DESCRI PTI ON ON- BOARD TRANSPONDER DEVI CE AND METHOD OF VERI FYI NG SOUNDNESS
THEREOF 5 Field [0001] The present invention relates to an on-board
transponder device that transmts and receives necessary tel egraph
information to and froma ground device,via a pickup coil and a ground coi
coupled with the pickup coil, 10 and to a nmethod of verifying soundness of
the on-board transponder device. Background [0002] A train safety device

i ncluding the on-board 15 transpondesCdévi¢eNnenti oned above is a device

that transmits and peceiyes aqlelegraph (o digital, telegnagh) between a

ground device and a evice on a'trarn sirde and execute train
control according to contentsrdescerd ednpnade tedregrraph. I n vi ew of
executing train 20 control safely, the train safety device is required to
reliably transmt a correct telegraph. [0003] As a conventional device of
this type, pa tpain safety device is described in Patent Literature 1
ment i oned below, for exanple (disclosed as "train control systent in 25
Pat ent Litécabuie 1) Thknptheettainveafity devates aotehegraphakdcl uding a

ifi nmb | 1 ted.t fror t ai t [ tati f
whi ch & t1 &R SPAPES T 0CRAGERGPE St 6BBITD Stakfon A F1 T antoFPBtHo cer Lai n

stoppi ng statkgRapAndnabrhichnt he Lhal Aramr kvgsouha 38vicansmhtted
mutual | y between an on-board device and a ground device to detect a_stuck
fai lure (absekeal Fedl" spflcki igoraf] apél) coRAatedctuEs Bhe PoCKURRABEY: error

or thQU§ikthntgegpﬁ8kk¥8 BE098§§99§ngsg8Bnaﬁe§s of the on-board

transponder device.

Background
[CCCZ) A train safety device including the on-board

15 transponder device mentioned above is a device that
transmits and receives a telegraph {a digital telegraph)
between a ground device and an on-board device on a train
side and execute train contreol according to contents
described in the telegraph. In view of executing train

20  control safely, the train safety device 1is reqguired to
reliably transmit a correct telegraph.
[0003] As a conventional device of this type, a train
safety device is described in Patent Literature 1 mentioned
below, for example (disclosed as "train control system" in

25 Patent Literature 1). 1In the train safety device, a
telegraph including a specific number allocated to a route
from a certain stopping station from which a train starts
to another stopping station differenlt from the certain
stopping station, and at which the train arrives, is

30  transmitted mutually between an on-board device and a
ground device to detect a stuck failure (also called
"sticking failure") that occurs due to a memory error or

the like in respective processors, such as a



2 transm ssion/reception device, interposed on a transm ssion |ine.
Citation List Patent Literature 5[0004] Patent Literature 1: Japanese Patent
Application Laid-open No. 2008-105477 Surmmary Techni cal Probl em

10[ 0005] However, in the conventional technique nentioned above, unless a
ground coil and a pickup coil are coupléd and comnunicate with each other,
an occurrence of a sticking failure in the on-board transponder device

cannot be detetrdqned. ,Therefare,, the cnventianalsdedhiniaue has a1
problem that a determnation of an occurrence of a sticking failure cannot
be made whilinea. train is stopped, or even when the deternination can be
made mhile(5n$1§rai IS stopped, the train has to be noved to a | ocation of
t he ground coit - 9'h Hdti tion, the determ ni ng process cannot 20 be

perfornmed uwdwess: an@actaalrd el egraph is received, and consequently a
determ nation of an occurrence of a sticking failure cannot be made quickly

and acctir at €18£4 ] ooo6jamfe riddeita iunifent'i offHaS Fedie t&ct &red 3 tsélive t he

above problﬁggaméﬁgk obj et 0fs4he present invention 25 is to provide an
on- board transponder device that enables a quick and accurate determ nation

of an occurrence of sticking failure, and a nmethod of verifying soundness
of the on-Qgﬁ&%ﬂa;ansponder device. 30 Solution to Problem

Technical Problem

10 10005] However, in the conventional technigque mentioned
above, unless a ground ceill and a pickup coil are coupled
and communicate with each other, an occurrence of a
sticking failure in the on-board transponder device cannot
be determined. Therefcre, the conventional technigue has a

15 problem that a determination of an occurrence of a sticking
failure cannot be made while a train is stopped, or even
when the determination can be made while the train is
stopped, the train has to be moved to a location of the
ground coil. In addition, the determining process cannot

20  be performed unless an actual telegraph is recelved, and
consequently a determination of an occurrence of a sticking
failure cannot be made guickly and accurately.
[GO06] The present invention has been achieved to solve
the above problems, and an object of the present invention

25 i1s to provide an on-board transponder device that enables &
gquick and accurate determination of an occurrence of
sticking failure, and a method of verifying soundness of

the on-board transponder device.

30 Solution to Problem
[CO0T] In order to solve the aforementioned prcoblems, an
on-board transponder device that is applied to a train

safety system, and transmits and receives a contrelling



[0007] I n order to solve the aforenentioned problens, an on-board
transponder device that is applied to a train safety system and transmts
and receives a controlling 3 telegraph used for train running control to
and froma ground device via a ground coil coupled with a pickup coil is
configured such that it includes: a signal transmission unit that creates a
checking telegraph that is different 5 fromthe controlling tel egraph and
transmts ther efeatiedsheckd N telegraphi Ao dde piickup 60 Israh § gnal
reception unit that receives the checking tel egraph via the pickup coil and
restores theEreEt@gtaphs nf-or mtdoniTd g h(,fql?étgjéﬂgéﬁtéh@cla%ﬁ(%mcégﬂaph;
andacomm{l%c i r r . t.hat. ¢ , tel h ,inf af . to be
i ncluded in h(gé%ﬁfel%ﬁér% %ﬂe(%}ggtr%ap ,lh“ou np%]ﬁ?%%‘ﬁ'e % eﬁ%g%n%gpﬁ%rﬁ%{)%ﬁgl nto

t he signal dmansmsisiarearid a recet Mesy tted legraph itfaar net icort freestrar ed by
the signal reception unit, and verifies a te|egraph reception function on
an on- bdar dlgrsc?rﬂet}i% YL o W rES 9T g & Lot & &3 &S ni ssi on
tel egraph igfasmtd aneidighagled d g gheokiadiel egraph dyansiiddgd Jif om the
signal transm ssion unit” and reception telegraph information restored from
a checki ng weltegrisph tdviver| Udeshdiddinansniasicam tvdleeghappliakfuer mat i on.
20 Advant aQ%’“Jf] Hdeals of o dm eept‘éeol%aéhroagaqqs] '-Ir_]hreor% Qar & transponder device
accordi ng to the present i nvention c ui ¢k y ‘and accurately determ ne an
occurrence ofca wid cigngk ifra [wreg 28 Br iefd Reseminptrian toforDressdtigs ler
[0009] FLG 1 is an expl anat@f)g;%/ﬂ di agram of a schematic configuration and

a schetiti ¢ Herdi§orf oty B sHF& Ay Arermd Y ddiTigdat it Bé%r d
t ranspondercidevi G&y aGUM N 30 @ amRodid R Qf tife: AgseR, igvention.

the signal transmission unit, receives telegraph
information restored by the signal reception unit, and
verifies a telegraph reception function on an on-board side
15 based on a result of a comparison between transmission
telegraph information inciuded in a checking telegraph
transmitted from the signal fransmission unit and reception
telegraph information restored frem a checking telegraph

that inciludes the ftransmissicn telegraph information.

20
Advantagecus Effects of Invention
[0008] The on-board transponder device according to the
present invention can guickly and accurately determine an
occurrence of a sticking faillure.

25

Brief Description of Drawings
[0009] FIG. 1 is an explanatory diagram of a schematic
configuration and a schematic operation of a train safety
system including an on-board transponder device according
30 to an embodiment cof the present invention.
FIG. 2 is a functional block diagram of an internal
configuration of an on-board-side communication device

according to the embodiment.



FIG 2 is a functional block diagramof an internal configuration of an
on- boar d- si de communi cati on device according to the enbodinent. 4

FIG 3 is a flowhart for explaining a self-checking process flowin the
on- boar d- si de conmuni cati on devi ce accogding to the enbodinent. 5
Description of Enbodi ments [0010] Exenpl ary enbodi nents of an on-board
transponder device and a nethod of verifying soundness of the on-board
transponder deviféé-aécordianglrachhetpfesenrpilaveniiion aklf-pbeekphai ned

below in detai|l w th referepce to, the 10.acc nyi. n ' ... The present
Cnventi on PECREE S FRPYed t B ERa TBIT o U embon HEhE 11 B011F *EERbodi et o

FIG 1 is amcexplanatoryhdi aghagintna.schematic configuration and a
schematic operation of a train safety 15 systemincludi ng an on-board
transponder device according to an enbodi nent of the present invention. As

shown i Fbggc%ipE@gntggigmgggg&gnﬁgsten1including the on-board transponder
devi ce according to the present enbodinent is configured to include an

on- boar d- si{@d€ 1€dmmuniteatnbdn rgevinbed20chs sand anpiokbipacdi trédsphatiear e
nounted on a train 11 (ortg trai.n 12% and a gro nd coil %g (30a 30%) and a
gr ound- si d&¥offuiafi BRTA8YI & 357534 933b1 PP REF aré Fhgt &PTBE0H a
ground si deraARPRAcLRESEvGERSEEEUEAL ngl €AERLS, phhecan- hpardtshdeyill
comuni cation device 14 and the pickup coil 25 16 constitute the on-board

t r anspondePedév¥irée i ngAdbehewgrisuatasil v3bhandlerengrobRdESPde
o2 BL-ABMkE 32 oo oopcosguatr sasagoep devige, To stvmll (Y
t ranspondern ideviece tar ¢ heeffediedihg asbbdhnxboard
[0C011} <Embodiment>
FIG, 1 is an explanatory diagram of a schematic
configuration and a schematic operation of a train safety
15 system including an on-beoard transponder device according
to an embodiment of the present invention. As shown in FIG.
1, the train safety system including the on-board
transponder device according to the present embodiment is
configured to include an on-board-side communication device
20 14 and a pickup coil 16 that are mounted on a train 11 (or
a train 12} and a ground coil 3C (30a, 30b) and a ground-
side communication device 32 (32a, 32b) that are installed
on a ground side. Among these constituent elements, the
on-~poard-side communication device 14 and the pickup coil
25 16 constitute the on-board transponder device, and the
ground coil 30 and the ground-side communication device 32
constitute a ground transponder device. To simplify the
fellowing descriptions, the on-board transponder device and
the ground transponder device are referred to as "on-board
30 device" and "ground device", respectively.
[0012] FIG. 1 depicts the train 11 in a state where the
pickup coil 16 is coupled with the ground coil 30a. When
the pickup coil 16 is coupled with the ground coil 30a, a



30 device" and "ground device", respectively. [0012]FIG 1 depicts the
train 11 in a state where the pickup coil 16 is coupled with the ground
coil 30a. Wen the pickup coil 16 is coupled with the ground coil 30a, a 5
controlling telegraph 17 is transnittedsand recei ved between the on-board
device of the train 11 and the ground dévice. The controlling tel egraph 17
is a telegraph created by both the on-board device and the ground device. 5
The cont r oldomgotiéliegr aphetTapheat/ed sbyrehendohibdardddeeiedviencl udes train
information such as,train,t , Jtrain faornati on_nu r nd, oper ati an
nunber - ThECOREFO T Eng " BPEFagh 37 e Peat Bl by >CHe gr BURd 4SvECE el udes
el ements suekias.l ocaki edni-RbONLMBLI @B legReed NNk, aandlgyadipent 10
information. [0013]On the other hand, FIG 1 shows the train 12 in a state
where the pirREEIHY PPEN §hRoPNcBAPIFEd SRiViRet RBAgEBENETEBPE J6a16€ -t he
ground €0i l+,30 n-.hoar I.6€e+ac ' - e e i.ent
i1 260t RE 8 A e et e B e corl T8 1E Kor oun ed uth Fhe
ground coi lind0udas shewn infolheatiannsi2hi asFEGail, typecauseinhe

- board-si d [ [ devi 14t Ki t el h 18
Chat 15 o FPEPENt ofr GRTCRS cORtr GPFFAG OBl BUPKER 1711 GROLF L0 48 cki y and

accur at el y +20 cdetenmine ;agz0eeunienege afoanst beking fachunes Bikhents
onboar d- si de comruni cation device 14 itself. [0014]1n the present

enbodi ment sughsgisckiong tianl dréormat lescurern thalon- BBEr draeviceé incl udes

not Oniy @information.

[0013] On the other hand, FIG. 1 shows the train 12 in a

state where the pickup coil 16 is not coupled with the

ground coll 30a or the ground c¢oil 30b. The on-becard

device according to the present embodiment utilizes the

15 state where the pickup coil 16 is not coupled with the
ground coil 30, as shown in the train 12 in FIG. 1, to
cause the on-board-side communication device 14 to create a
checking telegraph 18 that is different from the
controlling telegraph 17 in order to guickly and accurately

20 determine an occurrence of a sticking failure in the on-
board-side communication device 14 itself.
(00147 In the present embodiment, a sticking failure
that occurs in the on-board device includes not only a
fault (failure) in which each time the on-koard device

25 transmits a telegraph, the telegraph includes the same
information due to a memory error {(including memory errors
that occur on both a transmissicn side and a reception
side) or the like in the on-board device, but also a fault
{(failure} in which only the same telegraph signal is output

30 due to a cause other than a memory error (for example, a
fault of a transmission system in a mcodulatcr or the like).
[0015] FIG. 2 is a functional block diagram of an

internal configuration of the on-beoard-side communication



fault (failure) in which each time the on-board device 25 transmts a

tel egraph, the tel egraph includes the sane information due to a nenory
error (including nmenory errors that occur on both a transm ssion side and a
reception side) or the like in the on-bgard device, but also a fault
(failure) in which only the sane tel egraph signal is output 30 due to a
cause other than a nmenory error (for exanple, a fault of a transm ssion
systemin &syodd dtfer di FtHE-| kelhe[ 00IBPRIE-s2des camfignéERréRan bl ock

di agr am of i_nt er,nal fi.gur.at,i t on- =Sl .communi cation 6
devi co 14 AT e RO B, TR, BT BT <

confi gur ed coo tiradllude 28 corMurireatkeen tedrtyrebheinZ0rivhat car €&t es t el egr aph
information 26 as information tqQ be included in the checking telegraph 18,
a tel egrapﬁ“%&ﬁf“la&lloélr L(Oo_ﬁ?et Hélcgﬁl&ﬁém%sfg‘ﬁ Shaef 18" LhaE SeaRverts the

tel egraph itpfieyMRLHOR 26 HoNhe ra (Bihnahy $hk-gnah: skebnexanpl epiand Qut puts the
bi nary signal, "an FSK nodul ator 22 that outputs an FSK-nodul ated signal

for exanpl eorngendsattée fedmarkehsiighfalrmatpon Eeonnthe at elagraplkivoal,

controller {on the transni.ssion side) 21.as the.checking telegraph 18, an
FSK dennduF%FbefﬁpéﬁatancEﬁgggiﬁhgkﬁsé%ﬁgﬁﬁagé “gﬁgng %gﬁg checki ng

tel egraph @kutikarsmzrt ed:fr omcphe sFSK moduhation z:22cvisaghbe ,pirekup coil 16
connected to the on-board-side communication device 14 and 15 denodul ates
the recei vEFFSKEmpIGRELEdesi GRar, LARd Sadréleghaph E8ATT bPFef-S(6HPRE

recepti®n side)-o23 Lhat, Creat es,0asLares) sihe)checki-ngielegraph 18 by
usi ng the denodul ated signal input fromthe FSK denodul ator 24 ang out put s
t he rest or é¢ lelyeekihng &t elkkegidph dt8otio lulie r2@ 4c bhmiinizeatilor sc after gISKer 20.

[0016] I n the abhaove configuration, the.telegraph controller (on.th

| ranor o5 SEOETaSr S 2 Tah it o PoRDEARIr Tt S8 128 agRe P ut € 8" griat
transm ssi grcinichel Tskhecen-ibeard 2br anspendenidevibceoiand 6t kenhdkteg
denodul ator 24 and 25 the tel egraph controller (on the reception side) 25
constitutet® §ihgnan-Peeapriséfcusolmun iChE 18- BearGet rdngpénder devi ce.

15 demodulates the received FSK-modulated signal, and a
telegraph contreller (on the reception side) 25 that
creates {restores) the checking telegraph 18 by using the
demodulated signal input from the FSK demcdulator 24 and
outputs the restored checking telegraph 18 to the

20 communication centroller 20.

[CCle] In the above configuration, the telegraph
controller (on the transmission side) 21 and the FSK
modulator 22 constitute a signal transmission unit in the
on-board transponder device, and the FSK demodulator 24 and

25 the telegraph controller (on the reception side) 25
constitute a signal reception unit in the on-board
transponder device.

[0017] According to the on-board transponder device of
the present embodiment configured as described above, the

30  telegraph controller {on the transmissicon side) 21 and the
F8K medulator 22, which ssrve as the signal transmission
unit in the on-board-side communication device 14 and the

FSK demodulator 24 and the telegraph controller (on the



[ 0017] According to the on-board transponder device of the present

enbodi nent configured as descri bed above, the 30 tel egraph controller (on
the transm ssion side) 21 and the FSK nodul ator 22, which serve as the
signal transm ssion unit in the on-board-side conmunication device 14 and
t he FSK denodul ator 24 and the tel egraph controller (on the 7 reception
side) 25, which serve as the signal reception unit in the on-board-side
conmmuni cat iresegdiote sidiedodstyi wht.eha skaggback toier sdionayvi gegieptpioskup coi

16. The comni cation caniroller 20 degldes the chacking el egraph 5 18 to

be transniﬁﬁé& and perfornms a process o ng wiethier "tthere is an error
i n the receioved icheekiang ckelegkaph r18.irt hdt itse @ipkogpessiaf 1weri fiyeng
soundness of a telegraph (a controlling telegraph) to be receiived fromthe
ground devi-¢€"m-10 "E@PAﬁO@ﬁéPéﬁﬁénZQfd@ﬁédﬁﬁ-ﬁgﬁr&h§€$ﬁ88 &AL

boar d- sk de ;gormunpj.cation deviee 114) aceardisng 1.9 hepresent. grbedi ment is
expl ained next wth reference to FIES. 2 and 3. FIG 3 is a flowhart for
expl ai ni ng whesdlefr- thleekiimg apr ecess finowhien relse igrdbeliedksinge conmuni cati on
15devi ce 1%. 0019 FHTSt’ t he ,sel f - checki ng rocess i.n the o%fboard- si de
comuni cat i"61 S4&GFEe 14 $PAFt s Swhén P4 OSEREr CSolFdd e PuPRER 0% >Estép
S101). The m0rcheantpsi 46 COMHRIIGANGOR devireenhl4 tdeter Feres vaietrhemn a
predeterm ned tine has 20 el apsed since the |ast transm ssion of a checking
tel egraph (beprsro?) deyhés-a predetermned time has not el apsed (NO at

Step 5%92?’M%H%Jd6te&@ @p%Qan%?$E§ ah SLePy %%g)ﬁ%v&%%e%kﬁ%-owh?” a :
predeterm ned ti'ne has elapse at Step , whet her the pickup coi
16 i s couplet ni-tshH deheommunication device 14) according to the
present embodiment is explained next with reference to FIGS.
2 and 3. TFIG. 3 is a flowchart for explaining a self-
checking process flow in the on-board-side communication
15 device 14.
[CC19] First, the self-checking process in the on-board-
side conmmunication device 14 starts when a power source 1s
turned on {(Step $101). The on-board-side communication
device 14 determines whether a predetermined time has
20 elapsed since the last transmission of a checking telegraph
(Step $5102). When a predetermined time has not elapsed (NO
at Step S102), the determining process at Step S102 is
repeated. When a predetermined time has elapsed (YES at
Step 5102), whether the pickup coil 16 ig coupled with the
25 ground coil 30 is determined (Step S5103). When the pickup
coil 16 is coupled with the ground coil 30 (YES at Step
§103), the processes at Steps 5102 and 5103 are repeated.
On the other hand, when the pickup coil 16 is not coupled
with the ground coil 30 (NO at Step S5103), a checking
30 telegreph simulating a controlling telegraph is created
(Step S5104) and the created checking telegraph is
transmitted to the pickup coil 16 (Step 51005).

[0020] The cn-board-side communication device 14



25 ground coil 30 is determned (Step S103). Wen the pickup coil 16 is
coupled with the ground coil 30 (YES at Step S103), the processes at Steps
S102 and S103 are repeated. On the other hand, when the pickup coil 16 is
not coupled with the ground coil 30 (hK%at Step S103), a checking 30

tel egraph simulating a controlling telegraph is created (Step S104) and the
created checking telegraph is transmtted to the pickup coil 16 (Step
S105). [ 0026FFhEesntbearbeskdagcoawbaienti bhrdeghcéhearegdpagsi ves the
checking telegraph thr h.the teedback.circuif.constituted. via.the pickup
o |16 ang et b RaSARGERr v Rerie: 8 EKEE b EPRE L RhY) S0kt ER Bk ng
tel egraph (Btepe5l06kreAssnmeansrtor partaenragethedecheckdndet er m ni ng
process, an error counter can be used, for exanple. Wien there is no error

in the checRilfigreellegPraph (NOPar SPEpT™SIO?) f°a EBunP Val'tle Bf PRECError
counters i Sd%%%?hi%ﬁ%h@ppﬂ)gé)ss?ngnt herBrocessrshi ELs Lo Step,SiP2. On the

ot her hand, when ere 1s an error in the checking 10 tel egraph (YES at
Step S107) exampdent Wakonetbfrehesenporercounter the cbankedgupelSuepr8109),

and then it .i.s determ et her the count value of the error counter is
oo oS o bR e i b ey Bt e o B Sk b R B R E =S BB e ot the
error countekeicS (siabl gnoghanna theppedetesnsned:vakyes(¥ESsat2St epnS110),

the process shifts to Step S102 as in the case of no error in the checking
t el egraph. “WEeRthRE BauRr VBEOelbErehéSepPof EBtnt8r 18 e4aakite or |arger

than a, predgtern ned vakue, ( t S11 a f.akluresi ppthe -0nsboard
devicelys ggggggggﬁaég%thtng%glF§gﬁzék%ngbﬁpocess Elom/is fiﬁigﬁed (Step
S111). That:cusfeirnitheopnoedsses (dteSt Ep§°2510&ntiotBabl itwhen an error in

t he checki tel egraph.i s. consecutively determ.n to be present for a
o edot orm REacvns de o AP bR as: BR R FBU ot CoP it T hEsSr EORECERTDEAr 4°davi ce

is determ gediterhavenaa2prbakkurRinknd tAlSesensep theopredatenmined val ue
nmenti oned above can be an integer equal to or larger than 2. [0021] At Step

S104 descrcbedtaevee Pér tegapprer gopnsessdsobTphersntheing the contents
o 1, STCBLE b RGP0 3 PLLT R Loy, o BSEEgLebggeaah v i
transmttedo Step S102 as in the case of no error in the checking
telegraph. When the count value of the error counter is
equal to or larger than a predetermined value (NC at Step
$110), a failure in the on-board device is detected and the
20 self-checking process flow is finished (Step S111). That
is, in the processes at Steps S$107 to 5ill, when an error
in the checking telegraph is consecutively determined to be
present for a predetermined value (a predetermined number
of times), the on-board device is determined to have a
25 failure. In this sense, the predetermined value mentioned
above can be an integer equal to or larger than 2.
(00211 At Step 5104 described above, for example, a
process of incrementing the contents of the checking
telegraph is perfcrmed. That is, a checking telegraph with
30 different contents is created each time the checking
telegraph is transmitted.
[(C022] Because the checking telegraph is a telegraph

simulating a controlling telegraph, basically, no checking



[ 0022] Because the checking telegraph is a telegraph simulating a
controlling tel egraph, basically, no checking 9 telegraph is output when
the pickup coil 16 is coupled with the ground coil 30. However, it is also
conceivable that inmmedi ately after dete%nining that the pickup coil 16 is
not coupled with the ground coil 30 at Step S103, this 5 state is changed
to a state where the pickup coil 16 is coupled with the ground coil 30.

[ 0023] Whentthegpepkupscobtpte wWiecouptedivkth thélgtbund eorpbie0, wihk

on-board device_ is _i.n_a.state wher checki pg e ; rolling
t el egraph §¥3 ?6ogpﬁuF?é§eghélyﬁgggggﬁédﬁgi%Qaagggcg%ﬁgglggg%gr?ggénce
state"). Consequenthy, sFheredeseampossybithiatythbapioguphesilheschecki ng

t el egraph nor the controlling tel egraph i s received properly. However,
because i nRatpFeEesgdotifbck @iﬁéoﬁnéoﬁ?%%lﬁpn@ttéF%@r%gﬂ§rtEFé@raph

”ansfgj i 3:1pcpeLf apoed seyeral stimes,ysual Ly wWhentpecpi ekyp goil 16 is
coupled with the ground”coil 30, and also the contents of the tel egraph are
verified bygopeitdrming ahaagchiing proces8.a plurality of nunber of tines,

t he content t he received checking tel egraph _can,be recognized properly.
20[0024]Evéﬁggﬁén thé 5Pcﬁﬁﬁ EBFFURGg?%EcggpﬂgdcﬁFPﬁeghglggoghﬁ coil 30 and
the on-boakgodevi eeiis3bn an=i phepbarangevstat es theaproesesswabrdeter mning

whet her the pickup coil 16 is coupled with the ground coil 30 is performed
after a préHeE&inEntdleprBrhiagndl apsedtrandiiler=2s9tARNpRERUP coil 16 is

T2 oo LA, 01 U000 o032 UoEky ey Bt appetspfaner oo
oper at es nermakl'y, altheughethéyontbeardidewi pesssbdeéteynihetd hoibperate
abnornallythg %hgk ?%gdgéfégkgkﬂgn EO% gsbogggolling telegraph is
received properly. However, because in a process of
receiving a contrelling telegraph, telegraph transfer is

15 performed several times usually when the pickup ceil 16 is
coupled with the ground ceil 30, and alsc the contents of
the telegraph are verified by performing & matching process
a plurality of number of times, the contents of the
received checking telegraph can be recognized properly.

Z20 [(0024] Lven when the pickup coil 16 is coupled with the
ground coil 30 and the on-board device is in an
interference state, the process of determining whether the
pickup coil 16 is coupled with the ground coil 30 is
performed after a predetermined time has elapsed, and when

25 the pickup ceil 16 is not coupled with the ground ceil 30,
a checking telegraph is transmitted (5teps 5102 and S5103).
Therefore, in a case that the on-~board device operates
normally, although the on-board device is determined to
operate abnormally in a first determining process, for

30 example at the time of the interference state, the on-board
device can be properly determined to operate nermally in a

second determining process. In this sense, the above

predetermined time, that is, a transmission interval of a



30 exanple at the time of the interference state, the on-board device can
be properly determ ned to operate normally in a second determ ning process.
In this sense, the above predetermned tine, that is, a transn ssion
interval of a 10 checking tel egraph N the pickup coil 16 is not coupl ed
with the ground coil 30 can be set to any arbitrary time |longer than a tine
where the pickup coil 16 is coupled with the ground coil 30 during normal
runni ng of dikektingi nelkgrabhexarpl éhel pO2Bvhickélt hé oA- boar dovparsiponder

devi ce accor.ding.to the enbodi t of the present invention has.been
expl a1 ned Wit FEFoPaicat SORIGRD £30 5 Bhe SodBe Of SLhe preseic
invention isretr lthant ed ttiect keegentent $idiksel esed 18 aboveupaerd warhous
changes can be nade w t hout departing fromthe scope of the present

i nventi on. JO0ZEPRGE €RarplRe, duf iEEGRozmathEUPBK Fpatll &06r L¥21and fPRe FSK
denndulgto%x%%m;ggt respectively serve as a nodul ator and a denodul ator in
t he on- oard-S|&é 15 communi cation device 14 are discl osed. However, the
nodul at or drid2tSHe dembdllat:be carbaksd dtrehispenoemerdevice according

nodul ati on/ denpdul ati on net hods.  [0027]1n the above descriptions, the
Checking. t GrogTan Hec BEah SiplAFnBa CSE% LEVEAPAER. SPRuPBErng

control I'i ng.20 tiel-egraph. fHdewevete the rabeckiingct 8l eghapbcopenelr the
necessarily a tel egraph sinulating a.cqntrollin% tel egraph. An essenti al
poi nt is taEeseadh veatacohdekineg tlémaégeapho $her earegnteoft et es6F t he
checki tel aph_are ed.. y manner . _Ear e n.when the
conten?g o%tgﬁé’zgn%hgg%?%g%tgﬁ&gﬁ%ghngegghgﬁggdwgﬁﬁ§ﬂgydg é%gﬁt val ue, a
sti cki ng fdidour e heardeecdettecthed prG@28] Asvedescrinbed above, the on-board
transponder. _devi ce and t he net hod  of verifyi@%esoundness of thgzonboard

t ranspondert Yefilce ac®dr GFREPL-Et A& pri&sedt FSK modulator and

the FSK demodulatcr 24 that respectively serve as a
medulator and a demodulator in the on-~board-side

15 communication device 14 are disclosed. However, the
modulator and the demodulator can also utilize other
modulation/demodulation methods.
[0027] In the above descriptions, the checking telegraph
hag been explained as a telegraph simulating a controlling

20 telegraph. However, the checking telegraph is not
necessarily a ftelegraph simulating a controlling telegraph.
An essential point is that each time a checking telegraph
is created, contents of the checking telegraph are updated
in any manner. For example, even when the contents of the

25 checking telegraph are changed only by one bit value, a
sticking failure can be detected.
[0028] As described above, the on-board transponder
device and the method of verifying soundness of the on-
board transponder device according to the present

30 embodiment can verify soundness of the ground-side
communication device by only using a device on the cn-board
side without using any facility on the ground side, that is,

without using the ground-side communication device and the



30 enbodi ment can verify soundness of the ground-side conmmrunication device
by only using a device on the on-board side without using any facility on
the ground side, that is, w thout using the ground-side conmuni cation

device and the 11 ground coil. AccordLﬁQIy, unli ke the conventional device
described in Patent Literature 1, which 'enables a determ nation of an
occurrence of a sticking failure only when the pickup coil is coupled with

t he groundgecoihd aoBldet écpondtingnyef vahisectineenceveftaosailckiengctail ure
can be made _at any arbitrary. point _of tinme, r dle f whether a train
is running%gﬁcfﬁg§dsﬁgn%gﬁﬁ¥ﬁ 255F5?£5§eonryw$%§hi%Sgﬁﬁgﬁpﬁmer source of

t he on- boapd+sirée neoamuni-cathoncdevi-eacencst Bakciskihyr AhNYuaeponet; source
of the train on, 10 thereby enabling a_quick and accurate determ nation of
an occurreiéénofng PickkPngOf-di For 6°UPhEFelof8, thy ddBpEAngOtést 2detail s

descri bed ' tart Lup,l then,i temp,fan & | Bapf
escr 1 hed_8p9Kenana0ably oFl At cupLasRect bonal Lede .oy Kheihidl BaglBE

exanpl e, ure can be foun ore the traln starts runni ng.
addi ti on, tilheecontbeardatrbanspondecidévibéetand,t hegretihodsobivehetizbng

soundness of  the on-board,transponder _evgci.?gco%d'ng 0 thg pr esent
enbodi ment 2c&n&var i-fy "HOT BRI ¥ a8t FeRiFAG Faitur 857btt &Vs8™s8undness of a

communi cat ir@Rnfiuacthanpth,er exampkecrathkl baroekieUkt el RoRBubhhesenshoard
devi ce, because the S|%hal transm ssion unit (the tel egraph controller (on

the transniégil6f Spde)iafidithe "FSRIRGAEI BPEPY FAUFRE BA- bodr 8rdevi eeand
the signal .receptiq ni.t (the tele Egpg o]o} %glg Le(RR Lhe reception side)
and th%@FSkkggggguﬁggggfaﬁngt & %n-%oar cgev%cé g 80ns?%tu?e a feedback
circuit viacaupirekup odi k. skndushri &bhiAppki. cabhkirtyof803DyAsddesenizbed
above, the on-board transponder devi ce acc rdiqg to the present
i nvention §Sis8FGFL&S RSO -PRFeAPPER PRatadar qurckryPanBSRECFabel y
determ ne an-AGCYLLEREE @h-2anStireki Ba-h@tkyre. rRehereneanShansobhat 12
[0031] 11, 12 TRAIN
before the train starts running.
15 10029] In addition, the on-board transponder device and
the method of verifying soundness of the on-board
transponder device according to the present embodiment can
verify not only a sticking failure, but also soundness of a
communication function (for example, a filter circuit) in
20 the on-board device, because the signal transmission unit
{the telegraph controller {on the transmission side) and
the FSK modulator) in the on-beard device and the signal
reception unit {(the telegraph controller {on the recepticn
side) and the FSK demodulator) in the on-beoard device

25  constitute a feedback cilrcuit via a pickup ceoil.

Industrial Applicability

[CC30C) As described above, the on~bcard fTransponder

device according to the present invention is useful as an
30 invention that can guickly and accurately determine an

occurrence of a sticking failure.

Reference Signs List



14 ON- BOARD- SI DE COVMUNI CATI ON DEVI CE 16 PI CKUP CA L 17
CONTROLLI NG TELEGRAPH 518 CHECKI NG TELEGRAPH 20 COVMUNI CATI ON CONTROLLER 21
TELEGRAPH CONTROLLER (ON TRANSM SSI ON SI DE) 22 FSK MODULATOR 24 FSK
DEMODULATOR 1025 TELEGRAPH CONTROLLER (EN RECEPTI ON SI DE) 26 TELEGRAPH

| NFORMATI ON 30, 30a, 30b GROUND CO L 32 GROUND SI DE COVMUNI CATI ON DEVI CE

13 CLAIM5S 1. An on-board transponder device that is applied to a train

saf ety syst@@ﬁldnd t ransrt s TRAdNr ecei ves a control ling tel egraph used for

train running cqontraol, 0. %%QF§DEregg% éeg@QOﬁeﬁt9?Cﬁ'a a ground coi

coupled wth a pickup col ransponder devi ce conprising:
a signal transmlssi @icumirt cohat creates a checklng tel egraph that is
di fferent fron1the contraolling tele RA%h and transmts the created checking

telegraph to the ‘pi g REdedifs; TELE

18 CHECKING TELEGRAPH
20 COMMUNICATICN CONTROLLER
21  TELEGRAPH CONTROLLER (ON TRANSMISSION SIDE)
22  FSK MODULATOR
24  FSK DEMODULATOR
10 25 TELEGRAPH CONTRCOLLER (ON RECEPTION SIDE)
26 TELEGRAPH INFORMATION
30, 30a, 30b GROUND COIL
32 GROUND-SIDE COMMUNTCATION DEVICE



a signal reception unit that receives the checking tel egraph via the pickup
coil and restores the telegraph information fromthe recei ved checki ng

t el egraph; and a conmuni cation controller that creates tel egraph 15
information to be included in the checkiyg tel egraph, outputs the tel egraph
information to the signal transm ssion Unit, receives tel egraph information
restored by the signal reception unit, and verifies a tel egraph reception
function on an on-board side based orc&@¥¥sult of 20 a conpari son between
transm ssign tel egra i_nf.ormation_included in heckin l,egr.aph

tranem & ed 1 oRTURE SPGAS CLPARGHT ST UArT iaCr Shepbrbictof Bgaph

i nf ormat i on rkest ekedtir efsaceheaking rbakegraphntihatcknekydeas the

transm ssion tel egraph information. 25 2. The on-board transponder device
accor di ng CENEFAIMILY MidPELAPThESE8mNtRi E4RBNnTEBREFEI FEPtERAngesand

tel egraph ixnfor i o] i.acl,uded | Kj egraph_each tine
t he chegkiggoﬁegggfggﬁhiggﬁﬁg%skﬁgtgde§8H33EB$ﬁebgg?E%grgaﬁgaﬁsponder

devi ce accordikng toidl aicmelonwhereidntirhesppgralk tleansm ssmpmigning:transmts
t he checki ng telegnagh tg t he picku% coi,l ggrkng a Ee[iod in which the 14
pi ckup coil is Aot 886pl ed* M ThSCRE grBund “E8i1 “F 4 the GREFGAPE

transponder cdeyire@naceardiRg @ rek-ahm Erowhenei BohReocormyni-eatiy@apn
controller determ nes that the 5 on-board transponder device has a failure

when an ergod tapRelEscénvedreREER] AGCCEl-Bgr AphcpsapBnsectibpyveliykdet ect 4d
for a pgedeternined nunber of times or nmore. 5. The on-board transponder
devi ce according to any one

a signal reception unit that receives the checking

telegraph via the pickup coil and restores the telegraph
information from the received checking telegraph; and
a communication controller that creates telegraph
15 information to be included in the checking telegraph,
outputs the telegraph information te the signal
transmission unit, receives telegraph infcrmation restored
by the signal reception unit, and verifies a telegraph
reception function on an on~board side based on a result of
20 a comparison between transmission telegraph information
included in & checking telegraph transmitted from the
signal transmission unit and reception telegraph
information restored from a checking telegraph that

includes the transmission telegraph infermation.

25
2. The on-board transponder device according to claim 1,
wherein the communication controller changes telegraph
information to be included in the checking telegraph each
time the checking telegraph is transmitted.

30

3. The on-broard transponder device according to claim 1,
wherein the signal transmission unit transmits the checking

telegraph to the pickup coil during a period in which the



10 of clainms 1 to 4, wherein a transmssion interval for transmtting a
checking tel egraph fromthe signal transm ssion unit at a non-coupling

state in which the pickup coil is not coupled with the ground coil is set
to a tinme longer than a tine during whi t he pickup coil is 15 coupl ed
with the ground coil during normal running of the train. 6. A nmet hod of

confirm ng soundness of an on-board transponder device applied to a train
saf ety systeémkupheo28 wet hod conphesi ngth the gaoﬂhﬁsﬂosgep of creating
necessary telegraph information for creating a checking tel egraph that is
different froma controlling tel egraph used for train running control; 25a
second stegd.of cheabnrgotie cheekpngdtel egrapb bycustngqgt be tekegr aph

i nformati on; athird step of transmtting the created checking

t el egraph o eERan F@Euﬁo@ﬁPPlﬁéFﬂﬁ@ ﬁoﬁéFPééandﬁﬁﬁéﬁl?ﬁé phékupieoil is

hot COU@'e%nwbbgrbh%r%h%BBﬂd%Q'bev%@@ RQErEhfﬁﬁﬁgrgfwhéﬁebM'@QrB?elﬁhECk'”9

tel egraph via the pickup coil; fth step of restoring the tel egraph
|nfornatlomhﬁr@ﬁnﬁh&edeceeaédngh@ekeggapéIegraphseanu1v¢5y detectddsi xt h
step of verlfyln I, E rec t|o unction at _an on-board side based
on a resul t°5f & a gé eF%@ nsm'ssi 8h FEF&graph i nformation

included in a transnltted checki ng telegraph and reception 5 tel egraph
information restored froma checking tel egraph that includes the
transni ssi on t el"8§r 8phPPArer aengRonder device according to any one

10 of claims 1 to 4, wherein a transmission interval for
transmitting a checking telegraph from the signal
transmission unit at a non-coupling state in which the
pickup coil is not coupled with the ground coil is set to a
time longer than a time during which the pickup coil is

15 coupled with the ground coil during normal running of the

train.

6. A method of confirming soundness of an on-board
transponder device applied to a train safety system, the
20  method comprising:

a first step of creating necessary telegraph
information for creating a checking telegraph that is
different from a contreolling telegraph used for train
running control;

25 a second step of creating the checking telegraph by
using the telegraph information;

a third step of transmitting the created checking
telegraph to the pickup coil during a period in which the
pickup coil is not coupled with the ground coil;

20 a fourth step of receiving the checking telegraph via
the pickup coil;

a fifth step of restoring the telegraph information

from the received checking telegraph; and



7. The met hod of confirm ng soundness of an on-board transponder device
according to claim®6, wherein at the 10 sixth step, an on-board transponder
device is determned to have a failure when an error in the received
checking tel egraph i s consecutively detfbct ed for a predeterm ned nunber of

ti mes or

1¢

nor e.

a sixth step of verifying a telegraph reception
function at an on-board side based on a result of a
comparison between transmission telegraph information
included in a transmitted checking telegraph and reception
telegraph information restored from a checking telegraph

that includes the transmission telegraph information.

7. The method of confirming soundness of an on-board
transponder device according to claim 6, wherein at the
sixth step, an on-board transponder device is determined to
have a failure when an error in the received checking
telegraph is consecutively detected for a predetermined

number of times or more.



