying an electric field required for
communications from the transmission signal electrode to the
communication_medium. The transmitter side only has been considered,

=141 tHE S aié TSt of the Pelai6risifipbetiveeh1hé eledtictes’ of Hig®
wh&efs'vaeggf&ﬁgd Ihe commynica %Tﬁ?d}%@hﬁ%@ Eig. 2 Ihe infinity, .o

point not nécessarily means a physically long distance point. In practice,
frile infieity paimtmays benplaceddn the spaee surrounding therapparatits. on
Ideally, the infinity point is reliably stable in voltage in the entire system.

mefhiaBtual dpSlicativhEhvirohinérts en6idé erftéring SRfofgh: péRer SBurced
il goneasl ngess seplences i agniles snaease,
ofsignal seuweeusesorif theineise isahaunegligiblelevetiium 430 in Fig.
5.

The infinity point not necessarily means a physically
long distance point. In practice, the infinity point may be
placed in the space surrcounding the apparatus. Ideally, the
infinity point is reliably stable in voltage in the entire
system. In actual applicaticn envircnments, noise entering
through power source lines or generated in electric
appliances such as illumination apparatuses is present. It
is sufficient if the noise falls outside a frequency band
the signal scurce uses or if the noise is at a negligible
level.

Fig. 9 illustrates an equivalent circuit of the
communication system 400 of Fig. 5. Like the relationship
petween Fig. Z and Fig. 4, a communication system 500 of Fig.
9 corresponds to the communicaticn system 400 of Fig. &, a
transmitter 510 in the communication system 500 corresponds
te the transmitter 410 in the communication system 400, a
receiver 320 in the communication system 500 corresponds to

the receiver 420 in the communication system 400, and a
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Fig. 9 illustrates an equivalent circuit of the communication system 400 of
Fig. 5. Like the relationship between Fig. 2 and Fig. 4, a communication
system 500 of Fig. 9 corresponds to the communication system 400 of
Fig. 5, a transmitter 510 in the communication system 500 corresponds
to the transmitter 410 in the communication system 400, a receiver 520 in
the communication system 500 corresponds to the receiver 420 in the
communication system 400, and a - 52 connection line 530 in the
communication system 500 corresponds to the communication medium
430 in the communication system 400. Similarly, a signal source 513-1 in

O tranSiterS10° of Fig. 9 LoreSpBids i e SighdP&sttce #13-1. The
colrnsmilter>10,0L Fig- Siingludes.an instraasmitter srgference point 513-2

representing ground of the circuit of the transmitting unit 113 of Fig. 1,
conporrespending te antias trah@mitter reference point 213-2 of Fig. 2 (not

shown in_Fig. 5). Capacitance Cte 514 of Fig. 9 corresponds to the
t

capacitarée Ete 41401155 Cdpatitatce Ctg 515 Cortesptiitistothe® 1
o£CaRacitance (o415 of Fig. o.Refergnge. poinis 516-1 and,516-2,,

corréspond to the reference points 416-1 and 416-2, respectively.
tr&apacitarce €10 547-F ieprrespondsitodhe capacitance, &th 4ddx1,

capacitance Cth 517-2 corresponds to the capacitance Cth 417-2,
reéﬁﬁ&&ﬁﬁuﬁplnt 513-2 representing ground cf the circuit of
the transmitting unit 113 of Fig. 1, corresponding tc an in-
transmitter reference point 213-2 of Fig. 2 (not shown in
Fig. 5).

Capacitance Cte 514 of Fig. 9 corresponds to the
capacitance Cte 414 of Fig. 5. Capacitance Ctg 515
corresponds to the capacitance Ctg 415 of Fig. 5. Reference
points 516-~1 and 516~2 correspond tc the reference points
416-1 and 416-2, respectively. Capacitance Ctbhb 517-1
corresponds to the capacitance Cth 417-1, capacitance Cth
517-2 corresponds o the capacitance Cth 417-2, capacitance
Cti 517-3 correspends to the capacitance Cti 417-3.

Similarly in the receiver 520, a receiving resistance
Rr 523-1 and a detector 523-2 correspond to the Rrd23-1 and
the detecteor 423-2 of Fig. 5, respectively. The receiver
520 of Fig. 2 includes an in~receiver reference point 523-3
representing ground of the circuit of the receiving unit 123

of ¥Fig. 1, corresponding to the in-receiver reference point

223-3 of Fig. 2 {not shown in Fig. 5).
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Cti 517-3 corresponds to the capacitance Cti 417-3. Similarly in the
receiver 520, a receiving resistance Rr 523-1 and a detector 523-2
correspond to the Rr423-1 and the detector 423-2 of Fig. 5, respectively.
The receiver 520 of Fig. 9 includes an in-receiver reference point 523-3
representing ground of the circuit of the receiving unit 123 of Fig. 1,
corresponding to the in-receiver reference point 223-3 of Fig. 2 (not
shown in Fig. 5). - 53 Capacitance Cre 524 of Fig. 9 corresponds to the
capacitance Cre 424 of Fig. 5. Capacitance Crg 525 corresponds to the

capacitance Crg 425 of Fig. 5. Reference points 526-1 and 526-2
corteSBBRU (6 & refeTencd pBintd 1#26.1 AT AS5ES ReSpddiveR

ca&ﬂ@ﬁ&gﬁ'&%e £rB 52711 jeorpegponds t%@;@a@?ﬁ?&ﬂé@% froedy-1,
capacitance Crh 527-2 corresponds to the capacitance Crh 427-2, and

cocapatitanite Cr 5273 carrespomdsdo thg cApacitandeiGri 427-Reference
Similarl% resistance components Rm 531 and Rm 533 of the connection

POHRE B30 biTesHONd O he FEStERESE Rt 431 PEnd Riff 433  Gapaditarce
426m 532 correspendsdo the. ¢apagitance.cm432.and a seference point

536 corresponds to the reference point 436. The feature of the
cocorppanidaticn systent 508ds tdescribadbdldi- Thedigher thenvalue :0f
SZQTZC%%%?ggg§E%§3%%4gE§ capacitance Crh 427-2, and
capacitance Cri 527-3 corresponds to the capacitance Cri
427-3.

Similarly, resistance components Rm 531 and Rm 533 of
the connecticn line 530 correspond to the resistances Rm 431
and Rm 433, capacitance Cm 532 corresponds to the
capacitance Cm 432, and a reference point 536 corresponds to
the reference point 436.

The feature of the communication system 500 is
described below.

The higher the value of the capacitance Cte 514, the
larger signal the transmitter 510 can apply to the
connection line 530 corresponding to the communication
medium 430. The higher the walue of the capacitance Ctg 515,
the larger signal the transmitter 510 can apply to the
connection line 530. The lower the wvalue ¢f the capacitance
Cth 517~1, the larger signal the transmitter 510 can apply

to the connection line 530. The lower the value of the

capacitance Cth 517-2, the larger signal the transmitter 510
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larger signal the transmitter 510 can apply to the connection line 530
corresponding to the communication medium 430. The higher the value
of the capacitance Ctg 515, the larger signal the transmitter 510 can
apply to the connection line 530. The lower the value of the capacitance
Ctb 517-1, the larger signal the transmitter 510 can apply to the
connection line 530. The lower the value of the capacitance Cth 517-2,
the larger signal the transmitter 510 - 54 can apply to the connection line
530. The lower the value of the capacitance Cti 517-3, the larger signal

the transmitter 510 can apply to the connection line 530. The higher the
CaBapREitahce Cré 824 tHaTatgér signar the feceivet 52088 pidieu ot

o £tha,eonnection ling-a3@ rqoregsponding 4o the cammunjcation medium
430. The higher the capacitance Crg 525, the larger signal the receiver
tr520mean pickSud froamthodmectiormkne630sThe dowérithe Tapacitance

Crb 527-1, the large signal the receiver 520 can pick up from the
conhettior fifé %B%P?h%%ﬁié]r thE Eapdcitanceé Crhilsp 72 riHeFlafgéra

nSi0Ral the, teceiver 920, canpick Updrom the connegtion ling 530, Thes g

lower the capacitance Cri 527-3, the larger signal the receiver 520 can
copickaygp froimthecconrectiontine:53@ t Eoe: highttuhe 4&teiving sesistance
Rr 523-1, the larger signal the receiver 520 can pick up from the

TheoRAREHOH-ARE 530 Phe Towel BSch f #5¢ resisiande BIR 58CaAT Be 220

can pick up from the connection line 530. The lower the
capacitance Crk 527-1, the large signal the receiver 520 can
pick up from the connection line 530. The lower the
capacitance Crh 527-2, the larger signal the receiver 520
can pick up frem the connecticn line 530. The lower the
capacitance Cri 527-3, the larger signal the receiver 520
can pick up from the connection line 530, The higher the
receiving resistance Rr 523-1, the larger signal the
receiver 520 can pick up from the connection line 530.

The lower each of the resistance Rm 531 and the
resistance Rm 533 of the connection line 330, the larger
signal the transmitter 510 can apply to the connection line
530. The lower the capacitance Cm 532 of the connection
line 530 with respect to space, the larger signal the
transmitter 510 can apply to the connection line 530.

The value of each capacitance approximately depends on
the surface area of the electrode thereof. Generally, the

large the size of each electrode, the better. However, if
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resistance Rm 533 of the connection line 530, the larger signal the
transmitter 510 can apply to the connection line 530. The lower the
capacitance Cm 532 of the connection line 530 with respect to space, the
larger signal the transmitter 510 can apply to the connection line 530. The
value of each capacitance approximately depends on the surface area of
the electrode thereof. Generally, the large the size of each electrode, the
better. However, if - 55 the electrode is merely scaled up in size, a
capacitance between electrodes may also increase. Efficiency may drop
if the ratio of electrode siies bec?[mgs extreme. The sizes and mounting

“PBoSitions ot e efediodes’ard detsimifted” taking fitothe Batance 8 ©

pegleraents; In-a:high frequency Legiopofdhe signal seurce.513-Tatheyrop
parameters of the equivalent circuit of the communication system 500 are

1 fdeterminéd to athieledinpedancez amttisingite achicvecafficierithe sizes
communication. The use of high freqéfuenc%?causes an even low

A BEEEN P BV e R Sredbtarice, thErehy isiy thiniatbfigig the

2 QPRAratHs o The Leactance of acapacitanee rises as frequency lowers.
Since the communication system 500 works on capacitive coupling, the

lowénlimitrdfdhe frequemcy of the isignalfsouree $13r% is deterninéd by 1,
the capacitances. The resistance Rm 531, the capacitance Cm 532, and

Ehh&Ge8 RS RIT 533 ToRgtudta fovb-passitet batalisé of the

communication system 500 are determined to achieve impedance
matching to achieve efficient communication. The use of
high fregquency causes an even low capacitance to provide a
reactance, thereby easily miniaturizing the apparatus.

The reactance ¢f a capacitance rises as frequency
lowers. Since the communication system 500 works on
capacitive coupling, the lower limit of the frequency of the
-signal source 513-1 is determined by the capacitances. The
regsistance Rm 531, the capacitance Cm 532, and the
resistance Rm 533 construct a low-pass filter because of the
location thereof, and the characteristics of the low-pass
filter determine the upper limit of the frequency.

The frequency characteristics of the communication
system 500 are represented by a line 551 o©f Fig. 10. 1In the
graph cf Fig. 10, the abscissa represents frequency while
the crdinate represents gain of the entire system.

The specific values of the parameters in the

communication system 400 of Fig. 5 and the communication
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location thereof, and the characteristics of the low-pass filter determine
the upper limit of the frequency. The frequency characteristics of the
communication system 500 are represented by a line 551 of Fig. 10. In
the graph of Fig. 10, the abscissa represents frequency while the
ordinate represents gain of the entire system. The specific values of the
parameters in the communication system 400 of Fig. 5 and the
communication - 56 system 500 of Fig. 9 are described below. For the
convenience of explanation, the communication system 400 and the
communication system 500 are placed in the air. Each of the

sYRhRgm&Son Signdf elettfooe AFFTheRFLhSRISSHn réfefericéelectrode
cofbentherecepton signgl elacirode 421 and the receplionseference oo .nq

electrode 422 in the communication system 400 is a circular conductor
thdiskdraving ca tdiametey ©f abhobit5 carenithe communigationisystem=400 «f

of Fig. 5, the capacitance Cte 414 constructed of the transmission signal
the ek PP ARl the Fofmbhizalisn fReditify 430:5(coREspBHEMELID

re %B%%i?e” G G158 234 OF g 9)J5 d %tgémeido%gggét}? follqwing equatipn,

) In view of equation (9) with the space between the transmission

angignad electtode 44 1ant-theneemamunicatian=medim436keing 5 mm :

Cte - (8.854 X10-12) x (2X 10-3)
communication system 40C is a circular conductor disk having
a diameter of about 5 <m.

In the communication system 400 of Fig. 5, the
capacitance Cte 414 constructed of the transmission signal
electrode 411 and the communication medium 430
{corresponding to capacitance Cte 514 of Fig. 9) is
determined using the feollowing equation (18) in view of

eguation {9) with the space between the transmission signal

electrode 411 and the communication medium 430 being 5 mm:

_ (8.854 x10712) X (2% 1073)
5% 1073

Cte

~3.5  [pF]  ---(18)

The capacitance Ctb 417-1 between electrodes
{corresponaing to the capacitance Ctb 517-1 of Fig. 9
satisfies equation (9). As previously described, equation
{(9) holds well when the area of the electrodes is sufficient
large in comparison with the spacing between the electrodes.

Equation (9 provide a goocd approximation to the correct
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5x10-3 3.5 [pF] ... (18) The capacitance Ctb 417-1 between electrodes
(corresponding to the capacitance Ctb 517-1 of Fig. 9 satisfies equation
(9). As previously described, equation (9) holds well when the area of the
electrodes is sufficient large in comparison with the spacing between the
electrodes. Equation (9) provide a good approximation to the correct - 57
value of the capacitance Ctb 417-1 between the transmission signal
electrode 411 and the transmission reference electrode 412 and provides
no inconvenience to the discussion of the principle of the present
invention. Equation (9) is used to determine the capacitance Ctb 417-1, If

VatHiesgdcing betwBaf théefétttodess 5 dmP e tapatitindd Et5R1751 °»

si%%pf\?g@e% (b o1yl of Fig.9)ds calculated as represented py the
ollowing equation (19): Ctb - (8.854X 10-12) x (2 x 10-3) 5x10-2 0.35

elEpEtofEO)MIf the: spaging bistweendhe transmissioncsignal electrode 411
and the communication medium 430 is sufficiently small, coupling with

d1SFRES bEoftes WEak “HRE ‘Bapachan b TR 41752 feapatitiht e Cth

2qRL {200 Fig) 9) Is sufficiently,smallgr than the capacitance Gle4dd 4,171
(capacitance Cte 514) and is thus set at one-tenth the

If the spacing between the electrodes is 5 cm, the

capacitance Ctb 417-1 (capacitance Ctb 517-1 of Fig. 9) is

calculated as represented by the following eguation (19):

(8.854x10712) X 2x107%)
5% 1072

Cth=

~0.35  [pF] -~ (19)

If the spacing between the transmission signal
electrode 411 and the communication medium 430 is
sufficiently small, coupling with space becomes weak. The
capacitance Cth 417-2 (capacitance Cth 517-2 of Fig. 9) is
sufficiently smaller than the capacitance Cte 414
(capacitance Cte 514) and is thus set at cne-tenth the
capacitance Cte 414 {capacitance Cte 514) as shown in the

following equation (20):

oth---ﬁfgzo. 35 [pF] - (20)

The capacitance Ctg 415 (capacitance Ctg 515 of Fig. 9)
created between the transmission reference electrode 412 and

space 1g determined as shown in equation (21} in a similar
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capacitance Cte 414 (capacitance Cte 514) as shown in the following
equation (20): Ote Cth= 10 =0.35 CpF] (20) The capacitance Ctg 415
(capacitance Ctg 515 of Fig. 9) created between the transmission
reference electrode 412 and space is determined as shown in equation
(21) in a similar - 58 manner as in Fig. 4 (using equation (12)):
Ctg=8x8.854x10-12x2.5x10-21.8 [pF) ... (21) The capacitance Cti 417-3
(capacitance Cti 517-3 of Fig. 9) is considered to be equal to the
capacitance Cth 417-1 (capacitance Ctb 517-1 of Fig. 9) and thus

Cti=Ctb=0.35 pF. The parameters of the recejver 420 (receiver 520 of Fig.
M3g)4e 88t in'the samé malindtasRihe tFahsiifter 210 if the

configuration ofthe electiades (siichasssize gagd mounting pesition) is
analyzed as in the case of the transmitter 410. Cre=Cte=3.5 pF
CrBa€th=(35 ipR Crh=Cth=0.35pF Crag=CtgtiBopF Cri=CfiZ0.35qF Fig.
For the convenience of explanation, the communication medium 430

?) (Cohrethitn FHES30-61 Bity. 916 dn Objédehadng Thatatteristics Simfiar
(cpadyingody-of.aduman Lody; size sAn glectiicalresisiancg, obthes or
communication medium 430 from the position of the transmission signal
The parameters of the receiver 420 (receiver 520 of Fig.
9) are set in the same manner as in the transmitter 410 if
the configuration of the electrodes (such as size and
mounting position) is analyzed as in the case of the
transmitter 410.
Cre=Cte=3.5 pF
Crh=Cthb=0.35 pF
Crh=Cth=0.35 pF
Crg=Ctg=l.8 p¥
Cri=Cti={0.35 pF
For the convenience of explanation, the communication
medium 430 (connection line 530 of Fig. 9) is an object
having characteristics similar te a living body of a human
body size. An electrical resistance of the communication
medium 430 from the position of the transmission signal
eiectrode 411 to the position of the reception signal
electrode 421 (from the position of a transmission signal
electrode 511 to the position of a reception signal
electrode 521) is 1 ML}, and each of the resistance Rm 431

and the resistance Em 433 (each of the resistance Rm 531 and
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electrode 411 to the position of the reception signal electrode 421 (from
the position of a transmission signal electrode 511 to the position of a
reception signal electrode 521) is 1 MS2, and each of the resistance Rm
431 and the resistance Rm 433 (each of the resistance Rm 531 and - 59
the resistance Rm 533 of Fig. 9) is 500 kO. The capacitance Cm 432
created between the communication medium 430 and space
(capacitance Cm 532 of Fig. 9) is 100 pF. The signal source 413-1 (signal
source 513-1 of Fig. 9) outputs a sinusoidal wave signal having a

maximum amplitude of 1V and a frequency of 10 MHz. Fig. 11 illustrates
thy v&&x?éfSFrﬂ%‘?ea rételvetl Signards & resuit of Simthation Perorréd oh=1ce

cnthespaaraeters: Pdbgegraphef Bignllnthe erdinateseprgsenis ayoltage
appearing across the Rr423-1 (Rr 523-1) as a receiving load of the

spaeteier42@: (regeiver GROSGIFig L 9), ‘and the absdéigSawépresents time.
As represented by both-side arrow-headed line 552 of Fig. 11, the

waVetsrii bf e ratBRed sigrarhas’afBit 16 Vi itfererice Betwieh the’
oculAMmuUN valye A anchihgpinimum, value B (peak-tgpeak yalue), BY ,q.

amplifying the received signal with an amplifier (detector 423-2) having a
of sufficiemtdain, far signaton thé transmitter side (signal generated by the
signal source 413- 1) is restored on the receiver side. The communication

sysfelfl debcribad WbbYe requitey Mge =07 of a received signal as

a result of simulation performed on the parameters. In the
graph of Fig. 11, the ordinate represents a voltage
appearing across the Rr423-1 (Rr 523-1) as a receiving load
of the receiver 420 (receiver 520 of Fig. 9), and the
abscissa represents time. As represented by both-side
arrow—headed line 552 of Fig. 11, the waveform of the
received signal has about 10 uv of difference between the
maximum value A and the minimum value B (peak-to-peak value).
By amplifying the received signal with an amplifier
{detector 423-2) having a sufficient gain, & signal on the
transmitter side (signal generated by the signal source 413-
1} is restored on the receiver side.

The communication system described above requires no
physical reference point path, and performs communications
using a communication signal transmission path only. The
communication system thus provides communication
environments in a manner free from application environments.

The layout of the electrodes in each apparatus are
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physical reference point path, and performs communications using a
communication signal transmission path only. The communication system
thus provides communication environments in a manner free from
application environments. The layout of the electrodes in each apparatus
are - 60 described below. The electrodes have different functions

thereof, and create capacitances with respect to the communication
medium and space. More specifically, the electrodes are capacitively
coupled with different elements, thereby operating by means of capacitive
coupling thereof. The layout of the electrodes is an important factor for

deggeh aidch6de o be%a%ﬁﬁféﬁf@@ﬁﬁleﬁ% @andiﬁféfr‘?cfeﬁféleﬁfé’rﬂ??B?s
th%’sé%’@f",e’éﬂcﬁ’eéfl?ég‘t%ff@%&9%8@'&3&9% hetween.the frangmitter

10 and the receiver 420 in the communication system 400 of Fig. 5, the
coslectrodes are awdnged dadnegtthe following cansitiohis-ahey, the
capacitance between the transmission signal electrode 411 and the

¢ g6TmRGiTicatidi? nfsdiam 430 and the' dapatitdnce betweei e receptoH =
théiggg{/el%%@g@i% a0d fhe gomppunication medium, 43p0eed to.be ¢

sufficiently high. The capacitance between the transmission reference
Thelectrodewd krand spate anc-thes capacitancehetween thegeseptior each
reference electrode 422 and space need to be sufficiently high. The
e legpacitithceC befiveaR fite frafshissionRifital Bfectiode 41 and théement .

- rangmisgion reference electode 412 and {he capagante A« i ons
between the transmitter 410 and the receiver 420 .in the
communication system 400 of Fig. 5, the electrodes are
arranged to meet the fellowing conditions. The capacitance
between the transmission signal electrode 411 and the
communication medium 430 and the capacitance between the
reception signal electrode 421 and the communication medium
430 need to be sufficiently high. The capacitance between
the transmissicn reference electrode 412 and space and the
capacitance between the reception reference electrode 422
and space need to be sufficiently high. The capacitance
between the transmission signal electrode 411 and the
transmission reference electrode 412 and the capacitance
between the reception signal electrode 421 and the reception
reference electrode 422 need to be smaller. The capacitance
between the transmission signal electrode 411 and space and
the capacitance between the reception signal electrode 421

and space need to be smaller.
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between the reception signal electrode 421 and the reception reference
electrode 422 need to be smaller. The capacitance between the
transmission signal electrode 411 and space and the capacitance
between the reception signal electrode 421 and space need to be
smaller. - 61 Fig. 12 through Figs. 18A and 18B illustrate the layout of
electrodes. The layout of the electrodes in the transmitter is described
below. As shown in Fig. 12, two electrodes, namely, a transmission signal
electrode 544 and a transmission reference electrode 555 are mounted
on the same surface. This arran menté)rowdes an inter-electrode

capaditance’ siaf8PHar that in tHe1a§adt P Rhichwd" etdcrddes dRreout
o cirangmission signatglecirode 554, and,the Jyansmission refergnce

electrode 555) face each other. When the transmitter having this
t rarrangement ienly onerdfiibe tivel electradessa sehta he tlose tethetwo
communication medium. For example, a casing 553 is composed of two

©1Gifits AR8% HRGE The fivd TAMSBre ToRfesld by e AifEIA% riahndrd
a %%%%M&reé%t"’xee%@'&*%eetwgfé‘c@%&@ WS is variable, . Lhe gasing,

553 may be a flip cellular phone that can be folded at the Iongltudlnal
saeenten tifereof at thei Binger Bygapplying.theseleetrode layoutof Figc12 teie
the flip cellular phone, one electrode may be arranged on the back of the

Cagfft beahifig cpetaten biiidhs JaRd tHé ottt eléctrotie Thay Bedrrdrised
elggg oc}? gk P’&%@e ngnbserr?nngloglsgia ial electrode 554 and the

transmission reference electrode 555} face each other. . When
the transmitter having this arrangement, cnly one of the two
electrodes is set to be close to the communication medium.
For example, a casing 553 is composed of two units and a
hinge. The two units are connected by the hinge in a manner
such that a relative angle between the two units is variable.
- The casing 553 may be a flip cellular phone that can be
folded at the longitudinal center thereof at the hinge. By
applying the electrode layout of Fig. 12 to the flip
cellular phone, one electrode may be arrangsed on the back of
the unit bearing operation buttons, and the other electrode
may be arranged on the back of the unit bearing a display.
With this arrangement, the electrode arranged cn the unit
bearing the operation buttons is covered with the hand of a
user, and the electrode arranged on the back of the display
is placed in space. The two electrodes are thus arranged in

a manner that satisfies the above-~described conditions.



With this arrangement, the electrode arranged on the unit bearing the
operation buttons is covered with the hand of a user, and the electrode
arranged on the back of the display is placed in space. The two
electrodes are thus arranged in a manner that satisfies the
above-described conditions. - 62 Fig. 13 illustrates the two electrodes
(the transmission signal electrode 554 and the transmission reference
electrode 555) mounted on the casing 553 in a manner such that the two
electrodes face each other. Although the capacitive coupling between the

tone.Iectr(i es iﬁ intensified in comparison with Ir?% 12, this arrangement

is appropriate Wher the casing 553 € Tetively SIRaf, 1n“his

txaHangement. thewo electiodes ate preferably arranged, ia bespaced
apart one from the other as far as possible in the casing 553. Fig. 14

refllustrates theetwo eléetrbdes (thertrtamdnissibhssigieal slectfdde 554 and
ission reference electrode 555) which are arran%ed on the

the transmis
e ¥Ating © n#‘actééagf th8takify 855 TRE transhiis&ofi &ighdl “8fettrode 554
a18ndihe transmission reference §lactiofe,abR g aranged,nat (0-facs e s

each other. The capacitance between the two electrodes becomes
is siallen than thatiof Fgmidr Fipd 5iillobtrates thé awotdléctredes: (thenent
. transmission signal electrode 554 and the transmission
is appropriate when the casing 553 1s relatively small. In
this arrangement, the two electrodes are preferably arranged
to be spaced apart one from the other as far as possible in
the casing 553.

Fig. 14 illustrates the two slectrodes (the
transmission signal electrode 554 and the transmission
reference electrode 555) which are arranged on the facing
surfaces of the casing 353. The transmission signal
electrode 554 and the transmission reference electrode 555
are arranged not to face each other. The capacitance
between the two electrodes becomes smaller than that of Fig.
13.

Fig. 15 illustrates the two electrodes (the
transmission signal electrode 554 and the transmission
reference electrode 5b05) that are arranged in perpendicular
to each other on the casing 553. In applications on which
the surface of the transmission signal electrode 554 and the

surface in perpendicular thereto approach the communication

medium, communications are possible with the side face
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reference electrode 555) that are arranged in perpendicular to each other
on the casing 553. In applications on which the surface of the
transmission signal electrode 554 and the surface in perpendicular
thereto approach the communication medium, communications are
possible with the side face - 63 (bearing the transmission reference
electrode 555) remaining capacitively coupled with space. Figs. 16A and
16B illustrate an arrangement similar to the one of Fig. 13, except that the
transmission reference electrode 555 as one electrode is arranged in the

casm 553. As shown.in Flg 16A on the tr smlsbg'légn rg;renc
ef’ec‘jfro%ie s ERABBHGE T tH casrnrglffo%é3 Silldstrates The - ning

cajocationf the transmigsignygfergnee electrode 555 on a surface 555. As
shown in Fig. 16B, the transmission signal electrode 554 is arranged on

the Butface 16Fthenchsiig 553 lardonlythatransmissienaeferenpe lar to

electrode 555 is arranged in the casing 553. Even if the casing 553 is
ERRiGIG cobefefwiths cERTRTictic &ﬁuﬁrra%b%{%’ess‘sulr%hﬁgd‘?ﬁ&?ﬁém

1 lapsmission keference.electiode 555 ydthinthe casing S53permits: ng 553,
communications to be made. Figs. 17A and 1.7B illustrate an arrangement

Assmhitarrtoithefdre of Fig. 13q0vFigd 4texoept (hratithe tranSmission
reference electrode 555 as one electrode is arran%ed in the casn&é&?

L ASSHYMWN itrRigh 1 7AVORAFE tandhifssTaT rBference eldctfbuet
11@83%%&%%Qnﬂhg(%%%H¥§§%'%@'the transmission reference

electrode 555 on a surface 555. As shown in Fig. 1€8B, the
transmission signal electrode 554 is arranged on the surface
cf the casing 553 and only the transmission reference
electrode 555 is arranged in the casing 553. Even if the
casing 553 is widely covered with a communication medium,
space surrounding the transmission reference electrode 555
within the casing 553 permits communications to be made.

Figs. 17A and 178 illustrate an arrangement similar to
the one of Fig. 13 or Fig. 14 except that the transmission
reference electrode 535 as one electrode is arranged in the
casing 553. As shown in Fig. 17A, only the transmission
reference electrode 555 is embedded in the casing 553. Fig.
17B illustrates the position of the transmission reference
electrode 5535 on a surface 556. As shown in Fig. 17B, the
transmission signal electrode 554 is arranged on the surface
of the casing 5532 and only the transmission reference

electrode 555 is arranged in the casing 553. Even 1f the
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17B illustrates the position of the transmission reference electrode 555 on
a surface 556. As shown in Fig. 17B, the transmission signal electrode
554 is arranged on the surface of the casing 553 and only the
transmission reference electrode 555 is arranged in the casing 553. Even
if the - 64 casing 553 is widely covered with a communication medium,
space surrounding the transmission reference electrode 555 within the
casing 553 permits communications to be made. Figs. 18A and 18B
illustrate an arrangement similar to the one of Fig. 15 except that the
transmission reference electrode 555 as one electrode is arranged in the

caEalifg 553, "As ShOWin G 18R, Bhlyind trafdision eterdhed
spglectrode Shniisiembedded in the, caging:p53. Fig- 18R ilustratesdhesss

position of the transmission reference electrode 555 on a surface 556. As
wishawntihéigaE8Bothed rapsmissien sigmakelecttodens554 s aranged on
the surface of the casin%553 and onlg the transmission reference

electrdtie 55875 RAngER int te EaSingBET: EVerfif iR Cakiry 8533 ©°
£nWidely coyeted witha 89@%@“9%@ mediym,, Spacesurounding the. o

transmission reference electrode 555 within the casing 553 permits
eleommuukicaticnsto bemade: dn eradh of thea abevewdstribetielecirodey 553.

layouts, one electrode is closer to the communication electrode than the

B3 offie Blecifode, Emd e ofie is'artifigéd 19 t8AS8 the CpAaitive
o15Qupling withspace, In.each of the apaver sing 553, Fig. 183

illustrates the pesition of the transmission reference
electreode 555 on a surface 556. As shown in Fig. 18B, the
transmission signal electrode 554 is arranged on the surface
of the casing 553 and only the transmission reference
electrode 555 is arranged in the casing 553. Even if the
casing 553 is widely covered with a communication medium,
space. surrounding the transmission reference electrode 555
within the casing 553 permits communications to be made.

In each of the abgove-described electrode layouts, one
electrode is closer te the communication electrode than the
other electrode, and the one 1s arranged to increase the
capacitive coupling with space. In each of the above-
described electrode layouts, the two electrodes are
preferably arranged to result in weaker capacitive coupling
therebetween.

One of the transmitter and the receiver may be housed

in any c¢asing. In accordance with cne embodiment of the
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described electrode layouts, the two electrodes are preferably arranged
to result in weaker capacitive coupling therebetween. One of the
transmitter and the receiver may be housed in any casing. In accordance
with one embodiment of the - 65 present invention, the apparatus
includes at least two electrodes, and the two electrodes are electrically
insulated. The casing is thus made of an insulator having some thickness.
Figs. 19A-19C are cross-sectional view illustrating a portion surrounding
the transmission signal electrode. Since each of the transmission
reference electrode, the reception signal,electrode and the reception

PrEigRal refistte' Setrods is stk Stctifé™® the tahSmis&ian

=18igpakbglectrodeq the,abeye discussipnanplies.to.each of thase,
electrodes. The discussion thereof is thus omitted herein. Fig. 19A

inplastrates. an dnangement inwHiclhia tradsmisSien signal blectrodea56hg
and a communication medium 562 are spaced apart from each other by

SOUSME diSEHNCES A sPhBEr 563ANU4 sPACer 564 dre SahGBa abbtit the
: 1 ransmission, s@g@éf@%@%@%ﬁ%ﬁ esgated. by afrovs headed ling

565, a spacing of d m is thus maintained between the transmission Signal
e 1 electrode .56 L and¢he commiinication raneshiun S62-evertif acforee is
elapplied to place the casing including the transmission signal electrode

%gimﬂ%qxnﬁggtreceptlon signal electrode and the reception
signal refervence electrode is identical in structure to the
transmission signal electrode, the above discussion applies
to each of these electrodes. The discussion thereof is thus
omitted herein.

Fig. 19A illustrates an arrangement in which a
transmission signal electrode 561 and a communication medium
562 are spaced apart from each other by some. distance. A
spacer 563 and a spacer 564 are arranged about the
transmission signal electrode 561. As represented by arrow-
headed line 565, a spacing of d m is thus maintained between
the transmission signal electrecde 561 and the communication
medium 562 even if a force 1s applied to place the casing
inciuding the transmission signal electrode 561 into contact
with the communication medium 562. A space 566 is thus
formed between the transmission signal electrode 561 and the
communication medium 562.

A capacitance C ¢reated between the transmission signal

electrode 561 and the communication medium 562 is calculated
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with the communication medium 562. A space 566 is thus formed
between the transmission signal electrode 561 and the communication
medium 562. A capacitance C created between the transmission signal
electrode 561 and the communication medium 562 is calculated - 66 as
represented by equation (22) in view of equation (9). Although equation
(9) holds when the parallel plates have the same surface area, no large
difference takes place even if equation (9) applies to parallel plates
having different surface areas. Equation (22) is thus calculated as follows:
U=1Er X EQ) X S [F]...'L2} where EO is the dielectric constant of

a5\ ZERIfiSRamely, °8. 8533 6102 FimZ and Ers Tie Spe&ifit HidigBtit”! -

A169051aAt aLthe coresaondingdocation, and.S.is the surface area of ..

thetransmission signal electrode 561. The capacitance is increased to
thimprave performance:tay arranging-a dieledifie rbady havingsa highcspecitic
. _dielectric constant in a space 566 above the transmission signal electrode
698intiRiy  the RBPacitihceisiAceabed Wit Féshett to tHed i fferent
suYieunding spacer Ihe spacer 563 and the spacer 564, may be formed of
the casing. Fig. 19B illustrates an arrangement in which the transmission
signal electrode 561 is 8mbedged in a casing .567. With this arrangement,
the Eomisunteation ﬁ]e—qﬁjm 560 1s placed i#gjntact with each of the
casing 567 and the

where g0 is the dielectric constant of vacuum, namely,
8.854x107'2 F/m, and sr is the specific dielectric constant
at the corresponding location, and $ is the surface area of
the transmission signal electrode 561. The capacitance is
increased to improve performance by arranging a dielectric
bedy having a high specific dielectric constant in a space
566 above the transmission signal electrode 561.

Similarly, the capacitance is increased with respect to
the surrounding space. The spacer 563 and the spacer 564
may be formed of the casing.

Fig. 19B illustrates an arrangement in which the
transmission signal electrode 561 is embedded in a casing
567. With this arrangement, the communication medium 562 is
placed in contact with each of the casing 567 and the
transmission signal electrode 561. If an insulation layer
is formed on the surface of the transmissicn signal
electrode 561, the communication medium 5362 is isolated from

the transmission signal electrode 561l.
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transmission signal electrode 561. If an insulation layer is formed on the
surface of the transmission signal electrode 561, the communication
medium 562 is isolated from the transmission signal electrode 561. - 67
With reference to Fig. 19C in contrast to Fig. 19B, the casing 567 is cut in
a groove having an area identical to the area of the transmission signal
electrode 561 with a thickness d' remaining, and the transmission signal
electrode 561 is received in the groove. If the casing is made of a unitary
body, manufacturing costs and component costs are reduced, and the

capacitance is easily increased. T. ize of each electrode js described
o Rt TEASIIN G oo roforcHAS Eiiradb Ind the 0B the

cateceptionreference electiode-peed ta fom @ high scapacitance:with o
respect to space in order for the communication medium to provide a
theufficientwblthge. Thengansmissions sigmal efettrotecaind thelreception

signal electrode are properly sized taking into consjderation th
th LG BRETe SoupRRG Wit ihe GMmUNCATO VBT BRATRE Broperty of

e 1dhe signal toshe sypplied 1o the eammunigation, dmedium . Fypically, the ;
transmission reference electrode is sized to be larger than the

matransmission signafl etectrodeyaand tlve veGeptionaefereacd electrodesist
sized to be larger than the reception signal electrode. Optionally, other

COTEtIBRShIpIS PEfdety AdcéPtanté RASibRaFSutfiGiene s 1y iricreased.

The size of each electrode is described below. At
least both the transmission reference electrode and the
reception reference electrode need to form a high
capacitance with respect to space in order for the
communication medium te provide a sufficient voltage. The
transmission signal electrode and the reception signal
electrode are properly sized taking intoc consideration the
capacitive coupling with the communication medium and the
property of the signal to be supplied to the communication
medium. Typically, the transmission reference electrode is
sized to be larger than the transmission signal electrode,
and the reception reference electrode 1s sized to be larger
than the reception signal electrode. dptionally, other
relationship is perfectly acceptable if a signal sufficient
for communications results.

If the transmission reference electrode is sized to be
aqual to the transmissicn signal electirede, and if the

reception reference electrode is sized tc be equal to the
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for communications results. If the transmission reference electrode is
sized to be equal to the transmission signal electrode, and if the
reception reference electrode is sized to be equal to the - 68 reception
signal electrode, these electrodes appear to have the same
characteristics if viewed from a reference point at infinity. If any electrode
is used as a reference electrode (namely, the reference electrode and the
signal electrode are interchanged), equivalent communication
performance results. In other words, if the reference electrode and the
signal electrode are sized to be different, communications are permitted

reBRRrwhBN DI Sk cffO8E (BRETrode tetigiied o T4 Sighat efectidue) 3 ©
rnplagedclasg 1a the. communication, ;mediung., Shielding oL CIEUiL i$,o:ne a¢

described below. The transmitter and the receiver except the electrodes
inthereof haverbeery censideredias transpatrenidn dhe analysis:-ef physicatde

communication system. To embody the communication system,
(ngRsctronic EBnmipdhRtSafe ﬁééd:ﬁﬂﬁ)él%le%ﬁ%nwecoﬁ%@%@ 576 TR&dE of

ard material JPQP{%Qd‘%‘Q elegluc Aroperty %Qnaisc‘ég’l%%c%@%r%@ ey,
etc. These components surrounding the electrode inevita y affect the

re@peration of the electrodes. Capacitances in space affects in a variety of
ways an electronic circuit mounted on a

In other words, if the reference electrode and the
signal electrode are sized to be different, communications
are permitted only when cne electrode {(electrode designed to
be a signal electrcde} is placed close to the communication
medium.

Shieiding of circuit is described below. The
transmitter and the receiver except the electrodes thereof
have been considered as transparent in the analysis of
physical communication system. To embody the communication
system, electronic components are used. The electronic
components are made of a material having an electric
property such as conductivity, dielectricity, etc. These
components surrounding the electrode inevitably affect the
operation of the electrodes. Capacitances in space affects
in a variety of ways an electronic circuit mounted on a
circuit board. To perform a stabilized operation, the
entire device 1s preferably shielded.

A shielded conductor may be connected to a transmission

reference electrode or a reception reference electrode



circuit board. To perform a stabilized operation, the entire device is
preferably shielded. A shielded conductor may be connected to a
transmission reference electrode or a reception reference electrode - 69
serving a reference potential of a transmitter or receiver. If there is no
particular problem in operation, the shielded conductor may be connected
to a transmission signal electrode or a reception signal electrode. The
shielded conductor also has a physical size. Mutual relationship of the
shielded conductor with other electrodes, the communication medium,
ace needs to be considered with reference tp the same Principle

d
e i0s80 HeTioTares i SO otatts Ghd BREGAIHERE of the SrESRE® -
T rinvgRtion; In %C%réiéﬂ%d\ﬂﬁk”&%%m*l@i@ﬁ@w%% Presentsri a1ded

invention, an apparatus operates from a battery. Electronic components
coimbhyding the hatteryarerhotsed rraashietd:eases572nThé shield case

571 serves as a reference electrode, An_electrode 572 serves as a signal

elafctivte. Artrandfer Brddim & d8sttibedBeioR A condittdi Has $én
codigcussed as.an gxample,of the.communication medium A, diglectyie,, ¢

body having no conductivity may also be used for communications. In the
thelietedtet dotlys andlettoc field Hiredted frale the-traasmissien signal
electrode to the communication medium propagates through polarization

COBFHE TreILeRidsGdy ™, and space needs to be considered with

reference to the same principle discussed heretofore.

Fig. 20 illustrates one embodiment of the present
invention. In acccrdance with the one embodiment of the
present inventicn, an apparatus operates from a battery.
Electronic components including the battery are housed in a
shield case 571. The shieid case 571 serves as a reference
electrode. An electrode 572 serves as a signal electrode.

A transfer medium 1s described below. A conductor has
been discussed as an example of the communication medium. A
dielectric body having no ceonductivity may also be used for
communications. In the dielectric body, an electric field
directed from the transmission signal electrode to the
communication medium propagates through polarization of the
dielectric body.

More specifically, a metal such as wire is considered
as the conductor. Deionized water may serve as a dielectric
body. Communications are still possible with a living body

having both properties, & normal saline sclution, or the
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More specifically, a metal such as wire is considered as the conductor.
Deionized water may serve as a dielectric body. Communications are still
possible with a living body having both properties, a normal saline
solution, or the - 70 like. Vacuum or air also serves as a communication
medium because of dielectricity thereof. Noise is described below.
Potential of space varies in response to noise from an AC power source,
noise from fluorescent lamp, home electronic appliances, and electric
apparatuses, and the effect of charged patrticles in the air. The potential
variations have been disregarded heretofore. These noises are

1 &GperimposBl ot edct cBmponeht &F the Trahshiftter & tomufieation
peMedium, angstheseceiver. Kig. 21 lustrates an equivalent circuit of the

communication system 100 of Fig. 1 with a noise component accounted
for. Maresspecifieallyy ircadopsrhuricatintsystein 1600 ofpigzRvaries in
corresponding to the communication system 500 of Fig. 9, a transmitter

FegR6H thé CofmaRicAtiGh syt 60B" EdrESHsIdy td'fhefrardiiitter 510
e1ljhecammunication, systerm 200, ecelsr 629, coespandsdodhe . ;

receiver 520 in the communication system 500, and a connection line 630
appanrresperds tathe cornectivadinec53QHarthedransmitter 630, a sigralair.
source 613-1, an in- transmitter reference point 613-2, a capacitance Cte

Theg) BOL SRdddcitartBiClyiens & rferdR@ paine6 863 dedféreneeotore.

These noises are superimposed on each component of the
transmitter, the communication medium, and the receiver.

Fig. 21 illustrates an equivalent circuit of the
communication system 100 ¢of Fig. 1 with a noise component
accounted for. More specifically, in a communication system
6006 of Fig. 21 corresponding to the communication system 500
of Fig. 92, a transmitter 610 in the communication system 600
corresponds To the transmitter 510 Iin the communication
system 500, a receiver 620 correspcnds to the receiver 5Z0
. in the communication system 500, and a connection line 630
corresponds to the connection line 530.

In the transmitter €10, a signal source 613-1, an in-
transmitter reference point 613-2, a capacitance Cte 014, a
capacitance Ctg 615, a reference pcint 616-1, a reference
point ©l6o-2, a capacitance Ctb 617-1, a capacitance Cth 617-
2, and a capacitance Cti €17-3 respectively correspond to
the signal source 513-1, the in-transmitter reference point

513~2, the capacitance Cte 514, the capacitance Ctg 515, the
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point 616-2, a capacitance Ctb 617-1, a capacitance Cth 617- 2, and a
capacitance Cti 617-3 respectively correspond to the signal source 513-1,
the in-transmitter reference point 513-2, the capacitance Cte 514, the
capacitance Ctg 515, the - 71 reference point 516-1, the reference point
516-2, the capacitance Ctb 517-1, the capacitance Cth 517-2, and the
capacitance Cti 517-3, each in the transmitter 510. Unlike the transmitter
510 of Fig. 9, the transmitter 610 includes two noise sources 641 and 642
arranged respectively between the capacitance Cth 615 and the

reference point 616-1 and between the capacitance Cth 617-2 and the
L SefeiRnce pUint 61622 Thitheltecéivér b20C4 résistince R 623 1%

c%%%E‘i%@%?&@%iﬁr—efei"teﬁée@é%%%%98}5‘&@2&%’ 3 gapacitance Gre

24, a capacitance Crg 625, a referénce point 626-1, a reference point

caff-2¢ arcepaciance Grb,62&tha Dapecitance s 6272, ada Unlike
capacitance Cri 627-3 respectively correspond to the receiving resistance

ChRr 5P8ETHe Gétectdt 573-Bi the ifrebefvet FefeBnde point 52313 thsles

cap%citgnce Cre 524, Q carpgc'g%ce Crg 525, the reference point 526-1
t o} )
Wt enre%er%n%guprocfﬁt%i‘%-g, ﬁ1e capa\cii%arrr]cé1 Th @%éf,etﬁglga%g%ltgﬁ%g eeh

+herh-524-2; anek-thec eapacitangeiCerh? /-3 reach ittheaeeiver $20. ang
Unlike the receiver 520 of Fig. 9, the receiver 620 includes two noise
begsifess 642 &iidea5raspectividly afrandedbétivbenthderence point

616-2.

In the receiver 620, a resistance Rr 623-1, a detector
623-2, an in-receiver reference point 623-3, & capacitance
Cre 624, a capacitance Crg 625, a reference point 626-1, a
reference point &26-2, a capacitance Crb 627-1, a
capacitance Crh 627-2, and a capacitance Cri 627-3
respectively correspond to the receiving resistance Rr 523-1,
the detector 5Z3-2, the in-receiver reference point 523-3,
the capacitance Cre 524, the capacitance Crg 525, the
reference point 526-1, the reference point 526~2, the
capacitance Crb 527-1, the capacitance Crh 527-2, and the
capacitance Cri 527-3, each in the receiver 520. Unlike the
receiver 520 of Fig. 9, the receiver 620 includes two noise
sources 644 and 645 respectively arranged between the
capacitance Crh 627-2 and the reference point 626-2, and
between the capacitance Crg 625 and the reference point 626-
1.

In the connection line 630, a resistance Rm 631, a
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capacitance Crh 627-2 and the reference point 626-2, and between the
capacitance Crg 625 and the reference point 626- 1. In the connection line
630, a resistance Rm 631, a - 72 capacitance Cm 632, a resistance Rm
633, and a reference point 636 respectively corresponds to the resistance
Rm 531, the capacitance Cm 532, the resistance Rm 533, and the
reference point 536, each in the connection line 530. Unlike the
connection line 530 of Fig. 9, the connection line 630 includes a noise
source 643 arranged between the capacitance Cm 632 and the reference
point 636. The transmitter and the receiver res%?ctively operate with

CapgpEt Wﬁw&@‘romf_pé‘teﬁﬁé%s&fatﬁé?_n-fff%mé ttef 'tefetened poiitc
poPhi-%ard e I E%%%\é%gyr e&%#*?&‘é;?c?ﬁ'&ts 623-3,|La noise superimpgsed,) |

on the reference points has the same components relatively with respect
thio thep fransaiitter, the feceiveh antthescommgineatiopINediin the

operation is not affected by the noise. On other hand, if the apparatuses
rejf i HharC ot unelef nofdyFenvifonéentsora fstathre ndisecdifféfence is

ikely to take place amang .appar, es re specifically, the naise
untKQY 1Q fake plag 9,3pRaratses, Mo CINGRY \
nscﬁ)"urces 41 tﬁro%% ‘645 o';:L)e?at(i-—;;l dlffé}rent@.q It s%ech a difference is not

1 iMariedin time] nadyoblem vyl ogeur-because arelativedlevel diferengea-of
a signal in use is transferred. If a variation period of noise falls within a
cag@a@ég&ygaﬁ@iﬁ32 and the reference point 636.

The transmitter and the receiver respectively operate
with respect to the ground potentials of the in-transmitter
reference point 613-2 and the in-receiver reference point
623-3. If a noise superimposed on the reference points has
the same components relatively with respect to the
transmitter, the receiver, and the communication medium,
coperaticn is not affected by the noise. On other. hand, if
the apparatuses are far apart, or under nolsy environments,
a relative noise difference is likely to take place among
apparatuses. More specifically, the noise sources 641
through 645 operate differently. If such a difference is
not varied in time, no problem will occur because a relative
level difference of a signal in use is transferred. If a
variation period of noise falls within a freguency band in
use, the freguency in use and the signal level need to be
determined taking inte consideration the noise
characteristics. In other words, if the freguency in use

and the signal level are determined taking into
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use, the frequency in use and the signal level need to be determined
taking into consideration the noise characteristics. In other words, if the
frequency in use and the signal level are determined taking into - 73
consideration the noise characteristics, the communication system 600
becomes noise robust, the physical reference point becomes needless,
and communications are performed using only the communication signal
communication path only. The communication environment free from the
limitation of application environments is thus constructed. The effect of
{he distance between the ransmitter.and, the recelverin communications
“Ci§described below. In “accordance with the principle of the present

sy dnentions ifia: sufficiently: Bigh-capacitanee ds grepied in spage between
the transmission reference electrode and the reception reference
po gdctivdeshrithe e aderh Usimg thecgrount isetiveens thie fansmitter s
the recsﬁvert@lor the other, ele{:trical path i? re%uired,,andtcommu i%atio S
e (o5 el e‘ben ony the tistance Betwedh the Transmission %?élnéi @ ect%%é’ )
Thanddhereceptionsignalelectiade: As in-a copMnURication syster»70Q of
Fig. 22, a transmitter 710 and a receiver 720 are remotely placed from
aprehthaothern afdva commanisation rediure730heving a sufficient
conductivi%/ or a suffi(%ie%nt dielectric constant can %apacitivel

couple a
transifiisSion: Signat efelrode™ 11 t6° a 16 E&5tdh gigﬁa%%%ﬁ}éﬁtétfﬁ.and

the receiver in communications is described below. In
accordance with the principle of the present invention, 1if a
sufficiently high capacitance is created in space between
the transmission reference electrode and the recepticn
reference electrode, neither a path using the ground between
the transmitter and the receiver nor the other electrical
path is regquired, and communications do not depend con the
distance between the transmission signal electrode and the
reception signal electrode. As in a communication system
700 of Fig. 22, a transmitter 710 and a receiver 720 are
remotely placed from each other, and a communication medium
730 having a sufficient conductivity or a sufficient
dielectric constant can capacitively couple a transmission
signal electrode 711 to a reception signal electreode 721.
Communications are thus possible., A transmission reference
electrode 712 is capacitively coupled tc space surrounding
the transmitter 710 and a reception reference electrode 722

is capacitively coupled to space surrounding the receiver



Communications are thus possible. A transmission reference electrode
712 is capacitively coupled to space surrounding the transmitter 710 and
a reception reference electrode 722 is capacitively coupled to space
surrounding the receiver - 74 720. There is no need for capacitively
coupling the transmission reference electrode 712 and the reception
reference electrode 722. Since a long and large communication medium
730 increases the capacitance with respect to space, these factors are
also considered in the determination of the parameters. The
communication system 700 of Fig. 22 corresponds to the communication

728ystemi 266 of FigoL. AR ARENTREFFEG ‘CoFrespoRE b e HaRsmitter
£ r 310 heSECRIVEL 20, correspands Lo the; keceiver 120, and the. ;

communication medium 730 corresponds to the communication medium
rei3d@=The transmission sigral eledtrede #11cthe tkarsmission reference
electrode 712, and a signal source 713-1, each in the transmitter 710

“orgsEECtively Corfeshoiill tthe® fiahsmTssion SRyrfaf Bfettiotie £11 ithe
re sgé@'%%"%ggé%ﬂe” ﬁee%%‘?t%%%%%% and t%‘ﬁ%%‘”é@ﬁ%‘ﬁ‘ae“”@"al%% the

(whole or part thereof). The reception signal electrode 721, the reception

dereferancecelestrode 1122, aad-aeasistance Rr 723-1, each in the receiver
720 respectively correspond to the reception signal electrode 121, the
recé ptiorf FETeHENEe? Blettrotest2f st tHefrdtefling enfiI23eEioleorto

thgagommunication system 100 of Fig. 1. The transmitter 710
corresponds to the transmitter 110, the receiver 720
corresponds to the receiver 120, and the communication
medium 730 corresponds to the communication medium 130.

The transmission signal electrode 711, the transmission
reference electrode 712, and a signal source 713-1, each in
the transmitter 710 respectively correspond to the
transmission signal electrode 111, the transmission
reference electrede 112, and the transmitting unit 113
(whole or part thereof). The reception signal electrode 721,
the reception reference electrode 722, and a resistance Rr
723-1, each in the receiver 720 respectively correspond to
the reception signal electrode 121, the recepticn reference
electrode 122, and the receiving unit 123 (whole or part
thereof).

The description of these elements is omitted herein.

The communication system 700 thus constructed regquires

no physical reference path, and can communicate using the
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thereof). The description of these elements is omitted herein. The
communication system 700 thus constructed requires no physical
reference path, and can communicate using the - 75 communication
signal path only. Communication environments free from the limitation of
application environments are thus provided. In the above discussion, the
transmission signal electrode is contactless to the reception signal
electrode. The present invention is not limited to this arrangement. If
each of the transmission reference electrode and the reception reference

electrode has asuffici(intl h'}gh c acit%nce with sugroundin space thg
co?munlcatlon.ss.aqna aa on%. ormr{uajtc? 10n & .:Lro.nrdeii s
ransmission signal electrode can be connectéd to thé reception signa

fretectrade vida communication medivm having:dielestricityEig: 23 re
illustrates a communication system 740 in which a transmission reference
theearodelidednnected to a reception reference electrode via a
con}mug'h ation mediym. As shown iQhFig.tZB, the .communicationlsystem
740" CorTegpdnds fo the EbmmMunication sy&em 700 of Fig. 22 1A the
el6emmunication system Y40sthetransmitter-£10; ingludes, R0 teansmissign,
signal electrode 711. The transmitter 710 is connected to the
Theommgrsication veedidrm736 atajundtiont gbirtc7 41 Sinvlarignthenent .
receiver 720 in the communication system 740 includes no reception

Ifsﬁﬁﬁﬁe&&ﬁ%&%fﬁf?ﬁ ssion reference electrode and the

reception reference electrode has a sufficiently high
capacitance with surrounding space, the transmission signal
electrode can be connected to the reception signal electrcde
via a communication medium having dielectricity.

Fig. 23 illustrates a communication system 740 in which
a transmission reference electrode is connected to a
reception reference electrode via a communication medium,

As shown in Fig. 23, the communication system 740
corresponds to the communication system 700 of Fig. 2Z2. In
the communication system 740, the transmitter 710 includes
ne transmigsion signal electrode 711. The transmitter 710
is connected to the communication medium 730 at a Jjunction
peint 743, Similarly, the receiver 720 in the communication
system 740 includes no reception signal electrode 721, and
is connected to the communication medium 730 at a junction
point 742.

In standard wired communication systems, at least two

signal wires are used and communications are performed using
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is connected to the communication medium 730 at a junction point 742. In
standard wired communication systems, at least two signal wires are
used and communications are performed using - 76 a relative difference
in signal level. In accordance with one embodiment of the present
invention, communications are performed using one signal line. The
communication system 740 thus constructed requires no physical
reference path, and can communicate using the communication signal
path only. Communication environments free from the limitation of

application environments are thus provided. A specific application .
a éxdmple’st thefdisevngesdibetl Eordmbnitation systeth¢s désersedvith

below. The above- cribed communication.system can employ.a livin
SRR Gttt SR st T A

pee@RAicatiomgysiem £3Q that perferms communications using a human
body. In the communication system 750 of Fig. 24, a transmitter 760
mouted GiriNercdhest bPa usesBodiA T80 tiansmits Music gdta guires

nOrecg:i\é}er\c?:_j?i() rrnoyg;[:%% on th% ti;)ea% gf thceags%r's body 789 receives th%
MUSIC data, and converts the music gata intd SOUNd, thereby ettty fhe"

coHsfih i@ heanthe:seund. The sommunicationsystens ¥90,C0LespeRds «to: s
one of the above-described communication systems such as the

£ resmernicalion $ystehmLO0R The mansiter 760 and theonments are
thus provided.

A specific application example of the above-described
communication system is described below. The above-
described communication system can employ a living body as a
communicaticn medium. Fig. 24 diagrammatically illustrates
a communication system 750 that performs communications
using & human body. In the communication system 750 of Fig.
24, a transmitter 760 mounted on the chest of a user's body
780 transmits music data. A receiver 770 mounted on the
head of the user's body 780 receives the music data, and
converts the music data into sound, thereby letting the user
tc hear the sound. The communication system 7590 correéponds
to one of the above-described c¢communication systems {such as
the communication system 100). The transmitter 760 and the
receiver 770 correspond to the transmitter 110 and the
receiver 120, respectively. In the communication system 750,
the human body 780 corresponds to the communicaticon medium

130 of Fig. 1.



receiver 770 correspond to the transmitter 110 and the receiver 120,
respectively. In the communication system 750, the human body 780
corresponds to the communication medium 130 of Fig. 1. - '77 The
transmitter 760 includes a transmission signal electrode 761, a
transmission reference electrode 762, and a transmitting unit 763,
respectively corresponding to the transmission signal electrode 111, the
transmission reference electrode 112, and the transmitting unit 113
shown in Fig. 1. The receiver 770 includes a reception signal electrode
771, a reception reference electrode 772, and a receiving unit 773,

respetiivelPE6TreSGHding Yo ths red&stion St Blettrode T8
e 1EeGeption refarence celectade 122, apddbedgeeiving.unit 123 shown in, 5

Fig. 1. The transmitter 760 and the receiver 770 are mounted on the
trhomanthody 780 servifg asr@ spmmuanieation medispomnca ryannert such
that the transmitter 760 and the receiver 770 are in contact with or close

CLEPHETRGHER Bod) 780 SSIRtE 7€ saffitient Fth& trHHEMiE b Teference
r<8lecuode 162 and.ihe receptign seference glecirode 772 are in gondagt, .,

with space, neither coupling with the ground nor coupling between the
intrangmitier 760 éorrelecttodes tHareof)dndithe seceiven?i@forsdlgatrades
thereof) is required. Fig. 25 illustrates another example of the

e Lg6inmification systef 7BO1RE SO TER. 25cfe fdgivbf2, and a

receiving unit 773, respectively corresponding to the
reception signal electrode 121, the reception reference
electrode 122, and the receiving unit 123 shown in Fig. 1.

The transmitter 760 and the receiver 770 are mounted on
the human body 780 serving as a communication medium in a
manner such- that the transmitter 760 and the receiver 770
are in contact with or close to the human body 780. Since
it is sufficient if the transmission reference electrode 762
and the reception reference slectrode 772 are in contact
with space, neither coupling with the ground nor coupling
between the transmitter 76C (or electrodes thereof) and the
receiver 770 (or electrocdes thereof} is reguired.

Fig. 2% 1lilustrates another example of the
communication system 750. As shown in Fig., 25, the recelver
770 in contact with (or close to} the sole of the foot of
the human body 780 communicates with the transmitter 760
mounted on the arm of the human body 780. The transmission

- signal electrode 761 and the reception signal electrocde 771
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770 in contact with (or close to) the sole of the foot of the human body
780 communicates with the transmitter 760 mounted on the arm of the
human body 780. The transmission signal electrode 761 and the
reception signal electrode 771 - 78 are arranged so that the transmission
signal electrode 761 and the reception signal electrode 771 are in contact
with (or close to) the human body 780 serving as the communication
medium. The transmission reference electrode 762 and the reception
reference electrode 772 are arranged to face space. This is the
application to which the known technique using the ground as a

A oftmichieafor Pat'8anAct abbR” Fhe corfituniciition Syt ASe thifs!
anfORsluGiedJequises 1o physicalreferance path and ean communicate

using the communication signal path only. Communication environments
(ofreelfram the limitatiomuafapplication @hvirenments are ithas provided. In
the above-described communication system, no particular limitation is

cogﬁﬁmﬁfﬁfaﬁﬁoaﬁEﬁBﬁTneﬁﬁﬁ(ﬁ%?%ﬁﬁﬁﬂ%é?@;§ﬁﬁﬂ@ﬁq§§h@l?ctrode
7650mumuRigation medium,as lng as, Jhe madulatign method.is applicabe

to both the transmitter and the receiver. An optimum modulation method
tonayche sseleeted inhview 0f chasactepsticsaafithe entirehdemmindcatiaim

system. More specifically, the modulated signal in use may include at
te F 9he. Yhhedortine ground as a communication path cannot

apply.

The communication system 750 thus constructed requires
nc physical reference path, and can communicate using the
ccemmunication signal path only. Communication environments
free from the limitation of application environments are
thus provided.

In the above-described communication system, no
particular limitation is applied to a modulation method of a
signal to ke supplied to the communication medium as long as
the modulaticon method is applicable to both the transmitter
and the receiver. An optimum modulation method may be
selected in view of characteristics of the entire
communication system. More specifically, the modulated
signal in use may include at least one, alone or in
combinaticn, selected from the group consisting of a
baseband analog signal, an amplitude modulated analog signal,
a frequency modulated analog signal, a baseband digital

signal, an amplitude modulated digital signal, and a
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combination, selected from the group consisting of a baseband analog
signal, an amplitude modulated analog signal, a frequency modulated
analog signal, a baseband digital signal, an amplitude modulated digital
signal, and a - 79 frequency modulated digital signal. In the
above-described communication medium, a plurality of communications
may be performed using a single communication medium so that a
full-duplex communication is performed or so that a plurality of
apparatuses may communicate with each other via the single

._communication me%ﬂk’ .,Melhcidssgf er{orming multiplex
esCri i

frce: r%?ﬁlﬁmcgﬁgﬁ%%te fided below A First available method is the

spregd--speciiun aetbod ey Heldned reduensy Rardwidth and
particular time-series code are predetermined between the transmitter

plandlhé yecdivermhetransmitter chionges are ofigine sigral iy fregeiengy e
in accordance with the time- series code within the fre%uenc% bandwidth,

COHREHbY *Spr@Aditg the original'8ignal GVErthe Smité reGlienty “Batdhidt’

pe Peforgdransmissiops, Upop receiving e spreads spectrunysignal, the
receiver integrates the received signal, thereby decoding the received

cosigmal. xdvantages ef the spread spectium techrigee arerdescriveton
below. According to the Shannon-Hartley channel capacity theorem, the
Tef5iting equation (23) holds:

Methods of performing multiplex communications is
described below. A first available method is the spread-
spectrum method may be used. Freguency bandwidth and
particular time-series code are predetermined between the
transmitter and the receiver. The transmitter changes an
original signal in freguency in accordance with the tTime-
series code within the fregquency bandwidth, thereby
spreading the original signal over the entire freguency
bandwidth before transmission. Upon recelving the spread-
spectrum signal, the receiver integrates the received signal,
thereby decoding the received signal.

Advantages of the spread spectrum technique are
described below. According tce the Shannon-Hartley channel

capaclity theocrem, the fcllowing equation (23) holds:

=B x log, (1 + —lfr) [bps] -+ (23)

where C bps represents a channel capacity, namely, a maximum

data rate at which data can be fed to a communication path
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G=B x 1092 (i+-F) [bps] ... (23) where C bps represents a channel
capacity, namely, a maximum data rate at which data can be fed to a
communication path - 80 in theory, B Hz represents a channel bandwidth,
and S/N represents a signal-to-noise power ratio. When expressed in
Maclaurin's expression with a low S/N ratio, equation (23) is
approximated by the following equation (24): C, N X B [Bps] ... (24) If the
S/N is equal to or lower than a noise floor level, S/N <<1. By expanding
the channel bandwidth B, the channel capacity C is raised to a
predetermined level or higher. If the time-series code is changed from

Incérfiicatior pati s edRhanikatibA At t&aeAieve diffedt spféad
rePREGM operatans, the frequency of the signal is sprgad, without mutyal, |

interference. A plurality of communications are performed in a manner
Mafreedfrom intedferences Fig. 26 tlhustralesva commenicationgystemB8OIR)
. accordance with one embodiment of the present invention. In the
15 cERInTIICERSIT Sy $tent 860 6t Fig 26 FotrtraRdmitters 4810-1 through
810-4, argi five receivers 820-1 through 820-5 perform multiplex
conBrrnigatisris via altyrahunicati@dinedium 830 using spread
spectruntechnique. The transmitter 810-1, corresponding to the
transmitter 110 of Fig. 1, includes a transmission signal electrode 811,

If the S/N is egual to or lower than a noise floor
level, S5/N <<1. By expanding the channel bandwidth B, the
channel capacity C 1s raised to a predetermined level or
higher.

If the time-series code 1is changed from communication
path to communication path to achieve different spread
spectrum operations, the frequency of the signal is spread
without mutual interference. A plurality of communications
are performed in a manner free from interference.

Fig. 26 illustrates a communication system 800 in
accordance with one embodiment of the present invention. In
the communication system 800 of Fig. 26, four transmitters
810-1 through 810-4, and five receivers 820-1 through 820-5
perform multiplex communications via a communication medium
830 using spread spectrum technigue.

The transmitter 810-1, corresponding to the transmitter
110 of Fig. 1, includes a transmission signal electrode 811,

and a transmission reference electrode 812. The transmitter

810-1 further includes, as & unit correspoending to the
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and a transmission reference electrode 812. The transmitter 810-1 further
includes, as a unit corresponding to the - 81 transmitting unit 1.13, an
original signal supplier 813, a multiplier 814, a spread signal supplier 815,
and an amplifier 816. The original signal supplier 813 generates an
original signal as a signal to be transmitted, and then supplies the

original ,signal to the multiplier 814. The spread signal supplier 815
generates a spread signal that serves as a carrier signal for spreading the
original signal over a predetermined frequency bandwidth, and then

supplies the spread signal to the multiplier 814. Two typical methods of
trafeaifiig e Shdinal signafwiththe Spitdad skl afeRa/atiable® hamély,

irect.se method (hereina refer S m d), and
m“#%%%é%@%%?&hg%ﬁ%@ hgﬁeﬁé&eg?é%rqré%?o E%%IfH%‘%qegthé(rzlk). In the
amPSimethod,1 the multiplier 814 multiples the original signal by a time-
series code having a frequency component higher in frequency than the
origirisd skl iThRe nsulapicatitiPesuftis SmodUREEd By Tepratictérhringd
.carrier wave, ar(;\({%lgifdtb hee ,grrgglggt?{tatlgd ,angl &Qe% output. In Ehe FH

signa 5,4 S1 en 30 ies. the
ethog, the frequency of the carrier wave is ‘change bby the fihe-series

oréede ta gengrate a-sprend signal; She erigingl sigmakisspuliiplied iynthe

spread signal by the multiplier 814, amplified by the amplifier 816, and
suffjeler 815 generates a spread signal that serves as a
carrier signal for spreading the original signal over a
predetermined frequency bandwidth, and then supplies the
spread signal to the multiplier 814, Two typical methods of
spreading the original signal with the spread signal are
available, namely, direct sequence method (hereinafter
referred to as DS method), and frequency hopping method
(hereinafter referred to as FH method}. In the DS method,
the multiplier 814 multiples the original signal by a time-
series code having a frequency component higher in frequency
© than the criginal signal. The multiplication result is
modulated by a predetermined carrier wave, amplified by the
amplifier 816, and then output.

In the FH method, the frequency of the carrier wave is
changed by the time-series code to generate a spread signal.
The original signal is multiplied by the spread signal by
the multiplier 814, amplilified by the amplifier 816, and then

ocutput. ©Cne output from the amplifier 81¢ is supplied to

the transmission signal electrode 811 while the other output
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output. One output from the amplifier 816 is supplied to the transmission
signal electrode 811 while the other output - 82 from the amplifier 816 is
supplied to the transmission reference electrode 812. The transmitters
810-2 through 810-4 have the same structure. Since the discussion of the
transmitter 810-1 applies, the discussion of the transmitters 810-2
through 810-4 is omitted herein. The receiver 820-1, corresponding to the
receiver 120 of Fig. 1, includes a reception signal electrode 821, and a
reception reference electrode 822. The receiver 820-1 further includes, as
a unit corresponding to the receiving unit 123, an amplifier 823, a

frgfuitidifer B Aidsread HSighal SUpBlierBRs: Anthsn bRgmERsRMEPButput

Wit gggeTgfergg ié’&é 820-1 decodes an electrical signal according to the
method of the embodiment of the present invention, and restores the

original signal {the-signal supplied fropy:the sriginal signal suppliengl3)
through signal processing reversal to the process of the transmitter

St@RGHIFg. 27 HRGHatdsa Fretftiehty Speetrubi fith Tretiency plotiedin
i aahey Heed RS oy e Soncen aea o & St fouansy s
g1methad, any Sigralné the gnergy thereof dropped below a noise floor

. The receiver 820-1, correspconding to the receiver 120
of Fig. 1, includes a reception signal electrode 821, and a
reception reference electrode 822. The receiver 820-1
further includes, as a unit corresponding to the receiving
unit 123, an amplifier 823, a multiplier 824, a spread
signal supplier 825, and an original signal output unit 826.

The receiver 820-~1 decodes an electrical signal
according to the method of the embodiment of the present
invention, and restcres the original signal {(the signal
supplied from the criginal signal supplier 813) through
signal processing reversal toe the process of the transmitter
810-1.

Fig. 27 illustrates a freguency spectrum with frequency
plotted in the abscissa and energy plotted in the ordinate.
Spectrum 841 has the frequency fixed. Energy is
concentrated on a particular frequency. In this methed, any
signal, if the energy thereof dropped below a noise floor
level 843, cannot ke restored. Spectrum 842 is the one of

the spread spectrum method. Energy spreads over a wide
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level 843, cannot be restored. Spectrum 842 is the one of the spread
spectrum method. Energy spreads over a wide - 83 frequency bandwidth.
The area of a rectangle is considered as the entire energy. Regardless of
whether each frequency component is lower than the noise floor level 843
or not, the signal of the spectrum 842 is restored by integrating energy
over the entire frequency bandwidth. Communications are thus possible.
With the spread spectrum technique, the communication system 800 can
perform concurrent communications using the same communication
medium 830. As shown in Fig. 26, paths 831 through 835 indicate

T R OrRGHicRABA bt on thETofifitinatién Tsdiahedso Jwithid siead

as SPRErUM, fechnique. the commupication system 800 perdary frequency

many-to-one communications as represented by the path 831 an
copatn832 asmanyeto-maay cammuonicadionscAisecond methoddfor not,
multiplex communications is a frequency division method. In the

hfrefitiéhey diisibhméitiod atrelitieney bahdiidtAds predétefiafifed »d
engﬁsfyfe%%}r%@%“%{i%d greceiver, and then, divided infg a plurality, of

ands. The transmitter (or receiver) complies with a particular frequency
arbantdwidthallogatien rule or detects a frequency bandwidth at the start of
communication, and is assigned a frequency bandwidth in accordance

with' i détetiR Te3GItS HH§ 28R USH@tes ' EdmMMmiAiIcCativR Sysferh 850

syg¥em 800 can perform concurrent communications using the
same ccmmunication medium 830. As shown in Fig. 26, paths
831 through 835 indicate communication paths on the
communication medium 830. With the spread spectrum
technique, the communicaticon system 800 perform many-to-one
communications as represented by the path 831l and the path
832 or many-to~many communications.

A szecond method for maltiplex communications is a
frequency division method. In the freguency division method,
a frequency bandwidth is predetermined between a transmitter
and a receiver, and then divided into a plurality of bkands,
The transmitter (or receiver) complies with a particular
fregquency bandwidth allocation rule or detects a freguency
bandwidth at the start of communication, and is assigned a
frequency bandwidth in accordance with the detection results.

Fig. 28 illustrates a communication system 850 in
accordance with one embodiment of the present invention.

The communication system 850 includes four transmitters 860~
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accordance with one embodiment of the present invention. The
communication system 850 includes four transmitters 860- - 84 1 through
860-4 and five receivers 870-1 through 870-5, and performs multiplex
communications on a communication medium 880 using the frequency
division method. The transmitter 860-1, corresponding to the transmitter
110 of Fig. 1, includes a transmission signal electrode 861 and a
transmission reference electrode 862. The transmitter 860-1 further
includes, as a unit corresponding to the transmitting unit 1.13, an original
siﬁnal supplier 863, a. multiplier 864, a frequency variable gscillator 865,

1 BHA AT Antplifie? 8667 A digRal GeRelated by the fredttehiey/ variable + 279

pe23ciliator 86Dand bavinga.pasticilarfreausncy GUIRRORENL dSon medium
multiplexed by an original signal supplied from the original signal supplier

88868 byrthetmaltipien864camplifiediyy thesamplifier 866, and then output
(as necessary, further filtered). One output from the amplifier 866 is

supphéd 16 B trahbfis 61 signaf et 861 dnd Cthie St Bhifsti ™ ==

1 180%”1;?1@1{.” plifier 366 js,supplied to.the; ransmission reference eleetroge,
862. The transmitters 860-2 through 860-4 have the same structure as
antheatransmitters860-4. Satertheddiseussianr ofi¢hé dtansniitter 866:lsmitter

equally applies to the transmitters 860-2 through 860-4, the discussion
86Here p%qgﬁﬁm%pcludes, as a unit corresponding to the

transmitting unit 113, an original signal supplier 863, a
multiplier 864, a frequency variable oscillator 865, and an
amplifier 866.

A signal, generated by the freguency wvariable
oscillator 865 and having a particular freguency component,
is multiplexed by an. original sigral supplied from the
original signal supplier 863 by the multiplier 864,
ampiified by the amplifier 866, and then output (as
necessary, further filtered). OCne output from the amplifier
866 is supplied to the transmission signal electrode 861 and
the other cutput from the amplifier 866 is supplied to the
transmission reference electrode 862.

The transmitters 860-2 through 860-4 have the sane
structure as the fransmitter 860-1. Since the discussion of
the transmitter B60-1 equally applies to the transmitters
B60-2 through 860-4, the discussion thereof is omitted
herein.

The receiver 870-1, corresponding to the receiver 120
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herein. The receiver 870-1, corresponding to the receiver 120 - 85 of Fig.
1, includes a reception signal electrode 871 and a reception reference
electrode 872. The receiver 870-1 further includes, as a unit
corresponding to the receiving unit 123, an amplifier 873, a multiplier 874,
a frequency variable oscillator 875, and an original signal output unit 876.
The receiver 870-1 restores an electrical signal in accordance with the
method of one embodiment of the present invention, and then restores
the original signal (signal supplied from the original signal supplier 863)
through _signal processing reversal to the process of the transmitter

°Tg809: Fig. 29'fitidttates an SXEMpIE o Frodlidhcy Spectraf® witht and @
refreguency plotiednthe ahscissgandgenergy-platied in ;the ordinatg. For

the convenience of explanation, an entire frequency bandwidth (BW) is
fudivided it fivd dsandwidths u(BRW) 8 rthspuglti895. Dividéd: frequeney ng
bandwidths are used for mutually different communication paths. The

ungEndmitter* BeDtRaceivar 8 70)in the BonimBnitafiof systein BEDUEY
vadifferent frequancy, handwidths, from,communicationspathtd oyeput unit

communication path, thereby concurrently performing communications on
87the single communication medium 880 in a manner free from interference

aséggy@gkzghgg'gllasrestores an electrical signal in
accordance with the method of one embodiment of the present
invention, and then restores the original signal (signal
supplied from the original signal supplier 863) through
signal processing reversal to the process of the transmitter
860-1.

Fig. 29 illustrates an example of freguency spectrum
with frequency plotted in the abscissa and energy plotted in
the ordinate. For the convenience of explanation, an entire
frequency bandwidth {BW) is divided into five bandwidihs
{FW). 891 through 895. Divided frequency bandwidths are used
for matually different communication paths. The transmitter
860 (receiver B870) in the communication system 8530 uses
different freguency bandwidths from communication path to
communication path, thereby concurrently performing
communications on the single communication medium 880 in a
manner free from interference as shown in Fig. 28. Fig. 28

illustrates communication paths 881 through 885 on the

communication medium 8830. With the frequency division
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illustrates communication paths 881 through 885 on the communication
medium 880. With the frequency division - 86 technique, the
communication system 850 performs many-to-one communications as
represented by the path 881 and the path 882 or many-to-many
communications. The communication system 850 (the transmitter 860 or
the receiver 870) divides the entire bandwidth 890 into five bandwidths
891 through 895. The number of divisions is not limited to any particular
number, and the divided bandwidths may be different in bandwidth.

teAk\j/allable as %thlrd method for, multlple>1<: corré@#inlcaglgns is a

I3 Gllie tne , communicatign svstem &) Qrms many-to—one
firietdivision tEchnigue that tivides “communication time among

colkansmittars sl receivars - The dsansipities {optheregeiver), gomplies yvith
a particular time division rule or detects a time slot unoccupied at the
8 8gtaptrofreumimiumiostion, arrdisiaksigheeh @ communication time in

accordance with the detection resulté. Fig. 30 illustrates a commun&zcjzation
t

systent 900 THE E8MhTniEaTsT Ry Siafh 900%f Fig S8 nclides four °F
tnirapsmitters, 90y 3 theough@10-4-and five receivers, 920-1 #uyeugh 92055 ¢

and performs multiplex communications on a communication medium 930
bapdgimgdhediné tivisionuethhigbe. THe¢ransntier 910d; cosrespondmgtot
the transmitter 110 of Fig. 1, includes a transmission signal electrode 911

LRSS ISSIHR Pt FRHCE elRLiBaS 0122 hEhFaritterd Dendiidtns

may be different in bandwidth.

Availlable as a third method for multiplex
communicaticns is a time-division technique that divides
communication time among transmitters and receivers. The
transmitter (or the receiver) complies with a particular
time division rule or detects a time slot unoccupled at the
start of communication, and is assigned a communication time
in accordance with the detection results.

Fig. 30 illustrates a ccommunication system 900. The
communication system 960 of Fig. 30 includes four
transmitters 910~1 through 910-4 and five receivers 920-1
through 920-~5 and performs multiplex communications on a
communication medium 930 using the time divisicon technique.

The transmitter 910-1, corresponding to the transmitter
110 of Fig. 1, includes a transmission signal electrode 911
and a transmission reference electrode $12. The transmitter
910-1 further includes, as a unit corresponding to the

ftransmitting unit 113, a time controller 913, a multiplier
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910-1 further includes, as a unit corresponding to the transmitting unit
113, a time controller 913, a multiplier - 87 914, an oscillator 915, and an
amplifier 916. The time controller 913 outputs an original signal at
predetermined time. The multiplier 914 multiplies the original signal by the
signal generated by the oscillator 915, and outputs the resulting signal
(after being filtered as appropriate). One output from the amplifier 916 is
supplied to the transmission signal electrode 911 and the other output
from the amplifier 916 is supplied to the transmission reference electrode

12_The tra itters -2 through 910-4 have th me structure as
9147 np EO % < . .
the targng%ﬁ%er[gal 1. % d|§§l%s,s%onn of ﬁw%él%rlaﬁgni?égr 910-1 also applies

to the,fransmittersr310Q-21 through U@c4.and the discyssion thewoafis at
omitted herein. The receiver 920-1, corresponding to the receiver 120 of
PrERE e THclnges Aireéeeptidh Sighial Bldcirotie $2Y afid & redéstior:he

reference electrode 922. The.receiver 920-1 further includes, as.a upit
o AL RS e S By Tna SRl S e L B S

918N oseillater: 92bs and an-ergingk signak gutput ypk926. Jhedeceiverered
920-1 decodes an electrical signal in accordance with one embodiment of
as e predent #fvehtionPand cthierivesfores theoriginal Sigread (8diginaksignal

suSeRRlied fromthe time controller 913 raugh S1gnal processing. 4 tne
other output from the amplifier 916 is supplied to the
transmission reference electrode 912.

The transmitters 910~2 through 910-4 have the same
structure as the transmitter 910-1. The discussion of the
transmitter 910~1 also applies to the transmitters 910-2
through 910-4, and the discussicn thereof is omitted herein.

The receiver 9%20-1, corresponding to the receiver 120
of Fig. 1, includes a reception signal electrode 921 and &
reception reference electrode 922. The receiver 920-1
further includes, as a unit corresponding tce the receiving
unit 123, an amplifier %23, a multiplier 924, an oscillator
925, and an original signal output unit 926.

The receiver 920-1 decodes an electrical signal in
accordance with one embodiment of the present invention, and
then restores the original signal (original signal supplied
from the time controller 913} through signal processing
reversal to the process of the transmitter 910-1.

Fig. 31 illustrates a spectrum obtained in accecrdance
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reversal to the process of the transmitter 910-1. Fig. 31 illustrates a
spectrum obtained in accordance - 88 with this method with time plotted
in the abscissa and energy plotted in the ordinate. For the convenience of
explanation, five time slots 941 through 945 are shown. In practice, these
time slots 941 through 945 are followed by further time slots. Each time
slot divided in this way is used for a different communication path. The
transmitter 910 (receiver 920) in the communication system 900
communicates using a time slot different from communication path to

. unicati th, t er bjxncont olling mutual_.interference as shown in
T A B ool e Bons S s Pror e S5 Sl

en§ommunicatien mediuAme93Rdkiga 86 .illustrates cemyaurigatien ceaths 931
through 935 on the communication medium 930. With the time division

expdcHmddethe’cormunicatiohSystérmho0d peidrmadnanytodremn .  In

prSOfIMUnications as sepresented by the, path %3]93%‘1 Ine path 932,91 ,,
many-to-many communications. Time slots CﬁVIde yat e communlcatlobﬁ

rusystem 90Q4the dransmitier-010 9rdhe receiver,920Hmay he.differant ing
time width. Two or more of the three communication techniques

usgdséniiied aBové prgy be combinedza e papticilar applicativan il fezture
o1 13,2360 9%, the,ansmiiter and the recelver communicates yih a
communicates using a time slot different from communication
path to communication path, thereby controlling mutual
interference as shown in Fig. 30. A plurality of
communications are thus performed on the single
communication medium 930. Fig. 30 illustrates communication
paths 931 through 235 on the communication medium 930. With
the time division technique, the communication system 2900
performs many-to-cne communications as represented by the
path 931 and the path 932, or many-to-many communications.

Time slots divided by the communication system S0C {(the
transmitter 910 or the receiver 920) may be different in
time width,.

Two or more of the three communicaticon techniques
described above may be combined.

In a particular application, the feature that each of
the transmitter and the receiver communicates with a
plurality of apparatuses is very important. Each of the

transmitter and the receiver may be applied for ticket
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plurality of apparatuses is very important. Each of the transmitter and the
receiver may be applied for ticket - 89 handling in transportation facility. A
user holding an apparatus A having information related to commuter
pass, and an apparatus B having a digital money function may use an
automatic ticket gate. With the above-described method used, the
apparatus A and the apparatus B concurrently operate. Even if the user
travels in a route beyond the coverage of the commuter pass, an excess
fee may be deducted from the digital money of the apparatus B. A
communication process, performed between a transmitter and a receiver,
e  aF o0 i 18 Hahralr 170
appathe-cemmunieation system:100-of gy dts deseribeghbelov wWiths s, and
reference to a flowchart of Fig. 32. In step S11, the transmitting unit 113
anjpiies ¥aisimiteF 2 Y0 Jfeneraed & signabirbe Fansmited Mny stegrsag,
aulfle Uansmiting ypit L3 trangmity the generafed signaligte, o g useq,
commidnication medidm 130 via the fransmission S|gnailel%ctr08erﬁ :
chdpasoiansmiting theigeneralpd -signak the dansmitingunjt 113 ends the
communication process. The signal transmitted from the transmitter 110
Evig supplibd to 8% réceiverl B20- vigathecesraniemicatidntheditrie3@no £

stecp S21, the receivin%1 unit 123 in the receiver 120 receives t esigngl via
theﬁ1 ommu?ex'§ass, I e&cess ee may be deducte rom~the
e reception signal‘electrode

digital money of the apparatus 5.

A communication process performed between a transmitter
and a receiver, for example, perfcrmed between the
transmitter 110 and the receiver 120 in the communication
system 100 of Fig. 1 is described below with reference to a
flowchart of Fig. 32.

In step S11, the transmitting unit 113 in the
transmitter 110 generates a signal to be transmitted. In
step $12, the transmitting unit 113 transmits the generated
signal to the communication medium 130 via the transmission
signal electrode 111. Upon transmitting the generated
signal, the transmitting unit 113 ends the communication
prcecess. The signal transmitted from the transmitter 110 is
supplied te the receiver 120 via the communication medium
130. In step 521, the receiving unit 123 in the receiver
120 receives the signal via the reception signal electrode
121. In step 522, the receiving unit 123 outputs the

received signral. Upon outputting the received signal, the
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121. In step S22, the receiving unit 123 outputs the received signal. Upon
outputting the received signal, the - 90 receiving unit 123 ends the
communication process thereof. The transmitter 110 and the receiver 120
perform basic communication through a simple process, without the need
for performing any complex process. More specifically, free from
constructing a closed circuit using a reference electrode, the transmitter
110 and the receiver 120 can perform a reliable communication process
by simply transmitting and then receiving signals via the signal
reglciodes erect o amanner ot affected by.enviranments., he. .
fransmitter 110 and thé receiver 156)?Lénommun|c§tlorp System 10 ? '
reduces werdead end-manufachuringheostsc kwpledindhger rorm basic
communication process to be reliably performed in a manner not affected

copfreniftefifahtsSineenthe sthistdfe bEtheccomnitnideation plocessdést for

egipdg:lgilerq tQE cognmugiec}gtiogos €%em lcg?og::an ga{seiéy. se gl\ial’ie% ofe
P communlgatloﬁme?ﬁg $1h Combination, such admodulation, ye‘ncoﬂfieng,

£ r8RCLYPHBE-a0d Multiplexing: da the abgye commynicatier systems, the
transmitter and the receiver are separate apparatuses. A transceiver
elhavingdthe functibns oot e fraAsmittertdrw theceteiver MHdy dserused

to_construct cj;%?{gunication system. Fit% 33 illustrates a communication
C

PeLyStEth 650 FASTEE With Ghe 8MBOtHtERT of the3r8ReNt invention.

transmitting and then receiving signals via the signal
electrodes thereof in a manner not affected by environments.
The transmitter 110 and the receiver 120 {communication
system 100} reduces worklecad and manufacturing costs
involved in the communication process to bs reliably
performed in a manner not affected by envircnments. Since
the structure of the communication process is simplified,
the communication system 100 can easily use a variety of
communication methods in combination, such as modulation,
encoding, encrypting, and multiplexing.

In the above communication systems, the transmitter and
the receiver are separate apparatuses. A transceiver having
the functions of both the transmitter and the receiver may
be used to construct a communication system.

Fig. 33 illustrates a communication system 950 in
accordance with one embodiment of the present invention.

As shown in Fig., 33, the communication system 9250

includes a transceiver 961, a transceiver 962, and a
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As shown in Fig. 33, the communication system 950 includes a
transceiver 961, a transceiver 962, and a - 91 communication medium
130. In the communication system 950, the transceiver 961 and the
transceiver 962 exchange signals in two-way communications via the
communication medium 130. The transceiver 961 includes a transmitter
110 identical. to the transmitter 110 of Fig. 1, and a receiver 120 identical
to the receiver 120 of Fig. 1. More specifically, the transceiver 961
includes the transmission signal electrode 111, the transmission

reference electrode ,112, the transmitting unit 113, the reception signa|
SRR (16 EE o eterhcE e IR A b5 BAE e L ENict

+hNit 123 The-franseeive 961 thansmils a-signalvia ghe commumicalion, a1
medium 130 using the transmitter 110, and receives a signal via the

incommudzationmmediomti30asingaheh recevert20: Atectranschiver 961 -
is d% igned so that the communication throutgh the transmitter 110 and

the "dBmiFHicATIoN thFough the fecalvet T20-d6 Rotntsftere with each
iqethercdheransceive,962 isidentigaldn strusture to the rapsceiver; 961,

and operates in the same way. The discussion of the transceiver 962 is
1 2thuscemitteckhertein .t Thetearsteiver 961 arfd thiestrahsceiver862 perform

two-way communications in the same way via the communication =
Spﬁﬁiﬁﬁﬁally’ the transceiver 961 includes the transmission
signal electrode 111, the transmission reference electrode
112, the transmitting unit 113, the reception signal
electrode 121, the reception reference electrode 122, and
the receiving unit 123.

The transceiver 961 transmits a signal via the
communication medium 130 using the transmitter 110, and
recelves a signal via the communication medium 130 using the
recelver 120. The transceiver 961 is designed so that the
communication through the transmitter 110 and the
communication through the receiver 120 do not interfere with
each cother.

The transceiver 962 is identical in structure to the
transceiver 961, and cperates in the same way. The
discussion of the transceiver 962 is thus omitted herein.
The transceiver 826l and the fransceilver 962 perform two-way
communications in the same way via the communication medium

130.

The communication system 950 (including the transceiver
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130. The communication system 950 (including the transceiver - 92 961
and the transceiver 962) can easily perform the two-way communications
in a manner free from the limitation of application environments. In the
above communication system, the electrodes for transmission are
different the electrodes for reception. Alternatively, only a pair of signal
electrode and a reference electrode may be used and the connection
thereof for transmission and reception may be switched. A ticket
inspection system 1000 based on the above- described communication
ystecrp icsndestcribed below ngg 2r)ef%rence toiFigfl. 34 Qd 35. .Fig. 34(5 _

illustrates the It’i?l:f(létci&i%é‘ﬁg5tion systeﬁ%q1885 viewéd a a%rparﬁ yed(t):v"\“;nw‘gf?1

copngleifram: abeve within.g ticket gates Fig:36 Hlustratesi the-ion of
communication system 100 viewed from right above. The ticket inspection
apgystent 100048 instalietbat&n entrance of a railway station, an art
museum,or thg like Fig{.ﬂ% iIIus%rates the !;Cicket irﬁpectii)n system 1000
instafle a?aaraﬁ\Yv%y station: éﬁfaraﬁgé’).ﬁ(%meén usér device (UBJ 1100°*
trounted op-an armof erusenpassing throsghsthesticket gateeprion.
(corresponding to the transceiver 962 of Fig. 33), the ticket inspection
Alsgstent 1060 Yeads infoematidn correspording iecommigter pass or the

like, performs a ticket inspection process based on the read information,
reéﬁaé%ce Qlectroge mgy Ee Bsed and é%e connecé&on thereof

96

for transmission and recepticon may be switched.

A ticket inspecticon system 1000 based on the above-
described communication system is described below with
reference to Figs. 34 and 35. Fig. 34 illustrates the
ticket inspection system 1000 viewed at a slantly downward
angle from above within a ticket gate. Fig. 35 illustrates
the communication system 100 viewed from right above.

The ticket inspecticn system 1000 is installed at an
entrance of a rallway station, an art museum or the like
(Fig. 35 illustrates the ticket inspection system 1000
installed at a railway station entrance). From a user
device (UD) 1100 mounted on an arm of a user passing through
the ticket gate {corresponding to the transceiver 962 of Fig.
33), the ticket inspection system 1000 reads information
corresponding to commuter pass or the like, performs a
ticket inspecticon process based on the read information, and
opens or closes doors 1003 of ticket gates 1001-1 and 1001-2.

Subsequent to the end cof ticket inspecticn, the ticket
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opens or closes doors 1003 of ticket gates 1001-1 and 1001-2.
Subsequent to the end of ticket inspection, the ticket - 93 inspection
system 1000 reads pre-stored subscription information of a content such
as newspapers and magazines from the user device 1100 that is
mounted on the arm of the user passing through the ticket gate. Based on
the read information, the transmitter 110 delivers the data of the content
to the user device 1100. The ticket inspection system 1000 includes the
ticket gates 1001-1 and 1001-2, signal electrodes 1002-1 and 1002-2,
door 1003L, ang O%@rranggd betwese the Cflcke tgates _1001-1 and

lns%%i Zloanséﬁal processor 1011 a é:feerengeme ectro 1012, a storage

infOidaand gate daversn1Ci4l andnl@i4Rekaghof the &g:mah@@c;imd%
1002-1 and 1002-2 is constructed by integrating the transmission signal

Frefeciiet 121 ArviHerebbptiohlignalelBode 120 f Fig 3 TThe kighe

electrodes 100 -1 and 1002-2 are. ar an don floor surfa between
“%he ficket gaﬂes 68111.%;%% 1Ot031 5 h gclgnal ectrodes 1%)%3 T gﬁ%

in802=2 sy, be arrapgednith the: top surfacethereof expased upwardly
or covered withy an insulator. The signal electrodes 1002-1 and 1002-2

conferdividedib® apiurafisrefcsegméfts and each segment is switched to

be gonnected to the signal processor 10114 time diyision manner for
communications.

gates 1001~1 and 1001-2, signal electrecdes 1002-1 and 1002-2,
doors 1003L and 1003R arranged between the ticket gates
1001~%1 and 1001~2, a signal processor 1011, a reference
electreode 1012, a storage 1013, and gate drivers 1014L and
1014R.

Each of the signal electrodes 1002-1 and 1002-2 is
constructed by integrating the transmission signal electrode
111l and the reception signal electrode 121 of Fig. 3. The
signal electrodes 1002-1 and 100Z-2 are arranged on a floor
surface between the ticket gates 1001-1 and 1001-2. The
signal electrodes 1002-1 and 1002-2 may be arranged with the
top surface thereof exposed upwardly or covered withy an
insulator. The signal electrodes 1002-1 and 1002-2 are
divided into a plurality of segments and each segment is
switched to be connected tc the signal processor 1011 in a
time division manner for communications.

The signal processor 1011 is constructed by integrating

the transmitting unit 113 and the receiving unit 123 of Fig.
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The signal processor 1011 is constructed by integrating the transmitting
unit 113 and the receiving unit 123 of Fig. - 94 33. The signal processor
1011 performs wireless communications discussed with reference to
Figs. 1 through 33 using the user device 1100 and the human body of the
passenger as the communication medium corresponding to the
communication medium 130 of Fig. 33. The user device 1100 is mounted
on the arm of the passenger passing through the ticket gates 1001-1 and
1001-2 connected to the signal electrodes 1002-1 and 1002-2. The

33Teference gloctrods 1012.1s consicted by ipfegrating (he ransmission
feference electrode 112 and the reception reference electrode 122 of Fig.

coldnuand mayhe mstallessatany eonvenientplace tAs shewn in kigr3bgh
the reference electrode 1012 is installed together with the signal

33 pidcessor 101 19% bnésitket gatd 10612, HiHe Stevage BOES stdreshe

pagRatent data periodically, acquited from.a content delivery server (not. .
sﬁowﬂfr‘rhe signal processor 1011 reaoijs the content data from the

costorage 4013n Thestoragest013 further stores atiekets nspestione 1100
completion table. On the ticket inspection completion table, the signal

s piseassdr 1011 Fegisters & ddvice kRientifieatioh (D) i tve bepdeicehe

cs£100 g, e i ket pscton oses geer e
electrodes 1002-1 and 1002-2.

The reference electrode 1012 is constructed by
integrating the transmission reference electrode 112 and the
reception reference electrode 122 of Fig. 33, and may be
installed at any <¢onvenient place. Az shown in Fig. 35, the
reference electrode 1012 is installed together with the
signal processor 1011 in one ticket gate 1001-2.

The storage 1013 stores content data periocdically
acquired from a content delivery server (not shown). The
signal processor 1011 reads the content data from the
storage 1013. The storage 1013 further stores a ticket
inspection complietion takle. On the ticket inspection
completion table, the signal processor 1011 registers a
device identification (ID) of the user device 1100 having
undergone the ticket inspection process together with a
sessiocn key shared during authentication in the ticket
inspection process.

The gate driver 1014L under the contrecl ¢f the signal
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inspection process. The gate driver 1014L under the control of the signal

- 95 processor 1011 opens or closes the door 1003L. The gate driver
1014R under the control of the signal processor 1011 opens or closes the
door 1003R. With reference to Fig. 35, the left door 1003L is open while
the right door 1003R is closed. Each of the ticket gates 1001-1 and
1001-2 is referred to as a ticket gate 1001, each of the signal electrodes
1002-1 and 1002-2 is referred to as a signal electrode 1002, each of the
doors 1003L and 1003R is referred to as a door 1003, and each of the

ate driver O]:LOLML and 1014R.is _refe rgdt as a griver 014, if there
prlgscﬁeoS Sn%gdﬁor diggr?r%ﬁla(t)iﬁgct ere Set\%/egn.gﬁwotﬁegtﬁ:@e inspr?e}ltl:%o age

drsystem 4008, passengess may: proceed frome the sighal glestriode k002311
(from the left side of Fig. 35) as represented by an arrow-headed solid
OPHAE t6 reritep 8RS gatecorray preeéid from the signal electrode 1002-2

(frowitcme Q%I}tesgd% 8_{3 F'{% Sf@gas %egre%%réte?eb%/taréaa?%?gggefgqed broken

. . ' 13 en
line 10 exit the gate. The pasSEngérs’ can enter or exi throug

whihetieket inspeation, system 1000s Wheysthe, passenger enters from the
left side of Fig. 35 (from outside the gate), the signal processor 1011

coniraghicafed withtthe tser gevive 1100 vib thedsighdll-2 is referred

to as a ticket gate 1001, each of the signal electrodes
1002-1 and 1002-2 is referred to as a signal electrode 1002,
each of the doors 10031 and 1003R is referred to as a door
1003, and esach of the gate drivers 1014L and 1014R is
referred to as a gate driver 1014, if there is no need for
digcriminating therebetween.

In the ticket inspection system 1000, passengers may
proceed from the signal electrode 1002~1 (from the left side
of Fig. 35} as represented by an arrow-headed solid line to
enter the gate or may proceed from the signal electrode
1002-2 (from the right side of Fig. 35) as represented by an
arrow-headed broken line to exit the gate. The passengers
can enter or exit the gate through the ticket inspection
system 10C0.

When the passenger enters from the left side of Fig. 35
(from ocutside the gate), the signal processor 1011
communicates with the user device 1100 via the signal
electrode 1002-1 to perform the ticket inspection process.

The signal processor 1011 controls the gate driver 1014R,
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electrode 1002-1 to perform the ticket inspection process. The signal
processor 1011 controls the gate driver 1014R, - 96 thereby opening or
closing the door 1003R. Via the signal electrode 1002-2, the signal
processor 1011 delivers (transmits) content data stored on the storage
1013 to the user device 1100 in accordance with communication results
with the user device 1100. When the passenger exits from the right side of
Fig. 35 (from inside the gate), the signal processor 1011 communicates
with the user device 1100 via the signal electrode 1002-2 to perform the
ticket inspection process. The signal processar.1011 controls the gate
DB LOTHL. (HorEhy SRR of ot el 05 1003 Vil e S
o1 6lectiogle 1002-12the signak processern 201t delivers: (transmits)content
data stored on the storage 1013 to the user device 1100 in accordance

(L pathssormuricatioriiestits awith ae dsen deice SN0 TheldigRalbo the
%roc ssor 1011 switches between the signal _electrodes 1002-1 and,

U5 10025 for communications i atime- divisior Aianter - The Yigra * - =2

wiProaassor 4011 performs; they ticket inspection process in communication
with the user device 1100 via the signal electrode 1002-1 or the signal

eledtrode 10622 depengingonithe dirsctionhof prockédingsf the Fig. 35
{fgassen erforms the content delivery process in

er, and.then
SRt Wit hb U ser iy ice 1300 T BEFS0F <011

communicates with the user device 1100 via the signal
electrode 1002-2 to perform the ticket inspection process.
The signal processor 1011 ceantrels the gate driver 10141,
thereby opening or closing the door 1003L. Via the signal
electrode 1002-1, the signal processor 1011 delivers
{(transmits) content data stored on the storage 1013 to the
user device 1100 in accordance with communication results
with the user device 1100.

The signal processor 1011 switches between the signal
electrodes 1002-1 and 1002Z2-2 for communications in a time-
divisicon manner. The signal processor 1011 performs the
ticket inspection process in communication with the user
device 1100 via the signal electrode 1002~1 or the signal
electrode 1002-2 depending on the direction of proceeding of
the passenger, and then performs the content delivery
process in communication with the user device 1100 via the
signal electrode 1002-1 or the signal electrode 1002-2

depending on the direction of proceeding of the passenger.
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signal electrode 1002-1 or the signal electrode 1002-2 depending on the
direction of proceeding of the passenger. 97 Fig. 36 is a block diagram
illustrating the structure of the signal processor 1011. For example, to
transmit information to the user device 1100, a signal generator 1021 in
the signal processor 1011 generates a signal corresponding to the
information under the control of a controller 1025. When a signal is
received from the user device 1100, a signal demodulator 1022
demodulates the signal and supplies the demodulated signal to the

congroller 1925 A transmission; gggﬁt'%ﬁxvg@@;% under Q&%Pég{%eof

the controller 1025 selects between the signal electro e 1002-1 an

of signal elentrode-kQ@2-2=asthecsignal electrode 1002, and switches
between the signal generator 1021 and the signal demodulator 1022 to
be ESHhettédRd the SigriidlddléBtidde 1602 Thé @BntrollEF £025 ficlddes &¢

116870l Rrogessing it (CEU), gyeadonly mesrﬂ‘é’ﬁ’a(lR My.anda.

random-access memory (RAM). By performlng variety of programs, t
gefentoler 41025gp0nirals epetiionuieacivofthe sigralgenerator kQ2d:

the signal demodulator 1022, a communication interface 1026, and the
thfafeafiver 1014 FTRe ebatoliar1 025 Eontréis 2he Sighed fehetdtor 2021 ved

£ [ETERY causing he;signal ggnerator 1021 o generdiedor 1022

demodulates the signal and supplies the demcdulated signal
to the contrcller 1025.

A transmission-reception switch 1023 under the control
of the controller 1025 selects betwesen the signal electrcde
‘1002-1 and the signal electrode 1002-2 as the signal
electrcde 1002, and switches between the signal generator
1021 and the signal demodulator 1022 to be connected to the
signal electrode 1002.

The controller 1025 includes a central processing unit
{CPU), a read-only memory (ROM), and a random-access memory
(RAM). By performing a varliety of programs, the controller
1025 controls operation of each of the signal generator 1021,
the signal demodulator 1022, a communication interface 1026,
and the gate driver 1014.

The controller 1025 controls the signal generator 1021,
thereby causing the signal generater 1021 to generate a
signal to e fransmitted to the user device 1100. The

controller 1025 controls the signal demodulator 1022,
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signal to be transmitted to the user device 1100. The controller 1025
controls the signal demodulator 1022, - 98 thereby causing the signal
demodulator 1022 to demodulate a signal received from the user device
1100. The controller 1025 causes the gate driver 1014 to open or close
the door 1003 in response to a sensor output from one of a sensor
1041L and a sensor 1041R and communication results with the user
device 1100. The controller 1025 periodically controls the communication
interface 1026, thereby causing the communication interface 1026 to

tn8CEERP %&895%? dceAie\,’e%ggé et x%éﬂ?‘év]@?;‘r’ial%é‘?tw%rkd not shown)

such as the Internet. The controller 1025 thus causes the communication

sitmerface $0264a acapirerdataof ercerientand themstorage 104L3 ta stose
the acquired content data. A memory 1024, composed of an electrically

1 0@ Pasaife S5 ofPamfitabste Fedd BRIy MEMSTy (EEPROM)C Stotes FaGuifed T

8 ta. as necessary. The communicati%n inéter ace 1026 unper the control
10 ? ﬁn reﬁ%ﬁnsiyig a4 8enso oul$u Tom one o© se$For
of the controller 1025 accesses the content delivery server (not shown)

1 oviartheretwosk (retrshown)suchias thedmermet ;and asquires the eantent
data. As shown in Fig. 35, the controller 1025 connects to the storage
usgg1dethecgateldivers To 4t arar 20 14R, ARd theesersdisd 041 et rols

cn041R, Each gfhe sensor 10411 and . sensor 1041R i eferred to as
a sensor if thereis no

communication interface 1026 to access a content delivery
server {not shown) via a network (not shown) such as the
Internet. The controllier 1025 thus causes the communication
interface 1026 to acquire data of a content and the storage
1013 tc store the acguired content data.

A memory 1024, composed of an electrically erasable
programmable read only memory (EEPROM), stores required data
as necessary.

The communication interface 1026 under the control of
the controller 1025 accesses the content delivery server
{(not shown) wvia the network {(not shown) such as the Internet
and acguires the content data.

As shown in Fig. 35, the controller 10625 connects to
the storage 1013, the gate drivers 1014L and 1014R, and the
sensors 1041L and 1041R. Each of the sensor 1041L and the
sensory 1041R is referred to as a sensor 1041 if there is no
need for discriminating therebetween.

The sensor 1041 detects a human using laser, and is
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need for discriminating therebetween. The sensor 1041 detects a human
using laser, and is - 99 installed at each of the right side and the left side
of the ticket gate 1001. The sensor 1041 outputs a sensor output signal
to the controller 1025 when a passenger enters between the +ticket gate
1001-1 and the ticket gate 1001-2. The sensor 1041 has a sensing area
just in front of the ticket gate 1001. The sensor 1041 is not limited to the
one using laser. The sensor 1041 may be any type detecting the passage
or the presence of a passenger. For example, the sensor 1041 may be a

. sensor or an pt ical sensor and installed i X of the, sign

lngFec%f e f00521%h tﬁe é?lgnallg?ectroae 1 %e io#ﬁlustlrafeest the

+ 1 strdetuse of the gontrolier. 102548 the @@D%@E@ﬁ%@% 1041sAs shovin
Fig. 37, the controller 1025 includes a human detector 1051, a device ID

s igugdisitiontinit t052 ra ldriving ¢ohtrollenl 853 devicer Desgarcher
1054, a ticket in (Tpecnon procasqsor 1055, a device |ID reglster 1056, and a
0

Pehy ﬁ’\?&ytﬂ}Scegsl K52 Tte human détietor 1051 FetektsIR htimah’ - 2

ThPRSSENEN) i, [espANse 1o-the %?SQE‘Q&“%J@VQQHPI@JB%S@”@%
1041L and the sensor 1041R, and supplies the detection result to each

t iokdte bamanlidétéctor 1051 and the driving controller

The senscr 1041 is ncot limited te the one using laser.
The sensor 1041 may be any type detecting the passage or the
presence of a passenger. For example, the sensor 1041 may
be a pressure sensor or an optical sensor and installed in
each of the signal electrode 1002-1 and the signal electrode
1002~-2.

Fig. 37 illustrates the structure of the controller
1025 in the signal processor 1011.

As shown in Fig. 37, the controller 1025 includes a
human detector 10531, a device ID agguisition unit 1052, a
driving contrecller 1053, a device ID searcher 1054, a ticket
inspectlon processor 1055, a device ID register 1056, and a
delivery processcor 1057.

The human detectcr 1001 detects a human (passenger) in
response tc the senscr output from one of the sensor 1041L
and the sensor 1041R, and supplies the detection result to
each of the human detector 1051 and the driving contrcller
1053.

The device ID acquisition unit 1052 transmits a start
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1053. The device ID acquisition unit 1052 transmits a start - 100
command to the user device 1100 of the passenger to notify the user
device 1100 of the start of communication, acquires a device
identification (ID) transmitted from the user device 1100 in response to
the notification, and supplies the acquired device ID to the device ID
searcher 1054. The device ID searcher 1054 responds to a notification
from the ticket inspection processor 1055 or both the detection result of
the human detector 1051 and the operational status of the signal

coSEEsoR 1011 (psking e ke ropein iscesm S0 and e

IVery processo Specific eviceé D searche

theonkels enesetine gate driverd014t-and the gatgndriver1034R toopen-es
or close the one of the door 1003L and the door 1003R. For example,

a Qenehtheditedticn resulos sUpplied fromnthetsehsbr 041 hawits aieither

the ticket inspection processor 1055 nor delivery processor 1057 bein
e gttt G EORGoTS: 1050 EGOIL o e oA, S T

“Operative; the drivin

rhallawdhe pagsanger-to enter from the;laft side af Fig - 3snthereby ppening
the door 1003L on the side of the sensor 1041L having detected the

passbagde Gindlally, whentherdétettiomsesultisssuppliedrfeamitheation

sensor 1041R with, neither the ticket inspection processor 1055 nor
fra@n& % ticket 1nspection processor 1055 cr both the

detection result of the human detecteor 1051 and the
operaticnal status of the signal processor 1011 {including
the ticket inspection processor 1055 and the delivery
processor 1057} . More specifically, the device ID searcher
1054 controls one of the gate driver 1014L and the gate
driver 1014R to open or close the one of the door 1003L and
the door 1003R.

For example, when the defection result i1s supplied from
the sensor 10411 with neither the ticket inspection
processor 1055 nor delivery processor 1057 being operative,
the driving controller 1053 controls the gate driver 1014L
to alilow the passenger to enter from the left side of Fig.
35, thereby opening the door 1003L on the side of the sensor
1041L having detected the passenger. Similarly, when the
detection result is supplied from the sensor 1041R with
neither the ticket inspection processcr 1055 nor delivery
processor 1057 being operative, the driving controller 1053

contrels the gate driver 1014R to allow the passenger to
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processor 1057 being operative, the driving controller 1053 controls the
gate driver 1014R to allow the passenger to - 101 enter from the right
side of Fig. 35, thereby opening the door 1003R on the side of the sensor
1041R having detected the passenger. The door on the opposite side
may also be opened or closed. When the ticket inspection processor
1055 notifies the driving controller 1053 of a successful ticket inspection
process in response to a passenger entering from the left side of Fig. 35,
the driving controller 1053 controls the gate driver 1014R to open the

door 1003R located in a djrection opposite from the proceeding direction
1003R 1o 1 opposite from the proceeding diregtio

O oIS o Tight]. - Oh tha Sther hahdSwheR th tickefhspaction ©

doBROCESSOR 1985 Nolifigs dae griving-cantrplier 105316f a, sucegssiul ickely
inspection process in response to a passenger entering from the right

theideasfI=ige 85, thel deivitigoeormrolidr<d 08rcontiots thelgateadrivarstOta
to open the door 1003L located in a direction opposite from the

OPHfscecting dit€&fion (from right to left). When the ticket inspection

pro@@%‘ﬂ@i@é%@iﬁ@ tfﬂﬁsﬁ@@@ﬂcﬁ‘?%@&@é%@@ of @n-aythentication 1o
error or a failed ticket inspection process in response to a passenger
drémtermgcfrom:thé left sides6f Bif. 855 thecdrwiny 1 cantralier 1053 corttiols

the gate driver 1014R to close the door 1003R located in a direction
pr8ﬁ88§ﬁéﬁ0ﬁ?ﬁﬁ9nse Lo a passenger entering from the left

side of Fig. 35, the driving controller 1053 controls the
gate driver 1014R to open the door 1003R located in a
direction opposite from the proceeding direction (from left
to right).. On the other hand, when the ticket inspection
processor 1055 notifies the driving controller 1052 of a
successful ticket inspection process in response to a
passenger entering from the right side of Fig. 35, the
driving contrcoller 1053 controls the gate driver 1014L to
open the door 1003L located in a direction opposite from the
proceeding direction (from right to left).

When the ticket inspection processor 1055 notifies the
driving controller 1053 of an authentication error cor a
failed ticket inspection process in response to a passenger
entering from the left side of Fig. 35, the driving
controller 1053 centrols the gate driver 1014R to close the
door 10C3R located in a direction opposite from the
proceeding direction (from left to right}). On the other

hand, when the ticket inspection processor 1055 notifies the
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proceeding direction (from left to right). On the other hand, when the
ticket inspection processor 1055 notifies the - 102 driving controller 1053
of an authentication error or a failed ticket inspection process in response
to a passenger entering from the right side of Fig. 35, the driving
controller 1053 controls the gate driver 1014L to close the door 1003L
located in a direction opposite from the proceeding direction (right to left).
As previously discussed with reference to Fig. 35, the storage 1013
stores the ticket inspection completion table. The ticket inspection

«r F9mpletion able registeys the deyice, 2,01 the user device, 1100, icket

inspected by the signal processor 1011, together with the session key
fashared:-atther atithentication of the dcketiinspeetiamprocessaThedickater
inspection completion table may be stored on the memory 1024 in the

engRjhel précedsor 1011 iAseadictorPthe dtorage’ 1013 ¢ Theldevige ID

r references the ticket ection completion table on the
e o e
dotl) acquisitiondmnitl052 issregistered imthedicket inspeetian «eempletion

table. If it is determined that the device ID is not registered, the device ID
Preegrhigrd 054 siiplies the 1gé¥icé IDd {tRe ticket inspection processor

S AT e o DS e e D
storage 1012 stores the ticket inspection completion table.
The ticket inspection completion table registers the device
ID of the user device 1100, ticket inspected by the signal
processor 1011, together with the session key shared at the
authentication of the ticket inspection process. The ticket
ingpection completion table may be stored on the memcry 1024
in the signal processor 1011 instead of on the storage 1013.
The device ID searcher 1054 references the ticket
inspection completion table on the storage 1013, thereby
determining whether the device ID from the device ID
acquisition unit 1052 1s registered in the ticket inspection
completion table. If it is determined that the device ID is
not registered, the device ID searcher 1054 supplies the
device ID to the ticket inspection processor 1055, If it is
determined that the device ID is registered, the device ID
gsearcher 1054 reads a session key registered in association
with the device ID from the ticket inspection completion

table of the storage 1013, and then supplies the session key

- 163 -



with the device ID from the ticket inspection completion table of the
storage 1013, and then supplies the session key - 103 to the delivery
processor 1057. The ticket inspection processor 1055 includes an
authentication processing unit 1071, a commuter pass determiner 1072, a
digital money processing unit 1073, and an entry information setter 1074.
In response to the device ID from the device ID searcher 1054, the ticket
inspection processor 1055 performs the ticket inspection process on the
transmitter 110 via the signal electrode 1002. The authentication

¢ Op_r:%ceesgjfrl%%i };O%% %rgg uéag)li\g %tahg_nticates the user device 1100 via the

signal electrode” 1 The authentication processing unit 1071

autherticates cthe:usas devicen1 100 vsing-theldmdce Ha1lfidhe an

authentication process has been successfully completed, the
auhlitientication processisg Uit 10T gdNdrate $tHESEREIGH K&FEnd

ransmits th erate%iks?e sign key to the user device 1100 vj e
o T G Atds e deet Ce it Mg and

ansShatesthengession key with the-userdevicerl 100s Jhesauthenticationevice
processing unit 1071 also transfers the device ID and the session key to
IDtHe esminGtet pass delernsinar t072. Fhé authientichfioh rodessRas aot

o-BEFR BT Smolied e b caton pocessta O 1
transmitter 110 via the signal electrode 1002.

The authentication processing unit 1071 mutually
authenticates the user device 1100 via the signal electrode
1002. The authentication processing unit 1071 authenticates
the user device 1100 using the device ID., If the
authentication process has been successfully completed, the
authentication processing unit 1071 generates the session
key and transmits the generated session key to the user
device 1100 via the signal electrcde 1002. The
authentication processing unit 1071 thus shares the session
key with the user device 1100. The authentication
processing unit 1071 also transfers the device ID and the
session key to the commuter pass determiner 1072.

If the authenticaticon process has not been successfully
cempleted, the authentication processing unit 1071 notifies
the driving controller 1053 of an authentication error.

Using the sessicn key, the commuter pass determiner

1072 communicates with the user device 1100 via the signal
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Using the session key, the commuter pass determiner 1072
communicates with the user device 1100 via the signal - 104 electrode
1002, acquires commuter pass information, determines whether the
corresponding commuter pass is valid in service range and unexpired in
service period. If it is determined that the commuter pass is valid in
service range and unexpired in service period, the commuter pass
determiner 1072 notifies the entry information setter 1074 of the
determination results together with the device ID and the session key. If it

e158termine Bt i gomunuter pags b nvalld or.expired. th commuter

pass determiner 1072 supplies the device ID and the session key to the
dedigital maeney proeassing: unt A0& 3p thetehy conttalling:thedigitals meneya
. processing unit 1073 to deduct from a remaining digital money of the user
1N GBGEE R0 FHEd YA MHOREY PreEedding Bt MOT FGrdérthe ebntrél of

t; S ter 72C nunicates, wi e _user device
s T S e
andedueting frem the emaining whigitaldanoney stoseshondhedises device

1100. If the deduction is successful, the digital money processing unit
detor3 Hotifies tHe enyifformation seifer 107atsra tagecessigedbetioh
o£"43Ult togetherwith the device 1D and the,session key, L the deduction iz ,

unsuccess?ul, the d}gltal money proce%smg unit ?[693 hotifies the driving
the session key. If it is determined that the commuter pass
is invalid or expired, the commuter pass determiner 1072
supplies the device ID and the session key to the digital
money processing unit 1073, thereby controlling the digital
money processing unit 1073 to deduct from a remaining
digital money of the user device 1100.

The digital money processing unit 1073 under the
control of the commuter pass determiner 1072 communicates
with the user device 1100 via the signal electrode 1002
using the session key, thereby deducting from the remaining
digital money stored on the user device 1100. If the
deduction is successful, the digital money processing unit
1073 nectifies the entry information setter 1074 of the
successful reduction result tegether with the device ID and
the session key. If the deduction is unsuccessful, the
digital money processing unit 1073 notifies the driving

controller 1053 of a deduction error.

In response to the notification from one of the
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controller 1053 of a deduction error. In response to the notification from
one of the - 105 commuter pass determiner 1072 and the digital money
processing unit 1073, the entry information setter 1074 communicates
with the user device 1100 via the signal electrode 1002 using the session
key to set entry information of the user device 1100 to perform the ticket
inspection process. When a passenger enters the ticket gate, the entry
information setter 1074 sets an entry flag in the entry information of the
user device 1100, and further sets entry time and entry station in the

oAl LHfopmation. o, the, ather hand, when.a passenger %ﬁe’?e ticket

gate, the entry information setter 1074 clears the entry information set in
prtheegsardevies 11007 Aftet settimgtthe entfioinfermations ¢he entryy074
information setter 1074 notifies the device ID register 1056 and the

COYRRGTCortrollét T0587F the BhobTticket insfectivh protess fgether
c100p A devige, 10 and Ihesessiqn key. espgnge fo [he patification

from the entry information setter 1074, the device ID registei 1056
infegisters imthefticket inspectioawcompletion taklegofthe storage Hik3:the
_ device |D of the ticket-inspected user device 1100 together with the
1n§@§§6ﬁ@@yprocess.

When a passenger enters the ticket gate, the entry
information setter 1074 sets an entry flag in the entry
informaticn of the user device 1100, and further sets entry
time and entry station in the entry information. On the
other hand, when a passenger exits the ticket gate, the
entry information setter 1074 clilears the entry information
set in the user device 1100.

After setting the entry information, the entry
information setter 1074 notifies the device ID register 1056
and the driving contreller 1053 of the end of ticket
inspection process together with the device ID and the
cession key.

In response to the notification from the entzry
information setter 1074, the device ID register 1056
registers in the ticket inspection completicn table of the
storage 1013 the device ID of the ticket-inspected user
device 1100 together with the session key.

The delivery processor 1057 includes a subscription

determiner 1081, a digital money processing unit 1082, and a
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The delivery processor 1057 includes a subscription determiner 1081, a
digital money processing unit 1082, and a - 106 content delivering unit
1083. Upon receiving the device ID and the session key from the device
ID searcher 1054, the delivery processor 1057 performs a content
delivery process to the user device 1100 via the signal electrode 1002
using the session key. Communication with the user device 1100 via the
signal electrode 1002 is encrypted using the session key shared during
the authentication step. The subscription determiner 1081 communicates

colibihe user device 1100, via dae signgl slectrode, 1002 using the. session
key, thereby acquiring subscription information of a content, such as

anfiewspapets; magazines rantheHiked pra-cstoran er the:nser degice 110O.
In accordance with the subscription information, the subscription

de Y&t min & TO8 e WatefrmeFRREMERF ang COPTERNS stibsérbed withohes s

t iad th it ired. If iti ined
cocaentsbssInsied tertol ursalyyrogied I s deiemines,

thenexpisadthespbscoptienrdeletminerd 081 determines whethes the oo
. payment method is each-time payment method. If it is determined that the
vipayfent MEthdd Dftsé IsEisschbed contémas Yiot eachIe paymearfssion

ke mestn%q: éide. 4 ut?g r%ay&?tamg%heo&ofctggisgrpsg ibeq content is a
mp-sum payment met ooﬁ, the s&bscrlp?lon eterminer 1081 requests

The subscription determiner 1081 communicates with the
user device 1100 wvia the signal electrode 1002 using the
session key, thereby acquiring subscription information of a
content, such as newspapers, magazines, or the like, pre-
stored on the user device 1100. In accordance with the
subscription information, the subscription determiner 1081
determines whether any content is subscribed with the
content subscription period thereof currently unexpired. If
it is determined that the content is subscribed with the
content subscription period unexpired, the subscription
determiner 1081 determines whether the payment method is
each-time payment method.

If it is determined that the payment method of the
subscribed content is not each-time payment methced {i.e.,
the pavment method of the subscribed content is a lump=-sum
payment method}, the subscription determiner 1081 reguests
the content delivering unit 1083 to deliver the content

because the subscription fee oI the content must have been
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the content delivering unit 1083 to deliver the content because the
subscription fee of the content must have been - 107 made at the storage
of the subscription information. If it is determined that the payment
method of the subscribed content is the each-time payment method, the
subscription determiner 1081 controls the digital money processing unit
1082 to deduct from the remaining digital money of the user device 1100
by the fee of the content. If it is determined that no content is subscribed
or that the content subscription period of a content, if subscribed, is

na8¥Pied, the determination result is ransferred to the -gontent delivering

unit 1083. The contént delivering unit 1083 performs no delivery process.
Therdigital meney pronaessifg tinitzl @82 updetiher controbal the the
subscription determiner 1081 communicates with the user device 1100

SURRCHERSIGN SPE18ERGde 20022 USRY th 'SE SRV thBfsdy dedicting
e ini igital money do ser.device 1100 by the fee of
T ST P em ey b etas e g
pr ENRLY PHPCERSIng Ut 1082 dequests rthencarient-deliveringgunit 083 to
deliver that content. If the deduction has failed, the digital money
nopfdCessing: UnftcEOBZAvhfies theCofent B8liierihgPénitre8svteent. It

1 - dgduglion error. The content delivering unit 1083 reads from the Storagg..
content subscription period of a content, if subscribed, is
expired, the determination result is transferrsd to the
content delivering unit 1083. The content delivering unit
1083 performs no delivery process.

The digital money processing unit 1082 under the
control of the subscription determiner 1081 communicates
with the user device 1100 via the signal electrode 1002
using the session key, thereby deducting the remaining
digital money stored on the user device 1100 by the fee of
the content. TIf the deduction has been successfully
completed, the digital money processing unit 1082 requests
the content delivering unit 1083 to deliver that content.
If the deduction has failed, the digital money processing
unit 1082 notifies the content delivering unit 1083 of a
deduction error.

The content delivering unit 1083 reads from the storage
1013 data of a content requested by cone of the subscription

determiner 1081 and the digital money processing unit 1082.
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1013 data of a content requested by one of the subscription determiner
1081 and the digital money processing unit 1082. - 108 The content
delivering unit 1083 communicates with the user device 1100 via the
signal electrode 1002 using the session key, thereby delivering the
content to the user device 1100. If the content delivering unit 1083 is
notified of the error by the one of the subscription determiner 1081 and
the digital money processing unit 1082, no content is delivered to the user
device 1100. Fig. 38 is a block diagram illustrating the internal structure of

rniheyserdevige 1100, With reference:to Fig, .38, a.signal generator. 121 .

through a transmission-reception switch 1253 are respectively identical in
defunetiohltotthe isignakgeneradar 02t throaghihe ransmigsiongeseptiann

switch 1023 of Fig. 36, and the detailed discussion thereof is omitted
keRerdineTRES EY&tidte 1261 SRR Tefétehbs efirode 1202 drel0-

r £ these used forwireless communications and. deggribed with r ;ecf 0Ce1Q,

Figs. 1 through 33. The signal electrode 1201 is arranged to be close to

pytheseopmaunicatior: medium {sudhas ashunanbody) cand theirefeeence
_electrode 1202 is arranged to face space. The reference electrode 1202
digbhespBRAs Yo BRE T THd ransiissiohtéferBAce CeleEiddé 112 id feed

toreﬁ%e{t{?ger;:ef%rg\pfgeel%gté%qe 122 of Fig. 33, and the signal electrode
1 corresponds to one of
F

ig. 38 is a block diagram illustrating the internal

structure cf the user device 1100. With reference to Fig.
38, a signal generator 1251 through a transmission-reception
switch 1253 are respectively identical in function to the
signal generator 1021 through the transmission-reception
switch 1023 of Fig. 36, and the detailed discussion thereof
is omitted herein.

The signal electrode 1201 aﬁd the reference electrode
1202 are those used for wireless communications and
described with reference to Figs. 1 through 33. The signal
electrode 1201 is arranged to be close to the communication
medium {such as a human body), and the reference electrode
1202 1s arranged to face space. The reference electrode
1202 corresponds to one of the transmission reference
electrode 112 and the reception reference electrode 122 of
Fig. 33, and the signal electrode 1201 corresponds to one of
the transmissicn signal electrode 111 and the reception

signal electrode 121 of Fig. 23, The communication medium
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the transmission signal electrode 111 and the reception signal electrode
121 of Fig. 33. The communication medium - 109 may be a unitary
one-material object or a composite body composed of a plurality of
conductors and dielectric materials. A controller 1255, composed of a
CPU, a ROM and a RAM, performs a variety of programs, thereby
controlling operation of the signal generator 1251 and the signal
demodulator 1252. The controller 1255 controls one of the signal
generator 1251 and the signal demodulator 1252, thereby generating a

ma$i05@l 10 be fransmitied ip the Signal processer 1011 g demadulafing a
signal received from the signal processor 1011. The controller 1255

codpduets arf entrancesfeettp enfiecthelticket gate 1004 oy larcamouint
requested by the signal processor 1011 from the remaining digital money

ma Sffouht Stored on a non-volatile memory 1254. The non-volatile memory

1254 ipgludes g secyresmemary, such; as an.eleegronicallygrasable pp,

programmable read only memory (EEPROM) featuring tamper
perasistance. Tednerease ftamperrkasistante, thehamvalatiiel megmory 1254

preferably has a one-chip structure in which a CPU forming the controller
°P§585i8Thtedrdted. PREHoh-FSafE hemory 12527 thdeithé c¢omirbl of the

deﬁgﬁ'ﬁ?g@o@@@ stores remaining digital money amount

The controller 1255 controls one of the signal
generator 125! and the signal demodulator 1252, thereby
generating & signal tce be transmitited to the signal
. processcor 1011 or demodulating a signal received from the
signal preocessor 1011. The controller 1255 deducts an
entrance fee to enter the ticket gate 1001 or an amount
regquested by the signal processor 1011 from the remaining
digital money amount stored on a non-velatile memory 1254,

The non-volatile memory 1254 includes a secure meﬁory
such as an elec¢tronically erasable programmable read only
memory {(EEPROM} featuring tamper resistance. To increase
tamper resistance, the non-volatile memory 1254 preferably
has a one-chip structure in which a CPU forming the
controller 1255 is integrated.

The non-volatile memory 1254 under the control of the
controiler 1255 stores remaining digital money amount
informaticon, commuter pass information, ticket inspection

entry information, and subscription informaticn of contents
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information, commuter pass information, ticket inspection entry
information, and subscription information of contents - 110 including
newspapers and magazines. The non-volatile memory 1254 pre-stores
the device ID unique to the user device 1100 (each individual portable
device), and further stores the session key shared in the authentication
step with the signal processor 1011. The remaining digital money amount
information may be a pre-paid amount of money. Optionally, if the
remaining amount of pre-paid money is zero, overdraft amounts may be

inPMifted %%'8%%@@%%etsa@i%§%a@%@g@ep%%%ing&o_(b& crediLofa

passenger, and then paid later. The commuter pass information relates to
12a4trapspaitatiens Sendceitange:=between predetermined:séationsaneka 1100
transportation service period of the transportation service range

(eBlpLichasEdHBY tIREOpASSERy e ThE titke B s pettibRent At inF&natich

selNElides.ay entry,flag indicating. an gty fistony, eniy fimes. and entry
stations, set by the signal processor 1011 at the compr%tlon of the ticket

sitispectien reeess. lhelpassenger may pre-purchase content such as
newspaper, magazines, etc. by accessing a content delivery server
conRegtetPird VentdirylimatRina tAGY (risedisclisded natek withnay be a

reference to Fig. 45) or a network The subscriptign jnformation relates to
pr%hé)taybe &fﬂgﬁllogF OL money. ptlonaulbf ’ :L(%n {:r}le remaining

amount of pre-paid money is zero, overdraft amounts may be
permitted below a predetermined amount depending on the
credit of a passenger, and then paid later.

The commuter pass information relates to a
transportation service range between predetermined stations
and a transportation service period of the transportation
service range pre-purchased by the passenger. The ticket
inspecticn entry information includes an entry flag
indicating an entry history, entry times, and entry stations,
set by the signal processor 1011 at the completion of the
ticket inspection process.

The passenger may pre-—purchase content such as
newspaper, magazines, etc. by accessing a content delivery
server connected to a vending machine 1400 (to be discussed
later with reference to Fig. 45) or a network. The
subscription information relates to the type (title) of
content pre-purchased by the passenger or scheduled to

purchase by the passenger, a subscription period of the
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content pre-purchased by the passenger or scheduled to purchase by the
passenger, a subscription period of the - 111 content, and a payment
method of the purchase (each-time payment or lump-sum payment). The
data memory 1256, including one of a non-volatile memory, a hard disk,
and a removable memory, stores data of the content delivered from the
signal processor 1011. The data memory 1256 may be integrated with the
non- volatile memory 1254 that is integrated with the CPU in the one-chip
structure. But such further integration increases manufacturing costs. As

shown in Fig, 38, the data memory 1256 is arranged to be separate from
SO RV DIRHIE MRAVBRT L I54 G Comtioer K355 Hiffer commBAtetS an

palRLt BN 127 -an Wt Wit1272, a communication interface (I/F)
1273 and a battery 1274. The input unit 1271 is used to input commands
fronTthve cuser tathie ugell device i1kO0; dhddncludes Dperatiorrkeysitile

buttons, and switches, for example. The input unit 1271 may further

neiifude & prassure sehsoP Hetéeting™® GRb 157 eBEIR" 8f i pASSerftferwid
cheartiesdbguser deyice 1100.an ageeleratiom sensor detecting, (¢ |

acceleration of the user device 1100 when the passenger moves the user

devitieel 1302 anoptical $efsomdetetiing whethertindident ightis blocked
o g A S S et e it the CPU in the
one—-chip structure. But such further integration increases
manufacturing costs. As shown in Fig. 38, the data memory
1256 is arranged to be separate from the ncon-volatile memory
1254.

The controller 1255 further connects to an input unit
1271, an output unit 1272, a communication interface (I/F)
1273 and a battery 1274.

The input unit 1271 is used to input commands from the
user to the user device 1100, and includes operatlon kevs,
buttons, and switches, for example. The input unit 1271 may
further include a pressure sensor detecting a grip pressure
of the passenger who carries the user device 1100, an
acceleration sensor detecting acceleration of the user
device 1100 when the passenger moves the user device 1100,
an optical sensor detecting whether incident light is
blocked or not, and an biometric sensor detecting biometric

information such as a fingerprint of the passenger.

The output unit 1272 cutputs information from the user
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information such as a fingerprint of the passenger. The output unit 1272
outputs information from the user - 112 device 1100 to the user or is
used by the user to listen to a content stored on the data memory 1256.
The output unit 1272 may include a liquid-crystal display (LCD), for
example. Furthermore, the output unit 1272 may include a loudspeaker
outputting sound, a light-emitting diode (LED) flashing light at
predetermined intervals, and a motor to present vibration to the user. The
communication interface 1273 under the control of the controller 1255
accessefo% server (not shown) via a network (not showr\% such as the

h
AeHtShet Tor communications. “Fhe BattsRy 1274 tésds Bswer to e &ftire™°

a Hegrdevice 1100, The process ohthe-gignal processorlQlLinfhe ticket

inspection system 1000 of Fig. 35 is described below with reference to a
12flgwokart of FlgidB9. Fof exampte me furtheripasbengeéi-has enferedehenple.
Eugate with the door 1003R opened and the door 1003L closed since an

Xitifig 1assenbBP efteret thetitket gate AEH thE Tight side P EIGRES <o~
outiihdbe ticket inspection precessand the, conient delivery Process:

performed on the user device 1100 mounted on the passenger a few
1lighinutes agoe:denewrpassenget aovamay atteinpt tocenter the ticketegate

_from the left side of Fig. 35 in this condition. The sensor 1041L installed
V1BAdihe f8tt Sfuebrtheticket gate

The communication interface 1273 under the control of
the controller 1255 accesses a server (not shown) via a
network {nct shown) such as the Internet for communications.
The battery 1274 feeds power to the entire user device 11060.

The process of the signal processor 1011 in the ticket
inspection system 1000 of Fig. 35 is described below with
reference to a flowchart of Fig. 38.

For example, no further passenger has entered the gate
with the door 1003R opened and the door 1003L closed since
an exiting passenger entered the ticket gate from the right
side of Fig. 35 with the ticket inspection process and the
content delivery process performed on the user device 1100
mounted on the passenger a few minutes ago.

A new- passender now may attempt to enter the ticket
gate from the left side of Fig. 35 in this conditicn. The
senscr 1041%L installed on the left side of the ticket gate
1001 outputs the senscr output thereof to the human detector

1051 in response to the passenger who is entering between
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1001 outputs the sensor output thereof to the human detector 1051 in
response to the passenger who is entering between - 113 the ticket gate
1001-1 and the ticket gate 1001-2. In response to the sensor output from
the sensor 1041L, the human detector 1051 detects the user
(passenger), and notifies the device ID acquisition unit 1052 and the
driving controller 1053 of the detection result. The driving controller 1053
receives the detection result from the sensor 1041L in the condition that
neither the ticket inspection processor 1055 nor the delivery processor

ond%] petaic, Toehhine conrelr 1053 s spniol e gate e

ereby causing t on the & sénisor 1041L

re Bp¥ing.datectagd-the. humantorepen. dpdhisiway dognew passengerhe
passes on the signal electrode 1002-1 and the signal electrode 1002-2 in

huthiat otdéebetweeV the ticketgate 1001-Eand the siekag gate 1804-2. The
ate driver 1014R can cause the door 1003R to cl then, thereby . .
N0 RinG B GUFSY CBo S T B e S At dt i e iving

coldpanireceiving the, detactiondesult from the;human detector 1051, the
device ID acquisition unit 1052 performs a detection process of the user

deVide=1 100 vienthecsighab klevtrodeSB0G2d<n step Sid. dMdrect ion

specifically, the device ID acquisition unit 1052 transmits via the signal
regﬂiﬁmiﬁpm the sensor 10411 i1n the condition that neither

the ticket Iinspection processor 1055 nor the delivery
processor 1057 operates. The driving controller 1053 thus
centrols the gate driver 1014L, thereby causing the door
1003L on the side of the sensor 1041L having detected the
human to open. In this way, the new passenger passes on the
signal electrode 1002-1 and the signal electrode 1002-2 in
that order between the ticket gate 1001~1 and the ticket
gate 1001-2.

The gate driver 1014R can cause the door 1003R tc close
then, thereby preventing another passenger from entering
from the right of Fig. 35.

Upon receiving the detection result from the human
detector 1051, the device ID acquisition unit 1052 performs
a detectlon process of the user device 1100 via the signal
electrode 1002-1 in step $11. More specifically, the device
ID acguisition unit 1052 transmits via the signal electrode
1002-1 to the user device 1100 of the passenger a start

command notifying the user device 1100 of the start of
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1002-1 to the user device 1100 of the passenger a start command
notifying the user device 1100 of the start of - 114 communication. If the
sensor 1041 and the human detector 1051, which are non-essential
elements, are not employed, the device ID acquisition unit 1052 transmits
the start command until a response (device ID) is received from the user
device 1100. In response to the start command, the user device 1100
transmits the device ID in step S62 of Fig. 42. The device ID acquisition
unit 1052 determines in step S12 that the device ID has been received

Cofrokrgighcea%§errﬁdevice 1100. The device ID acquisition unit 1052 supplies
the acquireé) device ID to the device ID searcher 1054. Processing

progeedsto siep b131 fdtiisdelermnechinstepiSdedhat nogevjce D bas
been received, processing returns to step S11 to repeat step S11 and

argubsEqEEeStEp 2V ofe Spetifically: Steps S13MaNE S afefeptifed ntiP

acihis dejermined (hatie device 1B has been recelved.Jn step 513 Ihe
avice 1D searcﬁer & ref%rences ﬁwe iCket ihspection complfé%lon ta%le

re9pdhestaage; 1Al 3 o deterraingwhether the dewicedb-fromthedevies
ID acquisition unit 1052 is registered in the ticket inspection completion
tablen Ifthetieketinspetlion procdssieasnavthedm eorpiatedevice 1100

transmits the device ID in step 562 of Fig. 42. The device
ID acquisition unit 1052 determines in step 312 that the
device ID has been received from the user device 1100. The
device ID acguisition unit 1052 supplies the acquired device
ID to the device ID searcher 1054. Processing proceeds to
step S513.

If it is determined in step 512 that no device ID has
.been recelved, processing returns o step 311 to repeat step
511 and subsequent step. More specifically, steps S11 and
- 812 are repeated until it is determined that the device ID
has been received.

In step 313, the device ID searcher 1054 references the
ticket inspection completion table on the storage 1013 to
determine whether the device ID from the device ID
acguisition unit 1052 is registered in the ticket inspection
completion table.

If the ticket inspection process has not been completed,
the device ID from the device ID acquisition unit 1052 has

not been registered in the ticket inspecticn completion
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the device ID from the device ID acquisition unit 1052 has not been
registered in the ticket inspection completion - 115 table. The device ID
searcher 1054 determines that the ticket inspection process has not been
completed, and then supplies the device ID to the ticket inspection
processor 1055. In response, the ticket inspection processor 1055
performs the ticket inspection process on the user device 1100 in step
514. The ticket inspection process will be detailed with reference to a
flowchart of Fig. 40. In step 514, communications are performed with the

user deyice 1100 via signal electr 002-1. The mutual
e i L e e oL tRae the

t 1 6QBMYteE Pass inferpation ds read Using thesessiankeyathe teedSthen
deducted from the remaining digital money amount based on the
suppmnigtet passmfonnalibnfandtive ehtryeinformsafortisoseteThe eevice
10 register 1056 and the driving controller 1053 are notified of the end of
e ticket inspection process, and the door 1003R is opened. In response

to the, netification.of theend ekthe fickgtinspegtion pracess.framdhe
ticket inspection processor 1055, the device ID register 1056 registers in

pestepr815 ih the tickettindpectior complationaablecthet devicesD dithece
user device 1100 havin%und,er%one the ticket inspection process

11&%éﬁkpﬁﬁﬁtﬁé%esﬁ%eméyc et 1nspecticon process will be

detailed with reference to a flowchart of Fig. 40.

In step S14, communications are performed with the user
device 1100 wvia the signal electrode 100Z-1. The mutual
authentication step is performed, the session key is shared,
the commuter pass information is read using the session key,
the fee is deducted from the remaining digital money amount
based on the commuter pass informaticon, and the entry
information is set. The device ID register 1056 and the
driving controller 1053 are notified of the end cf the
ticket inspection process, and the door 1003R is opened.

In respeonse to the notification of the end of the
ticket inspection process from the ticket inspection
processor 1053, the device ID register 1056 registers in
step 315 in the ticket inspection completion table the
device ID of the user device 1100 having undergone the
ticket inspection process tcogether with the session key
shared in the authentication step with the user device 1100.

The process of the signal processcor 1611 thus ends.
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shared in the authentication step with the user device 1100. The process
of the signal processor 1011 thus ends. - 116 The device ID and the
session key, registered in the ticket inspection completion table, are
deleted at the end of the delivery of a content or after a predetermined
time elapse subsequent to the end of the delivery of the content. The
signal processor 1011 completes the ticket inspection process by
communicating with the user device 1100 via the signal electrode 1002-1.
The signal processor 1011 then switches the signal electrode. In step

Slnghe Signal processor 11“9111 gerforms detection process to,the user
devidd™1 160 Viathe si§hal d18Etroa8 1bt2-> therdby” atqtiriiy the dévice

v iR via thesgignal electrodg 1002:2. Sincedhe davice ot the,userdevice
1100 has already been registered in the ticket inspection completion
oftdlile, diee device IDfsearcher 4054 deterfipesdn stepiSigthante time

device ID from the device |D acquisition unit 1052 has been registered in

® i kARSI Ioh complétioR tabfet THE® débice’iBf dedicher 105471654 -
the pgssiondey inassociation it the device IR from the figket

inspection completion table on the storage 1013, and supplies the
insessiohkeydoothesdelvery processor 1057 . Probessirg pseceeatisitocstep
S16. In step S16, the delivery processor 1057 performs a content delivery

ilﬁﬂmﬁﬁ%.?%%68&&%9d§ﬁﬁﬁﬁﬁ%%%§§®%‘l- The signal processot

1011 then switches the signal electrode. In step S11, the
signal processor 1011 performs a detection process to the
user device 1100 via the signal electrode 1002-2, thereby
acquiring the device ID via the signal electrode 1002-2.

Since the device ID of the user device 1100 has already
been registered in the ticket inspection completion table,
the device ID searcher 1054 determines in step S13 that the
device ID from the device ID acguisition unit 1052 has been
registered in the ticket inspection completion table. The
device ID searcher 1054 reads the session key in assoclation
with the device ID from the ticket inspection completion
table on the storage 1013, and supplies the session key to
the delivery processor 1057. Processing proceseds to step
516.

In step 516, the delivery processor 1057 performs a
content delivery prccess. The content delivery process will
be described below in detail with reference to Fig. 41.

In the content delivery process in step $146, the
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be described below in detail with reference to Fig. 41. In the content
delivery process in step 516, the - 117 session key shared in the mutual
authentication step with the user device 1100 during the ticket inspection
process is used to perform communications with the user device 1100 via
the signal electrode 1002-2. The subscription information is thus
acquired. Based on the acquired subscription information, the data of the
content stored on the storage 1013 is delivered to the user device 1100.
The process of the signal processor 1011 now ends. If it is determined in

s+ SERS1 hatihe devics 1D o, the.device |0 acquisfion uni 1055 ot
reglspere8¥n:fhe tic e%mspectlon completlon able, the session key

thshakrd- with;thesusercde\ice 1190dndhe tisketingpeghion PrOcessoinsiepi s
S14 is read from the ticket inspection completion table based on the .
usgdvice IPEAAG e SUPPREd-fo-then detivély protesserr1O57 1Athé 100 via

cngeliteny rocess instep B16,there isno need for performina the, .,

au ication step to consiruct a secure p% inspection
i s Progessisperfarmed as described abavevhen the passengaricarying
the user device 1100 passes over the floor, between the ticket gate
infoonak and. tHetickét gate 0012, Fravig: thessignaelettrode 1002rage

bedded. Subsequent to the end of the ticket.inspection process, the
10 S b LS of the Bantent FoSitatiTor 100 - [herBrocsssor

the signal processor 1011 now ends.

If it is determined in step $13 that the device ID from
the device ID acquisition unit 1052 is not registered in the
ticket inspection completion table, the session key shared
with the user device 1100 in the ticket inspection process
in step S14 is read from the ticket inspection completion
table based on the device ID and then supplied to the
delivery processor 1057, In the dellvery process in step
516, there is no need for performing the authentication step
to construct a secure path.

The ticket inspection process i1s performed as described
above when the passenger carrying the user device 1100
passes over the floor, between the ticket gate 1001-1 and
the ticket gate 1001-2, having the signal electrode 1002
embedded.  Subseguent to the end of the ticket inspection
process, the content subscribed or the content reserved for
subscription is delivered. Without the need for showing his

intention to purchase each time, the user guickly receives a
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subscription is delivered. Without the need for showing his intention to
purchase each time, the user quickly receives a - 118 content delivery
service by simply passing through the ticket gate 1001 in commutation.
The process of the communication system with the passenger entering
from the left side of Fig. 35 (from outside the gate) has been discussed
with reference to Fig. 9. When the passenger enters from the right side of
Fig. 35 (from within the gate), the process remains unchanged in
principle except that the signal electrodes to be connected are mutually
interchanged, and the gate driver 1014L and_gate driver 1014R are
o hahge The lohson oY e, B iAot fat ee fetan

t 1 URehapged andds thus emitted Aersin. The ticket inspection process in
step S14 of Fig. 39 is described below with reference to a flowchart of
FigT4G. Fhecaithenficdtivn protessingaunie20 Y fif te tdket ingisection

rocessor 1055 mutu authenticates in step S21 the user device 1100
s At py A S e G ab el

cufletermings iRy step SB3 wheather 4he authentication progess:has besngiq .
successfully completed. The mutual authentication process in step S21 is

9. de8bribed belavw sElseraatherication ivethodhssedilgreirsisdthedn8ig. 35

fstandarg'zedb ISO/IIEC9798-2 or ISO/IEC9798-3. A mutl?lal q
(L othehtid %i%n%‘r%cgés ) step So A BPER 4or €Mains unchanged in

principle except that the signal electrodes to be connected
are mutually interchanged, and the gate driver 10141, and
gate driver 1014R are interchanged. The discussion of the
operation in that case remain unchanged and is thus omitted
herein.

The ticket inspection process in step 514 of Fig. 39 is
described below with reference to a flowchart of Fig. 40.

The authentication processing unit 1071 in the ticket
inspection processor 1055 mutually authenticates in step S21
the user device 1100 using the device ID supplied from the
device ID searcher 1054, and determines in step S22 whether
the authentication process has been successfully completed.

The mutual authentication process in step $21 is
described below. The authentication method used herein is
the one standardized by ISQ/IEC%798-2 or ISO/IEC9788-3. A
mutual authentication process in step $64 of Fig. 42
performed by the user device 1100 in response to the

authentication process in step 521 i1s also discussed

- 119 -



performed by the user device 1100 in response to the authentication
process in step S21 is also discussed - 119 together. The authentication
processing unit 1071 generates an authentication key unique to the user
device 1100 from the device ID, generates a random number, encrypts
the generated random number with the authentication key, and then
transmits the encrypted random number to the user device 1100 via the
signal electrode 1002-1. Upon receiving the encrypted random number,
the user device 1100 decrypts the encrypted random number, generates
toag%heerr _random number, encrypts the two random numbers (the
%enerated random number and the received random number) with the

authenrticationdey; anditsangrits hes engryptad: random gewmbers to the
signal processor 1011. The authentication processing unit 1071 decrypts
autereftned Tandem HEmBeR detefifihessfiether ofe of tRE ran@dsmtne
aeJumPErs IS (he one generated by iself (ntegrity ofhe, random numben).. .y
determines Step 23 that'the  authentication procé’s% as beerl
rasdesessivieeompletedit: the randam awmber isdhe onegenarated by
itself (authentication processing unit 1071). If the authentication process

trgyagheen stveessfullyrdormpletatiate nagthentiCatiom processirgeuRic 2071
11 gsner:laate% g@sesiis%?% Ifeg,l €0 rb(gl&%s %eoigis.ion key with the random

humber generated by

Upon receiving the encrypted randcm number, the user

device 1100 decrypts the encrypted random number, generates
ancther random number, encrypts the two random numbers (the
generated random number and the received random number) with
the authentication key, and transmits the encrypted random
numbers to the signal processor 1011,

" The authentication processing unit 1071 decrypts the
returned random number, determines whether one of the random
numbers is the one generated by itself (integrity of the
randcm number}, determines in step 5322 that the
authentication process has been successfully completed if
the random number i1s the one generated by itself
{authentication processing unit 1071). If the
authentication process has been successfully completed, the
authentication processing unit 1071 generates a session key,
combines the session key with the random number generated by

the user device 1100, encrypts the combinaticn with the

authentication key, transmits the encrypted combination to
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the user device 1100, encrypts the combination with the authentication
key, transmits the encrypted combination to - 120 the user device 1100
via the signal electrode 1002-1. Processing proceeds to step S23. The
authentication processing unit 1071 supplies the device ID and the
session key to the commuter pass determiner 1072. The user device 1100
receives the encrypted session key and random number, verifies the
integrity of the decrypted random number, and determines that the
authentication has been successful if the decrypted random number is

en1§,22¢ generated by 6ts$!4!$u%%’éd%‘&§%#08l 'I:tchreo%‘éthfgg%@‘iqn has
been successftul, the user device 1100 shares the session key with the
proigpakpragessor304t. Comuuhications anecheretnadter pesformed
between the signal processor 1011 and the user device 1100 using the
Preessidn kdyne ; throlghsemeryphicn tBmgheisessich Rey). the session
keCo&mgHié:a(t:ngH% are }hu%1 Qg_rfgmggg ulsrilrgigfa Lre path constructed
Hased 6n the mutual authentication. fr step SZ3, the commuter pass

detgrmings 4072 cammunicates it thesuseredevice 1300.via the sighake v
electrode 1002 using the session key from the authentication processing

angnif a0FeNtHeraby Bcquitigi rescommutait gass- infophatibn. Hesteprs24
th commn%[gg: pass ge(tjer iner. 1072 t%%tgrrp%nes bashed on th acgu'gg%

ra%oﬁﬁh&%rpasé"%%”naloﬁrmlnes e authenticatio
been successful if the decrypted random number is the cone
generated by itself (user device 1160). If the
authentication has been successful, the user device 1100
shares the session key with the signal processor 1011.

Communications are hereinafter performed between the
slgnal preocessor 1011 and the user device 1100 using the
session key (i.e., through encryption using the session key).
Communications are thus performed using a secure path
constructed based on the mutual authentication.

In step 523, the commuter pass determiner 1072
communicates with the user device 1100 wvia the signal
electrode 1002 using the session key from the authentication
processing unit 1071, thereby acguiring the commuter pass
information.

Inr step S24, the commuter pass determiner 1072
determines based on the acquired commuter pass information

whether a commuter pass is valid. More specifically, the

commuter pass determiner 1072 determines whether the
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whether a commuter pass is valid. More specifically, the commuter pass
determiner 1072 determines whether the - 121 commuter pass is valid in
service range and unexpired (before the expiration date). If no commuter
pass information is available, the commuter pass determiner 1072
determines in step S24 that the commuter pass is not valid. If it is
determined in step S24 that the commuter pass is not valid, the
commuter pass determiner 1072 supplies the device ID and the session
key to the digital money processing unit 1073. Processing proceeds to

step 325. When the passenger enters a ticket gate, the corresponding fee
Ot IorEd ot e Farbintf Sigitar niord AmotAE. WHTE e

(pR@ssengerexitsanatherticketgate latek the paymeptof thestee from the
remaining money amount is actually settled. In step 525, the commuter

inpassdeterminer 2072 tehfrels the digitahwioneyrprocessingumit2@73,072

thereb deductin% from the digital money amount of the user device 1100.
deﬁfo?@léﬁgciﬁ@al “fie dightal Hioney 5roceBEiNG SniPT673 *Cormfuniéates -

withythe;yser deyice. 1100 via the sigogl ejectrode 1002 using the.session
key from the commuter pass determiner 1072 to deduct from the

isremaining. diitat monsyameuntistereddern theriiserdéviéeé 19400pIn stepthe
526, the digital money processing unit 1073 determines whether the

d=gEhiictivh AAS bekf stfceadgful koY to the digital money

processing unit 1073. Processing proceeds Lo step 525,
When the passenger enters a ticket gaie, the correspending
fee is deducted from the remaining digital money amount.
When the passenger exits another ticket gate later, the
payment of the fee from the remalning meney amount is
actuallily settled.

In step 325, the commuter pass determiner 1072 ceontrols
the digital money processing unit 1073, thereby deducting
from the digital money amount of the user device 1100. More
specifically, the digital money processing unit 1073
communicates with the user device 1100 via the signal
electrode 1002 using the session key from the commuter pass
determiner 1072 to deduct from the remaining digital money
amount stored on the user device 1100. In step 526, the
digital money processing unit 1073 determines whether the
deduction has been successful.

If the deduction of the fee from the remaining digital

money amount has been successfully completed in step $68 of
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If the deduction of the fee from the remaining digital money amount has
been successfully completed in step S68 of - 122 Fig. 43, the user
device 1100 transmits information regarding deduction completion to the
signal processor 1011 via the signal electrode 1201. In this case, the
digital money processing unit 1073 determines in step S26 that the fee
has been successfully deducted from the remaining digital money
amount, and then notifies the entry information setter 1074 of the
deduction success together with the device ID and the session key.
Pro%ejs’sir,lcglgroceeds lo,step §%60If it is detergnined%'n st%%824 that the

Fig. user eVviC transmits Infor on ...
dommuter pass is valid, the commuter pass determiner 1672 hotifies the

regaty inforanation setter 3644 10f thedeterminatien sesult tegethes yvith thel
device ID and the session key. Processing proceeds to step S27 with

v 18tefseS 25 @ndllS 26 ekippeds In Step- S2 7 nthelertnemtermatich ségéited74

no§REMyNIcaes, with the usgh device 1100,via the sianal elegirode 1002,
us%gptﬂe C?GVICQ fb and the session l%ey rom one of tﬁ% commuter pass

f egeterminek 1042 and 4he digital ;aoneyr0eessing it Q73 thereby
_setting the entry information of the user device 1100. When a passenger
dignters the tieketgaient00 Bfrdm-then |efe SiHEiRg. 85athendntyy information
in§etter 11:074 sets an erltf%gag,fth&%nt&){e gme and the entry station |%the

ormalion setter uction succeds together
with the device ID and the sessicon key. Processing proceeds
to step 327.

If it is determined in step S24 that the commuter pass
is valid, the commuter pass determiner 1072 notifies the
entry information setter 1074 of the determination result
together with the device ID and the session key. Processing
proceads to step S27 with steps 3525 and 3526 skipped.

In step S27, the entry information setter 1074
communicates with the user device 1100 via the signal
electrode 1002 using the device ID and the session key from
one of the commuter pass determiner 1072 and the digital
meoney processing unit 1073, thereby setting the entry
information of the user device 1100.

When a passenger enters the ticket gate 1001 from the
left side Fig. 35, the entry information setter 1074 sets an
entry flag, the entry time, and the entry staticn in the
entry information of the user device 1100. When a passenger

exits the ticket gate 1001 from the right of Fig. 35 from
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entry information of the user device 1100. When a passenger exits the
ticket gate 1001 from the right of Fig. 35 from - 123 inside the gate, the
entry information setter 1074 clears the entry information set in the user
device 1100, thereby performing the ticket inspection process. The entry
information setter 1074 notifies the device ID register 1056 and the
driving controller 1053 of the end of the ticket inspection process and
supplies the device ID and the session key to the device ID register 1056.
In response, the device ID register 1056 registers in step S15 of Fig. 39

. the.device ID of the user device 1100 together with the s ion key in the
v dena it st o P .

t hariving-contraller 1963-s0ntkals the gate driver d014RANresponse ta-the,
notification of the end of the ticket inspection process from the entry
refiffornation tSetter 07 therabyopening e door 1008R ofrthe ticket
. _gate 1001. The door 1003R, if already open, remains open. If the mutu
R EoR S B Eis WA e Ao RS TGl RO LS tes Tose
an@uthgnticationprocess isdaterminett to perysuccessfl (authentication
failure) in step S22. The authentication processing unit 1071 notifies the
ingriving. controtler 653 of an authérticdtion eleor. Rrodéssing pioceeds to
step S29. If it is determined in step S26 that the deduction has been

P €
SeRifsiBcdSsfut the BigitdFHigriey D earetex 1058

In response, the device ID register 1056 registers in
step 815 of Fig. 39 the device ID of the user device 1100
together with the session key 1n the ticket inspection
completion table on the storage 1013.

In step 828, the driving controller 1053 controls the
gate driver 1014R in response to the notification of the end
cof the ticket inspecticon process from the entry information
setter 1074, thereby opening the deor 1003R of the ticket
gate 1001. The door 1003R, if already open, remains open.

If the mutual authentication reveals that the random
number is invalid, the authentication process is determined
to be unsuccessful (authentication failure) in step S22.

The authentication processing unit 1071 notifies the driving.
controller 1053 of an authentication error. FProcessing
proceeds to step 3$29. If it is determined in step £26 that
the deduction has been unsuccessful, the digital money
processing unit 1073 notifies the driving controllier 1053 of

a deduction error. Processzing proceeds to step $529.
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processing unit 1073 notifies the driving controller 1053 of a deduction
error. Processing proceeds to step S29. - 124 In step S29, the driving
controller 1053 controls the gate driver 1014R in response to the
notification of a ticket inspection failure from the ticket inspection
processor 1055 (one of the authentication error from the authentication
processing unit 1071 and the deduction error from the digital money
processing unit 1073), thereby closing the door 1003R of the ticket gate
1001. The door 1003R, if already closed, remains closed. The mutual

autenticationisdhus perfaimed, The session key jsshared, fhe, - e
commuter Sass information of the”user EVICeel]iO IS acquwe using t

gashared: session key, andrsefflement process (deduction of Hie Eﬁ:maining
digital money amount) is performed based on the acquired commuter
ti9§§§iﬁf@ﬁﬁéﬁ@ﬁOﬁhéﬁéké‘tﬁﬁséé‘@ﬁbﬁbﬁ)d‘é’s@@‘Ehliél%@?ﬁﬁ{été@j The
content de Very process%n ﬁ} of F| Qttls descrlbed Pelow |th
0

ro
P Sterence to the flowehar roug hé'encryption process Wwith

authg:sessian key suppliedsfram Uﬂ@l@e\&@e 1D seareher 084iction error

communications are performed on a secure path constructed in the
fragthidrticalion tstepriantke ticketinspestionpidceks’ i step B4 Elke

o1 é%bzcrlptﬁ)n getermirbe({ajRomfintth ggll\ﬂery pég%esslo({ 011057 %%%w&eosotpe
1003R, if already closed, remailns closed.

The mutual authentication is thus performed. The
session key is shared, the commuter pass information of the
user device 1100 is acquired using the shared session key,
and settlement process ({deducticn of the remaining digital
money amount) is performed based on the acquired commuter
pass informaticn., The ticket inspection process is thus
completed.

The content delivery process in step 516 of Fig. 29 is
described below with reference to the flowchart of Fig. 41.
Through the encryption process with the session key supplied
from the device ID searcher 1054, communications are
performed on a secure path constructed in the authentication
gtep in the ticket inspection process.

In step 841, the subscription determiner 1081 in the
delivery processor 1057 acqguires the subscription
information from the user device 1100 via the signal

electrode 1002 using the session key supplied from the
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information from the user device 1100 via the signal electrode 1002 using
the session key supplied from the - 125 device ID searcher 1054. In step
542, the subscription determiner 1081 determines based on the
subscription information whether any content is subscribed and whether
the content subscription period of the content is unexpired. If it is
determined that a content is subscribed and that the content subscription
period of the content is unexpired, processing proceeds to step 543. The
subscription determiner 1081 determines whether the payment method of

deghfc%“%ggé‘ggéﬁgg e t.imez%ays@%r%t E‘E%]ggtﬁr? ot étg%r?p%%fﬁs an

etermined In Step at the payment me of the subsc

de€achlime paymentsetbpdnthe subseription-detesminer 1081 eentrols in
step S44 the digital money processing unit 1082, thereby deducting a fee

ingpieadomentiiointie rmainiytaigitalimorey ot Thediyitaheney

rocessing unit 1082 under the contrpl of the subscrjption determiner,
e g e e

1002 rusingitheression kays theraby-dediating:thefeg.gf dhe igantenty
from the remaining digital money amount stored on the transmitter 110. In
theteptd4s, dha Wigitalrnoney processimpunitd 082 Hbetermimgswhetlser the

ungggfgg),ﬂgghggggqggng]oggggg to step 543, The

subscription determiner 1081 determines whether the payment
method of the subscription is an each-time payment method or
not.

If it 1is determined in step S43 that the payment method
of the subscription is an each-time payment method, the
subscription determiner 1081 controls in step 544 the
digital money processing unit 1082, thereby deducting a fee
cf the content from the remaining digital money amount.

The digital money processing unit 1082 under the
control of the subscription determiner 108% communicates
with the user device 1100 via the signal electrode 1002
using the session key, thereby deducting the fee of the
content from the remaining digital money amouni stored on
the transmitter 110.

In step 545, the digital meney processing unit 1082
determines whether the deduction from the remaining digital
money amount has kbeen successful. If the deduction from the

remalning digital money amount has been successful in step

- 126 -



money amount has been successful. If the deduction from the remaining
digital money amount has been successful in step - 126 S68 of Fig. 43 as
described later, the user device 1100 transmits a notification of the
successful deduction to the signal processor 1011 via the signal electrode
1201. In step 545, the digital money processing unit 1082 determines
that the deduction from the remaining digital money amount has been
successful, and requests the content delivering unit 1083 to deliver the
content. Processing proceeds to step 546. If it is determined in step S43

el I paympnt method. o e subscripions 2 ump sum paymey,

metho ocessing proccerej” 310 step S46 W psS' S

t rekipped becayse i the-full Raynaent:was already sempleegdaldien to the
subscription contracted. In step 546, the content delivering unit 1083

sipgods HORT TS Storage 101 3theldata of thae conterit regeested by ohe of
the cription determiner 1081 and the digital maney processing unit

S Hg5 Aid S8R batis WA THo GS8F TVIE 1100 bid e sighar e

thelectrodel002-using thesessian kexde defivertheiconteptiatheusar,
device 1100. If it is determined in step S42 that no content is subscribed

haer tratithe conterit Bubsception paried ©f attentant it anydislexpired; ¢the

subscrg)tion determiner 1081 notifies the content delivering unit 1083 of
'% 1063 to delliver the content. Processing proceeds to

un
step S46.

If it is determined in step 543 that the payment method
of the subscription is a lump-sum payment method, processing
proceeds to step 3546 with steps $S44 and $45 skipped because
the full payment was already completed at the subscription
contracted.

In step 546, the content delivering unit 1083 reads
from the storage 1013 the data of the contenit requested by
one cof the subscription determiner 1081 and the digital
money precessing unit 1082, and communicates with the user
device 1100 via the signal electrede 1002 using the session
key to deliver the content to the user device 1100.

If it is determined in step S42 that no content is
subscribed or that tThe content subscription period of a
content, if any, is expired, the subscription determiner
1081 notifies the content delivering unit 1083 of the
determination result. Processing proceeds to step S47.

If it is determined in step 545 that the deduction from
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determination result. Processing proceeds to step 547. If it is determined
in step S45 that the deduction from - 127 the remaining digital money
amount has failed, the digital money processing unit 1082 notifies the
content delivering unit 1083 of the deduction error. Processing proceeds
to step 547. The content delivering unit 1083 is notified of the
determination result or the error by the subscription determiner 1081 or
the digital money processing unit 1082. In step 547, the content delivering
unit 1083 delivers no content. Since not only the ticket inspection process
but also. the content delivery process is performed during the passa f
e Rl he Gt o2 10ba. e passener o Saom 30
mothe dateektheicontentiby simplypassing shroughdbgdicket gatei 1801ng
The passenger is thus freed from going to a newsstand to browse
unghplei¥s’ and thes bigddesited newspapers: 'Subseguedt B thetcketto
Eienspﬂ;gon process, the session key shared in the course of
athentication is registered. The content delivery process is performed
using, the-sharegsession key 1§ the contentelivensprocess, dhesegeure
path constructed during the authentication step in the ticket inspection
de proveigsss usedrssis! Thise arfsngemient dlimihhtesstiiesgegdforon

erformin
degermineézqﬁ%l or the digital money processing unit 1082.

st

In step 847, the content delivering unit 1083 delivers no
content.

Since not only the ticket inspection process but also
the content delivery process 1is performed during the passage
of the passenger through the ticket gate 1001, the passenger
can easily get the data of the content by simply passing
through the ticket gate 1001. The passenger is thus freed
frem geing to a newsstand tTo browse captions and then buy
desired newspapers.

Subksequent to the ticket inspection process, the
session key shared in the course of authentication is
registered. The content delivery process is performed using
the shared session key. In the content delivery process,
the secure path constructed during the authentication step
in the ticket inspection process i1s used as 1s. This
arrangement eliminates the need for performing the
authentication step again.

The usex device 1100 responds to the process of the
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authentication step again. The user device 1100 responds to the process
of the - 128 signal processor 1011 described with reference to Fig. 39.
The process performed by the user device 1100 is described below with
reference to flowcharts of Figs. 42 and 43. The process of the user device
1100 is a single process, but for the convenience of explanation, the
process is divided into two groups, steps S61 through S66 in one group
of Fig. 42 and steps S67 through S72 in the other group of Fig. 43. In
step S61 of Fig. 42, the controller 1255 in the user device 1100 waits on

. starldb for the recey if)p of & starf, comma d vi%the signaL el trode39
9201 transmitted by the s?;ensa processor 1011¢ In step 81t ot Fi 39, the
ThSighad peecesser A01de trapgmitsdhestart gemmand 10 the yseedevicBed

1100. In response to the reception of the start command, processing

be hpgcasds tor$tep BBL Thecdntfaligr 755 reads ithe-dévicald unique e
the user device 1100 from the nan- volatile memory 1254, and returns t
P 15 e STl SrStetor 101 via g ot Rt edR oot Tor
th&ammunications are thus established hetwegndhe signal progegsar 101%
and the user device 1100. In step 563, the controller 1255 references the
Lol Yekiile AiegorSEA54 thersly déterminingwhstherthet Fig. 42

an§UiNNIcation step hasbepn.camplgted wiih the Sianal ¢ rig. 43.

In step 561 of Fig. 42, the contrcller 1255 in the user
device 1100 waits on standby for the reception of a start
command via the signal electrode 1201 transmitted by the
signal processor 1011.

In step 511 of Fig. 39, the signal processor 1011
transmits the start command to the user device 1100,

In response to the reception of the start command,
processing proceeds to step 562. The controller 1253 reads
the device ID unique to the user device 1100 from the non-
volatile memory 1254, and returns the device ID to the
signal processor 1011 via the signal electrode 1201.
Communications are thus esitablished between the signal
processor 1011 and the user device 1100.

In step 563, the controller 1255 references the non-
volatile memory 1254, thereby determining whether the
authentication step has been completed with the signail
processer 1011. If the ticket inspection process has not

been completed {(or if the authentication step has not been
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processor 1011. If the ticket inspection process has not been completed
(or if the authentication step has not been - 129 completed), the session
key with the signal processor 1011 is not registered on the non-volatile
memory 1254. The controller 1255 determines in step S63 that the
authentication step has not been completed, and processing proceeds to
step S64. As previously discussed in detail with step S21 of Fig. 40, the
signal processor 1011 transmits the random number generated in
response to the authentication key. In step S64, the controller 1255

coﬁ%‘it%@%% authenticates.the signal pregessor 19%&n§’ﬂd§£%r&§stg8r 1011
obtained session key onto the non-volatile memory 1254 after successtul
is atthenticgtione AcSecurerpathrisestallishedavittrthe-signabgrocesser

1011. Using the session key, communications with the signal processor
conp1d dreperformetr ieHRifG@t ifspdctiBnfrécésshas Been successfully
2 5em I@Lt{:eg (Qrijj theauttg]entica ior:%seteeg hcaé beleer]C successfull

t
completed), the session esy With the ygnaf“Broce%sbr 1b11 s gfored on°

prieaap-volatiedspemeny, 1254. In step S63, the controller 1255
determines that the authentication has been completed, and then

probéeds £y $taps S65VR St615 SB4 skipsdd A thistdase! fife Seéurefpdths -
o SIS een et o S ool 101, LR e
generated in response to the authentication key. In step
564, the controller 1255 mutually authenticates the signal
processcor 1011, and stores the obtained session key onto the
non-volatile memory 1254 after successful authentication. A
secure path is established with the signal processcr 1011.
Using the session key, communicaticns with the signal
processcr 1011 are performed.

If the ticket inspection process has been successiully
compieted {or if the authentication step has been
successiully completed), the session key with the signal
processor 1011 is stored on the non-volatile memory 1254.

In step S$S63, the controller 1255 determines that the
authentication has been completed, and then proceeds to step
$65 wit step S64 skipped. In this case, the secure path has
already been established with the signal processor 1011.
Using the session key stored on the non-volatile memory 1254,
communications are performed with the signal processor 1011.

In step $65, the controller 123535 determines whether the
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communications are performed with the signal processor 1011. In step
565, the controller 1255 determines whether the - 130 signal processor
1011 has requested any information. For example, if the signal processor
1011 requests the commuter pass information in step S23 of Fig. 40, or if
the signal processor 1011 requests the subscription information in step
S41 of Fig. 41, processing proceeds to step 566. The controller 1255
reads the corresponding information (the commuter pass information or
the subscription information) from the non-volatile memory 1254, and
. then transmits the sponding information to the signal processor.1011
e the Srial Sloebde 130T IF R6 INorRAto has BSAn Fadiceted By the

exSignat proeesser Kl progessing precaeds) toyetgpS6 40t Fig. 43uwithe r
step S66 skipped. In step 567, the controller 1255 determines whether the
PasgnbkprocEssep101l regaesisa deduticn fréfy thier rémairing eigit 1

money am . For example, the signal processor 1011 requests a
P RSN BN e forsining. g TEGRa amaurrih Sial S of g 567
54 0r B¥step;$44 10f Hgedd s i 1he signal processor 1044 regyestsitgededuct
from the remaining digital money amount, processing proceeds to step
coBb8oThexohtrolier $285 dede ctsofrorsthendhrainingt digital hsonejthe

amount stored Qnéhe non-volatile rr%%mogy %254,, an transrr%its a |
CORBHiCAt it S the diid Bf dadlictith fo'the® 1P cription information)

from the non-volatile memory 1254, and then transmits the
corresponding information to the signal processor 1011 via
the signal electrode 1201.

If no information has been requested by the signal
processor 1011, processing proceeds to step S67 of Fig. 43
with step 366 skipped.

In step 367, the controller 1255 determines whether the
signal processor 1011 reguests a deductiocn from the
remaining digital money amount. For example, the signal
processor 1011 reguests a deduction from the remaining
digital money amount in step S25 of Fig. 40 or in step 544
of Fig. 41. If the signal processor 1011 requests to deduct
from the remaining digital money amount, processing proceeds
to step 868. The controller 1255 deducts from the remaining
digital money amount stored on the non-volatile memory 1254,
and transmits & notification of the end of deduction to the
signal processor 1011 via the signal electrode 1201.

If no deduction from the remaining digital money amcunt
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signal processor 1011 via the signal electrode 1201. If no deduction from
the remaining digital money amount - 131 is requested by the signal
processor 1011, processing proceeds to step S69 with step S68 skipped.
In step 569, the controller 1255 determines whether the signal processor
1011 has requested recording of information. If the signal processor 1011
requests the entry information to be set or to be cleared in step S27 of
Fig. 40, or if the signal processor 1011 requests the subscription
information to be recorded in step S120 of Fig. 47 to be discussed later,
rocessi %rqgeegﬁ Jo ;i%gl aSZO. The controll%HSS writes the

ispre nes

corresponding information onto the non-volatile meho%z/fofze?fllpﬁwe
preigralipracesseeg 03 hasireguestas e secarding:©f information,

processing proceeds to step S71 with step S70 skipped. In step 571, the

conirblle €255 dterifines WHetherthe Hae ofitHescontenchas pelepr the

rencaei'ved from the sigrdrill1 processor 1011. For examEI.e the sign

. al .
=1 3rocestor TOTT “delivers the Content in s %% 46 61 fbl?%l.o heh fgtation.

1 £CoRteNt datanis reesiedsfisomthesigral procassalcl Qll; rProcessingat ion
proceeds to step 572. The controller 1255 writes the received content
todat 66to the datairmembry 128611 thé sigriad prodessoy 1048 hasr 1f the

.recg.iested no recordlig% 101‘ information, the process.in step S72.is sklpéa,ed.

sign processor requests the scription information
to be reccrded in step 5120 of Fig. 47 to be discussed later,
preocessing proceeds to step $70. The controller 1255 writes
the corresponding informaticon onto the non-veolatile memory
1254.

If the signal processor 1011 has requested no recording
of information, processing proceeds to step 371 with step
570 skipped.

In step 871, the controller 1255 determines whether the
data of the content has been received from the signal
processor 1011. For example, the signal processor 1011
delivers the content in step $4¢ of Fig. 41. When the
content data is recelved from the signal processor 1011,
processing proceeds to step $572. The controller 1255 writes
the received content data ontce the data memory 1256.

If the signal processor 1011 has requested no recording
of information, the process in step S72 is skipped.
Processing thus ends.

The ticket inspection system 1000 of Fig. 35 completes
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Processing thus ends. The ticket inspection system 1000 of Fig. 35
completes - 132 not only the ticket inspection process but also the
content delivery process when the passenger carrying the user device
1100 simply passes over the signal electrode 1002 with the wireless
communication discussed with reference to Figs. 1 through 33 performed.
The user can quickly enjoy the content delivery service simply by passing
through the ticket gate 1001 in commutation without the need for
particularly showing purchase intentions. As shown in Fig. 35, the ticket

inspection.system 1000, includes. a single signal processor 1011 that
Dariasidiv gt cosalc il bl el IR

de10022/ina masdivisien manners Witheierencedpig. 44. aticketdevice
inspection system 1300 is described below. The ticket inspection system
1198008 inslddes assigralpiotesssr 1031l irresmuication with tké sigrfal
Wieléz Etaré)sde 10002'111ian% a s'gzgal processor %L%Jhl-zaj?eco&nélgnjcccgtigg vgith 1
e S|gnaF electrodé 1062- .JFslg. AX fiiustrates the ticket mspectiong '

theysiem 3300 Thedticket inspection system 1300 of Fig. 44 is different
from the ticket inspection system 1000 of Fig. 35 in that the signal

pro@éssor€ 1d8replacel Witle thee sidgia procdssor k0aivand thervice

signal processor 1011-2 and
simgPy By passing through the ticket gate 1001 in

commutation without the need for particularly showing
purchase intentions.

As shown in Fig. 35, the ticket inspection system 1000
includes a single signal processor 1011 that switches
between the signal electrode 1002-1 and the signal electrode
1002-2 in a time-division manner. With reference to Fig. 44,
a ticket inspectiocn system 1300 is described below. The
ticket inspection system 1300 includes a signal processor
1011-1 in communication with the signal electrode 1002-1 and
a signal processor 1011-2 in communication with the signal
electrode 1002-2.

Fig. 44 illustrates the ticket inspection system 1300.

The ticket inspection system 1300 of Fig. 44 is
different from the ticket ingpecticn system 1000 of Fig. 35
in that the signal processcr 1011 is replaced with the
signal processor 1011-1 and the signal processor 1011-2 and
that the reference electrode 1012 is replaced with the

reference electrode 1012-1 and the reference electrode 1012~
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that the reference electrode 1012 is replaced with the reference electrode
1012-1 and the reference electrode 1012 - 133 2. As the ticket inspection
system 1000 of Fig. 35, the ticket inspection system 1300 of Fig. 44
includes the ticket gates 1001-1 and 1001-2, the signal electrodes 1002-1
and 1002-2, the doors 1003L and 1003R, the storage 1013, and the gate
drivers 1014L and 1014R. Since each of the signal processors 1011-1 and
1011-2 is identical in structure and operation to the signal processor
1011 of Fig. 35, the discussion thereof is omitted herein The ticket

- nogeclon sysem oy nchise e o Brogosy 1L A gnc e,

&gna]processor rocessor

¢ 1 references gleatriode 1912-dm conmmunicatesywith Jih@iﬂ&QﬁQ@%iC@}ﬂé-oQi\ﬂﬁet
the signal electrode 1002-1. The signal processor 1011-2, connected to
gafifesreferehck élestrddé 104 2-Z onsrhiinicates st tie aséPdavite a_ﬂ_rl@o

10§18th sC nalcflectroi%b&ﬁBZ -2, 0{15: f the s‘i}%nalé)rocessowloall la

S|gna processor 2 performs ﬁé ticket inspection processw |Ie

gathe otherefthesignalprecessarr1011-1 and the signal processor 1011-2
performs the content delivery process. A passenger entering from the left

sidéohFRy. g4 (frovh dutsideithesgate) massmow pass Tikstloverdhé Gignal

ele trode 1002-1. The si nalé)rocessor 1011-1 communpicates
1s 1 en lcal 1in struc operation to the signal

processor 1011 of Fig. 35, the discussion thereof is omitted
herein.

The ticket inspection system 1300 includes the signal
processor 1011-1 and the signal processor 1011-2. The
signal processor 1011-1, connected to the reference
electrode 1012-1, communicates with the user device 1100 via
the signal electrode 1002-~1. The signal processor 1011-2,
connected tc the reference electrode 1012-2, communicates
with the user device 1100 via the signal electrode 1002-2.
Cne of the signal processor 1011~1 and the signal processor
1011-2 performs the ticket inspection process while the
other of the signal processor 1011-1 and the signal
processor 1011-2 performs the content delivery process.

A passenger entering from the left side of Fig. 44
(from outside the gate) may now pass first over the signal
electrode 1002-1. The signal processcor 1011-1 communicates
with the user device 1100 via the signal electrode 1002-1,

thereby acquiring the device ID. Since no device ID is
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with the user device 1100 via the signal electrode 1002-1, thereby
acquiring the device ID. Since no device ID is - 134 present in the ticket
inspection completion table on the storage 1013, the signal processor
1011-1 performs the ticket inspection process with the user device 1100
via the signal electrode 1002-1 including the authentication step. The
signal processor 1011-1 thus controls the gate driver 1014R, thereby
opening or closing the door 1003R. The device ID and the session key
obtained in the authentication step are registered in the ticket inspection

orERET 2o e sotage Aot Moteshepleal ol

ectrode 100721 serves ad'd

st NSPEEtion process. R syseessienthepassenger passesgvesthe signal
electrode 1002-2. The signal processor 1011-2 communicates with the
tigkerdéviepdd0Doviathe sigraleladtrodec 10622, dhereby Adqiring dhéhe
vice ID. Since the device ID is recgistered in the ticket inspection

. d
S1%gﬁﬁplgﬂo%ct‘%%?éj%n%HS%&ré&&ﬁB 30the Signaisrocesdor o1 265s
Thihe.session ey, and-acquires thesybscription information from the yser

device 1100 via the signal electrode 1002-2 using the session key. The
10&ighal processor ¢0¢hihperforms ¢he repntert delivery pfacess Fased on

the subscription information, and transmits the content data stored on the

degifisge 1013%0 tHE LREF HeRite IO PR Siflal Bletitogai thentication

step are registered in the ticket inspection completion
table on the storage 1013. More specifically, the signal
electrode 1002-1 serves as a signal electrode to be used in
the ticket inspection process.

In succession, the passenger passes over the signal
electrode 1002-2. The signal processcr 1011-2 communicates
with the user device 1100 via the signal electrode 1002-2,
thereby acgquiring the device ID. Since the device ID is
registered in the ticket inspecticn completion table on the
storage 1013, the signal processor 1011-2 reads the session
key, and acquires the subscription information from the user
device 1100 via the signal electrode 1002-2 using the
session key. The signal processcor 1011-2 performs the
content delivery process based on the subscription
information, and transmits the content data stored on the
storage 1013 to the user device 1100. The signal electrode
1002~2 serves as a signal electrode to be used in the

content delivery process.
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1002-2 serves as a signal electrode to be used in the content delivery
process. - 135 A passenger entering from the right side of Fig. 44 (from
within the gate) may pass first over the signal electrode 1002-2. The
signal processor 1011-2 communicates with the user device 1100 via the
signal electrode 1002-2, thereby acquiring the device ID. Since no device
ID is present in the ticket inspection completion table on the storage
1013, the signal processor 1011-2 performs the ticket inspection process
with the user device 1100 via the signal electrode 1002-2 including the

authentication step. T@e Si na%roces or 101:15-2 thuéggl_og]gols,the %%te
dri\/érpfﬁfﬁrf?ﬁére%@ oepte |ﬁg ?%}Postrnge the-865r T905L.°Fhé “device ID

(£ the sessionkeyeblained:in heauthentication. step,are;registered in
the ticket inspection completion table on the storage 1013. More
elgpacifidally, Ihe siynal Télecrdde D022 seprastas 8 Slgrial eleotradeta-be

used in the ticket inspection process. In successjon, the passenf%ef? )
] 4

WihHssdE oVEFthe Signar efectibde 100219, The Eignaiotesstr
th&? nicates, with theuserdevice 3100 yig.the signalelectrode 1002-1,

thereby acquiring the device ID. Since the device ID is registered in the
priiclketingpedtion completionrtabie-on ¢the cstoralget 1013, ithielsignal the
processor 1011-1 reads the session key, and acquires the subscription

Stﬁﬁéﬁﬁa&%%ﬁon?ﬁﬁeﬁggnal processor 1011-2 performs the

ticket inspection process with the user device 1100 via the
signal electrode 1002-2 including the authentication step.
The signal processcor 1011-2 thus contrels the gate driver
1014L, thereby opening or closing the door 10032L. The
device ID and the session key obtained in the authentication
step are registered in the ticket inspection completiocn
table cn the storage 1013. More specifically, the signal
electrcocde 1002-2 serves as a signal electrode to be used in
the ticket inspection process.

In succession, the passenger passes over the signal
electrode 1002-1. The signal processcr 1011-1 communicates
with the user dewvice 1100 via the signal electrode 1002-1,
thereby acguiring the device ID. 8Since the device ID is
registered in the ticket inspection completion table on the
storage 1013, the signal processor 1011-1 reads the session
key, and acguires the subscription information from the user
device 1100 via the signal electrode 1002-1 using the

session key. The signal processor 1011-1 performs the
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device 1100 via the signal electrode 1002-1 using the session key. The
signal processor 1011-1 performs the - 136 content delivery process
based on the subscription information, and transmits the content data
stored on the storage 1013 to the user device 1100. The signal electrode
1002-1 serves as a signal electrode to be used in the content delivery
process. The ticket inspection system 1300 of Fig. 44 includes the two
signal processors, one for performing the ticket inspection process and
the other for performing the content delivery process. In this way,
workload on each processor is shared and thus reduced. Processing

Cogh&st ¢ fhus' fricteBSEF A Vet imadhine™1 06 & dedtritd below with
i nERIereNceto, Fign 45, Fhe vending maching 1400 pre-regisiersithe, che

subscription information onto the non-volatile memory 1254 in the user
stdevige 1D The vérding emachine d=1001Mmay beTa ¢dicketoveniding ectrode

machine, for example. A liquid-crystal display (LCD) 1400a  laminated
10{fthla titchpandfafrafigéton th @r?&ﬁtoéfethéové’r?diﬁé‘?ﬁa&%é}ﬁoo

co!{‘&é%dce%éﬂf‘gg'ﬂ? tp dicket selling buttons for purchasing a ticket, a

select button for 'selecting and inputting predetermined information for
subserbingcek eantens (retatedrto dhe type vBaconteritiand 4He includes
subscription period of the content), and an enter button _
the two signal processors, one for performing the ticket
inspection process and the other for performing the content
delivery process. In this way, workload on each processor
is shared and thus reduced. Processing speed is thus
increased.

A vending machine 1400 is described below with
reference to Fig. 45. The vending machine 1400 pre-
registers the subscription information onte the non-volatile
memory 1254 in the user device 11006.

The vending machine 1400 may be a ticket vending
machine, for example. A liquid-crystal display {(LCD) 140Ca
laminated with a touchpanel arranged on the front of the
vending machine 1400 includes, in addition to ticket selling
buttons for purchasing a ticket, a select button for
selecting and inputting predetermined information for
subscribing a content (related to the type 0f a content and
the subscription pericd of the content), and an enter button

for entering the decision cof the subscription of the content.

A portion of the LCD 14002 marking the enter button is
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for entering the decision of the subscription of the content. A portion of the
LCD 1400a marking the enter button is - 137 laminated with a signal
electrode 1411 (Fig. 46). The signal electrode 1411 is used to perform
wireless communication with the user device 1100 mounted on the user
via the human body of the user. The user selects the select button on the
LCD 1400a (with a finger in contact with the select button) to enter the
type and the subscription period of the content, and the payment method
to the vending machine 1400. The user then selects the enter button to

1 ogegide the subscrintion of fhe content haserl gn the enteyeq nfogation.

e vending mac communicates with the user "device
sigunted onthedeser aa theshyman body, et the-Hser, and.the signal
electrode 1411 laminated with the enter button. After performing the
comttnakadthentigation ahd the ededisctioreframtheremainidgdigitdlemoney
. amaunt, the vending machijne 1400 writes the subscription information of
Vth %Snt}élﬁlfl%lﬁt ﬁw%gngrgv atils iémory 1254 of the user device 1100.

Singg the; subseriptioninformatiom efthecontent isnwritlenemthes ooa

non-volatile memory 1254 of the user device 1100, the user can complete
(wihentieketiingpection protess tand técdive the tontent by isimplytpassing r
nQVELTE 9907, Sledlipde 1002 arranged, o e flogr surface between 8.
payment method to the vending machins 1400. The user then
selects the enter button to decide the subscription of the
content based on the entered information.

The vending machine 1400 communicates with the user
device 1100 mounted on the user via the human body of the
user, and the signal electrode 1411 laminated with the enter
button. After performing the mutual authentication and the
deduction from the remaining digital money amount, the
vending machine 1400 writes the subscription information of
the content ontce the non-velatile memory 1254 of the user
device 1100.

Since the subscription information of the content is
written on the non-volatile memory 1254 of the user device
1100, the user can ccmplete the ticket inspection process
and receilve the content by simply passing over the signal
electrode 1002 arranged on the flcor surface between the

ticket gates 1001.

Fig. 46 is a block diagram illustrating the vending

- 138 -



ticket gates 1001. Fig. 46 is a block diagram illustrating the vending - 138
machine 1400. As shown in Fig. 46, a signal generator 1451 through a
controller 1455 are respectively identical in function and operation to the
signal generator 1021 through the controller 1025 of Fig. 36, and the
discussion thereof is omitted herein. A reference electrode 1412 and a
signal electrode 1411 correspond to the reference electrode and the
signal electrode for use in wireless communication discussed with
reference to Figs. 1 through 33. The signal electrode 1411 is laminated in
an area of the LCD 1400a bearing the enter button in.a manner such that

ma e Signal Blectrdde PP betdniesieloséto% Corfhithicktsir fedium* =1
thiSHEhas adingerof1ihe userpody). 1he seference glectiode 1412 is,

arranged in the casing of the vending machine 1400. The reference
fuetectodeaidil 2 cerresponds to ohe of the tranganssien crefér@htethrough
electrode 112 and the reception reference electrode 122 of Fig. 33, and

Ehghe& 8iynaP blettrotit“ A £F dorfespofidsi8onk™sT té iratismisBion sighan®
; s €lgetrode 111 ,and, the reception signal electrode 121 of Fig. 33. The

communication medium may be a unitary one-material body or a

compasitéehedy of apluratitydef dariduciers andsagiuaralityl ©f dieleetrica 11

materials. The controller 1455 of Fig. 46 connects to a touchpanel
correspond to the reference electrode and the signal
electrode for use in wireless communication discussed with
reference to Figs. 1 through 32. The signal electrode 1411
is laminated in an area of the LCD 1400a bearing the enter
butten in a manner such that the signal electrode 1411
beccomes close to a communication medium (such as a finger of
the user body). The reference electrode 1412 is arranged in
the casing of the vending machine 1400. The reference
electrode 1412 corresponds tc one of the transmission
reference electrode 112 and the reception reference
electrode 122 ¢f Fig. 33, and the signal electrode 1411
corresponds to one of the transmission signal electrode 111
and the reception signal electrode 121 of Fig. 33. The
communication medium may be a unitary one-material body or a
composite body of a plurality of conductors and a plurality
of dielectric materials.

The controller 1455 of Fig. 46 connects to a touchpanel

1456 and the LCD 1400a. The touchpanel 1456 is laminated to

the LCD 1400a, and inputs to the controller 1455 an
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1456 and the LCD 1400a. The touchpanel 1456 is laminated to the LCD
14004, and inputs to the controller 1455 an - 139 operation signal
responsive to an operation by the user. A pre-process of the vending
machine 1400 is described below with reference to a flowchart of Fig. 47.
The process of the user device 1100 responsive to the pre-process is
substantially identical to the process discussed with reference to Figs. 42
and 43, and the discussion thereof is omitted herein. The user enters the
type and the subscription period of the content and the payment method
to the vending machine 1400 by operating the select button displayed on

PHPLERN 120885 nanfely e tdtichpadd 4562 step™B1 14} thetser -
tough géééaeeuwh@ggp%&ﬁm%goam iothe gontroller; 1435, The

controller 1455 receives the type of the content. In step S112, the
befouchpane! 1456 enters the suliscriptiomperiod. FThe. cantrolleT 55 ocess
receives the input of the subscription period from the touchpanel 1456. In

oL stepPs 15 thdtutRpand 1 456 npts tie payrhefit Riethed OFhas 15

sufQauolerkias tecaives the input pLthe paymentymethad, fron) the
touchpanel 1456. In step 5114, the controller 1455 determines whether

refemeuricatons with the user deviceahtD® have beensestablishedMore s
Omiggggcilélayr, érl 1{}e'sponse to the input of

The user enters the type and the subscription period of
the content and the payment method tc the vending machine
1400 by operating the select button displayed on the LCD
1400a {(namely, the touchpanel 1456). 1In step S111, the
touchpanel 1456 inputs the type of the content to the
controller 1455. The controller 1455 receives the type of
the content.

In step 85112, the touchpanel 1456 enters the
subscription period. The contrcller 1455 receives the input
of the subscription pericd from the touchpanel 1456¢. In
step S113, the touchpanel 1456 inputs the payment method.
The controller 1455 receives the input of the payment method
from the touchpanel 1456,

In step S114, the controller 1455 determines whether
communications with the user device 1100 have been
established. More specifically, in response to the input of

all information required to subscribe the content input from

the touchpanel 1456, the controller 1455 transmits a start

- 140 -



all information required to subscribe the content input from the touchpanel
1456, the controller 1455 transmits a start - 140 command via the signal
electrode 1411. After entering all information required to subscribe the
content, the user touches the enter button with a finger displayed on the
area of the signal electrode 1411 to decide the subscription of the content
based on the input information. The user device 1100 receives the start
command via the human body of the user and the signal electrode 1201.
In step S62 of Fig. 42, the user device 1100 reads the device ID from the
non-volatile memory 1254 and transmits_the device ID via the signal

COBRDIE ‘201 UporPeteiving the FeviceID of the user device 1100 via
the gignal elactrode ALY, the.contrpller 1455 determinesn.siep S1i4.

that communications with the user device 1100 have been established.
thProcessiyg: pradeedsdor stepu8hes. nistepr8kLS, e tontrellehl455 inger

performs the mutual authentication step with the user device 1100 usin

0L 2 F8EVBE oo In Siep &1 161 G CofHBIETTASS HbtarmiineseCde
tnWhetherthe authentication. step has heen, sugcessiully completed. The

mutual authentication step in step S115 is identical to the mutual
infvthentitation sBrinistep $2tiafd-i§140, ardtherdiscugsiontthereof is
omitted herein.
cemmand via the human body of the user and the signal
electrode 1201. In step S62 of Fig. 42, the user device
110C reads the device ID from the non-volatile memory 1254
and transmits the device ID via the signal electrode 1201.

Upon receiving the device ID of the user device 1100
via the signal electrode 1411, the controller 1455
determines in step 3114 that communications with the user
device 1100 have been estabklished. Processing proceeds to
step S5115.

In step 5115, the controllexr 1455 performs the mutual
authentication step with.the user device 1100 using the
received device ID. In step 81146, the controller 1455
determines whether the authentication step has been
successfully completed. The mutual authentication step in
step S115 1s identical to the mutual authentication step in
step 821 of Fig. 40, and the discussion therecof is omitted
herein.

If it is determined in step 8116 that the

authentication step has been successfully completed,
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If it is determined in step S116 that the authentication step has been
successfully completed, - 141 processing proceeds to step 5117. The
controller 1455 determines whether the payment method received from
the touchpanel 1456 (i.e., the user) is a lump-sum payment. If itis
determined that the payment method is a lump-sum payment, processing
proceeds to step 5118. In step 5118, the controller 1455 communicates
with the user device 1100 via the signal electrode 1411 using the session
key shared in the authentication step, thereby deducting the fee of the

content from the remaining digital ey amount stored.an the r
©TiiaSiee 1100, TN S16p 5116, the Eorlioller 1455 Geigimihs whethér the

de fedrgtion fronstheremaining digital meney ameunrthas beensugaesstul.
When the deduction from the remaining digital money amount has been

toggbeesstllly dorpleted in stépe SB8:0f Figs 43, thengservdeviey1400. If
transgﬂts a notifi atié%n of the end of the deduction to the \iendin

E migehiite 1400 RS the Signal S1etrdle 201" The e artratiet “IH5E ™
padgtermines in-step;5119 that the dedyction from the  remaining digital

money amount has been successfully completed. Processing proceeds to
sted@ 5120¢lf it9% Hetermimeddn steg 5¢17 tHatttheqpayment methwd is: nohe

a lump-sum parllzment,method (namely the payment method is an

USBACAIME paymeht)! hrobéssing pRodectstostep® 1421 using the

session key shared in the authentication step, thereby
deducting the fee of the content from the remaining digital
money amcunt stored on the user device 1100.

In step 5119, the contreller 1455 determines whether
the deduction from the remaining digital money amcunt has
been successful. When the deduction from the remaining
digital money amount has been successfully completed in step
S68 of Fig. 43, the user device 1100 transmits a
notification cf the end of the deduction to the vending
machine 1400 via the signal electrode 1201. The controller
1455 determines in step 3119 that the deduction from the
remaining digital money amount has been successfully
completed. Processing proceeds to step 35120.

If it is determined in step 5117 that the payment
method is not a lump-sum payment method (namely the payment
method is an each-time payment), processing proceeds to step
3120 with steps 5118 and 119 skipped.

In step 8120, the controller 1455 writes onto the user
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S120 with steps S118 and 119 skipped. In step S120, the controller 1455
writes onto the user - 142 device 1100 via the signal electrode 1411 the
information received in steps Sill through S113 (related to the type and
the subscription period of the content, and the payment method of the
content) as the subscription information using the session key. In step
5121, the controller 1455 performs an error process if it is determined in
step S114 that communications with the user device 1100 have not been
established, if it is determined in step S116 that the authentication has
failed, or if it is determined in step S119 that the deduction from the

deYerhainimg digitat nidtey>afotint ids Falfef SThé Infolhation fpgiy the
reUSQLisOglgted, QEBWQ the,l{CR, 14008 nay ke commangded o gisplay 8. ang

message urging the user to input information again. The subscription
thinferrhatiar pt thewcgrtent thpif orh ¢hewending machinek400:byéhe user
is registered on the non-volatile memory 1254 of the user device 1100. In
mewgba% biseussRNSTtd sBBsdhiiticitintsihiatiohoof e eoAht f using
thgegjgggg%gnktgg memory 1454 in the ticket vending machine 1400. The
present invention is not limited to the vending machine 1400. For
exanmplerapperspnal esrapotertcornested tha readerdwiiternonpaesed a

reference electrode, a signal electrode, and a transceiver
process if it is determined in step $114 that communications
with the user device 1100 have not been established, if it
is determined in step 35116 that the authentication has
failed, or if it is determined in step S119 that the
deduction from the remaining digital money amount has failed.
The information input by the user is deleted, and the LCD
1400a may be commanded to display a message urging the user
to input information again.

The subscripticn information of the content input on
the vending machine 1400 by the user is registered on the
non-volatile memory 1254 ¢f the user device 1100,

In the above discussion, the subscription information
of the content 1s reglstered on the memory 1454 in the
ticket vending machine 1400. The present invention is not
limited to the vending machine 1400. For example, a
personal computer connected to a reader/writer composed a
reference electrode, a signal electrode, and a transceiver

may access a server (not shown} to receive information

relating to subscription ¢f a content. Subscription
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may access a server (not shown) to receive information relating to
subscription of a content. Subscription - 143 information may be
registered by causing the reader/writer to communicate with the user
device 1100. Fig. 48 illustrates a ticket inspection system 1500 in
accordance with one embodiment of the present invention. The ticket
inspection system 1500 of Fig. 48 is different from the ticket inspection
system 1300 of Fig. 44 in that the door 1003L and the gate driver 1014L
are eliminated, that the signal electrode 1002-1 is for ticket inspection
use while the signal electrode 1002-2 is for content delivery use, and that

InfRraighaPBrotessbis TERE-ATaha% G -9%4te YespddtvehP Rsptadat With™

roSignalprocessor 1301 fof dicketipspection anddhe signal processor 1502
for content delivery. As the ticket inspection system 1300 of Fig. 44, the

tick&tiispestion systenn 1660 dncludes the riioket gates :001k-dwand 00 in
1002-1, the door 1003R, the reference electrodes 1012-1 and 1012-2, the
aCErd§e 1913 EhPiife GRRWHVETT012R. WAk R titket HEpRELBH -

system 1500,01F1g,,3p and; fhe 1 eéé'ﬂs@%%@”o%y%’%‘dl%%‘) oLFig. 44,

the ticket inspection system 1500 permits passengers to enter in one
diwayrenly (femxtherside of ke signabelectmdesiQ02-k as3 indieatedihy. an 4

arrow-headed solid line in Fig. 48, namely, from the left side of Fig. 48
inﬂ%ﬁ?éuﬁﬁﬁeﬂﬂ?ﬁa&§Q3L and the gate driver 1014L are

eliminated, that the signal electrode 1002-1 is for ticket
inspecticon use while the signal electrode 1002-2 is for
content delivery use, and that the signal processcrs 1011-1
and 1011-2 are respectively replaced with signal processor
1501 for ticket inspection and the signal processor 1502 for
content delivery. As the ticket inspection system 1300 of
Fig. 44, the ticket inspection system 1500 includes the
ticket gates 1001-1 and 100Z-1, the door 1003R, the
reference electrodes 1012-1 and 1012-2, the storage 1013,
and the gate driver 1014R.

Unlike the ticket inspection system 1500 of Fig. 35 and
the ticket inspecticn system 1300 of Fig. 44, the ticket
inspection system 1500 permits passengers to enter in one
way only (from the side of the signal electrode 1002-1 as
indicated by an arrow-headed solid line in Fig. 48, namely,
from the left side of Fig. 48 from outside the gate).

I ticket inspection system may be designed to permit

entrance from both sides as in the ticket inspection system
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A ticket inspection system may be designed to permit entrance from both
sides as in the ticket inspection system - 144 1000 of Fig. 35 and the
ticket inspection system 1300 of Fig. 44, but set to permit one-way
entrance even with the door 1003L and the gate driver 1014L (not shown
in Fig. 48) arranged. Such a system is basically identical to the ticket
inspection system 1500 of Fig. 48, and the discussion thereof is omitted
herein. As shown in Fig. 48, a passenger entering from the left side of
Fig. 48 (from outside the gate) passes over the signal electrode 1002-1

ticket inspegtion. The ticket, inspection signal processor 15 :
i gt R D T e s S TS

14 ¢legtrode:1002; L dharebyacauibng the device I1Dydheticket inspegtion
signal processor 1501 performs the ticket inspection process including
10thg-aatinticatior stepwithabe tickéLinspettion Signadlrel€dtvode 4002-1,

thereb troll th te driy 1014R | the d
A B0 T T S S rRbLr TOT Hag &bt the Hevice

+iM2and; the sessign keydn the agthenticatiop in the tigket inspegtioBussion
completion table on the storage 1013. In the case of Fig. 48, the ticket
thinspettion complaetidnttabkeimay be stored on a memory in the content

delivery signal processor 1502. The passenger then passes over the
contentetivRry @ F19. 48, a passenger entering from the left

side of Fig. 48 (from outside the gate) passes over the
signal electrode 10062-1 for ticket inspection. The ticket
inspection signal processcr 1501 communicates with the user
device 1100 via the ticket inspection signal electrode 1002-
1, thereby acquiring the device ID. The ticket inspection
signal processor 1501 performs the ticket inspecticon process
including the authentication step with the ticket inspection
signal electrode 1002-1, thereby controlliing the gate driver
1014R to open or close the door 1003R. The ticket
inspection signal processor 1501 registers the device ID and
the session key in the authentication in the ticket
inspection completion table on the storage 1013.

In the case of Fig. 48, the ticket inspection
completion table may ke stored on a memory in the content
delivery signal processocr 1502.

The passenger then passes over the content delivery
signal electrode 1002-2. The content delivery signal

processor 1502 communicates with the user device 1100 via
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signal electrode 1002-2. The content delivery signal processor 1502
communicates with the user device 1100 via - 145 the content delivery
signal electrode 1002-2, thereby acquiring the device ID. The device ID is
registered in the ticket inspection completion table on the storage 1013.
The content delivery signal processor 1502 reads the session key,
acquires the subscription information from the user device 1100 via the
content delivery signal electrode 1002-2 using the session key, performs
the content delivery process based on the subscription information, and
delivers the content data stored on.the referen ctrode 1012 to the

oS HEANE 1100 (Eath 5t e orerer e ceboLE To01 BRASRO2 s

achasieally identicakin steuctpre torthe signabprocgsser 1031diseussedwithe
reference to Fig. 36, and the discussion thereof is omitted herein. Only

t itHeeGontrelicrcIoZBrincaachl of Hive rdferdiicerprodesseise5QE ahd 1502, The
digfer%nt frtim the counterqart in the signal processor Ollh,lgi described

o Rafdhn with relirbio b Figs, A6°Are 50° AS Showheif Elg 48, (a2 -on ke

achassengenentersiromithe:left side.anly {from qutsidecthe gate). Alicket

inspection system permitting a passenger from the right side (from within
11the gate) i alsocavalablalsSuchea tickétimspection systém isCdifferentinng

the proceeding direction, but has basically the same structure, and the
thas%%ggbﬁn Key, performs the content delivery process based

on the subscription information, and delivers the content
data stored on the reference electrode 1012 to the user
device 1100.

Each of the reference processors 1501 and 1302 is
basically identical in structure to the signal processor
1611 discussed with reference to Fig. 36, and the discussion
therecf is omitted herein. OCnly the controller 1025 in sach
0of the reference processors 1501 and 1502, different from
the counterpart in the signal processcr 1011, is described
below with reference to Figs. 42 and 50.

As shown in Fig. 48, the passenger enters from the left
side conly (from outside the gate). A ticket inspection
system permitting a passenger from the right side (from
within the gate) is also availlable. Such a ticket
inspection system is different in the proceeding direction,
but has basically the same structure, and the discussion
thereof i1s omitted herein.

Fig. 49 illustrates a controllexr 1025 of the ticket
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thereof is omitted herein. Fig. 49 illustrates a controller 1025 of the ticket -
146 inspection signal processor 1501. The controller 1025 of Fig. 49
includes a human detector 1521, a device ID acquisition unit 1522, a
driving controller 1523, a ticket inspection processor 1524, and a device
ID register 1525. The human detector 1521, basically identical in

structure to the human detector 1051 of Fig. 37, detects a human
(passenger) in response to a sensor output from one of the sensor 1041L
and the sensor 1041R, and notifies the device ID acquisition unit 1522
and the driving controller 1523 of the detection results. The device ID

INgEGESitioh Wte1s22 RFBASEERF idetttical in structure to the device ID
acquisition unit 1052 0f Figs 3 £ The device 1D, agquistiion ynjk, 1522

transmits to the user device 1100 viathe ticket inspection signal electrode
det@@2-dra starf commiand netifying: theauisert tdewvicerlikt0OQ 6fthe stattafving

communication. The device ID acquisition unit 1522 receives the device

COf fifelhisér device $160 FAREMIRIRTESIORsE i theSstar conrhand and
de@g(@esggp%&h&ggqliig%qevice ID to the ticket inspection processor

1524. The driving controller 1523 is basically identical in structure to the

drivingecantroller 4053xafdrigi 321N basically identical in
structure to the human detector 1051 of Fig. 37, detects a
human (passenger} in response to a sensor output from one of
the sensor 1041L and the sensor 1041R, and notifies the
device ID acquisition unit 1522 and the driving controller
1523 of the detection results.

The device ID acquisition unit 1522 is basically
identical in structure to the device ID acqguisition unit
1052 of Fig. 37. The device ID acguisition unit 1522
transmits tc the user device 1100 via the ticket inspection
signal electrode 1002-1 a start command notifying the user
device 1100 of the start of communication. The device ID
acquisition unit 1522 receives the device ID the user device
1100 transmits in response to the start command, and then
supplies the acquired device ID to the ticket inspection
processor 1524,

The driving controller 1523 is basically identical in
structure to the driving controller 1053 cf Fig. 37. 1In
response to the detection result from the human detector

1521 or the notificaticon from the ticket inspection
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response to the detection result from the human detector 1521 or the
notification from the ticket inspection - 147 processor 1524, the driving
controller 1523 controls the gate driver 1014R, thereby opening or closing
the corresponding door 1003R. As the ticket inspection processor 1055 of
Fig. 37, the ticket inspection processor 1524 includes the authentication
processing unit 1071, the commuter pass determiner 1072, the digital
money processing unit 1073, and the entry information setter 1074. Upon
receiving the device ID from the device ID acquisition unit 1522, the ticket

inspection processor 1524 performs the ticket inspection process on the
praserdevice 1400 Vidthe ticKetinspeitidiPsibhal eletttode? 1602, THe

gafevige 10 Iedislen 1525 s basigally enfigalip stuciue 9 fhe device 1D
register 1056 of Fig. 37, and registers the device ID of the

cotickat-dpspacteddiser devicer 1100 together with the session key in the
ticket inspection completion table on the storage 1013. Fig. 50 illustrates

the 86niFblfer 025 h tHesetbAPHSNVERFSiGRAl processdr I502. A » the

tléﬁ‘e{%:’(t‘:’gl‘l%%%c Ozéﬂe]%‘jé’é‘g%”gg%0%%é’?ic'%‘%ﬁ%agumaﬁ‘%d%tﬁg@énl?“laé‘ion
quisitionunit 1542, a device ID searcher 1543, and a delivery

prprocessar 1644 The human detegtanl24l isskasicaleidentieal ino72, the
digital money processing unit 1073, and the entry
infermation setter 1074. Upon receiving the device ID from
the device ID acquisition unit 1522, the ticket inspection
processor 1524 performs the ticket inspection process on the
user device 1100 via the ticket inspection signal electrode
1002-1.

The device ID register 1525 is basically identical in
structure to the device ID register 1056 of FPig. 37, and
reglsters the device ID of the ticket-inspected user device
1100 together with the session key in the ticket inspectiocn
completion table on the storage 1013.

Fig. 50 illustrates the controller 1025 in the content
delivery signal processor 1502.

As shown in Fig. 50, the controller 1025 includes a
human detector 1541, a device ID acgulsition unit 1542, a
device ID searcher 1543, and a delivery processor 1544,

The human detector 1541 is basically identical in
structure to the human detector 1051 of Fig. 37, and detects

a human (passenger) in response to a sensor output signal
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structure to the human detector 1051 of Fig. 37, and detects a human
(passenger) in response to a sensor output signal - 148 from one of the
sensor 1041L and the sensor 1041R, and notifies the device ID
acquisition unit 1542 of the detection result. The device ID acquisition unit
1542 is basically identical in structure to the device ID acquisition unit
1052 of Fig. 37. The device ID acquisition unit 1542 transmits to the user
device 1100 of the passenger via the content delivery signal electrode
1002-2 a start command notifying the user device 1100 of the start of
communication. The device ID acquisition unit 1542 acquires the device

IT98 fRAsMited Fortthie User devic 11061 réspbige ththa statt
no€9FHRaNd RNGhen-suppliesthesacquired deviee i3 de the dewice ID

searcher 1543. The device ID searcher 1543 is basically identical in
destratture todserdevice 1D searcher 1054 of Fig. 37. The device ID
searcher 1543 references the ticket inspection completion table_on the

storage fOT5- P ddtermite WhbtHe™ td dbvita 16 frSmithe deiide’ 1D
1a@gayisifion unit 1542 is, registered.indbe ficketinspection completion

table. If the device ID is not registered, the device ID searcher 1543
10Ssappliesronly thg devite=| Ritoy ihedeélivery processorrl 5441 tlf et device

ID is registered, the device ID searcher 1543 reads from the ticket

ﬁrﬁﬂﬁﬁﬁﬁﬁnQ%nﬁﬂ@ﬂ&ﬁ%ﬂﬂ@?ﬁ?ﬁ% 1100 of the passenger via the

content delivery signal electrode 1002-2 & start command
notifying the user device 1100 of the start of communicatiocn.
The device ID acguisition unit 1542 acguires the device 1D
transmitted from the user device 1100 in response to the
start command, and then supplies the acguired device ID to
the device ID searcher 1543.

The device ID searcher 1543 is basically identical in
structure to the device ID searcher 1054 of Fig. 37. The
device ID searcher 1543 references the ticket inspection
completion table on the storage 1013 to determine whether
the device ID from the device ID acguisition unit 1542 is
registered in the ticket inspecticn completion table. If
the device ID is not registered, the device ID searcher 1543
suppiies only the device ID to the delivery processor 1544.
If the device ID is registered, the device ID searcher 1543
reads from the ticket inspecticn completion table on the
storage 1013 the session key in association with the device

ID and supplies the session key to the delivery processor
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storage 1013 the session key in association with the device ID and
supplies the session key to the delivery processor - 149 1544. As the
delivery processor 1057 of Fig. 37, the delivery processor 1544 includes
the subscription determiner 1081, the digital money processing unit 1082,
and the content delivering unit 1083. Upon receiving the device ID and
the session key from the device ID searcher 1543, the delivery processor
1544 performs the content delivery process on the user device 1100 via
the content delivery signal electrode 1002-2 using the session key. If only

1f)tr}le device ID is supplied form the device ID searcher 1543, no content
éerivery is performed. The process of the ticket inspection signal

progessal.1a@1 in the ticket inspestionysystem k800 okRig. 48dSqe1ivery
described below with reference to a flowchart of Fig. 51. Steps S211

prirough:S2ATA 6f Eige bldare respectively ritdehtical tosteps$1dr S12¢514
and S15 of Fig. 39, and the discussion thereof is omitted herein. A

£ Baddaider i Erler T IRE e Wite of Pig: 48° Fhe S&nssIGA1L
de?&@é‘ﬂﬁgfﬂﬁbﬁdeﬁo%@@ of g Hickel- gate 1001 Quipits fo.the human ne
detector 1521 and the human detector 1541 a sensor output that changes

se#sligsponse torthe passenger wvhd is abeuttbentébbétweadrethisticketry
P e L g L S 0 P s cess on the
user device 1100 via the content delivery signal electrode
1002-2 using the session key.

If only the device ID is supplied fcrm the device ID
searcher 1543, no content delivery is performed.

The process of the ticket inspection signal processor
1501 in the ticket inspection system 1500 of Ffig. 48 is
described below with reference to a flowchart of Fig. 51.
Steps 5211 through 5214 of Fig. 51 are respectively
identical to steps 511, $12, 514 and S15 of Fig. 39, and the
discussion thereof is omitted herein.

A passenger now enters from the left side of Fig. 48.
The sensor 1041L arranged on the left side of the ticket
gate 1001 outputs to the human detector 1521 and the human
detector 1541 a sensor output that changes in response to
the passenger who is abcocut to enter between the ticket gate
1001-1 and the ticket gate 1001i-2. In response to the

senscor output from the senscr 1041L, the human detector 1521

detects the human (passenger), and notifies the device ID
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sensor output from the sensor 1041L, the human detector 1521 detects
the human (passenger), and notifies the device ID - 150 acquisition unit
1522 and the driving controller 1523 of the detection result. In response
to the detection result from the sensor 1041L, the driving controller 1523
causes the gate driver 1014R to close the door 1003R on the opposite
side from the sensor 1041T,, In response to the detection result from the
human detector 1521, the device ID acquisition unit 1522 performs the
ticket inspection process on the user device 1100 via the ticket inspection

signal electrode 1002-1 in step 5211. The device ID acquisition unit 1522
AcHHASHits 8 the Liser device 415D %is e fifiet FRspedibhedigraleleefodée

ac1002-1 a croerggppd notifying the user device 1100 of the start of
communication. The user device 1100 transmits the device ID in

respense:teihessiat conmmandia step S62:0fHig. 42okhe ndeviea Hdr
acquisition unit 1522 determines in step S212 that the device ID has been

1048duirdd froft iHe BSercdaVice 110D, amPthertsiippliesthe aeguisdver

10354°8 Do 1be teket inspeclipnprogssser.1524, Progessing proceeds fo

step etermined in step §31 a vice as not peen

subsequent step. More specifically, steps
In response to the detection result from the human

detector 1521, the device ID acquisiticn unit 1522 performs
the ticket inspection process on the user device 1100 via
the ticket inspection signal electrode 1002-~1 in step $211.
The device ID acguisition unit 1522 transmits to the user
device 1100 via the ticket inspection signal electrode 1002-
1 & command notifying the user device 1100 of the start of
communication.

The user device 1100 transmits the device ID in
response to the start commend in step S62 of Fig. 42. The
device ID acquisition unit 1522 determines in step 3212 that
the device ID has been acquired from the user device 1100,
and then supplies the acguired device ID to the ticket
inspection processor 1524. Processing proceeds to step S213.

If it is determined in step 5212 that the device ID has
not been acguired, processing returns to step S211 to repeat
step S211 and subseguent step. More specifically, steps
3211 and 8212 are repeated until it 1g determined in step

5212 that the device ID has been acquired.
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S211 and S212 are repeated until it is determined in step S212 that the
device ID has been acquired. - 151 Upon receiving the device ID, the
ticket inspection processor 1524 performs the ticket inspection process
on the user device 1100 in step 5213. Since the ticket inspection process
has been discussed with reference to Fig. 40, the discussion thereof is
omitted herein. In the ticket inspection process in step S213,
communications are performed with the user device 1100 via the ticket
inspection signal electrode 1002-1. The mutual authentication is thus
performed, the session key is shared, the subscription information is read

usingFfie &S kay, thé dBauTsh ifperfifndd 6l the terRTTHAG Wgital
pr A0Sy, amant based on,the, subscriplign information and the enlry - 1,0

information is set. A notification of the end of the ticket inspection process
usisrtrarsnittedittttheidevices D tegidter $52bandthe idrivirg cantseher: ion
1523. The door 1003R is opened. Uﬁon receiving the notification of the

PTEAE the ticket inshEttion roceds frorferticket iMspektion rocesasr
414024..the device 1D register 1525 registers jn step S214 the device ID of

the ticket inspected user device 1100 together with the session key used

in then atiteentication stepowith: thenuser-derdee 14081 the ticket

inspection completion table on the storage 1013. The
communications are performed with the user device 1100 via
the ticket inspection signal elecircde 1002-1. The mutual
authentication is thus performed, the session key is shared,
the subscription information is read using the session key,
the deduction is performed on the remaining digital money
amount based on the subscription information, and the entry
information is set. A notification of the end of the ticket
inspection process is transmitted to the device ID register
1525 and the driving controller 1523. The door 1003R is
opened.

Upon receiving the notification of the end of the
ticket inspection process from the ticket inspection
processor 1524, the device ID register 1525 registers in
step 5214 the device ID of the ticket inspected user device
1100 tcgether with the session key used in the
authentication step with the user device 1100 in the ticket
inspecticon completion table on the storage 1013. The

process of the ticket inspection signal processor 1501 is

thus completed.
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process of the ticket inspection signal processor 1501 is thus completed.
- 152 The process of the content delivery signal processor 1502 in the
ticket inspection system 1500 of Fig. 48 described below with reference
to a flowchart of Fig. 52. Steps S231 through S234 of Fig. 52 are
substantially identical to steps S11 through S13 and S16 of Fig. 39,
respectively, and the discussion thereof is omitted herein. The sensor
output from the sensor 1041L is output to each of the human detector
1521 and the human detector 1541 as previously described with
reference to Fig. 51. In response to the sensor output from the sensor

1041 DCtHE Fitinidn Yetdctor 1541 HRledts HRihEN TpaEGenddry GRESCT
1500tifigs {he deviceD apgyisitioninit1a42.0f theydetectipn sesyly. In step

5231, the device ID acquisition unit 1542 performs the detection process
detoodetect the:User devite r&I0G viacthetcortedtldelivery signal Blectrage.
1002-2. More specifically, the device ID acquisition unit 1542 transmits to

STRREuSErdevibé 160 of the GderVid the tofifeht HERIERN Sighat Electrode
13200223 syt comymand fo polify the user deyice ﬂéOQfOfﬁbg.St%@ of

communication. The user device 1100 transmits the device ID in step S62
reobkig: #dhyespanse te thi stansedmmaritk ddessigralbdemedilatore in.

1452 determines in step S232 that the device ID_has been acquired from
theBE@ra@%%@%JRKfQﬁﬁi§ﬁﬂme§he sensor 1041L is ocutput to

each of the human detector 1521 and the human detector 1541
as previously described with reference to Fig. 51. 1In
response to the sensor output from the sensor 1041L, the
human detecter 1541 detecis a human {passenger) and notifies
the device ID acqguisition unit 1542 of the detection result.

In step 5221, the device ID acquisition unit 1542
performs the detection process to detect the user device
110C via the content delivery signal electrode 1002-2. More
specifically, the device ID acquisition unit 1542 transmits
to the user device 1100 of the user via the content delivery
signal electrode 1002-2 a start command to notify the user
device 1100 of the start of communication.

The user device 1100 transmits the device ID in step
562 of Fig. 42 in response to the start command. The signal
demodulator 1452 determines in step S$S23Z that the device ID
has been acquired from the user device 1100, and supplies
the acquired device ID to the device ID searcher 1543.

Processing proceeds to step S$233.
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the acquired device ID to the device ID searcher 1543. Processing
proceeds to step S233. - 153 If it is determined in step S232 that no
device ID has been acquired, processing returns to step S231 to repeat
step 5231 and subsequent step. More specifically, steps S231 and S232
are repeated until if it is determined in step S232 that the device ID has
been acquired. In step 5233, the device ID searcher 1543 references the
ticket inspection completion table on the storage 1013 to determine
whether the device ID from the device ID acquisition unit 1542 is
registered in the ticket inspection completion table. If it is determined in

steg §238 that fetGeVice T8 FbnPifPdévice IBRRUISHGT Ut 542 jBas
nel8OISierRd in. ghe ficketinspection completion table, the-device ID . ...

searchér 1543 reads the sessSion key in association with the device ID
stipnethelticked inspectignecompletion tableren the: staragei101,3 andps
supplies the session key to the delivery processor 1544. Processing

52 plocHedisTo Stef 523U hE steiris 984 itheldelivery proteisepringgd 1n step

s2B8Teus the, Lolphidelory progess igng (e sgesion key shared in the
mutual authentication of the ticket inspection signal processor 1501 with
the userdeyice A400. dihe conrtent detiverspiacess hashaarrdiseussed
with reference to Fig. 41.

the ticket inspection completion table on the storage 1013

to determine whether the device ID from the device ID

acguisition unit 1542 is registered in the ticket inspection

completion table.

If it is determined in step 5233 that the device ID
from the device ID acquisition unit 1542 is registered in
the ticket inspection completion table, the device ID
searcher 1543 reads the sessicn key in association with the
device ID from the ticket inspection completion table on the
storage 1013 and supplies the session key to the delivery
processor 1544. Processing proceeds to step $234.

In step 5234, the delivery processor 1544 performs the
content delivery process using the session key shared in the
mutual authentication of the ticket inspection signal
processcer 1501 with the user device 1100. The content
delivery process has been discussed with reference to Fig.
41.

In the content delivery process in step S234,

communications are performed with the user device 1100 via
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In the content delivery process in step 5234, communications are
performed with the user device 1100 via - 154 the content delivery signal
electrode 1002-2 using the session key. The subscription information is
then acquired. Based on the acquired subscription information, the
content data stored on the storage 1013 is delivered to the user device
1100. The process of the content delivery signal processor 1502 is thus
completed. If it is determined in step S233 that the device ID from the
device ID acquisition unit 1542 is not registered in the ticket inspection
completion table, the ticket inspection process is determined to be

EhGinfiftishEd." PIGLASEnY proceéds fo'Seh S2Ss it arar protess. e
seRuacsss ol the coptent delivery sigpal pIoeesar 1302 e0d8 WINNQ ;i req.

content delivery performed. Since the ticket inspection process is
Baupfinishedribea contert deliviersignaliprocessor1a02 may pedorn thent
ticket inspection process on behalf of the ticket inspection signal

dapfocessardsor. Wherttherédiendelivety Signial reidessor 1502 has
deé‘i%%elsﬂlﬂb’.conﬂﬁleet d the tickel. ingpection process. {he co tj%&?iﬂery

signal processor 1502 may directly control the gate driver 101
prAliemadivelys the contenldelivery sigaal.processor 1502 may notify the
ticket inspection signal processor 1501 of the success of the ticket

insﬁ%@ﬁéﬁ;ﬁéc@@%%ﬁ@ﬁﬂﬁﬁ in step 35233 that the device ID

from the device ID acguisition unit 1542 is not reglstered
in the ticket inspection completion table, the ticket
inspection process is determined to be unfinished.
Processing proceeds to step 3235 for error process. The
process of the ccentent delivery signal processor 1502 ends
with no content delivery performed.

Since the ticket inspection process is unfinished, the
content dellivery signal processor 1502 may perform the
ticket inspection process on behalf of the ticket inspection
signal processor 1501, When the content delivery signal
processor 1502 has successfully completed the ticket
inspection process, the content delivery signal processor
1502 may directly control the gate driver 1014R.
Llternatively, the content delivery signal processor 1502
may notify the ticket inspection signal prccesscor 1501 of
the success of the ticket inspection process, thereby
allowing the ticket inspection signal processcor 1501 to

control the gate driver 1014R. If time allows, the content
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allowing the ticket inspection signal processor 1501 to control the gate
driver 1014R. If time allows, the content - 155 delivery signal processor
1502 continuously performs the delivery process. In the ticket inspection
system 1500 that is hardware designed or software set to allow
passengers to enter in one-way only between the ticket gates 1001, the
signal processors are assigned respective functions with the signal
processor 1501 for ticket inspection and the signal processor 1502 for
content delivery. With this arrangement, workload on each processor is
reduced and processing speed is increased. As described above, a single

de%ibﬁ%lf Brovededrl niR B¢ Svehia fiekEtindpatiibn Sstdnihat ishe

d etﬁ(gélgrep@%sé%%q or software set to allow passengers to enter in
one-way only between the ticket gates 1001. Fig. 53 illustrates a ticket
inspectionssysien <6 00hiap aceargdanceanidmone @mbodiment afdheiware
present invention. The ticket inspection system 1600 of Fig. 53 is different

defrdaae ficket MSpECHdNSS/Stém FS00°HT PRyS a8 Fethat e fisker in
onSpESHAN fgo al processgr 1501 and the %é’é‘t%éjﬁ“"l%%s'g@r%

o) .ga nal
proce%sor 1 are integrated into a s@nal processor 1l,a that the
prieferenceseleetrodes ik Lrang 301 22-areeplacadwith anreferensegnal

electrode 1012. As the ticket inspection system 1500 of Fig. 48, the
processor 1501 for ticket inspection and the signal
processor 1502 feor content delivery. With this arrangement,
workload on each processor is reduced and processing speed
is increased.

As described above, a single signal processor may work
even in a ticket inspecticn system that is hardware designed
or software set to allow passengers to enter in one-way only
between the tilicket gates 1001.

Fig. 53 illustrates a ticket inspection system 1600 in
accordance with one embodiment of the present invention.

The ticket inspection system 1600 of Fig. 53 is
different from the ticket inspection system 1500 of Fig. 48
in that the ticket inspection signal processor 1501 and the
content delivery signal processor 1502 are integrated into a
signal processor 1601, and that the reference electrodes
1012+~1 and 1012-Z are replaced with a reference electrode
10612. As the tickei inspection system 1500 of Fig. 48, the
ticket inspection system 1600 inciudes the ticket gates

1001-1 and 1001-2, the ticket inspection signal electrode
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ticket inspection system 1600 includes the ticket gates 1001-1 and
1001-2, the ticket inspection signal electrode - 156 1002-1 and the
content delivery signal electrode 1002-2, the door 1003R, the storage
1013, and the gate driver 1014R. The signal processor 1601 is identical in
structure and operation to a combination of the ticket inspection signal
processor 1501 and the content delivery signal processor 1502, and the
discussion thereof is omitted herein. In the ticket inspection system 1600,
the signal processor 1601 performs communications with the signal
1ofigcjrodes 10021 and 1002:2 switched i ime-division, maggento
performri e tickel Mspection processyan& the' conten cfe?lvery process.
dohs thedicket inspegtion system 15000fFigr48.dhecticketjaspaction: .
system 1600 allows passengers to enter in one-way only (from the left
side’bftheisighdl slectrode©100241as représanmted:by an astowheadedand
solid line as shown in Fig. 53, i.e., from outside the gate). A passenger
PRhETHY from ﬁmeﬁ8ﬁ%%&§8f‘&ib.%§ (frém-ottitle thagatsy fifdt pasdas
provesthe tickat jingpaction. signal electiode 10021 - The signal pracessor
1601 causes the controller 1025 of Fig. 49 to function, thereby
15gemramdicating tithcthesuser device:2100 visothiet ticketinspection signal
electrode 1002-1 to acquire the device ID. The signal processor 1601
;xyﬂﬁnﬁﬁﬁeqk%ﬁ?t inspection system 1600, the signal

processor 1601 performs communications with the signal

the

electrodes 1002-1 and 1002-2 switched in a time-division
manner to perform the ticket inspection process and the
content delivery process.

As the ticket inspection system 1500 of Fig. 48, the
ticket inspection system 1600 allows passengers to enter in
one-way only (from the left side of the signal electrode
1002-1 as represented by an arrow-headed solid line as shown
in Fig., 53, i.e., from outside the gate}.

A passenger entering from the left side of Fig. 53
{(from cutside the gate) first passes over the ticket
inspection signal electrode 1002-1. The signal processor
1601 causes the controller 1025 of Fig. 49 to function,
thereby communicating with the user device 1100 via the
ticket inspection signal electrede 1002-1 to acquire the
device ID. The signal processor 1601 performs the ticket
inspection process including the authentication step with

the user device 1100 via the ticket inspection signal
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inspection process including the authentication step with the user device
1100 via the ticket inspection signal - 157 electrode 1002-1, thereby
control the gate driver 1014R to open or close the door 1003R. The signal
processor 1601 registers the device ID and the session key in the
authentication step in the ticket inspection completion table on the
storage 1013. The passenger next passes over the content delivery
signal electrode 1002-2. The signal processor 1601 causes the controller
1025 of Fig. 50 to function, thereby communicating with the user device
00 via the content delivery signal electrode 1002-2 to acquire the

11
e135Vice9D. Sitice the WEAEID IOAINEAdy Fétfisterdd i theticket V4R t©
opm‘?p@f?ti@@ Somplgtion tahle angthe storage %Q];%,at eﬁgr&%ls REACESSON

1601 reads the device ID, acquires the subscription information from the
regserdevicelld Ofeviathe I€ontent dekvery sigrnal electrade 11082-2 using
the session key, performs the content delivery process based on the

2UEHESErtion: Pforitation: Antf theh tiemits fifecdritehit ¥t sttt on

+ athestorage 1013 1p.the usgr device 1100. Even in the ticket inspection
system 1600 that is hardware designed or software set to allow

pastbeagerssto: mmter inone-way orly betweamh theticketrgates 1004 rthe
single signal processor 1601 can perform the ticket inspection process

51 G the CorteelVBRY proces8if & 1nel processor 1601 causes

the controller 1025 of Fig. 30 to function, thereby
communicating with the user device 1100 wia the content
delivery signal electrode 1002-2 to acquire the device ID.
Since the device ID is already registered in the ticket
inspection completion table on the storage 1013, the signal
processor 1401 reads the device ID, acquires the
subscription information from the user device 1100 via the
content delivery signal electrode 1002-2 using the session
key, performs the content delivery process based on the
subscription information, and then transmits the content
data stored con the storage 1013 to the user device 1100.
Even in the ticket inspection system 1600 that is
hardware designed or software set to allow passengers to
enter in one-way only between the ticket gates 1001, the
single signal processor 1601 can perform the ticket
inspection process and the content delivery process in a
time-vision manner. The single signal processor 1601 works

and costs of the ticket inspection system are thus reduced.
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time-vision manner. The single signal processor 1601 works and costs of
the ticket inspection system are thus reduced. - 158 Fig. 54 illustrates a
ticket inspection system 1700 in accordance with one embodiment of the
present invention. The ticket inspection system 1700 of Fig. 54 is different
from the ticket inspection system 1300 of Fig. 44 in the following points.
The signal processors 1011-1 and 1011-2 are replaced with the signal
processors 1501-1 and 1501-2 for ticket inspection of Fig. 48, the signal
processors 1502-1 and 1502-2 for content delivery of Fig. 48 are added,

the ;l nal ecitﬁdes%(:):% -1 and Ehiec?{lggal electrode 1002-2 arrang/%% in

betwaén tRe ticket’ gates [001” betome sibrﬁsépgl%%ﬁgﬁeﬂosrtt%?(e]t

acihspestion, thecsignak elegtiades:1002:3 antk1002-4-S0r contert delivery
are arranged on the floor on which a passenger passes through the
tick€ngatesckBl, the storagen GliBsisadividéddntof storages4013-1 and

.1013-2, and reference electrodes 1012-1 and 1012-2 and reference

O s 0T St 16155 a0 BB Ao THE eRee nERedtion Sstef

101800 of Fig A dheptickatinspestionssystem 17QR-abEig, S4sipeludes the
ticket gates 1001-1 and 1001-2, the doors 1003L and 1003R, and the

10 gate’ deversrEQlidcand LOIAR: s thedicket inspeetion sysierf 1-000zafc
Fig. 35 and the ticket inspection system 1300 of Fig. 44, the ticket

Lo iHspection syteh 1700 R Yesighedo ditdt palsedd&stoIna !

processors 150Z2-1 and 1502-2 for content delivery of Fig. 48
are added, the signal electrode 1002-1 and the signal
electrode 1002-2 arranged between the ticket gates 1001
become signal electrodes for ticket inspection, the signal
electrodes 1002~-3 and 1002-4 for content delivery are
arranged on the floor on which a passenger passes through
the ticket gates 1001, the storage 1013 is divided. into
storages 1013-1 and 1013-2, and reference electrodes 1012-1
and 1012-2 and reference electrodes 1012~3 and 1012-4 are
added. As the ticket inspection system 1300 of Fig. 44, the
ticket inspection system 1700 cof Fig. 54 includes the ticket
gates 1001~1 and 1001-2, the deoors 1003L and 1003R, and the
gate drivers 1014L and 1014R.

As the ticket inspection system 1000 of Fig. 35 and the
ticket inspection system 1300 of Fig. 44, the ticket
inspection system 1700 is designed to allow passengers to
enter intc the gate in two-ways, namely, from the ticket

inspection signal electrode 1002-~1 (from the left side of
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enter into the gate in two-ways, namely, from the ticket inspection signal
electrode 1002-1 (from the left side of - 159 Fig. 54) as represented by an
arrow-headed solid line and from the ticket inspection signal electrode
1002-2 (from the right side of Fig. 54) as represented by an arrow-headed
broken line. In other words, passengers are allowed to enter the gate and
exit the gate via the ticket inspection system 1700. The ticket inspection
system 1700 includes the ticket inspection signal processor 1501-1, the
ticket inspection signal processor 1501-2, the content delivery signal
_processor 1502-1, and the content delivery signal processor 1502-2. The

Heket inspectorPdigRarhrolel¥or TsGFAS tonmRLRl fPthetetérféncand
rrélpcinde a1, wirgless, communigateswith the, usen device 1100f a ¢

passenger entering from the left side of Fig. 54 via the signal electrode
ri{002-4iddecticket insgettionssigralprocessar 150212, conpectethtdethe
reference electrode 1012-2, wireless communicates with the user device

LIPE66 of A PassefgEr-Emteritig T thé TRt SR g, 54 VYRR Snal
en%@ftrggg ;2 aIHe &QD{:eQII"gee”éfg BES lg{@ QﬁgC%S_LS&{éI@ Ogﬁjs_pe ction

connected to the reference electrode 1012- 3, wireless communicates with
sythesusdaridevice 1100 of a passenger entering from the left side of Fig. 54

and exiting from the right side of Fig. 54 via the signal electrode

The ticket inspectiocn system 1700 includes the ticket

inspecition signal processor 1501-1, the ticket inspection
signal processor 1501-2, the content delivery signal
processor 150Z-1, and the content delivery signal processor
1502-2. The ticket inspection signal processor 1501-1,
connected to the reference electrode 1012-1, wireless
communicates with the user device 1100 of a passenger
entering from the left side of Fig. 54 via the_signal
electrode 1002-1. The ticket inspection signal processor
1501-2, connected to the reference electrode 1012-2,
wireless communicates with the user device 1100 of a
passenger entering from the right side of Fig. 54 via the
signal electrode 1002-2. The content delivery signal
processor 1502-1, connected to the reference electrode 1012-
3, wireless communicates with the user device 1100 of a
passenger entering from the left side of Fig. 54 and exiting
from the right side of Fig. 54 via the signal electrode

1002~3. The content delivery signal processor 1502-2,

connected to the reference electrode 1012-4, wireless
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1002-3. The content delivery signal processor 1502-2, connected to the
reference electrode 1012-4, wireless - 160 communicates with the user
device 1100 of a passenger entering from the right side of Fig. 54 and
exiting from the left side of Fig. 54 via the signal electrode 1022-4. Each
of the signal processors 1501-1 and 1501-2 is basically identical in
structure and operation to the ticket inspection signal processor 1501 of
Fig. 48, and the discussion thereof is omitted herein. Each of the signal
processors 1502-1 and 1502-2 is basically identical in structure and
operation to the signal processor 1502 of FiﬁQ 48, and the discussion

COMBIESFR Gttt Terelit. APASsETTerEntering e tiekSrgReEIv01 from
entng, l‘?f{;s'@?o% E:'Qe%%ﬁ%’ﬁ@ guiside the gate) figst passes; overthe, . ¢

content delivery signal electrode 1002-4 arranged In front of thé ticket
legatesit0L iSirce the device lbhis Botredistered inrthesticket inspection
completion table on the storage 1013-2, the content delivery signal

proéesdor 50212 Gt Helivers tontént! When thie fassehiet ehters

ba%E{%‘é%H the yekgugates 1001, from e left sjdg of Fig. .54 (from.outside ., .
the gateg), the sensor 16141L etects the passe%ger, anéloutputs a
inSeRsori edtput signal e the signal processor #591-Ldn resporse; the
signal processor 1501-1 starts transmitting a start command. Since the
dipassenget passesvet thetickéed herein. Each of the signal

processors 1502-1 and 1502-2 1is basically identical in
structure and operatiocn to the signal processor 1502 of Fig.
48, and the discussion therecf is omitted herein.

I passenger entering the ticket gates 1001 from the
left side of Fig. 54 (from outside the gate) first passes
over the content delivery signal electrode 1002-4 arranged
in front of the ticket gates 1001. Since the device ID is
not registered in the ticket inspection completion tabkle on
the storage 1013-2, the content delivery signal processor
1502-2 cannot deliver a content.

When the passenger enters through the ticket gates 1001
from the left side of Fig. 54 {from outside the gates), the
sensor 1041L detects the passenger, and outputs a sensor
output signal tce the signal processor 1501-1. In response,
the signal processcor 1501-1 starts transmitting a start
command. Since the passenger passes over the ticket
inspection signal electrode 1002-1, the signal processor

1501-1 communicates with the user device 1100 via the ticket
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inspection signal electrode 1002-1, the signal processor 1501-1
communicates with the user device 1100 via the ticket - 161 inspection
signal electrode 1002-1, thereby acquiring the device ID. The signal
processor 1501-1 performs the ticket inspection process including the
authentication step with the user device 1100 via the ticket inspection
signal electrode 1002-1, thereby controlling the gate driver 1014R to
open or close the door 1003R. The ticket inspection signal processor
1501-1 registers the device ID and the session key in the authentication
in the ticket inspection completion table on the storage 1013-1. Although
INfREpadSShgetJaRt pasees BVer the ficket: inSPRERGY sifFféf electfbde e

de%QQ%'QuBhe sensor 1041R on the right side of Fig. 54 does not detect the

passenger. The ticket inspection signal processor 1501-2 transmits no
start-zoramang] dpes awt commenicate withbetuset Weviceckk0 and
~ performs no ticket inspection process. The passenger exits through the
1nfikstigates ROPI AT Passed vver e corfert aelivery signaltdlectiodé
1002-3. The lsiclgena{ ?é cessor t]égz-l ¢ &municates with the usgﬁdevice

thilBS Via ﬁw%vconten elivery S|gnalte &ctrode T(.S)Bf-%tf lt%%resﬁf Iécquiring
c1the-deviee 1DoSince the-device Hans areadyregisterad-in thestieket 1014r

inspection completion table on the storage 1013-1, the signal processor
to15021] feadsithae the door 1003R. The ticket inspection
signal processor 1501-1 registers the device ID and the
session key in the authentication in the ticket inspection
completion table on the stcorage 1013-1.

Although the passenger later passes over the ticket
inspection signal electrode 1002-2, the sensor 1041R on the
right side of Fig. 54 does not detect the passenger. The
ticket inspection signal processor 1501-2 transmiis no start
command, does not communicate with the user device 1100 and
performs no ticket inspection process.

The passenger exits threocugh the ticket gates 1001 and
passes over the content delivery signal electrode 1002-3.
The signal processor 1502-1 communicates with the user
device 1100 wvia the content delivery signal electrode 100Z2-3,
thereby acquiring the device ID. Since the device ID is
already registered in the ticket inspectiocn completicn table
on the storage 1013-1, the signal processor 1502-1 reads the

session key, acguires the subscription information from the

user device 1100 via the content delivery signal electrode
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session key, acquires the subscription information from the user device
1100 via the content delivery signal electrode - 162 1002-3 using the
session key, performs the content delivery process based on the
subscription information, and then transmits the content data stored on
the storage 1013-1 to the user device 1100. A passenger entering from
the right side of Fig. 54 (from within the gates) first passes over the
content delivery signal electrode 1002-3 arranged on the floor in front of
the ticket gates 1001 before entering the ticket gates 1001. Since no
device IDis registered in the ticket inspection completion table on the

10851398 TS8-I e WGt ProsES=zoP BRI e rforms T8 E6Atert erefivaryy

prBILESS,, Whena,passengarnext epiers through the.ticket gates 11001
from the right side of Fig. 54 (from outside the gates), the sensor 1041R

trdetecis the passengerandiatitputs a:sefison altpuksignabte thelsignalto
processor 1501-2. In response, the signal processor 1501-2 starts
“hg angfitting e Start Eofrmand. The passenger passes over the ticket

inspection, signal electrode, 1002:4,, The Signal procesgor Jo0ls? - 5,

communicates with the user device 1100 via the ticket inspection signal
{ f electradeniGD2:=-2e thereby acquirig thes devicedbr Thessignalprecessor
e 1501-2 performs the ticket inspectioQBprocess including the authentication

%&ﬁ?%ﬂhSlgnal electrode 1002 arranged on the floor in
front of the ticket gates 1001 before entering the ticket
gates 1001. Since no device ID is registered in the ticket
inspection completion table on the storage 1013-1, the
signal processor 1502-1 performs no content delivery process.

When a passenger next enters through the ticket gates
1001 from the right side of Fig. 54 (from outside the gates),
the sensor 1041R detects the passenger and outputs a sensor
ocutput signal te the signal processor 1501-Z. In response,
the signal processor 1501-2 starts transmitting a start
command. The passenger passes over the ticket inspection
signal electrode 1002-2. The signal processor 1501-2
communicates with the user device 1100 wvia the ticket
inspection signal electrode 1002~2, thereby acguiring the
device ID.
The signal processcr 1501-2 performs the ticket

inspection process including the authentication step with

the user device 1100 via the ticket inspection signal

electrode 1002-2, thereby controlling the gate driver 1014L
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the user device 1100 via the ticket inspection signal electrode 1002-2,
thereby controlling the gate driver 1014L - 163 to open or close the door
1003L. The signal processor 1501- 2 registers the device ID and the
session key in the authentication in the ticket inspection completion table
on the storage 1013-2. Although the passenger passes over the ticket
inspection signal electrode 1002-1, the sensor 1041L on the left side of
Fig. 54 does not detect the passenger. The ticket inspection signal
processor 1501-1 transmits no start command, does not communicate

. with the usergevicet 100, and &ag‘grms no ticket ins ection(grocess.&hoe _
©p8BSEnGer &xifshrotih tHe ficket yates 100T antd PassBE ST iy 1
> cagtent deliverysignalielectrede 10024 JbesignaliRrocessarls02-2
communicates with the user device 1100 via the content delivery signal
autlectiode=1002-4 rthérebytacduiting tise deviceri D Sipde: thecdevige 1D isn
registered in the ticket inspection completion table on the storage 1013-2,
ththe §yhaP BrodEssor 1502-2 reads the session key, acquires the

SUPﬁQ@R@%WQH@%%E&HgQF Siser device 1100, wia the,content
delivery signal electrode 1002-4 using the session key, performs the
ingpatent deliveyn piocessdiasetton tie subscriptionemfarmatioh], andthehe
T SR R L e R L T

V .
ticket inspection signal processorJ15Olwl transmits no start
command, does not communicate with the user device 1100 and
performs no ticket inspection process.

The passenger exits through the ticket gates 1001 and
passes over the content delivery signal electrode 1002-4.
The signal processor 1502-2 communicates with the user
device 1100 via the content delivery signal electrode 1002-4,
thereby acguiring the device ID. Since the device ID is
registered in the ticket inspection completion table on the
storage 1013-2, the signal processor 1502-2 reads the
session key, acquires the subscription information from the
user device 1100 via the content delivery signal electrode
1002-4 using the session key, performs the content delivery
process based on the subscription infermation, and then
transmits the content data stored on the storage 1013-2 to
the user device 1100,

With reference to Fig. 54, the area of each of the

signal electrodes 1002~3 and 1002-4 for content delivery is
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With reference to Fig. 54, the area of each of the signal electrodes
1002-3 and 1002-4 for content delivery is - 164 set to be larger than the
area of each of the ticket inspection signal electrodes 1002-1 and 1002-2.
The present invention is not limited to this arrangement. With reference to
Fig. 54, the two signal processors are arranged. Alternatively, a single
signal processor may be used. The number of signal processors is not
limited to two. Three or more signal processors may be employed. In the
ticket inspection system 1700, the ticket inspection signal electrodes

1002-1 and 1002-2 are arranged between the ticket gates 1001, and the
Setonmterit elitéd Sigridi Bectiides f5023 51‘?&?065—4%@ drt&5§&d on the

inflper-each passengerareseayiied passaver after 1ae -passage raygh o

the ticket gates 1001. The installation location of the content delivery
ingigmal etectrodect002 sinetdimited: bétwveen thestickettgates 1001. The
expanding of an area where the content deliver signal electrode is

instdiiéd pr&f&HE RoRiterts From Béing 18R uhtigliverdtiih e 8§58 oF S
ar9amg}bgeefaqnteﬂastéasfm%xy@mesgegugﬁﬁ!@ivse&gmegrub@:es%w%y

discussion, both the ticket inspection and the content delivery are
bepossible atrthe eninyand eXitzatgthel ticket gade.cke ptevendiconietitted to

delivery duplication, the delivery process may be disabled at the exit of
tWwaqchThree or more signal processors may be employed.

In the ticket inspectiocon system 1700, the ticket
inspection signal electrodes 1002-1 and 1002-2 are arranged
between the ticket gates 1001, and the content deliver
signal electrodes 1002-3 and 10C2-4 are arranged on the
floor each passenger are required pass over after the
passage through the ticket gates 1001.

The installation location of the content delivery
signal electrode 1002 1s not limited between the ticket
gates 1001. The expanding of an area where the content
deliver signal electreode is installed prevents contents from
being left undelivered when a size of data of the contents
is large with respect to delivery speed.

In the above discussion, both the ticket inspection and
the content delivery are possible at the entry and exit at
the ticket gate. To prevent content delivery duplication,
the delivery process may be disabled at the exit of each

passenger, namely, when the passenger enters from the right

side of Fig. 35 and Fig. 54 (from within the gates).
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passenger, namely, when the passenger enters from the right side of Fig.
35 and Fig. 54 (from within the gates). - 165 Before the user device 1100
delivers a registered content, the delivery of the content may be disabled.
In this case, contents are searched according to similarity or content ID.
The user device 1100 may register a content reception end flag together
with date, and the delivery of the content may be disabled by checking
the date. In this case, a delivery time may also be registered. For
example, in the case of newspapers, a morning edition and an evening

edition . of the papers may be identified. egver duplication is controlled
oy CHRERIG GOATE SR 18 Helvarl Aol £ o orhy s R
colspgetion procassikut-alse thercontent-delivenk progessiis ferformed:
during the passage of the passenger through the ticket gate 1001, the
thpasserger can easily get thesdatecoftheccomentingsinmgply passigity or
through the ticket gate 1001. The passenger is thus freed from going to a
COh&RBStand to browse captions and then buy desired newspapers. The

length of the acgess akea obknewn contactiess IS cardsisdimited i : on,

about several centimeter long. The user passes the ticket inspection gate
enwhilé dolding¢h&4C cardhclost ¢o thedctess drelal Fdevtimé permitted tent

hold the IC card close to the access area is limited to a period of time
may be disabled by checking the date. 1In this case, a

delivery time may also be registered. For example, in the
case of newspapers, a morning edition and an evening edition
of the papers may be identified. Delivery duplication is
controlled by checking the flag and the delivery time.

Since not only the ticket inspection process but also
the content delivery process is performed during the passage
of the passenger through the ticket gate 1001, the passenger
can easily get the data of the content by simply passing
through the ticket gate 1001. The passenger is thus freed
from going to a newsstand to browse captions and then buy
desired newspapers.

The length of the access area of known contactless IC
cards is limited to about several centimeter long. The user
passes the ticket inspection gate while holding the IC card
close to the access area. The time permitted to hold the IC
card close to the access area 1s limited to a period of time
as short as several seconds. Using the communications

discussed with reference to ¥igs. 1 through 33, the user can
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as short as several seconds. Using the communications discussed with
reference to Figs. 1 through 33, the user can - 166 maintain a secure
path with the signal electrode embedded in the floor surface in the ticket
gate path and can communicate for a time longer than in the known art.
The ticket inspection process at the entrance is performed while the
content delivery process is performed at the exit. Two or more processes
are thus easily sequentially performed. The user can smoothly enjoy the
content delivery service without the need for displaying user's intentions
The device ID and the session key shared in the authentication

to buy. .
maabATE BoRESIEs bRt T B R P SLRSH Eroeeaiaded 1n

tneonieptdelivery pracess isnperformed using theregistered sgssion key. In
the content delivery process, the secure path constructed during the
cotioket inspection:processds usedgas is.hMo time isheorspmeddfot .  The

_re-authentication. In the content delivery process, the content data is

Sl gRlerdd 507 U8B HEGRESELGY" AlteTnately iy B3 pRRfcit&rcs) 14t Le
+ndecrypting the content data maysbe i@e'%yﬁ?@’r%!é%o% afi@signal. . 1o

electrode and a signal processor for delivering content data encrypted by
orthec particutarckey:mayrise installechimidnotheraree thel passendgerised.

9oINg 10 PA (AL eXaATER VS M2 content delivery
service withcout the need for displaving user’s intentions to
buy.

The device ID and the session key shared in the
authentication step are registered subsequent to the ticket
inspection process. The content delivery process is
performed using the registered session key. In the content
delivery process, the secure path constructed during the
ticket inspection process is used as is. No time is
consumed for re-authentication.

In the content delivery process, the content data is
delivered to the user device 1100. Alternatively, only a
particular key for decrypting the content data may be
delivered, and one of a signal electrode and a signal
processor for delivering content data encrypted by the
particular key may be installed in ancther area the
passenger is going to pass (for example, on the floor of a

platform or on the floor of a passage car).

In the above discussion, the contents delivered
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platform or on the floor of a passage car). In the above discussion, the
contents delivered - 167 includes newspapers and magazines. The
contents may further include music and video. The process steps
describing the program stored on the recording medium may be
performed in the order sequence as described above. The process steps
may not necessarily be performed in the described order sequence, but
may be performed in parallel or individually. In this specification, the
system refers to an entire apparatus composed a plurality of devices. A
con%gﬁgration discussed as a single apparatus may be divided into a

IngGiingi o HERAERS A camih afior Hichissed 38 £ PHditfoRay Turther

; n@Pparatyses mayhe integrated into a single apparatus. A structure other
than those of the above- described apparatus may be added. If the

configerationcack operatonof the bhtire systemremains sinchadged, ahe
ortion of one apparatus may be contained in another apparatus. It

Y {
resRaGIise GRdto8a BytRosE SKIEHSH the' aft et Vafibugeduence as
ae uodifications, combinations, sub-combinatiops . and alterations may oceur
depending on design requirements and other factors insofar as they are
pewitbinnthe scopenef dee appeaded ctaimssardthereguivalentsthereef. - 168
WHAT IS CLAIMED IS:
performed in parallel cor individually.

In this specification, the system refers to an entire
apparatus compesed a plurality of devices. A configuration
discussed as a single apparatus may be divided into a
plurality of devices. A configuration discussed as a
plurality of apparatuses may be integrated into a single
apparatus. A structure other than those of the above-
described apparatus may be added. If the configuration and
operaticn of the entire system remains unchanged, a portion
of one apparatus may be contained in another apparatus.

It should be understocd by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design reguirements

and other factors insofar as they are within the scope of

the appended claims or the equivalents thereof.
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1. An information processing system comprising a first information
processing apparatus, installed at a ticket gate, for performing a ticket
inspection process, and a second information processing apparatus for
performing a content delivery process subsequent to the ticket inspection
process, wherein the first information processing apparatus includes:
authentication means for authenticating a communication terminal
mounted on a passenger passing through the ticket gate by
communicating the communication terminal, the communication terminal
communicating using as a communication medium a dielectric material

Hfneldding he aﬁq"oody of the passenger; ticket inspection means for
performing the ticket inspection process on the communication terminal
authenticated by the authentication means; and registration means for
registerimghan identification qf rihescommyunicationterminat thathas first

~undergone the ticket inspection process, and wherein the second

1N FERRARGT pRICESS IRy 2pp&RiFs HreladesNasAtfiGiiondeteimingfion 9ate,

£oMGANSAQL determining. whether ihe identification of the commupication
terminal - 169~ acquired in communication with the communication

interminakisrregistered; by dhefitsitaformation preeessing apparatist ent
delivery process subsequent to the ticket inspection process,

wherein the first information processing apparatus
includes:

authentication means for authenticating a communication
terminal mounted on a passenger passing through the ticket
gate by communicating the communication terminal, the
communication terminal communicating using as a
communication medium a dielectric material including the
human body of the passenger;

ticket inspection means for performing the ticket
inspection process cn the communication terminal
authenticated by the authentication means; and

registration means for registering an identification of
the communication terminal that has undergone the ticket
inspection process, and

wherein the second information processing apparatus
includes:

identification determination means for determining

whether the identification of the communication terminal
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information acquisition means for acquiring subscription information of a
content stored on the communication terminal if the identification
determination means determines that the identification of the
communication terminal is registered by the first information processing
apparatus; and delivery means for delivering the content to the
communication terminal in accordance with the subscription information
acquired by the information acquisition means. 2. The information
processing system according to claim 1, wherein the registration means

actedisiers asession, key. shared,bythe commuynication terminal.ag a result .

of the authentication, together with the identification of the
regORtAMAICalion terminak and: wherein the detiveryaneans encrypts the ;

content with the session key and delivers the encrypted content to the

commtPicatibnBrififal ‘the ‘SessiditREY beftly RNt the Identification

sufi§IgMipation means determings Q‘aé%%%ﬁig%_”%f{%g‘&& afthe,.
communication terminal is registered by the first information processing

coppataibs i3nAr dxfermation preeessing meathod 0f arninfermatiom a 476n
processing system including a first information processing apparatus,

nejistafied atra terét §art férsertcinihgd trekéfMmspéctidr® process, and a
cofgaonInformation, Rioeesng, ARAARLISRr S oHTINg g ontent
elivery
information processing apparatus; and
delivery means for delivering the content to the
communication terminal in accordance with the subscription

information acquired by the information acguisition means.

2. The information processing system according to
ciaim 1, wherein the registration means registers a session
key, shared by the communication terminal as a result of the
authentication, together with the identification of the
communication terminal, and

wherein the delivery means encrypts the content with
the session key and delivers the encrypted content to the
communication terminal, the session key being read if the
identification determination means determines that the
identificaticn of the communication terminal is registered

by the first information processing apparatus.

3. An information processing method of an information
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process subsequent to the ticket inspection process, the method
comprising steps of: through the first information processing apparatus,
authenticating a communication terminal mounted on a passenger
passing through the ticket gate by communicating the communication
terminal, the communication terminal communicating using as a
communication medium a dielectric material including the human body of
the passenger; performing the ticket inspection process on the
authenticated communication terminal; and registering an identification of

the communlcatlon term al that has undergon% the tlcket inspection |
P R rSeess Gt thr6lg ﬁrfh 48¢6d nfbrmation ProcEssing Bpparis >+ 179

apgg@élﬁﬁ@'ﬂgl\%@%@@i&? identificatin of the communicatien tgrminal
acquired in communication with the communication terminal is registered

t 1pyelte finstofbrmatierr processirmgdpparstes; rat guirrige salisceription
information of a content stored on the communication terminal if the

PTifeHtficRHoR P e Commihicatiohtefmittal fs defited'torbd oY
prifaisteredibydhge s L dirstipformation procgssing apRarauss andepe

delivering the content to the communication terminal in accordance with
me tieodcquirgd: $abscriptiorpinfarfmation. 4. An information processing
appgg?ggégS%ﬂgdgﬁggt information processing apparatus,
authenticating a communication terminal mounted on a
passenger passing through the ticket gate by communicating
the communication terminal, the communication terminal
commnunicating using as a communicaticn medium a dielectric
material including the human body of the passenger;
performing the ticket inspection process on the
authenticated communication terminal; and
registering an identification of the communication
terminal that has undergone the ticket inspection process,
and
through the second information processing apparatus,
determining whether the ldentification of the
communication terminal acguired in communication with the
communication terminal is registered by the first
information processing apparatus;
acquiring subscription information of a content stored

on the communication terminal 1f the identification of the

communication terminal 1s determined to be registered by the
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ticket gate for performing a ticket inspection process, comprising:
authentication means for authenticating a communication terminal
mounted on a passenger passing through the ticket gate by
communicating the communication terminal, the communication terminal
communicating using as a communication medium a dielectric material
including the human body of the passenger; ticket inspection means for
performing the ticket inspection process on the communication terminal
authenticated by the authentication means; registration means for

re%}st%[li@g an identification of the communication terminal that has

fir rmatlon, Processing apparatus, nd . .
undergone tlﬂettlciet plnspeéc’tlon ﬁroc%%s; Idenﬁﬁcaatlon determination

means fordletemining svhetber thesidentificatien.afitheccommunication in
terminal acquired in communication with the communication terminal is
acragisteras by thé régistratian Weshs Unformetioh aeqisitom aidars-for
acquiring subscription information of a content stored on the - 172
communication terminal if the identification determination means

determings thalbeidentficalion ofdbe neompuiication erminalisy at a
registered; and delivery means for delivering the content to the

t icmmuyricatidie terpfindldnraiotordaricecwith the sobstrptionprocess,
comprising:

authentication means for authenticating a communication
terminal mounted on a passenger passing through the ticket
gate by communicating the communication terminal, the
communication terminal communicating using as a
cemmunication medium a dielectric material including the
human body of the passenger;

ticket inspection means for performing the ticket
inspecticn process on the communication terminal
authenticated by the authenticaticon means;

registration means for registering an identification of
the communication terminal that has undergone the ticket
inspection process;

identification determination means for determining
whether the identification of the communication terminal
acguired in communication with the communication terminal is
registered by the registration means;

information acquisition means for acguiring

subscription information of a content stored on the
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information acquired by the information acquisition means. 5. The
information processing apparatus according to claim 4, wherein the
registration means registers a session key, shared by the communication
terminal as a result of the authentication, together with the identification of
the communication terminal, and wherein the delivery means encrypts the
content with the session key and delivers the encrypted content to the
communication terminal, the session key being read if the identification
determination means determines that the identification of the

cofiRimunication ferminalis registered; by the regisirafion means, 6, An .,
information processing method of an information processing apparatus

me Hrstalbed at-a ticket gatetfor eerfaraning &iticket dnspectioneprocess,
comprising steps of: authenticating a communication terminal mounted on

COWB&%W&&?@%&U@H tﬁ@?i&?é@&&l‘é"b)ﬁ@&nmunicating the
comymunicaion terminal the commupicatiopfermingl = 143, o tre

communicating using as a communication medium a dielectric material
commgliding the humeam body of the passengers petformiftgethedicketiption
inspection process on the authenticated communication terminal;
infegiseting art it ¥ieatiow of e corhPitificash aeffinal Hahdeeans -
undergone the ticket inspection process; determining whether the
identification of the
5. The information processing apparatus according to

claim 4, wherein the reglstration means registers a session
key, shared by the communication terminal as a result of the
authentication, together with the identification of the
communication terminal, and

wherein the delivery means encrypts the content with
the session key and delivers the encrypied content o the
communication terminal, the session key being read if the
identification determination means determines that the
identification of the communication terminal is registered

ky the registraticn means.

6. An information processing method of an information
processing apparatus installed at a ticket gate for
performing a ticket inspection process, ccomprising steps of:

authenticating a communication terminal mounted on a
passenger passing through the ticket gate by communicating

the communication terminal, the communication terminal
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communication terminal acquired in communication with the
communication terminal is registered; acquiring subscription information of
a content stored on the communication terminal if the identification of the
communication terminal is determined to be registered; and delivering the
content to the communication terminal in accordance with the acquired
subscription information. 7. A computer program for causing an
information processing apparatus installed at a ticket gate to perform a
ticket inspection process, the computer program comprising steps of:
CO%%@SE}!C%I}]_I?} a communication terminal n'%gunted on.a passenger ,
PASSIAG Throlgh the THekat gate By edhmtnicting the BbRmtnication” *©
matefminal, the-cormmunication terminal, gomipunicating Usingas-a
communication medium a dielectric material including the human body of
the passenyem peHormirig-tiettickes irsspetctionprocesssontthé hel174
auggthenticated communication terminal; registering an identification of the

ARTUicaTSh TETHHAT Bfdcias (Fd8HYORE ‘the ticket inspection process,
determjningawhether the identification of the, communication, termingl,
acquired in communication with the communication terminal is registered,;

teapquirhg Subschiptominfenpatien tha contémttstorethb@ntthen process;
communication terminal if the identification of the

determining whether the identification of the
communication terminal acguired in communication with the
communication terminal is registered;

acquiring subscription information of a content stored
on the communication terminal if the identification of the
communication terminal is determined to be registered; and

delivering the content to the communication terminal in

accordance with the acquired subscription informatiocon.

7. A computer program for causing an information
processing apparatus installed at a ticket gate to perform a
ticket inspection process, the computer program comprising
steps of:

authenticating a communicaticn terminal mounted on a
passenger passing through the ticket gate by communicating
the communication terminal, the communication terminal
communicating using as a communication medium a dielectric
material including the human body of the passenger;

performing the ticket inspection process on the
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communication terminal is determined to be registered; and delivering the
content to the communication terminal in accordance with the acquired
subscription information. 8. An information processing system comprising
a first information processing apparatus, installed at a ticket gate, for
performing a ticket inspection process, and a second information
processing apparatus for performing a content delivery process
subsequent to the ticket inspection process, wherein the first information
processing apparatus includes: an authentication unit authenticating a

¢ mmunic%ti%n terminal m%unted on a passenger passing through the
au csntlcate communic l({ﬁl terminal] . .
ticket gate by communicating the communication terminal, the

conypynicadionigrminal gemmunicating Uskg ana communieatiann
medium a dielectric material including the human body of the passenger;
ternygaj tieketinspectivrlthitpPericrhing HeicketFiRpetiion processsén

the communication terminal. authenticated by the authentication unt; and
aregis raﬁlon unlgreglsterlng an identification o ﬁe communication

coﬂﬂﬁﬂﬂéﬂﬁﬁbhaﬁéE@ﬁ%QQn%Hﬁhﬂgﬁﬁ NSpestienRIRGESS, And Wherein:
the second information processing apparatus includes: an identification
cogatariniadtiomutit deierdinig registered;
acquiring subscription information of a content stored
on the communication terminal 1f the identification of the
communication terminal is determined to be registered; and

delivering the content tc the communication terminal in

accordance with the acquired subscription information.

8. A4n information processing system comprising a first
information prccessing apparatus, installed at a ticket gate,
for performing a ticket inspection process, and a second
information processing apparatus for performing a content
delivery process subsequent to the ticket inspection process,

wherein the first information processing apparatus
inciudes:

an authentication unit authenticating a communication
terminal mounted on a passenger passing through the ticket
gate by communicating the communication terminal, the
communication terminal communicating using as a
communication medium a dielectric material inciuding the

human body ©0f the passenger;
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whether the identification of the communication terminal acquired in
communication with the communication terminal is registered by the first
information processing apparatus; an information acquisition unit acquiring
subscription information of a content stored on the communication
terminal if the identification determination unit determines that the
identification of the communication terminal is registered by the first
information processing apparatus; and a delivery unit delivering the
content to the communication terminal in accordance with the

subgcrggt(i: n énfggrsr]aéiggi%crgu&lgg b)égahre#nformatio%acqtuli%iggg unit. 9.
An information proc%ssmg apparatus Ins alled ata ttlciet gate for

inppHemMig 2 tickeliBSPACHOR: PFRGERSH ICOMANSING e kic AN
authentication unit authenticating a communication terminal mounted on
auhippassenger pabsing thrcugh thietticket igate byidominishicating the
communicatign t%r,minal the communication terminal cor’r%munjccating
iy §S9ia5ration Fnlt LS9k S SR A enTl 158G IR of
using as communication mediagm a dielectric material iIncluding the
thBumambedy-at the-passenges; a ticket inspectionwait performing the: ¢
ticket inspection process on the communication terminal authenticated
inppehé dethentication unina registration unit registering an identification of
wherein the second information processing apparatus
includes:
an identification determination unit determining
whether the identification of the communication terminal
acquired in communication with the communication terminal 1is
registered by the first information processing apparatus;
an information acquisiticn unit acquiring subscription
information of a content stored on the communication
terminal if the identification determination unit determines
that the identification of the communication terminal is
raegistered by the first information processing apparatus;
and
a delivery unit delivering the content to the

communication terminal in acccordance with the subscription

information acquired by the information acguisition unit.
9. An information processing apparatus installed at a
ticket gate for performing a ticket inspection process,

comprising:
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the communication terminal that has undergone the ticket inspection
process, an identification determination unit determining whether the
identification of the communication terminal acquired in communication
with the communication terminal is registered by the registration unit; an
information acquisition unit acquiring subscription information of a content
stored on the communication terminal if the identification determination
unit determines that the identification of the communication terminal is
registered; and a delivery unit delivering the content to the
com{_ﬁrplunicglﬁiopi é%rrgiggl |r§1 %%%ch(_jgg gvrili;pitge surpscripti%n informa?it_i}onn
acquwea%y tﬁe mf%rma%on acquisition unit. - ﬁ% RB%T&M%& E
teDIS&LOSIIREAR infarmatiar processing appatatus instalied atactickel+
gate for performing a ticket inspection process, includes an authentication
JaGifit for aetheriicaiig adcdimmuriBaioH erimbal MednRtEeron apassenger

o aﬁ%lggl H%%g%é@%ﬁlﬁ‘éﬁt %atgﬂpl}/ corgmurplcatln%lthe communication

arl (f) nilC lrﬂ% LS as a
erminal, the communication terminal ’com nicating using as a

cof@mMuUieation madium a digleqtdevpateriah including the :hwmag body of
the passenger, a ticket inspection unit for performing the ticket inspection
hupproedssh the tommanicationterminal, a registration unit for registering

a ticket inspection unit performing the ticket
inspection process on the communication terminal
authenticated by the authentication unit;

a registration unit registering an identification of
the communicaticn terminal that has undergone the ticket
inspection process,

an identification determination unit determining
whether the identification cof the communication terminal
acquired in communication with the communication terminal is
registered by the registration unit;

an infeormation acguisition unit acquiring subscription
information of a content stored on the communication
terminal if the identification determination unit determines
that the identificaticn of the communicatiorn terminal is
registered; and

a delivery unit delivering the content to the
communication terminal in accordance with the subscription

information acquired by the information acquisition unit.

- 177 -



an identification of the communication terminal, an identification
determination unit for determining whether the identification of the
communication terminal acquired in communication with the
communication terminal is registered by the registration unit, an
information acquisition unit for acquiring subscription information of a
content stored on the communication terminal, and a delivery unit for
delivering the content to the communication terminal in accordance with
the subscription information acquired by the information acquisition unit.

ABSTRACT OF THE DISCLOSURE

An information processing apparatus installed at a
ticket gate for performing a ticket inspection process,
includes an authentication unit for authenticating a
communication terminal mounted on a passenger passing
through the ticket gate by communicating the communication
terminal, the communication terminal communicating using as
a communication medium a dieleciric material including the
human body of the passenger, a ticket inspecticn unit for
performing the ticket inspection process on the
communication terminal, a registration unit for registering
an identification of the communication terminal, an
identification determinatiocon unit for determining whether
the identification of the communication terminal acquired in
communication with the communication terminal 1s registered
by the registration unit, an information acguisition unit
for acguiring subscription information of a content stored
on the communicaticn terminal, and a delivery unit for
delivering the content to the communication terminal in
accordance with the subscription information acquired by the

information acguisition unit.
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