1 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 td a nmethod of verifying soundness of
the on-board transponder device. Background [0002] A train safety device

i ncl udi ng the on-board 15 transpom%gbﬁ¥§@ nmenti oned above is a device
that transmts and receives a telegraph (a digital tel egraph) between a
ground devi ce and abN-oRGARErTRANSA@OER FEVUTE miEl deTdod &fecute train

control according to contents r [ e aph. In view of
executing train 20 controlV?&#ggithgégpbgpﬁgsghgkgggevice is required to
reliably transmt a correct telegraph. [0003] As a conventional device of

this type, a train safety device is described in Patent Literature 1
ment i orfed Béebd, for exanple (disclosed as "train control systen in

[0001] The present invention relates to an on-board

transponder device that transmits and receives necessary

telegraph information to and from a ground device via a

pickup coil and a ground coil coupled with the pickup coil,
10  and tc a method of verifying soundness of the on-board

transponder device.

Background
00023 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 control according to contents
described in the telegraph. 1In view of executing train

20 control safely, the train safety device is required to
reliably transmit a correct telegraph.
(00033 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). In 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 different 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



25 Patent Literature 1). In the train safety device, a telegraph including
a specific nunber allocated to a route froma certain stopping station from
which a train starts to another stopping station different fromthe certain
stopping station, and at which the train arrives, is 30 transmtted

nmut ual |y between an on-board devi ce and,a ground device to detect a stuck
failure (also called "sticking failure") that occurs due to a nenory error
or the like in respective processors, such as a 2 transmi ssion/reception
devi ce, i nttérpesedsaand reFERSAP8sHEN1FERe i NEPYRPFBA PRs? PaRBAPiEFietat ure
5 [0004] Pat,gnt, Literature 1: Japanese Patent Application Laid-open No.

2008- 10547 unmary Techni cal Probl em 10 [ 0005] However, in the conventi onal
t echni que meEntitdeedIdlsave, unl ess a ground coil and a pickup coil are
coupl ed and communi.,cate with each other, an occurrence of a sticking
failure in &N ig58 3 i Ensponder devi ce cannot be determined. Therefore,
the conyentiggmal; technicawe hase2albrpr okl gaphhRakeapdetgt Nhpal i eALtObnan
occurrence of a sticking failure cannot be nade while a train is stopped,

or even whémitdhrerdet dloni 280iBoA 094 'be nade while the train is stopped, the

train has to be noved to a |l ocation of the ground coil. In addition, the
determ ni ng process cannot
Summary

Technical Problem
10 (0005] However, in the conventional technique mentioned
above, unless a ground coil 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. Therefore, the conventional technique 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 ceil. In addition, the determining process cannot
20 Dbe performed unless an actual telegraph is received, and
consequently a determination of an occurrence of a sticking
failure cannot be made gquickly and accurately.
[0006] The present invention has been achieved to solve
the above problems, and an object of the present invention
25 1is to provide an on-board transponder device that enables a
guick and accurate determination of an occurrence of
sticking failure, and a method of verifying soundness of

the on-board transponder device.

30 Sclution to Problem
[0007] In order to solve the afcrementioned problems, an
on-board transponder device that is applied to a train

safety system, and transmits and receives a controlling



20 be perfornmed unless an actual tel egraph is received, and consequently a
determ nation of an occurrence of a sticking failure cannot be made quickly
and accurately. [0006] The present invention has been achieved to solve the
above probl ens, and an object of the present invention 25 is to provide an
on-board transponder device that enablesg a quick and accurate determ nation
of an occurrence of sticking failure, and a nethod of verifying soundness

of the on-board transponder devi ¢ce. 30 Sol ution t Problgng%OOO?]ln or der
to sol ve tﬁ@ﬂéﬁﬁﬁ€ﬁeHﬁ?éné&rpF66P€n§un5ﬁn8nCBBEFB t Fangdp PdBvi ce t hat

i's app"ed(iﬂ%d%dtB%%Qc%aQQEYaS¥§b%HH.%BQltﬁéﬂﬁﬁbﬁswﬁﬂg EEEELNES Boil
controlling 3 telegraph used for train running control to and froma
ground devu@eOmNil@ugﬁduﬁdC@othacoupledCWNﬁhSa pl@kgpaéotrangmééﬁipgured
such that it udes: signal ;transm ssion uni, t.cr hecki ng
t el egraph fﬁﬁﬁ’%ga 'FF?F@&F 5 Fpgﬁ% fd %8%?95?? gle%rgg%% Sn%ransnits
the creat edieckien@onelregnapl telheaphclup wahsmatSI gnal creaepti on unit
that receives the checking telegraph via the pickup coil and restores the
tel egraph iGHeSHHG & LEEERPEhE O £88 PAGKEReERAG t 8 84PRBA; TERAPEION

communi cat iygn CQILOLLR; LA hal, cheakasqt ebadtanlyl ofar ERET gaCkopbe

included in ecking telegraph, outpdts th egraph information to
t he signal daidnsmds siemtoxmist tmauuabagxapala@ﬁapmatmborﬁabmohheestored by
t he signal receptlon uni.t, and._verifies a tele rapi h, re%égtlon %un iion on

an on- boar d &5de 5 BeSdd "o tE LESSFRN  oPPE &0 E&ﬁa Re&R™ ﬁfssion

tel egraph |tfHan Bldar d e ohn g FeReckiRe: Tt%' ear apk1t.gaasaht ted fromthe
signal transm ssion unit and reception tel egraph information restored from

a checki ng dheBEgimap i aliestr abie| PP Utive theansiicgsaph tafegraphonnter mati on.

20 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 included in a checking telegraph
transmitted from the signal transmission unit and reception
telegraph information restored from a checking telegraph

that includes the transmission telegraph information.

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

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
300 o an embodiment of 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.



Advant ageous Effects of Invention [0008] The on-board transponder device
according to the present invention can quickly and accurately determ ne an
occurrence of a sticking failure. 25 Brief Description of Draw ngs
[0009]FIG 1 is an explanatory diagramof a schematic configuration and
a schematic operation of a train safetyl systemincluding an on-board

t ransponder device according 30 to an enbodi nent of the present invention.

FIG 2is a fungtdonal; block Jl3eramQf, afkdndEefing o efliguWRldim Pl an

on- boar d- si de conmuni cati on ld‘gﬁn ce according to the enbodi nent.

FIG 3 is arétonchiidw fior Bxpl@ithoryrd siald -aheoki g tprcoc elsy fdeow i n t he
on- boar d-si de conmuni c tionxg§¥'ce ccording to the enbodinent. 5

Descri pti ofcof* +Rﬁxﬁ?é§ﬁ% N "Enpl ary enbodi ments of an on-board
transponder device and a nethod of verifying soundness of the on-board
transponder device according to the present invention will be explained
bel ow in de¢a¢timiton ref cPepedinenthe 10 acconpanyi ng drawi ngs. The present

i nvention %50?8} lin&%éﬁbié&§rgﬁgééiﬁgﬁﬁg 5¥ﬁgﬁﬁéﬁﬂﬁoard transponder

device and a method of verifying soundness of the on-board
transponder device according to the present invention will
be explained below in detail with reference to the
10 accompanying drawings. The present invention is not
limited to the following embodiment.
[0011] <Embodiment>
FIG. 1 is an explanatory diagram of a schematic
configuration and a schematic operation of a train safety
15 system including an on-board 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 communicatiocn device
20 14 and a pickup coil 16 that are mounted on a train 11 {or
a train 12) and a ground coil 30 {30a, 30b) and a ground-
side communication device 32 {(32a, 32b) that are installed
on a ground side. Among these constituent elements, the
on-board-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
following descriptions, the on-board transponder device and
the ground transponder device are referred to as "on-board
30 device" and "ground device", respectively.
roolzi 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



[ 0011] <Enbodinent> FIG 1 is an explanatory diagram of a schematic
configuration and a schematic operation of a train safety 15 system

i ncl udi ng an on-board transponder device according to an enbodi ment of the
present invention. As shown in FIG 1, the train safety system i ncl uding

t he on-board transponder device accordilng to the present enbodinment is
configured to include an on-board-side conmuni cation device 20 14 and a

pi ckup coi ' r B U Al edide dOf Bnd radde kg and a ground
coil 30 (3 g,@ﬁ%g?{%ﬁd@%ﬂgggﬁﬁﬂ-g?de comuni cati on device]32 (32a, 32hb)
that are ihstettedtioa angroand dé¢dece Ambnighe heselwonbtdndiddie efeemids, the

on- boar d- si,de. co i cation device 14. and_ t.h i ckup .coi 6 constitute
t he on-boaf@vtfansp ‘Ele?magwgg%n%nﬁe{%%rag?%ﬁ%ﬁ 3(’:%i#) ‘B%iél%ﬁa% e ground-si de
comuni cat keBadedi 6 B3 0NEE | bitBo@r@r et d rams ponseyrslevd cgevilee si nplify

the follow ng descriptions, the on-board transponder device and the ground
t r anspondefhdegpaerat biref beiedranh ak’ "ohedbrf B0 RVIREOHHY Y bERd

device", r Lvely. 10 - 1 deplgt st athdl i f,State where
the pi ckup§§§|§ﬁg%é #%ﬁ%‘%ug %léf’\k}u%hg’?hg%go%%d@%%ﬁ a.' When the pi ckup
coil 16 isfeempkédnwhtinbéhe gnouodecsatiolOaumiaer5 cbmt robthingltehegraph 17

is transmtted and recei ved between the on-hoard, device, of the , train 11 d
t he groundtaéﬁﬂE@PhTﬁ EBﬁ?FBglpﬁgtPﬁlﬁﬁ?ﬁﬁa 9Vf§ea}?%%%%?%p§1%$§%F%d b;n

both the ogybpard dguhEecANInEhengrOUnd de¥baelikiTheas@ngrodiléng tel egraph
17 created by the on-board device includes train information such as train
type, 1¢ai anformation.nunber, and operati on nunber. The

con oL} 199 PNok? . RLeRl i Do neund Sptygechactisen ehene such

state where the pickup coil 16 is not coupled with the
ground coil 30a or the ground coil 30b. The on-board
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 quickly and accurately

20 determine an occurrence of a sticking failure in the on-
board~side communication device 14 itself.
0014 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-board device

25 transmits a telegraph, the telegraph includes the same
information due to a memory error (including memory errors
that occur on both a transmission 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 errcr (for example, a
fault of a transmission system in a modulator or the like).
(00153 FIG. 2 is a functiocnal block diagram of an

internal configuration of the on-board-side communication



10 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 coil 30a or
the ground coil 30b. The on-board device according to the present

enbodi ment utilizes the 15 state where the pickup coil 16 is not coupl ed
with the ground coil 30, as shown in the train 12 in FIG 1, to cause the
on- boar d- si de communi cati on device 14 to create a checking tel egraph 18

that is diffgrent1hromphprgonsrolhi ngnlghessaphad 7c bk deft {onqui ckly and
accurately 20 deternine an occurrence of a sticking failure in the

onboar d- si devéoanbfi tat tonfdevied 14 incbhde &00dA WAL EHhelPr esent

ot only acPRAEPLEFS: Por EpPnCubr ke CREhETraRD  RE-SRIR0ATh Bevee 25

transnmits antekegtaph, tbheet ehegnaph inctndeshiébeisqnesiadoapntiop gdue to a
menory error _(including nenory errors that occur on both a transn155|on
si de and atﬁéééﬁﬁpﬁncgﬂaé?lé?rth@nlFR% FRERHBL of i BRaf HiGbvE teltPBlt al so a

fault (failype). io mbcbe%wag 1? gfmgéisgr,@@hlﬁwnglbiﬁapyt Q&'%nzﬁ) due to

a cause other than a nenory er or exanple, a fault a transm ssion
system i n dompdukmpde, oanﬁheutpkE$ tb@ObsmErﬁiSanala aunESKonal bl ock

diagram of an haternal ¢pnliguration.of »bRS.00:P9RLY- 81 g8, coMpypi cation

example, generated from the signal input from the telegraph

10 controlier (on the transmission side) 21 as the checking
telegraph 18, an FS5K demodulator 24 that receives the FSK-
modulated signal (the checking telegraph 18) transmitted
from the FSK modulator 22 via the pickup coil 16 connected
to the on-board-side communication device 14 and

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

20 communication controlier 20.
[(0016] In the above configuration, the telegraph
controller (on the transmission side) 21 and the FSK
modulator 22 constitute a signal transmission unit in the
cn-board transpeonder 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.
{00177 According to the on-board transponder device of
the present embodiment configured as described above, the

30 telegraph controller (on the transmission side) 21 and the
FSK modulator 22, which serve as the signal transmission
unit in the on-board-side communication device 14 and the

FSK demcdulator 24 and the telegraph contreller (on the



6 device 14. In FIG 2, the on-board-side conmunication device 14 is
configured to include a conuni cation controller 20 that creates tel egraph
information 26 as information to be included in the checking tel egraph 18,
a 5 telegraph controller (on the transm ssion side) 21 that converts the
tel egraph information 26 into a binary $ignal, for exanple, and outputs the
bi nary signal, an FSK nodul ator 22 that outputs an FSK- nodul at ed signal

for exanplg?g S?gggtggdgLfggth§h§&% §é51 HpLL féﬁ%jf%

controller t Fansmi ssi on ' si as t ecklng telegraph 18, an
FSK dennduhaﬁorzﬂ4th@abn%Bcer&e31ﬁ®ec@ﬁmMnduaaiem déghz¢ {4 he checking
tel egraph 18) transmtt

d fromthe FSK nodul 22, via_ t ckup, coi
connect ed £6"FhétBhepBatBeePd nLc%hﬁﬁH?Ean%ngﬁﬁvP%%kﬂa W gé Hg%%lates
the recei vednfiSKi PRAULAt ednsLaNabr ADddacigbeutRRNcEOBkI 0y | €81 égPaphe
reception side) 25 that creates (restores) the checking tel egraph 18 by

usi ng the dénbdubat tdaspsyhatednpud Peoirrhe FSRrdepdpaubhtoheBinagd out puts

th t k tel h to t 2 troll 20.
[0016]1n 1 RLo5056e "ERRFL UL Bh CEne™t Bl Bgr SRR Cont FaIT S on the

transm ssi ea1spdeph2isandnbbeibpKanpdutater onveﬂmsthglteoanSngﬂal of
transm ssion unit in the on-board,transgonder device, and t

denodul at o? $218R#2P5 tReCPBIEGLAPRICEA PEFRBR! (bR ?ﬁer?ﬁﬁéﬁ??o rgﬁnde) 25
constitutey rqegPLEon unit in the on-board transponder device.
[0017]Accor§|ngggahdhe on-board transponder device of the present

enbodi h&nt [€6ABIlgur ednaspdestibbedfabbeepnthea3d tevegeaphneonnrol I er (on

Lhe L1 s soLan Shoel 24 A s FRCIRIUS| o) 2y MlcDeseye 25 Lhe
gnal tra ur | tion dévice 14 and
the FSK deppdulatotr2baandnthe st ekpataplocapidtollieh (efickbce to FIGS.
2 and 3. TFIG. 3 is a flowchart for explaining a seif-~
checking process flow in the on-board-side communication
15 device 14.
[0019] First, the self-checking process in the on-board-
side communication device 14 starts when a power source 1is
turned on (Step 5101). The on-board-side communication
device 14 determines whether a predetermined time has
20 elapsed since the last transmission of a checking telegraph
(Step 8102). When a predetermined time has not elapsed (NO
at Step 8102), the determining process at Step S102 is
repeated. When a predetermined time has elapsed (YES at
Step $102), whether the pickup coil 16 is 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 S103 are repeated.
On the other hand, when the pickup coil 16 is not coupled
with the ground coil 30 (NO at Step S103), a checking
30 telegraph simulating a controlling telegraph is created
(Step $104) and the created checking telegraph is
transmitted to the pickup coil 16 (Step S105).

(00201 The on-board-side communication device 14



7 reception side) 25, which serve as the signal reception unit in the

on- boar d- si de communi cation device 14 constitute a feedback circuit via the
pi ckup coil 16. The conmuni cation controller 20 deci des the checking
telegraph 5 18 to be transmtted and perforns a process of checki ng whet her
there is an error in the received checking tel egraph 18, that is, a process
of verifying soundness of a telegraph (a controlling tel egraph) to be

received fromithe ground device., 10 8] ratjo f on- board
device (t he®on-" boa Ibe st e clonrﬁTutn@llce 5 g# c]@%oc 1})%eacr}ce%rd(§)ita%g( to the
present endodiuentcdrsstedl edded ette wiitdikueferiandes tamdrldeSe xniards 3. FI G
3is a flowhart for explaining a self-checkin rocess flowin the

on- boar d- STk @t DR EHRA d 141 [%‘ff%i‘%dr eGki0% el f - checki ng

process in the onsboadds, sd e COMAMNIEal One devioer chdisiprdre Wemba pover
source is t%?%%dﬂ%n ?%té% 510f). The on-board-??de coﬁh&%ication device 14
det er niSnesdshethien iy prectet ©F mareetion a2 aapdeEd watbe fdve | ast

transm ssion of a checking telegraph (Step S102). en. . r.edet i,ned tine
has not el ST ¢ NO TEs B 6 ,Ipcfh F e%%tﬁgeng(m&é(}cleé tadleﬁege{)grglOZ i's

repeated. Yhen @ pPredesesn hed ddum: hasl eb apsethd ¥ES @t @het&ioy, whet her
the pickup coil 16 is cou&led with the 25 ground coil 30 is_ determ ned

(Step S103yesehenStdie Pleklprrdi FhaFeceduptet v thP theeRyrotid: cdit 30
(VES at Step. SIORly Rgaprogesses.al fleps ol02 and &0 e nepeated. On

t he ot her e’ pi ckup col I's not coupled wth the ground coi
30 (NQmt StepgfAPR) (YRS checkiag 3001k egrepnmsi valat i o Bheomtrof | i ng

telegraph is created (Ste 104) ~and t eat ed checking. tel egraph is
transm tt edCtBtEhel pi %‘R’t‘x‘&g%gi 3 16&6@? egf%%S) and gpB%} The 6h- boar d- si de

communi cat 4QP. fgYHEE dhether the count value of the error counter is

smaller than a predetermined value (Step 5110). When the
count value of the error counter is smaller than a

15 predetermined value (YES at Step S5110), the process shifts
to Step 5102 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 (NO 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 8107 to S111, 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.
(0c211] At Step S104 described above, for exampile, a
process of incrementing the contents of the checking
telegraph is performed. That is, a checking teiegraph with

30 different contents is created each time the checking
telegraph is transmitted.
i00z22] Because the checking telegraph is a telegraph

simulating a controlling telegraph, basically, no checking



8 receives the checking tel egraph through the feedback circuit constituted
via the pickup coil 16 and determ nes whether there is an error in the
recei ved checking tel egraph (Step S106). As neans for perform ng the error
5 determ ning process, an error counter can be used, for exanple. Wen
there is no error in the checking teledgraph (NO at Step S107), a count
val ue of the error counter is reset (Step 5108) and the process shifts to

Step S102. ther &\g&gﬂ e dlens dis, A are i theushacki g, 10
t el egraph E%l%é%ﬁbﬁigitﬁl 7), a count &?iueng t he erﬁbp co&ﬁ%er ié count ed
up (Step S108)grauned tdeinl i30i s Hsteran nedt whetdlero tdvncouinb haal e of t he

error counter is snaller than a predeterm ned .val ue .(Step. .S1 .. When the
count val uémIB‘Fd’f?ﬁagg\’ r%ﬁt%u%ffe‘?’%l?%%ﬁr&% %11};1% palcl}élpprcgocét éfr)gm THed val ue
(YES at Stgpr SAd@)1ed hei h 0ges Sy shidd scd 01 HEmSID2@B10B t hthtase of no

error in the checking tel egraph. \Wen the count value of the error counter

is equdl tetakel hsgehanteg W p? cieder e Vil u P Y N RItC St epl B149) , a

failure in_th - d V] i cted and the 20 sel f-checking process

flowis fiﬁ%% %§8(2¥§% Eﬁ%l#fg%%gtg§£f ?ﬁ'the processes at Steps S107 to

S111, when({aon2gfror Whehhehehetkiumg telegléaphs i cogohstouttiivetlye det er mi ned

to be present for a, predeterm ne valﬁeqée%gredeternined nunber of tines),
a

t he on- boaP8CHBGI €e1is et BRfi ARaPPRr 9525 ot F S CIH RIS Sehise, the

predet er mi pad.yalye. gepL L 90Rda ARON EC6RArHE] By | PE BEEFaSgUatet O Or | arger
than 2. (0021] At "Step S104 descri bed above, for exanple, a process of

i ncr eright i gmtiheacentehysrofeinedcheckingoterbyedphineepbeforaed. That is,
2 oneckinggh g S9G3P L 130,04 L LEDLoCFDL L geh Popt B0l b SoChel LA e,
a tel egraphnsi aukaking actegtaphl hog tekegoaphol basycablygraphchecki ng
received properly. However, because in a process of
receiving a controlling telegraph, telegraph transfer is

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

20 [0024] Even 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 coil 16 is not coupled with the ground coil 30,

a checking telegraph is transmitted (Steps 5102 and 5103).
Therefore, in a case that the on-board device operates
normaily, 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 normally in a
second determining process. In this sense, the above

predetermined time, that is, a transmission interval of a



9 tel egraph is output when the pickup coil 16 is coupled with the ground
coil 30. However, it is also conceivable that imediately after determ ning
that the pickup coil 16 is not coupled with the ground coil 30 at Step
5103, this 5 state is changed to a state where the pickup coil 16 is
coupled with the ground coil 30. [0023]Mhen the pickup coil 16 is coupled
with the ground coil the on-board device is in a state where a checki ng

tel egraph %&%cﬁlﬁgnké9éggggP ﬁbsgf%ﬂa E@k&?y?b?ﬁ'i@“f@u§&y ggggivad (in a

so-cal l ed "intertérence Cbnse uent ere Is a possibility that
nei t her theichetkiengrbehdgraph B0r chhebeonetotbi agyt aegraphyi simecei ved

I Ho b f , t li.,ng .,
el oot aph, 1E8REGr PR PaReREr "€ 5 er POFKEN CBYr AP ¢F nBeuRLaH 1y “Hnen

the p'CkUpﬂﬂ@|gr%@nﬁsc%Q§pb@ddﬂkEﬂ t Rer8rQuURdnEOhL 36, tRadtakse,t Kex
contents of the tel egraph are verlgled by performng a matching process a

plurality okkampdeer of tines, the contents of the received checking

t el egraph ﬁa#?% recggghﬁgqhgr B%r %gggﬁhgﬁggd QﬂthﬁcBBEﬁHBgCOil 16

is coupled t he COi oar evice Isina
interferene® stat emdliemehacess t(mfe @eteeemnangemebhehashbephckup coil 16
is coupled with the ground coil 30 is perforned af ter gredeterni ed tine

has el apse@*PamdNiifeif 128 ¢RE eFiededp toiF1L 6 |stﬁo?'0585I goret Rt F&Sgr ound
coi | 30, agheckiing felegiaphd $dkr ansitkied o Shepsont@irandi8td3keq

Therefore, “in a case that “the “on-board devi ce operates nornally, although
t he oniPoaradbodeyi cad srad:etoeusmcmadlgte@ oper dee naldivowidghloyti degafritisty

determ nin cess, for anpl e at the tlne of the interference state,
the on- boa%aflo Jﬁﬁ%f%ﬁﬁmbégb% e Ay S8 er MY €8 ‘operate normally in a

second det efgiHiNg PrERGeSSkariyl d,hiis: samse 2t hecabowre mpcedetermredrid me,
that is, a transmssion interval of a

the FSK demodulator 24 that respectively serve as a
modulator and a demodulator in the on-board-side

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

20 telegraph. However, the checking telegraph is noct
necessarily a telegraph 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-~bocard 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 on-board
side without using any facility on the ground side, that is,

without using the ground-side communication device and the



10 checking tel egraph when the pickup coil 16 is not coupled with the
ground coil 30 can be set to any arbitrary tinme |onger than a tine where
the pickup coil 16 is coupled with the ground coil 30 during normal running
of the train, for 5 exanple. [0025]While the on-board transponder device
according to the enbodi nent of the predédnt invention has been expl ai ned
with reference to FIGS. 1 to 3, the scope of the present invention is not

limted to o ts 4 0 a54-0us: Ghanggs ¢an be made
wi t hout degggﬁfﬁgg§?gh1t%%éé%gggg%%’t e9%§%sgﬁ§ ?nveﬁ#?%n. [OOZ%fFor
exanpl e, inekbGib2d thePkSknhoditatatu?2? andwhheh FSkKaldee®dal at or 24 t hat

respectively serye as a dul ator and a depodul ator.in the. on-board-side 15
comuni cat FEhCEBVREe 2% 4 eaHiEEFBgﬁﬁ?cﬁbﬁgear?g glﬂ%dﬁ?%}%?eaHHEYhe

denodul at ogpeancaksg; Hkhbi 26810t her cangdukat y9phdenpdytethenceethods.
[0027] I n the above descriptions, the checking tel egraph has been expl ai ned
as a te$egﬂ&ﬁﬁr@ﬁnaté@hngfaacoﬁﬂﬂérFﬁﬁgezgftélégﬁﬁghQGFﬁﬁk%@F? £RB BRecking

tel egraph i s ,not necessarli tel a Ll atj trol
tol ogr aph. "AiCeSoRtTaf BOE ¥SCPRAE Bach PFho: BOahak A Fel BBPASK i s
created, canteats ot thanchgckirngnt el egaapbtaié spdatedbinoahy manner. For
exanpl e, even when the contents of the 25 checkingrtelegra h are changed

only by on&UBhEngafhe, PRVEEi RIAGET 8F| GPE ERAPBE*HefetEedoPBH28f AL

described ghoves LA PHaROAL] LL2AIRAANACHoHRY! cuand bRCLHB! hod:af on
verifyi ng soundness’of the ohboard t Fansponder device according to the

pr esent0 30 téwrtretiymentbéangver iy csoandnessuoktehdegesundasida odmanni cation
Faci 1ty of FHETGP6en Ao r e  FHArS St Rout TUS R4 ERe GYohRGES e
comuni cat i@ +deiee 183NdekRe ibed above as daily start-up inspection

items for the train, for example, a fallure can be found

before the train starts running.

15 [0029] In addition, the con-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 mcodulator) in the on-board device and the signal
reception unit (the telegraph controller (on the reception

side) and the FSK demodulator) in the on-board device

25 constitute a feedback circuit via a pickup coil.

Industrial Applicability

[0030] As described above, the on-~board transponder

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

occurrence of a sticking failure.

Reference Signs List



11 ground coil. Accordingly, unlike 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 the ground coil,
a 5 determ nation of an occurrence of a sticking failure can be made at any
arbitrary point of tine, regardless of Mhether a train is running or in a
standstill state, by only turning the power source of the on-board-side
comuni cat i Vi ce,9n, 1 that.,i turning a power source of the train on

10 thereby[gﬁggﬁing %QQU}EK gﬁ%§gccurate determ nati on of an occurrence of
a sticking fail dde. OMhep2RDOr8IDByCadUpNIIAfTIONt DEETEEI s descri bed above as
daily start-up inspection i for the train, for exanple, a failure can
be found beforelghe?gpggﬁ gbgﬂfs runni ng. 15[0029] I n addition, the on-board
transponder devijge apfdTkberAREhedretryeni fyi ng soundness of the on-board
transponder device according to the present enbodi nent can verify not only
a stickPng fail dBe, CHEEXaANE0TESERBABYS of a conmunication function (for
exanple, a filter, ci I i = rd devi ce, because the signal
transm ssi on un?@ (F@@Mpgﬁgégééﬁ %@ﬁ??@%ﬁ@? (on the transm ssion side) and
t he FSK nodul at en) mRLERRAGH- boardodevRceocandrirReMIEgnal sepepti on uni t
(the tel egraph caontroller gon the reception side) and the FSK denodul at or)
in the on-board4devifé& YEPIGASPRt ute a feedback circuit via a pickup coil.

| ndustrial Appl ixgabidsit yrlBPsehAsrdescri bed above, the on-board transponder
device according to the present invention is useful as an 30 invention that
can quitkly and ZaccUFaEERpPHeCONFRAELER dOBURESREE ION &1BE)cking failure.

Reference Signs il Sty Heraps mnFoRMATION

30, 30a, 30b GROUND COIL
32 GROUND-SIDE COMMUNICATION DEVICE



[0031] 11, 12 TRAIN 14 ON- BOARD- SI DE COVMUNI CATI ON DEVI CE 16 PI CKUP CO L

17 CONTROLLI NG TELEGRAPH 518 CHECKI NG TELEGRAPH 20 COVMUNI CATI ON CONTROLLER
21 TELEGRAPH CONTROLLER ( ON TRANSM SSII@N SI DE) 22 FSK MODULATOR 24 FSK
DEMODULATOR 1025 TELEGRAPH CONTROLLER ( ON RECEPTI ON SI DE) 26 TELEGRAPH

| NFORVATI ON 30, 30a, 30b GROUND CO L _32 GROUND- SI DE COVMUNI CATI ON DEVI CE

13 CLAIM5 1. An on-board transpondEPA&g§|ce that is applied to a train

safety systepy aﬁdbsaaasmaﬁsgagdéﬁcgévféea@@@@twlégmé&lﬁgr@p@r%@d for
train running control to and froma ground device via a ground coil coupled

with a PRERUP eBFFemt hendnboareni ¥ anspdndere Hess ce eUhpro bl a
Ol SERPSLSE, SRalntt ! ok i EpLnd SURER DO oL 80"BR DL s ng
t el egr aghvtoet heapecupundi £oi1 coupled with a pickup coil, the on-

board transponder device comprising:

a signal transmission unit that creates a checking
telegraph that is different from the contrclling telegraph and
transmits the created checking telegraph to the pickup coil;

& signal reception unit that receives the checking
telegraph via the pickup coil and restores telegraph
information from the received checking telegraph; and

a communication controller that creates telegraph
information to be included in the checking telegraph, outputs
the telegraph information to the signal transmission unit,
receives telegraph infeormation restored by the signal
reception unit, and confirms a telegraph reception function on
an on-board side based on a result of a comparison between
transmission telegraph information included in a checking
telegraph transmitted from the signal transmission unit and
reception telegraph information restored from a checking
telegraph that includes the transmission telegraph
infoermation, wherein

the communication controller changes telegraph
information to be included in the checking telegraph each time
the checking telegraph is transmitted, wherein

the communication controller changes telegraph
information to be included in the checking telegraph each time

the checking telegraph is transmitted.

2. An on-board transponder device that is applied to a train
safety system, and transmits and receives a controlling

telegraph used for train running control to and from a ground



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

t el egraph; and a comuni cation déntroller that creates tel egraph
information to be included in the checking tel egraph, outputs the tel egraph
information to the_signal transm ssion unjit, receives telegraph information
rest or ed®By “Eh& i §ndf FadepPi ncﬁﬂPf?da%ﬂt%oﬁf?+%%u%.?%ﬁ%ﬂﬂ % ?eception
functi opogardan-anspeandrside; basedngpi dikgsult of a conparison between
transm ssion tel egraph information included in a checking tel egraph
transnitted fr8ATEASE Srghanissapnigst obhahi treames etepte¢@ninel egraph

i nformat| o] fe LN I a j nel

transm SSTaR Tl oGP agh. Fnl o et vhn, Chrhy orh ERECEot oot Fea e 0f  or
changesttehegiaphthaf oreatédnchechend ncéldedapn thetioheckilngo t ebegr aph each
time the checking telegraph.is transmtted, wherein the conmuni cation
control | er cﬁaﬁbgga?ngﬁ? phOP nfBt hratdh ?%C%év?%cn@%éﬁh??ﬁ%%% checki ng
telegraaeléggﬁphlﬂgathﬁepﬁfekhﬁgcéﬁiegﬁ@pbe$§o£é§n§@1égﬁﬁbh 2. An on-board
transponder device that is applied to a train safety system and transmts
and recényesmationt FoPNi Blget bhegtaph cedking teheéorawinnhiaed control to and
froma groung c&ﬁmgﬁ%b8€18h3c8n9£89f9gCPh&tCQEgéﬁgswﬁé?egygégk“P coil, the
onboard transponder device conprising: a Signal "Transim ssion unit

t hat créafesmattheckonget ehegnaph ihathésclefkengnteicomphe conprosling
telegragﬂ and. transmts_the created checking tel egraph to the pickup coil;
a signaFPetepePoAPINI BIPRARt ek et ekt nel ehat K Fig $B1 89 APhRi & t he pi ckup

coi | andoresiesescloh8ghRPInEDIREFBLL OREE M4 NGy T £6€1 yogh ghecki ng
t el egraph; and a conmuni cation controller that creates tel egraph

i nf or mareeartoopeuinintl uded ¢onfhemeheckehgorapegrapspt but pitscthertehegr aph
i nform hogng 05?8 g% Qagagr nsnissiog gﬁit receivgs.teA raph information
restored by the sigha rece% i on anfesH Lot FHR 5}?%I2%?5§%e?eception
functi oorensAbsohohoBE Ue§t 86h basedraat fok eshkl u@éd aigoapanéspimpet ween
transm ssion tel egraph information included in a checking telegraph

transni FELBIFPBM FRensP§Rardt FEPENTRY| HROLAL t LERESRESRPYT ow il @8F aph

| 1T OF MBLE OB 51 OF £9o LF 0O 2 £REEKL DPoL ©1EGE8POS! PRbm) ROLNLER  Lhe
transm ssi oh tel egraph 1'hformation, erein a transm ssion interval
for trabhshe¢tapy vhehetkehgdesl elge aphahisoishenstghayraplansm ssion unit at
a tinme of non-gougling i n,which the pickup coil is not coupled with the
ground EBIPTIRTLRE” t B4 Eife | onger than a tine where the pickup coil is

coupl ed withatheagsRuadisRi i ndyfaY ﬂ@f”@kaﬁgﬁﬂtﬂgn@fat8ﬁeékﬁh€1 wher ei n
a transm ssion interval for transmtting a checking telegraph fromthe

signal teaR3ARBBI BROMNTRC atianabnt Eauphedsseatenih whightine pf ckop-coil is
ol cOLBLE I A Ny S0Pl 351y Losanbl TRoLgnar g e cur
of the graund coil is set to a time longer than a time where the

pickup coil is coupled with the ground coil during normal

running of the train, wherein

a transmission interval for transmitting a checking

telegraph from the signal transmission unit at a non-coupled

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 ceoil is coupled with the ground coil during normal

running of the train.

3. The on-bcard transponder device according to claim 1 or

2, wherein the signal transmission unit transmits the checking



15 telegraph to the pickup coil during a period in which the pickup coil is
not coupled with the ground coil. 4. The on-board transponder device
according to claim1 or 2, wherein thdScommunication controller determn nes
that the on-board transponder device has a failure when an error in the

recei ved checking telegragh is consecutively detect4d for a predeterm ned
nunber bf1EPRBENOFONBPE. PHEKURNEObh- Boar o tF afidhbridet? dévice BReording to

claiml,iwhgpebpid t5ans sshpfchngENatnd of-buansg11ing a checking
telegraph fromthe signal transm ssion unit at a non-coupling state in
whi ch the pickup coil is not coupled with the ground coil is set to a tine

| onger than tinme during, which the pickup coil is.coupled with the ground
ol L dubing ABPnEl PHARRG OFCERRTEF Aihe tPe ot THER Bt i 7
soundnegs eheadiantheactmhiaNSpPONLLT cEeViSEl @pphiéedrinasttizhn sadety
system the nethod conprising: , a first step of creating necessary

t el egr apR—PREBFANRERBAPPBACEr €Y1 7Y B2ehacki hpriel ypaph t afCrsidi ther ent

froma Eeeg£9g&iege&ﬁkﬁ@r@@beg§§§hf9g %6@%@cﬁ99@é?ﬂ &8@%&9&& or 5 @ second

step of creating the chéecking egraph by using e telegrap |n?ornation;
a thirdpseeptefminadsmubéngof heisegatednehecki ng tel egraph to the pickup
coil during a period where the pickup coil is not coupled with the ground
coil; a fourth step of receiving the checking tel egraph via the

pi ckup &0i | ;The on-Bohifit Brehepoflict e84 P1EA0atHErdLheOtapHLA DKo ation from
t he recei ved checking tel egraph; and a sixth step of confirmng a
t el egr apReFeeBpEi BRELEREEF O on BATBAL bBAF dt 5P BT bRSEAI of B PeSLrY of a

conpari e 6 a ] SSi i roption.in in a
Franom £ B ST BoT gy A B Es D O L e et or e
from a shetki hg teliegraph phakupncbulessthettcamshegdsvonht ehegyaptnd

informatio raph_inforpmation to be

, . wher ei ,_at_the second step, tele
| ncl udetoin’ i heSEhebRi AgtiBF ehPARRAL| EhChanget atht f1fe" heh chatki ng
tel egraphckspcegat eds 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
method comprising:

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

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 cecil during a period where the pickup
ceoil is not coupled with the ground coil:;

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

a fifth step of restcoring the telegraph information from
the received checking telegraph:; and

a sixth step of confirming a telegraph reception function

on an on~board side based on a result of a comparison between



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

times O{rggéﬁission telegraph information included in a transmitted
checking telegraph and reception telegraph information
restored from a checking telegraph that includes the
transmission telegraph information, wherein
at the second step, telegraph information te be included
in the checking telegraph is changed each time the checking

telegraph is created.

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.



