- JKLMe3e T6T " TITLE OF THE | NVENTI ON TRAI N CONTROL METHOD Al RATUS

FI ELD OF THE.I'NVENTION 5 The present invention relates to a qm@m@m@mm‘u&u’

" met hod and apparatus for controlling farlway or nonorail trai k
by dividing the track into a plural of block sections. 10 BACKGRCuUMB2OF THE
I NVENTION In general, a railway or nonorail track is divided into a

pl ural i tyrpis dbPctlyseevegsider control. In this case, it is necessary to
detect whether or not a trainis in a block section. This train detection

is usually 15 perf ' ' AN circuit can detect
trains in the whol gf%??%ﬁdgg@ﬂ%%%&%uﬁ%ép@%xpensi ve. Therefore,
communi cation el enents such as transponders are used insteaﬂNﬁ@lMﬂﬂmmmm*k
circuit in a 20 slack single-track line. The transponders a

trains and on entrance and exit of each single-track section foOkisoisee
comuni catEIgh Qret e nINEENBHN waysi de transponders. The waysi de control
device receives a train ID (train identifier) fromthe train by neans of
cals and 25 waysi de Thanspesdier sinvekiesors wrel dtted tdea tirradim icorairdihe - 2
entrance of the section and the train reaches the exit, and thus identifies
the singhStRd@Cind | AgpdPatud heot @bt PEEEHEY | Sa LIRS -od hichd®inod of
identifying that a track section 5 is clear is called an electronic

bl ocki NG SYS{€Mn a track by dividing the track into a plural of

block sections.

10 BACKGROUND OF THE INVENTION
In general, a railway or monorail track is
divided into a plurality of block sections for control. In
this case, it is necessary to detect whether or not a train
is in a block section. This train detection is usually
15 performed by a track circuit. The track circuit can detect
trains in the whole track (all positions) but it is
expensive.
Therefore, communication elements such as
transponders are used instead of the track circuit in a
20 slack single-track line. The transponders are placed on
trains and on entrance and exit of each single-track
section for communication between cab and wayside
transponders. The wayside control device receives a train
ID (train identifier) from the train by means of cab and

25 wayside transponders, makes sure that the train is at the



Conventionally, the electronic blocking systemhas used a track circuit to
detect a trainrin the station yard. There has been proposed a nethod that

" does not use any track circuit in the2station yard, as disclosed in
Japanese 10 Application Patent Laid-Qpen Publication No. Hei 10-76951. In a
slack single-track line, a visual operation by the train driver is singly
enpl oyed to_imedi at stop.the_ trajn autopatical for safety when the
Crain gost ErAPBRoRE LB RpREAPA CPRA gt T SRk e Pl Rt Bt Y 4
controlling systemw thout a track circuit can be expected by applying an
el ect r ontRBUB| 8RR ELT 495t ERPt RaPIder BERSKt LARAsTRAL athe cbea bR nP3%eed r ack
according to train IDs (vehicle IDs) that a wayside control device receives
by neansisfcteamuni cati on el enents 20 such as transponders of a short
comuni cation range on both the track and the train to the whole

conpar atively densetyipatkedodosbl eaéndckyingethdpegi trgat | gectivs net hod
divides railway track into a plural of block sections, places a wayside 25

comgruni caki gile gL-€MBNLah Degagh Qi@&’éréﬁféiﬂﬂocﬂﬁ‘?eéy;ét&ﬁ‘p -3
comuni cation el ement on each train to communicale Wth said waysi de

conmuni cat i ! wh sai ' J,0 nt_enters_a
pr edet er%&%’ggng%grggg#ys a?ﬁevxg%g‘lzggg%%%mngyn:g%gﬁgn%?ﬁ%ﬁﬁ?és al?n%e((i:oérl]t rols the
train by 5 the conmunication of these communi cation el enments. SUWARY OF

THE | NVERFREN FOREULE, tPhEeEBFT ofhi HERHR obP ehRC oS FRELOM ¥aHf r o/TRERS t r ai ns
by the conmmuni cation of a wayside 10 communi cation el enment which is placed
i n each bfscReercproncand a wabhedntiat cdeednnet epeitanini tyaedn communi cat e
wi th the waysi de communi cation el ement when the cab communi cation el enent
enters acprediteim bbd sbtagbtonfyahd, as disclosed in Japanese

10 Application Patent Laid-Open Publication No. Hei 10-76951.
In a slack single-track line, a visual operation
by the train driver is singly employed to immediately stop
the train automatically for safety when the train goes
through a stoplight (red light).

15 An inexpensive train controlling system without
a track circuit can be expected by applying an electronic
blocking system that detects trains on a predetermined
track according to train IDs (vehicle IDs) that a wayside
control device receives by means of communication elements

20 such as transponders of a short communication range on both
the track and the train to the whole comparatively densely-
packed double-track line.

Specifically, this method divides railway track
into a plural of block sections, places a wayside

25 communication element in each block section, places a cab



waysi de conmuni cation elenent. 15 In a conparatively densel y-packed

doubl e-track:line unlike a slack track line, driver's wong operations such
as over-speeding may increase as the 8peration frequency increases.
Particularly in nmonorail ways having great track sl opes and various track
forms, the nonorail 20 operations are greatly dependent on drivers' skills
and to i . Qpe I i ; i M8 been

aut omat ?%8;%@%%8%%%@?0%%%% %135%%}2“%%3{1{ :ﬂ#oéncg{}?%% %/F%(r}?l]ft?]ol t he speeds
of trains.,The ATC continuously, gives a speed limji.to a train via a 25
rack ol AUt VARELOR ST FOLgR SLpBRAE IR A SAhe -4  train for
safety when the speed of the train exceeds the speed |imt. However, a
train deCQBERVRECS %@%n@b@ﬁ#@?i%t%mse@e&#?@ﬁﬁ%rfﬁifféﬁﬁi&i@e%ﬂﬁ éadths no track
circuit and cannot 5 give a speed |limt to the train continuously. In other
wor ds, twagsigeteommoanigaivizon nébement pnamd| goratrald | the edrgio iy As t he
speed limt changes according to track fornms and the position of a

pr esedi nghér 8bmuh Pe€atilén | Sf Netie saf Ebrmeit cderesel diien ¥™C gi ves only the
fixed speed limt. 10 This cannot assure the safe train operation. The
present invention has been nade considering the above and an object of the
present invention is to provide a nethod and apparatus of controlling

trains oggﬁ%éggﬁé%w&ﬁg f&ighﬁiﬁﬁaiion safety when detecting trains by 15 an

el ectron g Sys present invention is characterized by

dividing the train track into a plural, of blqck sections, placing a wayside
communi cation el engttV§¥eRacH | WY AFotens AFiB% ! conmuni cati on

el enent on each train 20 to communicate with said waysi de conmuni cati on
el ement @pehrolling trains by the communication of a wayside

10 communication element which is placed in each block section
and a cab communication element which can communicate with
the wayside communication element when the cab
communication element enters a predetermined range of the
wayside communication element.

15 In a comparatively densely-packed double-track
line unlike a slack track line, driver’'s wrong operations
such as over-speeding may increase as the operation
frequency increases. Particularly in monorail ways having
great track slopes and various track forms, the monorail

20 operations are greatly dependent on drivers’ skills and to
avoid wrong operations is strongly required.

There have been automatic train control (ATC)
systems that automatically control the speeds of trains.
The ATC continuously gives a speed limit to a train via a

25 track circuit and automatically actuates the brake of the



said cab communi cation el enent enters a predeterm ned area of said wayside
communi cation el enent, and letting a waysi de control device comrmunicate
"with an onboard control device through said waysi de conmuni cati on el ement
and said 25 cab communi cation el enment: wherein said waysi de contr ol -5
device transmts the current position information and the stop position

informatjon.,to_.said pnpoard control deyic en_receivin train

dent 1 11 EFa1R 057 SAPEEY M ohE TS ofF (% CFERE ShePefts £8¢ 4 onboar o
control device 5 generates a protection speed pattern for an area between
the currehtedrbifibosition and the stop position fromsaid current position
information and said stop position information and limts the high-limt
speed of said trai nH¢weser d proratn i detepebiy psnstem. employimefar r ed

enbodi nent of the present invention conprises the steps of storing a | ot of

pr edet er g1 8€tr o O& EB1 o ORNLiBPESHs PahtRaHSnd Of racipl ewvduily @hdbé&ekotsecti ons
i n advance in a database constituting the onboard control device, |oading a

Pr oy eCtiQﬂvép§e§lpé’é&tﬂrﬂiiofoafhér€f%%§ SSH VBl By CUITE Yt dr@i N posi tion

the Stop position according to the current position I nformation and the
stop posit] i i i ch | cont devigce, Ir its when
the cab ‘"é%iﬁ’(r?r%hi gé?lg g§ %ﬁ%nnﬁége%%ggs@%#@%% (gr?nglg r%e% %\F/ega %#mfﬂge@vvaysi de
comuni catjon elenment, 20 and limting the limt speed of the train by the
e ot et | B Spead i speath kim Tl AL e kAR AN 1 ol

devi ce generates a protection speed pattern for an area between the current
trai n po2ndthespesihiontob porTeceH DG txabr dihe tATE hes ciR¥ent positi on
information and the stop

sufficient because the ATC gives only the fixed speed limit.

10 This cannot assure the safe train operation.

The present invention has been made considering
the above and an object of the present invention is to
provide a method and apparatus of controlling trains on a
track with high operation safety when detecting trains by

15 an electronic blocking system.

The present invention is characterized by
dividing the train track into a plural of block sections,
placing a wayside communication element in each block
section, placing a cab communication element on each train

20 to communicate with said wayside communicatlion element when
said cab communication element enters a predetermined area
of said wayside communication element, and letting a
wayside control device communicate with‘gn onboard control
device through said wayside communication element and said

25 cab communication element: wherein said wayside control



- 6 position infoermati on which the wayside control device transmts and
limts the limt speed of the train by the protection speed pattern. This
can assure highly safe operations alsb when detecting trains by the

el ectronic 5 bl ocking system BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
schemati c bl ock diagram of a systemwhich is an enbodi nent of the present

vent! Ofevcte P dpl s Achan i ARt ROSELLSh “E AL A6, opbesnfy cont o

deV|ce s an e odlnent r'esen | ON.
functlonal bl ock dlagran1of a waysj de contraol device which_ is, an enbodlnent

of the 1BLOP RRHLTINetRIGFMaEIel 4o 3ald, eRBORFL ANIFRL A2V speed

pattern table. FIG 5 is an explanatory drawi ng of protection speed

pat t er nsvhem rpeeiving| astrairsidened@her o( B?) tFzemrsatd onpandcol . FIG 7
illustrates an exanple of train presence/ absence table. FIG 8 is an

expl anatesytoo hwilegicé dandv wiher&in waysd denlooatd otomlero L edeket@et s a train.
FIG 9 shows a processing flow of detecting atrain. FIG 10 illustrates

how t he d@ﬂéi—éj@e§0£!t%96tg@b’i@@ 506 LSt St OFr NASI 4+ - btdda 11 shows a
processi ng flow of the stop position generator. FIG 12 is a ngjor

Ly2ct Sl P pekefl 205 1% o SIELUE RN Iy Yod e oo gdent o
current position information and said stop position
information and limits the high-limit speed of said train
by said protection speed pattern.

10 A preferred embodiment of the present invention
comprises the steps of storing a lot of predetermined
protection speed patterns for a plurality of block sections
in advance in a database constituting the onboard control
device, loading a protection speed pattern for an area

15 between the current train position and the stop position
according to the current position information and the stop
position information which the wayside control device
transmits when the cab communication element enters a
predetermined area of the wayslide communication element,

20 and limiting the limit speed of the train by the protection
speed pattern.

In the present invention, the onboard control
device generates a protection speed pattern for an area
between the current train position and the stop position

25 according to the current position information and the stop



DETAI LED DESCRI PTI ON OF THE | NVENTI ON An enbodi nent of the present
invention wll be explained below wth acconpanying drawings. 15 FIG 1 to
FIG 3 are for one enbodi ment of the @resent invention. FIG 1 is a
schematic bl ock di agram of the enbodi mrent of the present invention. FIG 2
is a functional block diagramof an onboard control device in the

enbodinent .. FIG 3 is a functi.on 0 i si de control
devi ce &?0%%1%%’6#%‘%?1% tvﬁhln%{wiale g‘;;ae‘ﬂéclg&% gé%q{goall,?é)ea Fai n (vehicle) 1
runs on wheels 2 along a track 4. The train has two transponders

( conmuni EEAT ML &5 Rt 5ImBES JhRe bl (SRERH deridift q%’ﬁgﬂ B?Yditﬁ"aﬂ posi ti ons
(along the novenent of the 25 train) under the floor. These transponders on
the traiprotectyion aspeédrpittérrer Jhllsedanalgstshaespdgtdyssalfee track 4 is

divided into block sections 4-1, 4-2, and 4-3. The bl ock sections 4-1 and

4-2 respgsdraeiondaybse whai i detgtaidprimfindEash wfe tdiedtimakicsections 4-1,
5 4-2, and 4-3 contai ns one waysi de transponder 5. Wen the cab transponder

3a r SEE%Efgﬁbeg%gggﬁgernined range of the wayside transponder 5, the cab
transponder 3a or 3b becomes comruni cable with the waysi de transponder. The

waysi de transponder 5 in each block section 10 is connected to a waysi de
control device 9 via a repeater 8. An operation control device 10 controls

the departing tinoe of t 0 (\vehi 1 torun the train on a schedul e
and send Rtk f%%@ﬁ?ﬂ&gté%%% Qf@%@ii de control device 9. FIG 2 is a
functional bl ock digggan1of an 15 onboard control device which is an

enbodi ment of the PFEsent iIfHverishamatds Hgky diegnam of awPtefe train 1

enters a comuni cabl e range of the wayside transponder 5, a train ID
which is an embodiment of the present invention.

10 FIG. 2 is a functional block diagram of an
onboard control device which is an embodiment of the
present invention.

FIG. 3 is a functional block diagram of a
wayside control device which is an embodiment of the

15 present invention.

FIG. 4 1s an example of protection speed pattern
table.

FIG. 5 is an explanatory drawing of protection
speed patterns.

20 FIG. 6 illustrates an example of transmission

protocol.

FIG. 7 illustrates an example of train
presence/absence table.

FIG. 8 is an explanatory drawing of how the

25 wayside control device detects a train.



transmtter 12 transmts a transm ssion protocol together 20 with a train
ID (vehicle ID) to the wayside control device 9 via the cab transponder 3a
or 3b. As expl ained bel ow, the ways+de €ontrol device 9 transmts the
current position information and stop position information (indicating a
position at which the 25 train will stop) which are required to generate a
- 9 protection sp pattern to a receiver t hr t he .waysi de
transponder 5 and t Cta ?ef?%%p%rﬁfecfc%sfjﬂ)rg ﬁ%owTﬁgu%treéﬁtln;%ﬁ tion
information contains information of the | ocation of the wayside transponder
5, that ¥5@%he name 5 (nunber) of a block section to which the wayside
transponder 5 belongs. Wien the train 1 stops at the station platform®6 in
t he bl ock section 4ELGorld-Blludterates ity ddvet maysdele condralso transnits
the departing time of the train 1. 10 The onboard control device receives
the stopigebdd | Genérd©ssed | Stomnsbdieiclrrent position information at the
receiver 13 and sends themto the protection speed pattern generator 14.

The current positi i nf i | ShrdYis 4 ity ector 21 ad
th? departure ti neqiinIsGiSP{ nrm;uc%v%‘oal t%hlle calfltsr{bg%%“g%?ctkt{h%?he Eat abase (DH)
15 stores |ot_of protection speed patterns (speed |limt characteristics)
for ar ea%o%léﬂl%%ng%lg?faeﬁ T and stop positions in advance. The current and
stop positions are assigned a bl ock sectiaon number. 20 The protection speed
pattern generator TG Tutd PHIVt MG e P15t &LFIEGT @2 ent to the
entered current position information and stop position information fromthe
dat abasean&thewn ebedinent f the tMestly singigfti®inock and to the speed
limter 20. The cab signal block 19 25 deternmines a speed limt at the
current position ack¥dilyy illustrates another embodiment of the

10 present invention.

DETAILED DESCRIPTION OF THE INVENTION
An embodiment of the present invention will be
explained below with accompanying drawings.
15 FIG. 1 to FIG. 3 are for one embodiment of the
present invention. FIG. 1 is a schematic block diagram of
the embodiment of the present invention. FIG. 2 is a
functional block diagram of an onboard control device in
the embodiment. FIG. 3 is a functional block diagram of a
20 wayside control device of the embodiment.
With now reference to FIG. 1, a train (vehicle)
1l runs on wheels 2 along a track 4. The train has two
transponders (communication elements) 3a and 3b on two
different longitudinal positions (along the movement of the

25 train) under the floor. These transponders on the train



- 10 to the entered protection speed pattern and the current train
position sent fromthe position detector 22 and presents it to the train
driver 18. Wien the train stops at a B8tation platform6, the cab signal

bl ock 19 also 5 presents a departure tine of the train 1 to the train
driver 18. The train driver 18 operates the operation panel 17 to control
the driver bl ock.16.and ally noyve the trainl. The nunber of revol utions
of an ax?%e?%?rﬁh%%fééﬁ %%ii#ét%épt$539§q9? ®4Sansferred fromthe driver

bl ock 16 to the position detector 22 and to the speed detector 23. The
position detector 22§ nteRflatbsis HELRiARRrinEe RARAKItSeHSL QTS t4rel mheel 2,

gets the position of the train 1, and transmts the position data to the
speed | iftZerand. 4The e rdiarks pead idgeisedi-dd apgd @ spspecddvedtyor 23 i s
al so added to the speed limter 20. The speed limter 20 conpares the train
speed deti®eé el dyathen speedf et e€t oEash wift Rhieh®1picht eelcitadnspaed ,pattern
(speed limt) at the current train position and 20 sends a speed limt

si gnal t@—iheaﬁcﬁill/gﬁ_é%@%iﬂ@ ey ANei dd al Parsdisisithd s 9r egheh than the

speed limt. FIG is a functional bl ock di agram of a waysi de control

Fi G s, ThE el R B S e RENIRE T T coni ves a

train ID fromthe_ wayside transponder 5 ich receives the train ID froma
train antPQer@Es{de { LranePeResh %iet’étb?i?#g]ptrmd%?aﬂfg t¥4i n detection

processor 26 receives data from each
becomes communicable with the wayside transponder.

The wayside transponder 5 in each block section
10 is connected to a wayside control device 9 via a repeater 8.
An operation control device 10 controls the departing time
of the train (vehicle) 1 to run the train on a schedule and
sends traffic information to the wayside control device 9.
FIG. 2 is a functional block diagram of an
15 onboard control device which is an embodiment of the
present invention.
Referring to FIG. 2, when the train 1 enters a
communicable range of the wayside transponder 5, a train ID
transmitter 12 transmits a transmission protocol together
20 with a train ID (vehicle ID) to the wayside control device
9 via the cab transponder 3a or 3b.
As explained below, the wayside control device 9
transmits the current position information and stop
position information (indicating a position at which the

25 train will stop) which are required to generate a



"5 non-contact waysi de transponders 5 provided in every block section of the
track 4 at optional time and checks which bl ock section has a train 1 now.
The waysi de transponder 5 in each bl ozk- section is connected to the wayside
control device 9 by means of an 10 individual port to which a unique port
nunber is assigned. The train detection processor 26 identifies, fromthe

port nunher bl ock sect i cont.ai ni . si.de .tr 0 r 5 which
recei vedd 1iercglhoq Iﬁpe’ﬁ%g Ra&%enrnd&aoe% ;}%ﬁ%&%eslgort&f%%ﬁec%% the train

presence/ absence status of each block 15 section and controls the status by
the TraiWeysride AdanaRarier thA ithe R FCAPEROIET Ble Ofr St

presence/ absence infornmation detected by the train detection processor 26

i s sent The therrsdp peosittian igeimmetdon &amid inse informatdonc ofit r ol devi ce
10. 20 The stop position generator 28 generates a stop position (block

sectionithd Muhidmhef i) Waysidd e dadmponseat ison thatudls $hepnaaeor ding to
the train presence/ absence infornmation. The operation control device 10

chegcks t(}fg;bnmm N o BbeiRfsddieidd ald whiReC Ul Ryid dehe train 25

presence sence Information sent fromthe train détection - 12

processqQr.__26 and. se t op station information and the departure tine
of the &rrﬁ%nswwqe%oﬁﬁleel%%}%' table) if the train 1 stops at a station yard

in the block sectign i tq the stop pQgsition nerator, 28. .5 Below will be
expl ai ned the oper &th&h t&e tq@%(ﬂ%‘?@ﬁ adr Wife Sy pilﬁiFgﬁFf"oﬁ. Let's
assunme the train 1 goes into a block section 4-1 as shown in FIG 1. when

t he trail thentlekeck saddarerdrihar &2 ithenmas idee cORE TOlafeydf8er 3a or

3b 10 can conmunicate with the waysi de transponder 5, the train ID
transm t& exlsk? tranvsmmits the réapantsigiont ipreotodcdihel @rain 1.

10 The onboard control device receives the stop
position information and the current position information
at the receiver 13 and sends them to the protection speed
pattern generator 14. The current position information is
input to the position corrector 21 ad the departure time is

15 input to the cab signal block. The database (DB) 15 stores
a lot of protection speed patterns (speed limit
characteristics) for areas between current and stop
positions in advance. The current and stop positions are
assigned a block section number.

20 The protection speed pattern generator 14 takes
out a protection speed pattern equivalent to the entered
current position information and stop position information
from the database 15 and sends thereof to the cab signal
block and to the speed limiter 20. The cab signal block 19

25 determines a speed limit at the current position according



"(see FIG 6) to the wayside control device 9 through the cab transponder 3a
or 3b. Wen receiving the transm ssion protocol 100) 15 the waysi de control
device 9 calculates a stop position @&t -which the train 1 nust stop) which
is required to generate a protection speed pattern and transmts a

transm ssion protocol 102 (see FIG 6) together with the stop position

i nformatj on,to e i . The, recei v | é§ f 0 contr ol
devi ce rﬂeoc&h\?eset'{%eef%faé:%#%%?looﬁpps 0 eo(f;(ﬁaqi %&%t '?%‘ee vra\:/gl%geg’éc cont rol
device 9 via the wayside transponder 5 and sends the bl ock section nunber

(BS nuntedin Kot tSIHE i TR e AP ST HET @Rt o <% i@ i nf or mation to
the 25 protection speed pattern generator 14. This bl ock section - 13
nunber iRTESERtss tthetnuirertngim datdowr dldot | Whehnthhi thainestorén 1 exi sts.
The current position information indicates the current position of the
train 1,att katstiastidrheplactdimore oftie waksisdgralandpakdarn alaio which the
train 1 stops or by 5 which the train 1 passes. Further, the departure tine

| ngi cat g e ditE AldPStuitdIe {fdidt SHPRIAE D N &5kl @raigrd starts to
depart. The wayside control device 9 transmts the transm ssion protocols

100 and d(]fqzle%o ltéﬁe onboard control 10 device of the train 1 while the cab
transpondér 3a or° 3b is in the predeterm ned communi cable area of the
waysi de transponder_5. The protecti speed pattern generator 14 generates
a protection speed T4t t%'ﬁ?&éﬁ’&q :?lgii PTG é:g’@ePg’?FiacF&Pnaé’@BF ing to
the nunber of a block section containing a train 1 _and a stop position

whi ch t He f&c&apdirals the GRister e Gurkte mnd g§riadd Yofmopge theain 1 is

trainl. The number of revolutions of an axle (or wheel 2)

10 of the train 1 is transferred from the driver block 16 to
the position detector 22 and to the speed detector 23. The
position detector 22 integrates the number of revolutions
of the wheel 2, gets the position of the train 1, and
transmits the position data to the speed limiter 20. The

15 train speed detected by the speed detector 23 is also added
to the speed limiter 20,

The speed limiter 20 compares the train speed
detected by the speed detector 23 with the protection speed
pattern (speed limit) at the current train position and

20 sends a speed limit signal to the driver block 16 when the
train speed is greater than the speed limit.

FI1G. 3 1s a functional block diagram of a
wayside control device which is an embodiment of the
present invention.

25 Referring to FIG. 3, the receiver 25 of the



equi valent to the position at which the waysi de transponder 20 5 is
installed and the stop position is also a position at which a non-contact
waysi de transponder 5 is placed. Theddfore, the stop position is one-to-one
related to the block section nunber. Consequently, conbinations of the
current and stop positions are finite and the nunber of 25 protection speed

patternqvaéﬁive ;lz{og'@ffﬁ.dév e lididi&es a tiéhiY §xidPngpeed patterns

are respe erm ned by the current train position, the stop
position, and. a.,condition of the track 4 such.as sl ape_of a bl ock section.
B & s e StAns e, btk d et DAt T A 1D £89% Gor ed 1 n ¢ he
dat abase 15. The protecti on speed pattern generator 14 selects and picks up
a prot edifm PebEgRA erth 19 dhe HeEProtdats G Fh RTP 9e&oaT #6t-abl e 104 in

t he dat abase 15 according to the current position 10 information and the

st op podihe drrainf aletedtoirors gtodesann %6 recw iwers TaitaFf@ond ejachust rat es an
exanpl e of how a protection speed patterns are determ ned according to the
cusrent rivift cdrifadioidyitfe thirmsriEde 3RO Wildear ihd ety habickns of
current and stop positions (BS1-BS2, BS1 BS3) and BS2-BS3). Each protection

speed pald & IbIHSES 4 €068 I PN Qipmldeciweaw%%rlciéﬂh&cw ock

sections as start and end points and reduces the speed Iimt toward the end

poi nt s%[tohct Stek}:et .sooefégalimg JB be on at the end point. 20 The protection
speed paJte h "gen 4t ot?8L 4 sETfus HhéleXtracted protection speed pattern to
the speed limter 20 and to the cab signal bl ock 12: The current position

i nformation from t & #aySigle Fanspoptern o e Plorkc§8FELPBr 21 and

the departure tinme is sent to the cab 25 signal block 19.
is connected to the wayside control device 9 by means of an

10 individual port to which a unique port number is assigned.
The train detection processor 26 identifies, from the port
number, a block section contalning a wayside transponder 5
which received a train ID. The train detection processor
26 checks the train presence/absence status of each block

15 section and controls the status by the Train
Presence/Absence table in the database 27.

The train presence/absence information detected
by the train detection processor 26 is sent to the stop
position generator 28 and the operation control device 10.

20 The stop position generator 28 generates a stop position
(block section) at which the train 1 in the block section i
must stop according to the tralin presence/absence
information. The operation control device 10 checks the
running status of the train 1 according to the train

25 presence/absence information sent from the train detection



- 15 The position detector 22 detects the position of the train by
integrating the nunber of revolutions of the wheel (axle) 2 of the train 1.
In other words, the position of the 12atn detected by the position detector
22 5 is an integral value (expected value) and contains a | arge nmargin of
error. The position corrector 21 corrects the train position that the

positio tector .22 | cul ated.into an_actual trai sitign.agccording to
Phe ent BFéGecartent 00 FEBRST irs: rapPortetdBh,ahebpmBl TR SBrotRe s
presents the speed Iimt at the current train position which is determ ned
accor di A§PEStRe &dmer 8f P&t &xeion lspEeampibeetimangabhe)t ihi BPPosi ti on
sent fromthe position detector 22 to the train driver 18. In case the
trai n ltgeadps lastapgl atf er stétioheyasdcab thgnhlopkoskctopristats a
departure tine and a departure signal to the train driver 18 when the

depart uthet istopc paBItidhegenarratdii 2er. 18 operates the operation panel 17
to control the driver block 16 and nanually nove the train 1. 20 The speed

ligiter 20 receivegehBy &iahnpROgkpbhainbhOPhENEpELaLibANCHELRE OF 22 and
the train speed fromthe speed detector 23, conpares the train speed

detecte . peed t [.23; rotection speed pattern (speed
i m t),%%dég‘% t g%s553@%%%‘%%5%8%?8&he driver block 25 16 when the

trai di t than th dlimt. -,16 Th id trol
devi ce 9 receives 4ot Sn&RPYREOHNEr SEBLBI 118058t 1BRE PebbpGkr from the

waysi de transponder 5 and sends it to the train detection processor 26. The
transmi §SCEACHr dtdcaF $bOWBoAB EL§.ofl -5 Whghathe train 1 enters a

predetermined area in which the cab transponder 3a or 3b

10 can communicate with the wayside transponder 5, the train
ID transmitter 12 transmits a transmission protocol 100
(see FIG. 6) to the wayside control device 9 through the
cab transponder 3a or 3b.

When receiving the transmission protocol 100,

15 the wayside control device 9 calculates a stop position (at
which the train 1 must stop) which is required to generate
a protection speed pattern and transmits a transmission
protocol 102 (see FIG. 6) together with the stop position
information to the train 1.

20 The receiver 13 of the onboard control device
receives the transmission protocol 102 from the wayside
control device 9 via the wayside transponder 5 and sends
the block section number (BS number), stop position
information, and current position information to the

25 protection speed pattern generator 14. This block section



‘5 type 1 indicating that the protocol is transnmtted fromthe train to the
wayside and a train ID of the train 1 as showmn in FIG 6. The receiver
" checks whether the signal is com ng ffdmthe wayside and correct by the
signal type 1 extracted 10 fromthe transm ssion protocol 100 and sends the
train IDto the train detection processor 26 when it is right. The train
detecti e egeLv in1DJ Lon from ever si de
tr ansporarb et pEa8logbek TERL FambLE Br S bIoSKk IEhL el " SHRGY MRS 0% or
the track 4, 15 at_optional tinme and checks which block section has a train
1 now froffthel t$3FRLF D iSRRG PAR thol Anfarnatdomiddicatesat us of
each block section is identified by whether a train 1 exists in a block
secti on.thejqurrent peebbher/absehectvatn uk, ofhatichs 20t okdcatioar on i s
controlled by the Train Presence/ Absence table in the database 27 (see FIG
7). In toe & abdesidd"tramispenésrt hatt avhich ntlexi stain Nl téeods ank wect i on
and "0" indicates that the block section is clear. "N' is the nunber of the
bl gtk segii@StheStdden WaYSa&iEed | AFSRAME!, TH RFFthireckisRction - 17
of the track 4 is connected to the wayside control device 9 by neans of an
i ndi vi dugl 3 POk {ed Oq W 1 U, £k ty unbely d [ s tHi6 Jumber of a
bl ock sect?on A?%Ioggisgé?Fon contg?%i%g a ﬁ%?@%%gﬁffggggéﬁ:er 5 whi ch
recei ved rainlDjs identified by the port nunber. FIG 8 illustrates
%é@‘ii {é {f’%lé {'c

how t he ARt @ te 9 identifies a block section in which a

train exists. The wayside control device 9 receives a train ID 10 froma
waysi de transponderTl YRS HI® GO} AeVksh & Heransmit s, deps at or

passes by the wayside transponder 5 and
transmission protocols 100 and 102 to the onboard control

10 device of the train 1 while the cab transponder 3a or 3b is
in the predetermined communicable area of the wayside
transponder 5.

The protection speed pattern generator 14
generates a protection speed pattern (speed limit

15 characteristics) according to the number of a block section
containing a train 1 and a stop position which the receiver
13 received.

The current position of the train 1 is
equivalent to the position at which the wayside transponder

20 5 is installed and the stop position is also a position at
which a non-contact wayside transponder 5 is placed.
Therefore, the stop position is one-to-one related to the
block section number. Consequently, combinations of the
current and stop positions are finite and the number of

25 protection speed patterns to be prepared is also finite.



"recogni zes that the train exists in this block section. At the sane tine,
the conparator 31 conpares this train ID by a train ID of one block section
behi nd. When these train 15 IDs are aqual, the wayside control device 9
recogni zes that the train has noved fromthe backward bl ock section "i-1"
to the next block section "i" and processes to declare that the backward
bl ock section "i-1"_1is, clear. FlI 8 illustrates that the train 1 enters

r

G
the 20 bl ock secticﬁFQE?Gtﬁﬁﬂiﬁqﬁfq Eﬂﬁ$ﬁﬁ9ﬁs?Eﬁnﬁe%R?%ﬁﬁ¥%Aayside control

device 9, and that the backward bl ock section "i-1" is released as the
train | Ble¢tmined hpckheeeursent  traincpagitieon; hkherareap| posibhPrhe
backward bl ock section "i-1". This enbodi nent uses a bl ock section as a 25
m ni nrum amd ta fosndtct bon | of die attack M dath ids islgwssifblee blockl8 to use a
set of mnimumtrain detection units as a block section. FIG 9 shows a
train ded@stidr. fl ow of the train detection processor 26. At Step 1 (S1),
the train 5 detection processor 26 checks whether the receiver 25 has

recpived a train I Qrad 3 pfedal bdod tdﬁ:gpnft &tidn sHed At et ection

processor 26 goes to the next step (S2) e receiver 25 already

i ved jn | 1 if [ 25.h t i ved
train 1 oot 10 ghhed B Ufe Sdaad i to 1BE° BYBLeCE P eBee gre -
train IDto the block section ID "i" of_a block section (BS) which detected
a trai n BRI R teEt1bseeots and RiGkHAWP 1 RFYIESHERection i . "

The bl ock section IDis a paraneter which is assigned to each bl ock section
to storespeed patiern Fron He ppiaEd)ion mpaedipntdamicttiaddeprlddessor 26
conpares the block section ID "i" with the block section ID "i-1" of the
backwar dibl ok decdbage "15 ladcdtdiSiepal {Hel)qurrent position

10 information and the stop position information sent from the
receiver 13.

FIG. 5 illustrates an example of how a
protection speed patterns are determined according to the
current and stop positions. This example uses three

15 combinations of current and stop positions (BS1-BS2, BSl1-
BS3, and BS2-BS3). Each protection speed pattern uses the
locations of wayside transponders 5 in block sections as
start and end points and reduces the speed limit toward the
end point so that the speed 1limit may be 0 at the end point.

20 The protection speed pattern generator 14 sends
the extracted protection speed pattern to the speed limiter
20 and to the cab signal block 19. The current position
information from the receiver 13 is sent to the position
corrector 21 and the departure time is sent to the cab

25 signal block 19.



when the bl ock section ID"i" is equal to the block section 20 ID "i-1,"
the train detection processor 26 goes to the next step (S5). If the block

section ID"i" is not equal to the Hl%ck section ID "i-1," the train
detection processor 26 goes to Step 7 (S7). At Step 5 (S5), the train
detection processor 26 25 sets "0" (Absence) for the block section ID "i-1"

T o el BEEPREGH A5ENSE oDl 0d08 8B SR () od e, L1

detection processor esenc section 1D "i" In
the Trajn Presence/ Absence table 106. At Step 7, the frain detection

pr ocessbire 26T 218k 13t6ITRLIRY ofhe phwe %Eé?ng% u?+9%§d%€i?ﬂ?cﬁ t he
Train Presence/ Absence table 106 to the stop position generator 28 and the
oper at i Wheebnfasle tie¥i et tlte Vhahnrkeceiln wfhere worgsy pghesence/ absence
information fromthe train detection processor 26, the stop 10 position
gener atposPBigenef atke tnamndttetted by pase tposi tiomhdetedtwr tznin 1
running in the block section "i" nust stop. FIG 10 illustrates how t he

StPp pogst 4RNI FEBEGFAE OFa P8e JEERHSE €SA v 81 @D) PO LéOMEalds Letigr@ssune that
the train 1 is over a wayside transponder 5 in the block section "i" as the

o enLmBOSLAT OF SDfor Thold idk ki SOALA0UED Bl ABsiion 902 I @

bl ock sectTon ] ust secti on in which the

pr ecedi train 1A exists fter 20 stoppin t t itjon 902, the train
ot beelh st 16 cBodt Fhe el Prtot Mt TRef 1 G R ATl o1 | dovi co
9. The stop position 902 is over the wayside transponder 5 in this bl ock
secti onintQ 180 ;3CERP] aF FeHD aPRSEL10R %ﬁ%b%ﬂ%?ﬂFﬁQthﬁ,eQWEFiﬁotection speed

25 pattern is determned so that the speed limt nmay go down
current position information.

10 The cab signal block 19 presents the speed limit
at the current train position which is determined according
to the entered protection speed pattern and the train
position sent from the position detector 22 to the train
driver 18. In case the train 1 stops at a platform 6, the

15 cab signal block 19 presents a departure time and a
departure signal to the train driver 18 when the departure
time comes. The train driver 18 operates the operation
panel 17 to control the driver block 16 and manually move
the train 1.

20 The speed limiter 20 receives the train position
from the position detector 22 and the train speed from the
speed detector 23, compares the train speed detected by the
speed detector 23 by the protection speed pattern (speed
limit), and sends a speed limit signal to the driver block

25 16 when the train speed is greater than the speed limit.



- 20 gradually towards the stop position 902. At the sane tine, the
operation control device 10 checks the running status of the train 1
according to the train presence/ abserige 4 nformation sent fromthe train
detection processor 26. If 5 the train 1 stops in the station yard of the
bl ock section "i," the operation control device 10 extracts the stop
station information, . dep tioe. for | abl e and sends
themto the stop pogﬁg%ﬁgﬁﬂ%r§§%ﬂ%.a§ée 1?%%%%‘}%8%% ocessing fl ow of
the stop 10 gositlon 8enerator 28. At Stgp 11“$Sll , the sto osition
gener at of T2BSBAEFALRsPEOBPERk @2t 2bnthe "TeeRIVERMETRM athe Jeay i on
including a train which precedes the current train in the block section
accor di ngranspeeder ap napd esende/ bbstacehd stratnriglieohiereRrd¢essathe train
detection processor 26. At Step 12 (S12), a stop position 902 is set on the
waysi de 26anspronderafsnisdion Pradiocdctlion donsisAts Stfea Eighdll3), the train
detecti on processor 26 checks whether a bl ock section behind the bl ock
seafion gPpel 1 PAGiSatLNy CHOP ChAlpPHLdO61tIE tFa dhnilt td@serdip e recei ved
by the receiver according to the next station information sent fromthe
operatio trol A rain. deject i r to the
next stegr%g§4§8mﬁg§ %ﬁgsﬁﬁ%ciﬁge%t?%%l%e ?ﬁ%tt éQb ocC 2%3%?6%9£?L has the
25 next Stop§§ta ion or goes to step S15 when there is no - 21 next-stop
station.“At" SPep®14 (S14), the stop position 902 is set on the wayside

transponder 5 which is placed on the platformat which the train will stop
next. At Step 15 The receiver checks whether the signal is coming

from the wayside and correct by the signal type 1 extracted
10 from the transmission protocol 100 and sends the train ID
to the train detection processor 26 when it is right.
The train detection processor 26 receives train
ID information from every wayside transponder 5 provided in
every block section 4-1, 4-2, 4-3, and so on of the track 4
15 at optional time and checks which block section has a train
1l now from the train ID information.
The train presence/absence status of each block
section is identified by whether a train 1 exists in a
block section. This train presence/absence status of each
20 block sectlion is controlled by the Train Presence/Absence
table in the database 27 (see FIG. 7). In the table, "1"
indicates that a train exists in the block section and "0"
indicates that the block section is clear. "N” is the
number of the block sections.

25 The wayside transponder 5 in each block section



5 (S15), the train detection processor 26 checks whether block section "i"
is a block section at which the train 1 will stop by the information sent
fromthe operation control device 40L7 Wen the bl ock section "i" is a right
bl ock section, the train detection processor 26 affixes the 10 departure
time (which was sent fromthe operation control device 10) to the

transm p 0 2 e eq bl ock
sectlon8£ £H?s£%%?ﬁ : }8h?8ﬁﬂe éeﬁ§.%ﬁg(§ éﬁ@% 8?é§¥§%a?%$ﬁé%ectlon
process to 15 (S16 At Ste 516 the train

et oct: B BFBH8<g6 290 nBNILaNRL PPEASHP LAl F oEbEGHe T8 Foget hor wi th
information of a stop position 902 and the current position of the block
sect i onnupberoishassigned: t tEre JombEe Qf ahdiaakerseIMTF i xes t he bl ock
section 20 nunber of the block section "i" and a signal type 2 to the
information (stop pobilbckns86fiot heontairimg ta avaypbde t tamspotdéhe
departure tine) sent fromthe stop position generator 28 to the

transm ssyANcRr 8teedved03d andifendsisheapnoipced BP2the® pbetonboard control
device via the wayside 25 transponder 5 and the cab transponder 3. - 22
FIG 12,ghews. anot her embodi ment of the present invention. This enbodi nent
has two may3|de transponders 5a and 5b on tmn | ongi tudi nal different
positions of the t F th IIu rates, that two cab
transponders 3a angeéb ér%§%?% r%ﬁ%so%Péi h?r VR ) %N%P %r% e opposite to
t he mayalde transponders 5a apnd 5b. In FIG 12, part of the onhoard control
devi ce %VbﬁPt9eade?ﬁF§1€6nP|B&Pﬁgl ﬁCEFPHgénaHPéﬁpaéeGEéléfPé&§§510 to the

present invention as explained below. This figure assunes that the train 1
runs over The wayside control device 9 receives a train ID

10 from a wayside transponder 5 in a block section when the
train 1 stops at or passes by the wayside transponder 5 and
recognlzes that the train exists in this block section. At
the same time, the comparator 31 compares this train ID by
a train ID of one block section behind. When these train

15 IDs are equal, the wayside control device 9 recognizes that
the train has moved from the backward block section "i-1"

to the next block section "i" and processes to declare that
the backward block section "i-1" is clear.

FIG. 8 illustrates that the train 1 enters the

20 block section “"i,"” and the train ID is sent to the wayside
control device 9, and that the backward block section "i-1"
is released as the train ID from the block section "i" is

equal to the train ID from the backward block section "i-1".
This embodiment uses a block section as a

25 minimum unit for detection of a train, but it is possible



t he waysi de transponders 5a and 5b wi thout stopping. Wen the status
changes from Status 1 to Status 3) the provision of tw waysi de
transponders 5a and 5b can doubl e ¢ heg chance 15 to conmmunicate with the cab
transponders 3a and 3b and doubl e the period of comrunication between the
cab and waysi de transponders. This configuration can increase the quantity
of co ni cation_b tmgen.the cag and &agsige transgonders § d 20 can |et
the traff 1°hofe Fastér "0l ra&95 gect éﬂngﬂﬁ 7538 £h3h°FHhe train 1 in
Enbodi nent ' 1. Further, even when the train 1 stops over the wayside

t ranspofi€F180er when one of the transponders is faulty, the train 1 can

al ways communicate with the waysi de transponder 5. This 25 redundant
configuration can B36ur@ shewsefi hbaint gebécting 2B8low opdrubhe at¥ain .

Further, it is also possible to provide a wayside transponder 5 on the

pl at f oraeeéceishapiroteasdrt a6af fAXeStep "ICQ'SK) gnale (Hx@mipermt starting) or
the like to 5 the speed limt pattern for the train when the train stops at

the plapteenta0n pXBLakasy BOuReckbeyBDREE dfONLEcbidexi ¢ Kiggei ves the

current position ormatl on an e stop position information fromthe

id | ' | d f
bot weer=oha Ean, Bnfrafn 1PoREDBPEERREPAThER, kP "PRESHIRH “Betd of the

train by the protection speed pattern. Therefore, the present. invention can
coat 1ol LERDT nBePEEELEPMPERCRPGRY s2F cPPBVEN TREEHE T otk bR L bl ocki ng

systemis used to 15 detect trains. The above enbodi nents are expl ai ned
assum ngheRathenhEecpavari 35aakbaadyi reeatvediodeteain ID | Qr srepeates of
course that simlar effects are attained even when the
Step 1 if the receiver 25 has not received a train ID. At
10 Step 2 (S2), the train detection processor 26 assigns a
train ID to the block section ID "i” of a block section
(BS) which detected a train ID as a block section ID "i" is
assigned to a block section "i.” The block section ID is a
parameter which is assigned to each block section to store
15 a train ID.
At Step 3 (S3), the train detection processor 26
compares the block section ID “"i” with the block section ID
"i-1" of the backward block section "i-1." At Step 4 (S4),
when the block section ID "i” is equal to the block section

20 ID "i-1," the train detection processor 26 goes to the next

step (S5). If the block section ID "i"” is not equal to the

block section ID "i-1," the train detection processor 26
goes to Step 7 (S7).
At Step 5 (S5), the train detection processor 26

25 sets "0" (Absence) for the block section ID "i-1" in the



present invention is applied to a case of controlling 20 trains in railway
systens and vehicles in the other urban transportation systens. Further, it
is to be clearly understood that thelgormruni cation el ements can be any
comuni cabl e el enents such as transponders, |oop coils, and so on as |ong
as they 25 can provide the simlar effects. - 24 According to the
present . nt.i i_be % t he, pn C ol Vi ce receives
t he curFgﬁggp%gggFgﬁg/%sg%kggigﬁggﬁdﬁpﬁé s%gpgﬁ%éf%igggfhf%gﬁation fromthe
waysi de contrql device, generates % Eroteq Lo? speed 5 pattern for an area
bet veen LEREC ARLERt 10R PEOSESHOE| RPoRE Sand | (RFESORAE) | FRFL thBeed of ¢ he
train by the protection speed pattern. Therefore, the present invention can
cont r ol bilpgknseciipnc IR ' A "highthaf BrgiayBreshaaeihbeereer abdebl ocki ng
systemw thout a track circuit is used 10 to detect trains. - 25 WHAT IS
CLAI MED1DS.1. A& Stapn7¢cohhe otrain hiet of t den eprocesdoni 26 ramshibck,
conprising the steps of dividing the track into a plural of block sections)
pl &ci ngtReWVaYsii de prerendegabsence ¢hepBRhtibneaghthkbopkasfction, placing a
cab conmuni cation el ement on each train to comunicate with said wayside
communi Eélebggc%:/ﬁ%@ c\éfh%gbi@' ‘ioga'i?oC‘EHH“E%?.t EBEiFESH‘EQEnSEé%ﬁ a
predeterm ned afea of said waysi de conmuni cation elenment, an etting a
maysidezgontrol devi ce onnunic%tellg Wit h iﬁ onboard control device

t hr ough?8aPi &S §8CESHHIAi EQPLER P EYERE 4Rd said cab communi cation

el ement: wherein said waysi de control device receives a
When receiving the train presence/absence

information from the train detection processor 26, the stop

10 position generator 28 generates information of a position
at which the train 1 running in the block section "i" must
stop.

FIG. 10 illustrates how the stop position
generator 28 generates a stop position.

15 Let's assume that the train 1 is over a wayside

transponder 5 in the block section "i” as the current
position 901. The train 1 is going to stop at a position
902 in a block section "i+1" just behind a block section
"i+2"” in which the preceding train 1A exists. After

20 stopping at the position 902, the train 1 must get a new
protection speed pattern from the wayside control device 9.
The stop position 902 is over the wayside transponder 5 in
this block section "i+l1l” as explained above.

As shown in FIG. 10, the protection speed

25 pattern is determined so that the speed limit may go down



train identifier (I1D) fromsaid onboard control device and transmts the
current position information and the stop 15 position information to said
onboard control device and wherein-saod -onboard control device creates a
protection speed pattern between the current train position and the stop
position fromsaid current position information and said stop position
information. a limts 20 the high-limt. spe of ,said train sai d

pr ot ecti%’??%‘b p%?‘f%?‘%ﬁ Q?eﬁch%i%o%gﬁgrglfc%m hég 5?‘%&?@& ier‘lﬁ'et'rai ns on
a track) conprising the steps of dividing the track into a plural of block
sect i onsihg)| eReFrRlt EoMmeagR Eeo k g atd d-%‘%{%l%rﬁuﬂml@a&?%%k section,
pl aci ng a cab conmuni cati on - 26 elenent on each train to comuni cate
with saiaf vidysitteaiooninacoatdiong efenge  wheekn qaiebaale /@bsantdecat i on el enent
enters a predeterm ned area of said wayside comuni cation el enent, and

| et tiNg o MEwiHa EEoE OSE R ©| £268Y | g CORARI datiethioM tgrovesydioael castrol

devi ce through said waysi de comuni cation el enent and said cab

CormuNi Gald O£ RPN Lol OfP! thé S AP HAYE Hithd A K SR d control

devi ce stores predet ermi ned protection speed patterns for said

bl ock segction %2?3%%?55} 0#’)%‘2?% g#]nviscgé dl%vf,%ﬁquaecatgﬁc,’%{eol,aqtgo?i ce receives

a train ident oard ¢ ice said cab
comuni cation elenent of a train enters a predeterm ned area of said

vaysi de ToHMAT TG AP A NS rFRAF 1Y HetMau bR TS it

information and the stop 15 position information to said onboard control
devi ce, taARlewrn@iserds dtheiboke dth it RREAON Gereratant?dot i on speed
pattern between the current train position and the stop position fromsaid
dat abase accordi ng RIGsalld showsrd mposmddsimg rflowretfi dheastopai d st op
position
10 position generator 28.
At Step 11 (S11), the stop position generator 28

extracts a block section "j" just behind a block section

including a train which precedes the current train in the

block section "1" according to the train presence/absence

15 information sent from the train detection processor 26. At

Step 12 (S12), a stop position 902 is set on the wayside

transponder 5 in the block section "j
At Step 13 (S13), the train detection processor
26 checks whether a block section behind the block section
20 "j"” has a next stop station for the train 1 whose ID is
received by the receiver according to the next station
information sent from the operation control device 10. The
train detection processor 26 goes to the next step (S14)

when the block section behind the block section "j" has the

25 next stop station or goes to step S15 when there is no



20 information and limts the high-limt speed of said train by said
protection speed pattern. 3. Atrain control nmethod of detecting trains on
a track, conprising the steps of divedling the track into a plural of block
sections, placing a waysi de comruni cation 25 elenent in each bl ock section,
pl aci ng a cab conmuni cation - 27 element on each train to comunicate

w th said waysi de ¢ ni cati on el enment when said cab conmuni cation el enent
enters &eﬁFé 3? ﬁiﬁggyﬁkea of said waysi de conmuni cation el ement, and
letting a wayside control device comunicate 5 with an onboard contro

devi ce through sai 8tw&fePdd 4cdfidni-cihroftePeReRitann 28Rdisapet

communi cation elenent: wherein said wayside control device receives a train
i denti f iogr theDafysdides drdnspooded Sowhrich devpdecaddonr &henits the current
position informati on and the stop 10 position information to said onboard

control pdatifeemaad wWhaich Rheditdadnbeand seodbr abxdevi £e St&@tes a protection
speed pattern between the current train position and the stop position from

sakd cur, ty PQ§i.t L sL.nfsar Is kL..shep it i rmation,
conpar o4 o1 )y pate, FRa i dRLEE aph, BoRLhrebBreRagky! Bt Le TN (peed
pattern, .and limts the,hi.gh-linit. speed.of said train by said protection
speed pE}P& n5385698ind t&%tﬁebgégﬁtg&ﬁ%8Pn53?de}Sﬁthﬁ.tﬁ?%?a'n control
met hod of detecting trains on 20 a track, conprising the steps of dividing
the tra¥flingsoR Birutde dnforsetionc £p8hs frpMmathfgOReRAY4PRe comuni cati on
el ement in each block section, placing a cab conmuni cati on el ement on each
train t goasHenideyieenilOn sWhenwelyei Bboelhnpeetteni oh” elenermtigitien sai d cab
comuni cation el ement 25 enters a predeterm ned area of said wayside
communi bdbicnsection, the train detection processor 26 affixes the

10 departure time (which was sent from the operation control
device 10) to the transmission protocol 102 and goes to the
next step (S16).

If the block section "i” is not a right block
section (at S15), the train detection processor 26 goes to

15 Step 16 (S16). At Step 14 (S16), the train detection
processor 26 sends the transmission protocol 102 together
with information of a stop position 902 and the current
position of the block section "i" to the transmitter 29.

The transmitter 29 affixes the block section

20 number of the block section “"i” and a signal type 2 to the
information (stop position 902, the current train position,
and the departure time) sent from the stop position
generator 28 to the transmission protocol 102 and sends the
protocol 102 to the onboard control device via the wayside

25 transponder 5 and the cab transponder 3.



- 28 elenment, and letting a waysi de control device conmunicate with an
onboard control device through said waysi de comuni cati on el enent and said
cab conmunication el ement: wherein satzl waysi de control device receives a 5
train identifier (I1D) fromsaid onboard control device and transmts the
current position information and the stop position information to said
onboard control devy erein_sal d _onhoa co device creates a
protection speed pa#fgr Pgemﬂggﬁ ?ﬂ% %Fr@ﬁ? %Pﬁ Pp%g HRorPuP ety t he stop
position fromsaid current position information and said stop position

i nf or mat {BVentian} i fhks tebed grent has spredrasids dRanaReIders,iSa
protection speed pattern according to the position of said train cal cul ated
from t heam@nberonf twevbbogibndinalt Aeéffikrent gposhttons avh. thid Bradktrain
control nethod of detecting trains on a track, conprising the steps of

di vidingathe track into a plural of block sections, placing a wayside
communi cation elenent in each bl ock section, placing two cab comruni cati on

el grents on each trmfth@rtw@xd'fi@ffﬂh@&é@é@'m&t N@o POFH tions of the
train to comunicate with said wayside comunication el ement when said cab

communi cALL AN, ELENEDL3gLERS B REEISLELMIOG AreR. Ol ohl ch vyl de .

communi caf Fonr & g waysi eV|ce
with an onboard control deV|ce 25 thro%gh sai_.d waysi de conmmuni cati on

el enent 9@ SBPAStHS Eqpthe. waysidemhEAPERONIRTSE efe RS Shher &RnFI&id
waysi de control device receives a train identifier (I1D) fromsaid onboard
control Hevikartneftthasenbearfccentreht dgvseeibh omibkedii on and the stop
5 position information to said onboard control device, and

This configuration brings advantageous effects

10 to the present invention as explained below.

This figure assumes that the train 1 runs over
the wayside transponders 5a and 5b without stopping. When
the status changes from Status 1 to Status 3, the provision
of two wayside transponders 5a and 5b can double the chance

15 to communicate with the cab transponders 3a and 3b and
double the period of communication between the cab and
wayside transponders.

This configuration can increase the quantity of
communication between the cab and wayside transponders and

20 can let the train 1 move faster over the wayside
transponders 5 than the train 1 in Embodiment 1. Further,
even when the train 1 stops over the wayside transponder 5
or when one of the transponders is faulty, the train 1 can
always communicate with the wayside transponder 5. This

25 redundant configuration can assure the reliability of



wherein said onboard control device creates a protection speed pattern
between the current train position and the stop position fromsaid current
position informati on and said stop-pd8ition information, limts the 10
high-limt speed of said train by said protection speed pattern according
to the position of said train calculated fromintegration of the nunber of
revol ut | ; rain wheel, and corrects the position of said train
caIcuIaFgﬁﬁPﬁgﬁéﬁﬁpégration of the nunmber of revolutions of the train 15
wheel by said curr%nt BpsitL%n_inf rmation. ?. A train_gontrol met hod of
det ecting nonor ai | FBEEETe dtndf 8hS] PPEERPLIECHBr PEPRYIENR steps of
dividing the track into a plural of block sections) placing two wayside
communi ¥avsaddectEaBsPONERTdSf PAr Ehe pdRkEorm efigazetahéonapndi ioceach bl ock
section, longitudinally placing two cab communi cation el enents on each car
to comafifdaes wi t'BOSaisdgnaysi(de pemmti shardhngl) eaentheh@hkeneoof said cab
communi cation elenents enters a predeterm ned area of said wayside

cosTuNi ¢aki epeclienBhtit padtkeht FBE @nwayshda WRefOBhEOLrdeNi §8opoMUNI Cate
wi th an onboard control device - 30 through said two waysi de
comuni gat kgR SheRRLF.and said two cab communication el enents: wherein a
dat abase constituting said onboard control device stores a | ot of
predet erm ned protectign.5.speed, patterns for sai.d bl ock.sections in
advance, wherein sgﬁdeﬁg§gﬁ ESCSHEYSV égﬁiSEB?gﬁgiﬁ%gg Oﬁnﬁ%Yb?? car
identifier %IE» fromsaid onboatd_contrgl device, transmts the current
posi t i oheFREEPRatPEn SRS e POESHIBBs I PEBAMAREBR NBR R 0P 0SEQPd onboar d
control device, 10 and wherein said onboard control device |oads a

prot ect POAispeadipiormptipat fisem the vaveéfe eeatropodéevion.

10 generates a protection speed pattern for an area between
the current and stop positions, and limits the limit speed
of the train by the protection speed pattern. Therefore,
the present invention can control train traffic with high
safety even when an electronic blocking system is used to

15 detect trains.

The above embodiments are explained assuming
that the train is a monorall car. However, it is a matter
of course that similar effects are attained even when the
present invention is applied to a case of controlling

20 trains in railway systems and vehicles in the other urban
transportation systems.

Further, it is to be clearly understood that the
communication elements can be any communicable elements
such as transponders, loop coils, and so on as long as they

25 can provide the similar effects.



and the stop position from said database according to said current position
information and said stop position 15 infornmation, conpares the current
speed of said train with said protec24on speed pattern, conpares the speed
of the train with said protection speed pattern at the position of said
train calculated fromintegration of the nunber of revolutions of the axle
of said train) lim i Ny e . d aj .sakd
protection speed g%%?%%ﬁ?ngnggcgg?eé?éé?ﬂg ggg?%Féﬁhbfééa?%sggﬁﬁéﬁ
calculated fromintegration of the_nunber of revolutions of the train axle
by saidaEHV?ethEOQPBPBEdiﬁPBFﬁﬁ@iGﬁV1?9 ReEPLVRS bR r SR EPBhr at us for
detecting trains 25 on a track by dividing the track into a plural of bl ock
- 31 seesibhen pnhEermgtionagbfidéheoRkoRi Pasithon| eREprmahienchremock
section, placing a cab conmuni cation el enment on each train to comunicate
w t h satbewaggsildecoomtinotatievncel egenerabhens sapdotetttommspeedti on el enent
enters a 5 predeterm ned area of said waysi de comruni cation el enent, and

| &4 ti ngpatvexai gercant hekadB¥twEefORAENEGREENW éﬂdaﬁt@%bﬁﬁéﬂt%!m devi ce
t hrough sai d waysi de conmuni cati on el ement and said cab conmuni cation

el ement ek osaj a ysde AL r [ | ransmts
the 10 %B??g%@hggs???o%E@%Fo%ﬁg??oﬁﬁaﬁggtﬁggg%og&pgggt?g%ygﬁﬁﬁhﬁation to
sai d onboarg cog%rol dg&%ce en rtceiviQ%aqbtrain identifier (1D from
sai d onbBEPH BBRFPEP - det et TP ant Bhr Lot HE &R & Mhi ch recei ves
said current position information and said stog osition information, 15
creat esCaPpFELettrdR §peEfigavithnbhghnaghetye EgFr@%?nt?%in posi tion, and
limts the high-limt speed of said train by said protection speed pattern.
8. A trelactoaniel bippkingusyséemdwithonhgat EARAS ehreuit abk wsedi vi di ng
the track into a plural of block

10 to detect trains.



20 sections, placing a waysi de communi cation elenment in each bl ock section,
pl aci ng a cab conmuni cati on el enent on each train to conmmunicate with said
waysi de communi cation el ement when-sabd-cab conmuni cation el enent enters a
predeterm ned area of said waysi de communi cation elenent, 25 and letting a

waysi de control device connynicate w th an - 32 onboard control device
throughwﬁwgdlgaxihgﬁ ni cation el ement and said cab comunication
el enent erein sal onhboard control deV|ce conpri ses a database which

stores a | ot of pre determn ned protecti sp eg atterns for said 5 bl ock
sections, a trainl-D? tZRLA COPAFOte TS '8% Pgﬁgﬁﬁpg ATRARPNOND to said
waysi de control devi ce when said cab conmmuni cation el enent enters a

pr edet eanithadkar eampirisihd Whgsbstiepsonfiudividing thentnaeckaiptoet@cti on
speed pattern generating neans which selects and outputs a 10 protection
speed pallueah bdr babcar eachebneenplheingr acwaysidencomanhicathom t he stop
position according to the current position information and the stop

posi tioB1kREALMLI @RcHbEBcRABECHAYA], dB166MHH0A €8N E66mhiidNsatisnt 0 said
onboard control device in response to the train ID 15 fromsaid train ID

transm %&bﬂg @Eaﬂseaéﬂdtfagﬂe%g Ebfinhh 782 fEARS+¥NL&0a mﬁ&}g%}fdé he high-limt

speed o sai d train sal protect|on speed pattern IS output by
sai d praotecti atte enerat|n AE rai n. cont

appar ot GoTBPIRRERER: R eprRrRSt BAY FrRceoRpuRtoAkLeS FHERTIECK i nto a
pl ural of block sections, pIaC|ng a waysi de conmuni cation_ el enent in each

bl ock s&BLESH, apPEGﬂﬁﬁeﬁméaﬁdcéﬁﬁﬂnPéaFPbﬁ BRERRAe SAMBYRhCEFLPH to
comuni cate with said waysi de conmuni cati on el enent when said cab
communi edementel endnilethingsaawagspiedeontnbhedeviiea obmmanicakssi de
communi cati on el enent,

10 with an onboard control device through said wayside

communication element and said cab communication element:
wherein said wayside control device receives a
train identifier (ID) from said onboard control device and
transmits the current position information and the stop
15 position information to said onboard control device and
wherein said onboard control device creates a
protection speed pattern between the current train position
and the stop position from said current position
information and said stop position information and limits
20 the high-limit speed of said train by said protection speed
pattern.
2. A train control method of detecting trains on
a track, comprising the steps of dividing the track into a
plural of block sections, placing a wayside communication

25 element in each block section, placing a cab communication



- 33 and letting a waysi de control device conmmunicate with an onboard
control device through said waysi de communi cation el enent and said cab
comuni cation el ement, wherein said @sbeard control device conprises a
train IDtransmtting 5 neans which transmts a train ID to said wayside
control device when said cab communi cation el enent enters a predeterm ned

ar ea of Sl YEYS] e G £l d QDb GIEN e 3,01 SE1d QflpRiRRd pat tern
protec rn

gener ating neans whi ch géneratées a I on speed pat or an area
between the current 10 train pqgsition and the stop position according to
Che cur reRmGbATAT AR | S G [ EHETh R 1h 2R GIPEB A4 RLqT hsR&R fon whi ch
sai d wayside control device transmts to said onboard control device in
responseenenhea tprgdetomingd sieh t9fispid waymisds taammpiatsiona means for
15 detecting the speed of said train, and a speed limting nmeans which
conpar e ldmerspeahdflstt thd raiwvays ide seork i otdaetican apearhipsdtieer n and
limts the high-limt speed of said train by said protection speed pattern
aceor di RE 41 dlomMsdtd BorirSRI dhdid Nehrdh gD s d hys it rol apparat us
for detecting trains on a track by dividing the track into a plural of

bl ock s gAY AGL %&W%ﬁ&.%@%&a&dnﬂﬁhﬂ%ﬁ n |d} it bl ock

section, placing a cab comuni cation el enent on ea train to comuni cate

wi th said waysi de communi cation 25 el enent. when said, cab co ni cation
el enent enters a Wbe%ﬁlnp?e%% AT AL BhtBFLRG; I y%ﬁ§§§ﬁg£nnunication
el ement, and letting a wayside control device conmuni cate with an onboard

cont rol RRERRL 1476 SHETP R stte FomRAfiRTHReS diRAtieddPsai d cab

comuni cation el ement, wherein said 5 onboard control device conprises a
train | Brecthedttdérns for said block sections in advance,

10 wherein said wayside control device receives a
train identifier (ID) from said onboard control device when
said cab communication element of a train enters a
predetermined area of said wayside communication element
and transmits the current position information and the stop
15 position information to said onboard control device, and
wherein said onboard control device loads a
protection speed pattern between the current train position
and the stop position from said database according to said
current position information and said stop position
20 information and limits the high-limit speed of said train
by said protection speed pattern.
3. A train control method of detecting trains on
a track, comprising the steps of dividing the track into a
plural of block sections, placing a wayside communication

25 element in each block section, placing a cab communication



means which transmts a train ID to said wayside control device when said
cab comruni cation el enent enters a predeterm ned area of said wayside
comuni cation el ement, a protection Zpeed pattern generati ng nmeans which
generates a 10 protection speed pattern for an area between the current
train position and the stop position according to the current position
infornat?on a@d Bh%as gr%05|E|on |nf Egébogl Sal i de control
devi ce transmit 8™ 6353 ABoard “@8n evicein respo se othe train ID
15 fromsaid train ID transmtting neans a nmeans for integrating the
nunber SPmWEP&FGFFSHse&ﬁm&nﬁhyBPnoFaéglHaPrQPﬂmHHaCGE%@Et?gﬁm?HE posi tion
of said train, and a speed limting nmeans which inputs said protection
speed penters anpredederminedpeseri ofi anddl waysideheominghicahionspeed of 20
said train by said protection speed pattern 11. A train control apparatus
for det etkmegttr ands lemtanigr ackwabgidevednngolilhdeviaekcomnanacatear al of

bl ock sections, placing a waysi de comuni cation el enent in each bl ock

Seﬁt'0nw1Qhaﬁhn8n%WBr@anﬁQ¥6HnHE%&bentﬁkSGgﬁt§a2§ @Bys@gd train in two
di fferent |ongitudinal positions of - the train to conmunicate with

sai d waygidenG Uy calping! GHRNL Y‘L’ﬂeBaBabgmﬁuﬁﬁl‘éQ@‘iHH' gf&:ngﬂte' ement

k1
e
enters a pre eternlneg fea o salg waysi de comruni catl on enent, and

l etting a waysi de contr.ol devjce cq ni c te wi.th .an 5 onhoard contr ol
devi ce t hrough smﬁ% 35% 5%? Oéngﬁylgﬁdrggﬁavﬁﬁo cab

conmuni cati on elenents) mhereln sald onboard control device conprises a
train | bredi@gndfentigdereddDInhirem crafsArPPeagdt FaphTPb €8ViaedadRysi de
control device when said two cab comunication 10 el enents enter a

pr edet etranstissedhef cogiréntaposdsicominficrmaitdanebpndebbe atepot ecti on
speed pattern generating neans which generates a protection speed pattern
10 position information to said onboard control device and

wherein said onboard control device creates a
protection speed pattern between the current train position
and the stop position from said current position
information and said stop position information, compares

15 the current speed of said train with said protection speed
pattern, and limits the high-1imit speed of said train by
said protection speed pattern according to the position of
said train.

4. A train control method of detecting trains on

20 a track, comprising the steps of dividing the track into a
plural of block sections, placing a wayside communication
element in each block section, placing a cab communication
element on each train to communicate with said wayside
communication element when said cab communication element

25 enters a predetermined area of said wayside communication



for an area between the current train position and the stop position
according to the current position informati on and 15 the stop position
informati on which said waysi de cont+ @g device transmts to said onboard
control device in response to the train IDfromsaid train ID transmtting
means, a neans for integrating the nunber of revolutions of an axle of said

trai detecti t it f. id train, 20 dlimti
i ch | TOHTRCRGY (R GREEL o & gt 8 (A PR ot on ana

limts the high-limt speed of said train by said protection speed pattern,
and a pd&tih oif CRPRRED rePHeEhs ARV EFe carials s ey sidsosi ti on det ect ed
by said position detecting nmeans by the current 25 position information
sent fr ororvainiowlytonee bamgntolardbvsaisl cab EBnmuili cat itoraiel enentir:ol
apparatus for detecting trains on a track by dividing the nonorail track

into a plural of bhﬁ@keﬁﬁcéémswa?é__ﬂ&ér@oﬁﬁ@ow&ﬂ@ecﬂé@@ﬂb&@té_On el ements
on different points along the rail in each block 5 section, longitudinally

bl 861 NG {001 ¢ AP SOHNTRIL LA HION ALRIE 4 P8t (i 10 € QUL Yty W 0 Sal d

waysi de comuni cat1on el enents n sal mruni cati on el enments enters

a predet 1 r of .one of sai.d waysi caonmuni cat i.gn el.enents, and
l etting %A\%’gﬁﬁ %gent?% refbt d&i lctej‘ocno n%*?utﬂo:arén a%elovﬂ t%naéant%oen IS cont r ol
device through sajd two wayside conmuni.cation el enents apd said two cab

conmuni RRATH A elrhfina it 285 Y FHRARY CBHTDE A4S Fhpri ses a

dat abase which stores a lot of pre-determ ned protection speed patterns for
sai d bl ock sectionshereinpssaidsonhprar@reentrehqdenier G¥eates raansnits a
train ID to said waysi de control device when any of said two cab
comuni qatétoer el anespecd Martem [redtetear nilree dcwrmem toft manyn gfossiaiidnt wo
waysi de a protection speed pattern generating means which |oads a
priat ect iy sreedsHd sl §1n @Yo &hid current position
information and said stop position information, and limits
the high-limit speed of said train by said protection speed
pattern according to the position of said train calculated
from the number of revolutions of the wheel of said train.
15 5. A train control method of detecting trains on
a track, comprising the steps of dividing the track into a
plural of block sections, placing a wayside communication
element in each block section, placing two cab
communication elements on each train in two different
20 longitudinal positions of the train to communicate with
said wayside communication element when said cab
communication element enters a predetermined area of said
wayside communication element, and letting a wayside

control device communicate with an onboard control device

25 through said wayside communication element and said two cab



20 between the current train position and the stop position fromsaid

dat abase according to said current position information and said stop
position information which said waysipde-control device transmts to said
onboard control device in response to the train ID fromsaid train ID 25
transmtting neans, a neans for integrating the nunber of - 37

revol uti ons of an axIe of said nonorail train and detecting the position of
sai d nofSEYRiGagipen :flseﬂ?é'&ﬁ imting means which inputs said protection
speed pattern and said train position and limts the high-limt speed of

sai d nonorai | 5 tréErerein swakn praside aPnFeld qatica measddes Fositi on
correcting neans which corrects the train position detected by said

posi t i ortckeitre citdergt infisiaars (D )t Hir coru rsradiit opx’m@latndolmomrtfmrlmellewanesanﬂ fromsaid
waysi de control device.
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10 and

wherein said onboard control device loads a
protection speed pattern between the current train position
and the stop position from said database according to said
current position information and said stop position

15 information, compares the current speed of said train with
said protection speed pattern, compares the speed of the
train with said protection speed pattern at the position of
said train calculated from integration of the number of
revolutions of the axle of said train, limits the high-

20 limit speed of said train by said protection speed pattern,
and corrects the position of said train calculated from
integration of the number of revolutions of the train axle
by said current position information.

7. A train control apparatus for detecting trains

25 on a track by dividing the track into a plural of block
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train identifier (ID) from said onboard control device and
an onboard control device which receives said current
position information and said stop position information,

15 creates a protection speed pattern between the current
train position, and limits the high-1limit speed of said
train by said protection speed pattern.

8. A train control apparatus for detecting trains
on a track by dividing the track into a plural of block

20 sections, placing a wayside communication element in each
block section, placing a cab communication element on each
traln to communicate with said wayside communication
element when said cab communication element enters a

predetermined area of said wayside communication element,

25 and letting a wayside control device communicate with an
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current position information and the stop position

[

information which said wayside control device transmits to
said onboard control device in response to the train ID
15 from said train ID transmitting means, and a speed limiting
means which limits the high-limit speed of said train by
said protection speed pattern which is output by said
protection speed pattern generating means.
9. A train control apparatus for detecting trains
20 on a track by dividing the track into a plural of block
sections, placing a wayside communication element in each
block section, placing a cab communication element on each
train to communicate with said wayside communication
element when said cab communication element enters a

25 predetermined area of said wayside communication element,
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said onboard control device in response to the train ID
from said train ID transmitting means, a means for

15 detecting the speed of said train, and a speed limiting
means which compares the speed of said train with said
protection speed pattern and limits the high-limit speed of
said train by said protection speed pattern according to
the position of said train.

20 10. A train control apparatus for detecting
trains on a track by dividing the track into a plural of
block sections, placing a wayside communication element in
each block section, placing a cab communication element on
each train to communicate with said wayside communication

25 element when said cab communication element enters a
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"10% protection speed pattern for an area between the current

train position and the stop position according to the
current position information and the stop position
information which said wayside control device transmits to
said onboard control device in response to the train ID

15 from said train ID transmitting means, a means for
integrating the number of revolutions of a wheel of said
train and detecting the position of said train, and a speed
limiting means which inputs said protection speed pattern
and said train position and limits the high-limit speed of

20 said train by said protection speed pattern

11. A train control apparatus for detecting

trains on a track by dividing the track into a plural of
block sections, placing a wayside communication element in
each block section, placing two cab communication elements

25 on each train in two different longitudinal positions of
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generating means which generates a protection speed pattern
for an area between the current train position and the stop
position according to the current position information and
15 the stop position information which said wayside control
device transmits to said onboard control device in response
to the train ID from said train ID transmitting means, a
means for integrating the number of revolutions of an axle
of said train and detecting the position of said train, a
20 speed limiting means which inputs said protection speed
pattern and said train position and limits the high-limit
speed of said train by said protection speed pattern, and a
position correcting means which corrects the train position

detected by said position detecting means by the current

25 position information sent from said wayside control device.
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" 10%4 0% e)i-clE0 W nmunS&A1%R W)th Hh onboard control device through
said two wayside communication elements and said two cab
communication elements, wherein said onboard control device
comprises a database which stores a lot of pre-determined
protection speed patterns for said block sections, a train
15 ID transmitting means which transmits a train ID to said
wayside control device when any of said two cab
communication elements enters a predetermined area of any
of said two wayside a protection speed pattern generating
means which loads a protection speed pattern for an area
20 between the current train position and the stop position
from said database according to said current position
information and said stop position information which said
wayside control device transmits to said onboard control

device in response to the train ID from said train ID

25 transmitting means, a means for integrating the number of
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by said position detecting means by the current position

information sent from said wayside control device.



