DESCRI PTON TRAI N CONTROL SYSTEM ANO HANDOVER METHOD | N TRAI N CONTRCL
SYSTEM Fi el d The. present. invention relates to a

W Y: el essebased train control. systemand a nethod. of pertormng a
handaver operation in the train control ysyst,sm Background

[ 00021Arnong conventional exa.rsples of a wireiess -based train
control syetem there is one disclosed in tE foll owi ng Pat ent
Literature 1. 'Aecotding to this Parentt 115 :ﬁterature 1, whetter. or
not a. train is approaching a. point (handover point) where the train
actually perfbrnms a switehini operation on the ground side wreless

t ransm ssi ofRAgpaCaNISes: EhelEinafthe HANDENVER ¢d THO as ¥ HaddoerCONTROL
determ ned on the ground side in ordeéYégEﬁOprevent a train cobtrol

apparatus pciE.',.s:s.,:r2ilr-: nobile comrunication fromgetting
into a.s5coms. :nication blackout due to the switching. operation when
the cbmmPnicating trainis noving., If the train. is determned to be

appr oachi n&lélﬁamover point, ground control apPeratuses previously
2P reserve @i el ess channel, f or.ase iidk Rearfidding Lopmamni &l ionsed
with a ground si'de: wireless transm ssion apparatus for the train. to
commi 3i i gi &nwiitrh ctole: reéxtsy sC.ant izom |8 gte 30Ratcetrelfftcamiitngkea handover
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Background
[0002] Among conventional examples of a wireless-based

train control system, there is one disclosed in the
following Patent Literature 1. According to this Patent

15 Literature 1, whether or not a train is approaching a point
(handover point) where the train actually performs a
switching operation on the ground side wireless
transmission apparatuses (hereinafter, referred to as
"handover") is determined on the ground side in order to

20 prevent a train control apparatus performing mobile
communication from getting into a communication blackout
due to the switching operation when the communicating train
is moving. If the train is determined to be approaching a
handover point, ground control apparatuses previously

25 reserve a wireless channel for use in performing
communication with a ground side wireless transmission

apparatus for the train to communicate with the next.

Citation List

30 Patent Literature
[0003] Patent Literature 1: Japanese Patent Application
Laid-open No. 2000-165312



Summary Techni cal Probl em [ 0004) Howeker, since the SOO noicqy of the
foregoing Patent Literature 1 is a nethod in which train position r3
information is essential, oportunities to reserve a wireless channel. -
are expected to decrease when train posidion information. is not
acquired, or even Inn case to which train position information. is
acquire& if the intervals of transm ssion of the train position

i nformati omYHtd¥ahsmitted by the train are lon,-.:, [00051.In.

addi tion, if s Pat bl%rgkterature 1, running speed of a train,
brake performance or the i ke are not considered at ii,..-Hhen the
train speedl(®4IPI, - However, "dindar e teerlenervey a0 rled eSsrohanneg!

is signifi tl el ayed in. 15 conbination, with. reduced ;o
opport uni t iclgars]“?%t l?agt.ulf(? ai m-° paosr?etn?ﬂb%é)i 1t oF Bt on” deadt? bebon
above, an& inrdhe WSt £ases SCenar | Gpddie i 8d e drayo neesk t0e st op
running. The ase of the technol ooy of Patent Literature | therefore
needs ear | i'errlexet vEtdoIe L of r i $EP RS E Hah et L e chPPesbFE5*n 20a

problemth he. : | Cl el V1eli=:c3S channel [esou :
O ops. | T COOBT NG B cxert THvant i 5n 128, Both achi cved | nvi owrof the.”
f or egoi ng, wanid-lan objrectot heteofinSotoaipravi de acqrarpd conttbe system

d. a hand, thod in a train 25 control systein_that i
pr eci Si on of" 1USET vVat 1 bri- BT OCESST N of - a- W rel €55 KRANNG! and- & T oue”

efficient useRfnWdeless channelf espuxcesy. Soi htion to Pfobl pri

[0005] In addition, in this Patent Literature 1, running
speed of a train, brake performance or the like are not
considered at all. When the train speed is high, timing to
reserve a wireless channel is significantly delayed in

15 combination with reduced opportunities to acquire train
position information described above, and in the worst-case
scenario, the train may need to stop running. The use of
the technology of Patent Literature 1 therefore needs
earlier reservation of wireless channels, which results in

20 a problem that the use efficiency of wireless channel
resources drops.
[0006] The present invention has been achieved in view
of the foregoing, and an object thereof is to provide a
train control system and a handover method in a train

25 control system that can improve precision of reservation
processing of a wireless channel and allows efficient use

of wireless channel resources.

Solution to Problem

30 [0007] In order to solve the aforementioned problems, a
train control system according to one aspect of the present
invention is configured to include: a ground control

apparatus for generating train control information for



30f I DOO71I n order to solve the aforenenti oned ptoblens, a train
control system accordl n2 to one aspect of the pfpsent inventisn Is
configared to ipclude a ground control appratos for oeneratinj train
contrrd information for controlling runfning of. a train; a plurality
of wireless base stations that are connected to the ground control
apparatus, the wirel ess base stations acceptin Wi re%essl

transmitti fgP PHeL Y i SURt DI CF i drirfatF orf ugafb%o% dw%\f%/\]e?%s

statibn thatzds Jmut@ds omdne td aidhnd bec @nboar gl Wi F &hesScshathon
receiving The train control information transmtted fromthe wrel ess

base st ati onaadian mdmldel:@sﬂ r'od s appar bt @ss t hatepsieconmedt ed to
the onboard, wlelees, statlon L he, anboald com ool apPat AU dDn; an

controlllng e runm ased rarn cun Fro

i nf or mabi ororotd fd rlﬁilrélestsﬂﬂsﬁdﬂtﬁuﬂﬂbtﬂ@d’d s rebessestati ong theiej bund
control apparatus including apredicted passage tinme calculation unit
for cal cul &% preot tted. S palssayur $ e’ btd at Fesef vati 02t &Part

poi nt at Wﬁbﬁné@léﬁs@fé’@ém%é&rf%ﬁ{“Eﬁé%ﬁ&f‘é@@eﬂ:aé‘é'QGQEE?QnEOV
a handover target wrel ess base station is starteb, based on a

handbvbr paimt acabcuwat@dcort not rarye speed, tland usamnpe@‘sedttor ack.
position. information nguﬂed{romthkhtma? a}(gr g aongggt['g

Wi rel ess st%ﬂk? ?ﬁ/ t'he” Fiandovers Jt’?n’poif Dern tore ap%m nt "5t
whi ch commudcatd Omi t@riged swhit Chg Wb £ ett@@Stbagle Baaéuoaﬁ 8he train

switched, a wreless channel reservation unit tornerformng
processi ng SN Feser i g thel Wi repessi ehahfbl baged b tsager 6f ©Eht .

w reJess channef,and i h ?ﬂs&%cw&ﬂ? §§§a£aaﬁs leﬂéladlaé wi %?Egiﬁted

,al - nn uiel reservation ress.it noti on unit for notif
uP csli sa)ew;sazcjmnmnahe resecvad t om r1e1$1.rttfof thécwieelegsa predicted
enent ET, ,,A reservation_unit to a ban:lover. sourc irel es gase

Station as BIPTIC o BRecO b ot FeS S PRt i Nt roFt PREBENAE BRLC
" Advant ageouss Eff €t sn of ok NYept +®Ness channel allocated for a handover

target wireless base station is started, based on a
handover point, calculated or notified train speed, and
train present track position information notified from the
train through the onboard wireless station, the handover

20 point being stored as a point at which communication target
switch wireless base stations are switched, a wireless
channel reservation unit for performing processing of
reserving the wireless channel based on usage of the
wireless channel and the predicted passage time, and a

25 wireless channel reservation result notification unit for
notifying a wireless channel reservation result of the
wireless channel reservation unit to a handover source
wireless base station as one of pieces of the train control
information.

30
Advantageous Effects of Invention
[0008] According to the train control system of the

present invention, there are provided the effects of



f. Dooa] According. to the train control system of the present
invention, there are prbvided the effects of inproving the precision
of wireless onannal reservation processing and allow ng efficient use
of wireless channel rescurcss. 5 Brief Description of Draw ngs
1450091FI G 1 is an overall block diagramfor explaining a train
control system according to a first enbodinent. .of the present, .

i nvent i on, *MProving the @regisiopn ocﬁ?dﬁr%efsosr cgmnaﬁqni T§ The* cotept
of a. 10 handowessimel hody i the dd aiar icontdolu sy stemiofe thes priesehd 1

enbodi nent, FIG 3 is a diagram mainly show ng the functional
confi gur at iTFBILEgr ound control apparatus in the train control
systemof the first enbodi nent. FIG 4 is a diagrammainly

showi ng the funPtional configuration of a. ground control apparatus
in a trainpontff desysiremof @& mecondyenbodinent, FIG Sis a

di agram mai nl y show ng-_ tne functional configutation of P
gr hdna cont[rod%%aﬂppar - itn 1% 3% £ 20 cont et Cgfsgtq%ﬂﬂ\ oﬁora ?’Fﬁf?ﬁnlng
embodi ment .5 train cdiiGo®d dfs@n daaammii ya show ngnddeinent of

functional. configuration of a ground control appatatus in. a train.
control systhemofe zerflourtientbiodi neht . FIG 7 is a diagta?,

mai nly show ng t functj onal. i i r ntro
apparatus in a té% 'nlggolnsc raoﬂlsﬁﬁagﬁﬁégE%%%ﬂhgeﬁohﬁrr(’gén*g@eﬁ@ bECL
FIG 810S addidagraammdamidd yirshow ngrdhe danctd onalstconfdguriat i pneoént
it qrpund control apparatus in a train control systemof a sixth
enbodi nent ,STEGEST9 i s a di agram mainly showing the functional

configuratim ofp@ ground comtl ol ridf et Ysshdly fnd rald LOMFObnal
systam of a seventh om ocxti: nent,
configuration of a ground control apparatus in the train
control system of the first embodiment.

15 FIG. 4 is a diagram mainly showing the functional
configuration of a ground control apparatus in a train
control system of a second embodiment.

FIG. 5 is a diagram mainly showing the functional
configuration of a ground control apparatus in a train

20 control system of a third embodiment.

FIG. 6 is a diagram mainly showing the functional
configuration of a ground control apparatus in a train
control system of a fourth embodiment.

FIG. 7 is a diagram mainly showing the functional

25 configuration of a ground control apparatus in a train
control system of a fifth embodiment.

FIG. 8 is a diagram mainly showing the functional
configuration of a ground control apparatus in a train
control system of a sixth embodiment.

30 FIG. 9 is a diagram mainly showing the functional
configuration of a ground control apparatus in a train

control system of a seventh embodiment.



Description of Enbodi ments poiojflereinafter, tralri control systens
and handover nethodsin txa-in control systens accbrding to

enbodi nents of tte present invention will be described with reference
5 to the acconpanying drawings, It. shoud be noted. that. the
present i nventi onis not limted by the foll ow ng enbodanents,

[00111First FL. .. ...... % n 0; Overall. Configuration of Train
Control Syste % mrgs C%lsmeélr];c over all bl ock diagtam for

expl ai ni ng [aoct]raay n comd0ln=systremt 0fin adritst] enbodinmeMndfhdh@ver
present invention, The tra. n control system according to the
present enBodifsht lébﬁéftqjtrhtcé?té%rﬁM%eénsaaﬁﬁﬂﬁ%q%ﬁqwemﬁﬁ?méﬁd

can be divigdedjnto &'&quﬁ}é}ﬁﬁ@p%ﬂ:ﬂu% Shown i, th H’Q_p@ference

section and a train 16 as e apparatns shown in t
sectiony 1001ZheAs: shovoanirE Grawlindshe gTrtomids—lshctiéDeapparai utslest the

inthn. train cotrol stem.are conf. t o incl 20gr ound
control api® S5t §ﬁtsl°fb& S dHt r}dﬁ%%?eqdé)ss tﬂhese%jog]t and 1. 1A2
whi ch are Wﬂn@qﬂﬁ tie ground control .apparatns 10- A, and

Wi rel ess base stations 11E1 and whi ch no connected no the ground
control apparatus

[0011] First Embodiment.
10 (Overall Configuration of Train Control System)

FIG. 1 is an overall block diagram for explaining a
train control system of a first embodiment of the present
invention. The train control system according to the
present embodiment constitutes a mobile communication

15 system, and can be divided into ground-side apparatuses
shown in the upper section and a train 16 as a mobile
apparatus shown in the lower section.

[0012] As shown in FIG. 1, the ground-side apparatuses
in the train control system are configured to include

20 ground control apparatuses 10A and 10B, wireless base
stations 11A1 and 11A2 which are connected to the ground
control apparatus 10A, and wireless base stations 11B1 and
11B2 which are connected to the ground control apparatus
10B. The wireless base station 11Al1 is configured to

25 include a ground wireless apparatus 12A1 and a ground
aerial 14A1. The other wireless base stations are
configured in the same manner.

[0013] On the other hand, the train 16 as a mobile
apparatus in the train control system is configured to

30 include an onboard control apparatus 18, an onboard
wireless apparatus 22 which is connected to the onboard
control apparatus 18, and an onboard aerial 24 which is

connected to the onboard wireless apparatus 22. The



ItSB. The wirel ess base station 11A1 is configured to 25 include a
ground w rel ess apparatus 12Al and a ground aerial 14Al1. The ot her
W rel ess base stations are configured in the sanme manner, O . the

ol -her hand, the train Ills a nobile apparatus in the train. control
systemis configure& to inciade an onboard control apparatus 18, an
onboard. WI I ess, apparatus 22 which i con ected to th onbp

Sontrol apsiiRHiie 18 s Srf IBHHTL STttt PR ers ref

to the Oan;Q{éj ﬁMarlei ess Appar aésJSarZ?oanreef_d %bfw@bymg@@ﬁ@n appar at us
22 and the onPeand. aerial 24 of: the train 16 serve as an onboard

wirel ess stESRAT Wwittch. trespectl ao® thiessni ¥'etlesy base stationn,
[00141As shown jn the, diggram, rgin dfg t'%ﬁ{‘?;h £dfAl 1819“%6186

i nformation aretransmtte and recelv etween e wreless
station$§ arﬁna:trhe:c(mimﬂr d il el esiorstatd dma(rtmtrtdcﬁ)and'heed:eavead

information includes train.. rnfuTh'irsi....: |nf tio tra
i v dual BHGaReh. PG b2 S AT i e T D brLess

i ncl udes Iasﬂam‘lczfr{m@ﬂmrpmé he priesentatd afﬂff&ﬂﬁaﬁi&m i0d1Edes tahin
(train present. track position informa.tion) an& infermatien. that

i ndi cat es trrlmmusq)@etﬁormraetntcrrauand ﬁdﬁa/iruumdlvmlmhamemwém@esfor

informatio S, | i C t n and

i nformati onne}% r%{(}jlcatl ngae{ Ejfél‘ c]%)&r}}g%lsrlf% OII%’]LB?’]%JIX er ef %ﬁl&{i%él n. The
cenposilDi onirmunbert ich wmmrpmﬁr@neﬂré@klmﬁtiqmtdﬂe tmai trasna
physical entity that is conposed of vehicles. In sone of

fol | owi ng eHboHiTheHtss St he- Conhosi T1 ot hurber T3¢ tded S8 TR sprmeapn
for idnntifying gachdndi vidual $raim, 200015, WhileqFhGiyd1shows two

ground control apparnteses as a train control system such a
confi gur at i ‘onfdnaiotorn eisteiwid velnihena t abm bmm@tllsg'st}@m vmhycle

i nclude tr rcond cont rol atuses i nclude a
i ngl e qTc. O COntPST Srpa a1, 00T 18" F Rt e shote b he

confi gupat i @mpherte eachugsounss cong r@fai\rﬁ)parﬂlﬁélsc@Sp@@ﬂﬂE@heﬂumbéh is
two or nore w rel ess base staliuns, SUCh a configuration is not
restrictivel TFEPOYCHpie e grourM Eoht ¥ of happad Bt uS nayPBES éeRhect ed

with only a. sdngl e yirel €ss,Pase- St i PMiciles. In some of the

following embodiments, the composition number is used as
information for identifying each individual train.

20 [0015] While FIG. 1 shows two ground control apparatuses
as a train control system, such a configuration is not
restrictive. The train control system may include three or
more ground control apparatuses, or may include a single
ground control apparatus.

25 [{0016] While FIG. 1 shows the configuration where each
ground control apparatus is connected with two or more
wireless base stations, such a configuration is not
restrictive. For example, a ground control apparatus may
be connected with only a single wireless base station.

30 [0017] (Concept of Handover Method According to the
Present Embodiment)

FIG. 2 is a diagram for explaining the concept of a

handover method in the train control system of the present



,tur!: (Concept of Handcver Method Accnrding to the Present.
hnbodi ment i FIG 2 is a diagran.. for explaining the concept
of a hnnMovnr nethod in the train. control syntem of the present
enbodi ment, As has been briefly nmentioned in the 'backgroand
section, rhe term "handover," as enploye& herein, refers to an
operation or control when a conmmunicating train ,rmr‘\)/a%z to swtch

n't

Wi rel ess b&S® St Ons, Foraskatiie Py Mentlo %rain

ro,....zf I Sgnthe ddpi nddavsl | ng, dideset bonnddigs omamniGati bheq
target needs to be switched fromthe wirel ess base statibn 11A2 to
the wirel eserrase stedtdon TBIN atpexr atearm poi mottthatl iv§rsshown as a

Landover point, The .operation or control ic. h 0
this time is tHEGenddler=in [%Vleﬁﬁeci uSrW\rllj\liq:nc(g;n t'o |lr]essp%%oé '?%gejag{r%%%'
of FI.G5 2 rshows:dnp curivesscThel t wohcaurntes war£irspeeds (ideceleratd om)
carves wbbre a normly used brake (nereinafter, referred to as

"recdl ar briagker9ling G0t Yec et st fBH G L OTTHe? ‘Ao A% arg® Pe
shown as a l,.at i r-al V. i {5) train
travel di sts;“ﬁctg&i(%]oﬁyzﬁggaq@a%%l%%eifaﬁseé h%éig% a%éi%% 0%}?1% poi nts
i ndi cat ed byirfdlldsed Hadangle sym] dils atepr esent pegut arhdr ake shart as

int.[he points indicated b trjangl mbbi t, poi nt
(ner o hai t 67 " PRKS e 0 s “TBCGIAT O et 5 (o BU Lo ) Sk whf ch o

reservabi . ec 0 amy one afi Wit eiesi chamelisa{dhereinafter, referred to
as 'weless Cds') allocated is a wireless base statibn for which
handover (n&r&ifiaft erRetreferted ¢ o ds- "31/10"9 §2fest | netCi s staptred,

| FIG 2, f J
n %eaﬁfgéeso Mo, smgdcﬂves a‘[f’f%ﬁé@dsmg@efgfgﬁgﬁf Burves

reservation st pol nt comes 50 a point ore 3 regu e start
poi nt (a poidred ar tthemdrof (used herdd potrerinantéh) sreespeed, tohes

explanatr,on will be given later, [00191(1ces for Cal cul ation of
Reservat i onnrﬁ‘ﬁjr]taqﬁ?’%’l]ﬁe s %ﬁ LEH Q?ﬁ%ﬁa?%rat e’ tal cuﬁé‘f’i R BF =
a resenvatigh stiarin point wiildc berezplabned, train spédd Frestiehiall,

a train has to stop before reachinc: at/0 point if no wireless Cd of
a H O targetxif)r éleess tasen travel distance (horizontal axis). On the

horizontal axis, the points indicated by filled triangle
symbols represent regular brake start point. The points
indicated by open triangle symbols represent points
20 (hereinafter, referred to as "reservation start points™) at
which a reservation of any one of wireless channels
(hereinafter, referred to as "wireless CHs") allocated to a
wireless base station for which handover (hereinafter,
referred to as "H/0") is destined is started. 1In FIG. 2,
25 the both of two speed curves are shown such that a
reservation start point comes to a point before a regular
brake start point (a point farther from the H/O point). In
this respect, the explanation will be given later.
[0019] (Idea for Calculation of Reservation Start Point)
30 Next, the idea for the calculation of a reservation
start point will be explained.
(1) First of all, a train has to stop before reaching

a H/0 point if no wireless CH of a H/O target wireless base



station can be reserved, Tn such a case, the onboard control
apparatus is expected to apply a brake automatically. Since it is
difficult to stop the train at a desired. position near the ti/f)
point with e pinpoint. 5 precision, a ceytain margin distance tat) is
provided so that the train will not cone to a halt beyond the HO

point. ;see 2) 020 Ln, consi deration_ of: t sen rs'
riding com‘ o%%%of bcraa gD ﬂe{sze)rsvendorrra ysuu(%le cascJEe’ceji era }gg

10t rai n (regultaro brakg)rshal |idesusetted ato tde Ipr &semzta}{mrrent :
energency brakes for enmergency use are not takeo. into

consi der at iF0MCNas] g ‘decel TrEtS o Icharactiérist ity TR He 9 et ap at

brake and g td'é?élrreé&ﬁ?sdlt\{or@tn@afeiﬂéi'm/@giﬂnt a, 0l Nt E?i[ngy@ircf@ the
regul ar. brake is started (regular brake 15 starc. point

cal cul abed se:dihatort hes tdeaitn ispeed ciomesi 4iatde |evels \»ﬁarov_ﬂd@nﬂ ao

poi nt which is the margin distance (<11 away before the 11/0 point
c2021m (3) ‘Adteddidation stiart T5oi rito¥alls %rhaalﬁod?womct 1H@#oIrFl)(eOnﬁemt
regul ar brake start point for a distance 3.5, much 20 as the train
travel s for processing tinme (lrsv) for reserving one of wireless C. Hs
al |l ocat e& tl@GHe MO ¢%)rgTet ani irsell desisa thiase @ﬁ&th@rpa(ssersge'rr@wrl&\hnd;e

t he di stance enot " Trsv o E1G tance IS
i 1y n R A il Wt o sl et i R PLRDRS Re
25 not1so lwarge, Megulﬂﬁ\bﬂ%)b%mp%@t@ﬁed\ﬂ thputhdruehe 400227b6en+ ,
proceSS| ng tine Tsar expl ai ned above is a proceseind tine for

reserving &WWHdEss ICH Kehd G5 defiFRet:Y | 4B Tonst derat i dfedf ihee only

oscrvati on BrOCEesl NGBy i 14" ok 1 eques BUl STSe (he timE Tert the

reservati on processin Its request,
request i ng meesedrava'h=dlon aprcbcaestsnarngu ofpeandthest gr oundt gomtpolnt, a
appar at us l I’OCGSSI | 4. - transnission tine thetlne
PP oint dﬁ% h'n%e regularrgrake is started (regular brake
15 start point) is calculated so that the train speed comes to

the level V = 0 at a point which is the margin distance
() away before the H/O point.
[0021] (3) A reservation start point falls on a point
before the regular brake start point for a distance as much
20 as the train travels for processing time (Trsv) for
reserving one of wireless CHs allocated to the H/O target
wireless base station (V * Trsv). While the distance is
denoted by V * Trsv in FIG. 2, the distance is actually a
time integral of V from 0 to Trsv. If a speed change is
25 not so large, V * Trsv may be calculated without much
errors.
[0022] The processing time Trsv explained above is a
processing time for reserving a wireless CH, and is defined
in consideration of not only the processing time when the
30 own ground control apparatus performs reservation
processing by its own request, but also the time for
requesting reservation processing of another ground control

apparatus (processing time + transmission time), the time



for another. ground control. apparatus to performreservation
processing and nake a notification to its own ground control
apparatus (l1.)rocE F,sin....-4 tinme 4. transmssion tine), etc,
1=".53 ran. be seen frbm this explanation, the processing 5. tine
Trsv includes no elenent related to the. foregoing. margin distance

-.5.., [0023]Th I ti ' h that th ti .
iari poi ntlobof FOR U 140 T HE SHebt ot TRGH 7GR, Carte L He P ofREaF UAtion

brake charasteristics, ofre spesidicatlyicd0ithechi gherothegtbahn.
speed, the greater the distance between the reservation start point
and the, N©pofnt.2betoness andothesiouerlfhe’t FarhsBpeedont heme)

smal I'er the,distance.betyeen ther reseryvation sfart, Pigﬁe dot sing
i Pe FegurarTs

11/ 0 poi nt %eobnes. A simlar operation applies to the reg

brake char actresi Btécsindhel¢ower ¢hemdecelerateontpetrfior franeepinhe
greater the distanra between the reservation staxt point. and the HO
poi nt becorm@drIandthe2HFgyhbr the decel erati on perfornance, ': 210

smal | er the; g nce h o) a i n he HO
20poi nt becE@@%%f 1.dg§%$%ﬁg¥%oﬁxéﬁgﬁé¥g%+a?%%% éé%ggvg ?gngg%art
Predi ct ed. RassagetTomeyjtdnt Rb&Gn2, vhniesdeitht ohpr ovedeé eadasyhe train
understandiqg the horizontal axis has been descri bed as reservation

start poi nt3T¢ dFst ahc@s) 3T IF-HoF ntla{arstantesySar e1det eF A hed I Chased

on trahp posidi m#il@f %N@%P&'iﬁ@;?é@&ﬁ tedefrompackntiz. distthectime
intervals at which tne train position information. is transmtted
need to be Pediuced fhe acteuxateldet efairhapbPontofnd keservat bonnst art

poi nt, Suchb@c%@eéecggﬁgéﬁé P&M@fﬁéh?h%%a%nhggge&”péﬁ% gﬁagﬂgr the

trai n-side systemthat proceses rain-positioh information.
[ 0025] Apar tdfsiommtdiisefactn theweebesstenni soapenbonear add the H/O

reservationpgigﬁtbéggégsfljgtgggflaisogggagﬁggrggkﬁies to the regular
15 Dbrake characteristics. The lower the deceleration
performance, the greater the distance between the
reservation start point and the H/O point becomes, and the
higher the deceleration performance, the smaller the
distance between the reservation start point and the H/O
20 point becomes.
[0024] (Method of Calculating Reservation Start Point
Predicted Passage Time)
In FIG. 2, In order to provide easy understanding, the
horizontal axis has been described as reservation start
25 points (distances). If points (distances) are determined
based on train position information transmitted from a
train, the time intervals at which the train position
information is transmitted need to be reduced for accurate
determination of a reservation start point. Such a
30 technique, however, has a high impact on the train-side
system that processes the train position information.
[0025] Apart from this fact, if wireless environment

near a reservation start point (distance) is not favorable



and train position information cannot be received by the ground
appaxatus side due to wreless transm ssion errors, the train may go
far beyond the reservation start point and fail to reserve a wrel ess
C.P. of thn 1-110 target wireless 5. bagg station. In suck: a ease,
an energency brake (hard brake) may possibly he used because a

regul ar brake fails to stop the train before thn ,

Accor di ng ta'd e atiec meisgdn B tTHP Pradsiént erbs(iNiffente c e griount e
control. a t t : i QN
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base st ati drhe butaicalcul atce fa priedicted.hepassageatiim VE &Y :point 3Ind
of the reservation start point, ), J:17. .. anc d perform

wirel ess C. .ﬂr écsoeﬁ?fﬁrovr‘?p;ﬁ d@elﬁsegll%ﬁs 6%]5*7}%17 ntg‘et ﬁ%/oa&q\’l%ﬁt WLEECIES
informati oo A SkSitspeci fig procedme for Lalcud aldmg, B feser et ta
start point predicted passage tine (Toss) will be described bel ow,
Initially, “rateguimay mogicelsharte poiatt Phstusora stoppialg Rrafeafalls
before the 0 int. i . j inforration on train
speed. (VD %dg%%a%hepe%aéﬁlm%lgc%%gat%yea%)#%blpl{(;{ nt. 1,,t.3sne S,
when presentoda@ck. pasididceimd nforatet itocPtirqueont hend racesens

received fromthe trai. rare nmany variations of the traiLn. speed
and breke PRI, I VATALTGHE W 190 TberT bairTatare do not

0023] Next , \asdistance hetweensithe regular brake,siarto 25 point Fhst
ak. Id the present track position information Stun received from
tnr.i.: traiimel(PostCE Ptridie §40 dmerai rnedicles addi 3¢ ontaglion, but
reservation_ start .point predicted S tj LS. i

C..-. . M LBa- TR by The 1011w hp choatich: (10257 of the

resef@ation start point (distance) and perform wireless CH

reservation processing by using the time information. A
15 specific procedure for calculating a reservation start
point predicted passage time (Tpss) will be described below.
[0027] Initially, a regular brake start point Pbst for
stopping a train before the H/O point is calculated by
using information on train speed (V) and brake performance
20 at a time point (time T) when present track position
information Ptrn on the train is received from the train.
There are many variations of the train speed and brake
performance. Such variations will be described later.
[0028] Next, a distance between the regular brake start
25 point Pbst and the present track position information Ptrn
received from the train, (Pbst - Ptrn), is determined. 1In
addition, a reservation start point predicted passage time
Tpss is calculated by the following equation:
[0029] Tpss = T + (Pbst - Ptrn)/V - Trsv. ... (1)
30 [0030] In typically expected processing, Pbst lies
"ahead in the traveling direction" with respect to Ptrn.
The value of "Pbst - Ptrn" is thus considered to be

positive. It should be noted that train position



[ 003011 n. typically expected processing, Pbst lies "ahead in the
traveling direction' with respect to Ptrn. The value of- Ptrn" in
thas considered to be positie. it. should. be noted that train
position. information typically uses miheage, whdcla increases when
travel i ng out bound and. decreases when traveling i nbound. Wen

m | eage is us s trai.n position informtion, the val ue. of "Pbst -
Ptrn" in thlgl og:rngagtojionrb feuatickn 159° iy B $hus' he heght i Ve evei T 7
Pbst |ies "ahead iy the-ddaveldmy didectidon. thav thraespect 10-Fura,
VWhen m | eage is used as train position information., the reservation
stbxt poi nt"piedictetE Dassageed iave 1psid? ik0 Y herP Hal et dtad By: ushag
the fol | owghg i er absol i i ttac to
Pbst - PUrn o the Foreabi i egaat an {10 T00I] TeeeTpbe T Y
Pkrni / V5- - Titsng b 0082]t Tite shourl di hePlapprieici st 'etheddatn itha traveling

ddf f brehce bet ween the reservation start poi redi cted pbssaie tine
Tpss cal cul(%treed: The' ¥t r%eg'%ﬁ%% etcﬂqujaﬁ : %h‘%hd?lfef'fae?eﬁl%u‘ﬂ?%ﬂt?s
time 1, (Tossiin igodiegatd vienfdindteads, that tde reservatdon: spalte

poi nt has aiready been posed regardl ess of whether tee reqblar brake
start poi ntPTPhsttfoes TtIe itelghdaehs iff e t¢avel i aege div ece ong ofhe

the regul ars brake it Rdst, 1] [ elin
direction. In suc r%gé(%uaésjée)l,éﬂa reseer vdar'??aon or ea ‘emair‘g%eésg JVé %?t?%}éed
fl/k? t&argeto ibteltess Mase' strattilon fmddgdirer ef@ret ben attenpt ed

i mredi atel y .. such, 8. case, theof brakes other than a regular.
brhke (for @)éllaﬂdl e, Z]?Ps%nfer .e+no&etb3.r%_k_e Orrukgent _%]F%ff(e)' may?%jb
instructed tom3zhe traimn side d haddigionatothe.w reless S rence

reservation processing.. ;Pu:Th a control can securely stdp tee traHn
bef ore t he IO 501 ritheviers 4V i daats iotic mherle o- W ¢ et @sis2 T of thee
d/ 0 -desti i td n. be ved 00331 f
0 et el base Slal on i beaeseryido R,

15 current time T, (Tpss - T), 1s negative, it means that the

reservation start point has already been passed regardless
of whether the regular brake start point Pbst does not lie
ahead in the traveling direction or the regular brake start
point Pbst lies ahead in the traveling direction. 1In such

20 a case, a reservation for a wireless CH of the H/O target
wireless base station will therefore be attempted
immediately. In such a case, the use of brakes other than
a regular brake (for example, an emergency brake or urgent
brake) may be instructed to the train side in addition to

25 the wireless CH reservation processing. Such a control can
securely stop the train before the H/O point even in
situations where no wireless CH of the H/O-destined
wireless base station can be reserved.
[0033] If new train position information is received

30 Dbefore the calculated reservation start point predicted
passage time Tpss, Tpss is calculated again. Incidentally,
if the reservation start point predicted passage time Tpss

is expected to come during the reception of new train



cC bbfore the cal cul ated. reservation start point prkuti.cnbsd
passage tinmeTpss is caT,cul ated again, Incidentally; if the
reaervation start point predicted pass:lee tine Toss is egpected to
cone iise position infonration, it is preferred to execute the
wirel ess CH reservation processing, The value of Trsv used in the
foregoi ng. equations (1) and L3) may be changed. depending ofl.
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in FIG 1, Grierciqund comitelr 15 Apparatuses! e e Sanme
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apparatus 10'1, is configur to Include a train speed cal cul ation
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posi tion, ich, i e i.e f i i i | et er H
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[0035] As shown in FIG. 3, the ground control apparatus
10A is configured to include a train speed calculation unit
31, a predicted passage time calculation unit 32, a
wireless CH reservation unit 33, and a wireless CH
20 reservation result notification unit 34, and also a storage
unit 36 which stores a H/O point position 37 and a storage
unit 38 which stores brake performance 39.
[0036] The train speed calculation unit 31 calculates a
train speed by using information on a train present track
25 position, which is one of pieces of train running
information received on a periodical or regular basis.
[0037] The predicted passage time calculation unit 32
calculates a predicted passage time of a reservation start
point based on the train present track position, the train
30 speed calculated by the train speed calculation unit 31, a
H/0O point lying in the train traveling direction, and the
brake performance of the train.

[0038] The wireless CH reservation unit 33 examines the



bra' pe performance of the train, [00301The wirel ess CH
rc3,-iir',...dLiofl unit. $3 exam nes. the 13 usage. of wreless
(S.v.:.-]s of the HO target w .reless base station and perforns
wirel ess Ch reservation proc.:.es.,...in3te for the train. N0O0391The
wireless CH reservation result notification 5 unit 34 attifies the
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wi rel ess base station, [00401By the cooperation of the train speed
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initially, the train control sstemof Pat en Lit ture,
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control information as that transmitted to the H/O source
wireless base station can also be transmitted to the H/O

15 target wireless base station where a wireless CH is
successfully reserved. The onboard wireless station can
thus seamlessly receive the train control information by
changing the H/O target wireless base station to the
wireless CH.

20 [0041] (Effects of Train Control System of First
Embodiment)

Next, the effects of the use of the train control
system of the first embodiment will be described in
comparison with the foregoing Patent Literature 1.

25 [0042] Initially, the train control system of Patent
Literature 1 determines timing for reserving a wireless CH
based on train present track position information
transmitted from a train. Consequently, there is a
disadvantage that if the train present track position

30 information is transmitted at long intervals, the timing to
reserve a wireless CH of the H/O target wireless base
station is delayed significantly. On the other hand, the

train control system of the first embodiment does use train



di sadvantage that if the train present track. position
7uinfOrtriattl _on is transmHtteti at long intervals, the t=:ffliag
to reserve a wreless CH of the h/0O target wrel ess base station is
ael avbd significantly. On thb other handy the train control. system
of the first enbodi nent does use. trbin present: track p03|t|on

i nformation but also cal cul ateo a. redlcted assage tinme of
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wirel ess 01- reserv |on processing to conformty to the train 15
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CH reservation processing in conformity to the train

15 present track position information.

[0044) In the train control system of the first
embodiment, a wireless CH of the H/O target wireless base
station can be reserved even when wireless communications
between the train and the ground-side apparatuses are

20 temporarily disconnected (i.e., no train present track
position information arrives). This can avoid a phenomenon
such that the train fails to stop before the H/O point and
overruns, or an urgent brake is applied in front of the H/O
point.

25 [0045] The train control system of the first embodiment
takes account of train speed and brake performance, and is
thus capable of wireless CH reservation processing with
even higher precision. This allows efficient use of
wireless channel resources each wireless base station has.

30 [0046] As has been described above, according to the
train control system of the first embodiment, a predicted
passage time at a H/O point is calculated based on the H/O

point, the present track position, brake performance, and



t hus capabJe et wireiesa CH reservation processing wth even higher
precision. This allows efficient use of wireless channel resources
each wirel ess base station has. 30[ 0045] As has been. descri bed
above., accordingthe train control system of the first enbodinment, a
predi cted passage tine at. a HO point is cal cul ated based on the
1-1/0 point, the present. track position, brake performam...,.i1"
and train spesd que? et ridin - pr o@b‘issl?ﬁ%c%s Q%I%ggrﬁ?BYlpﬂe?
H O target wireless haser stiat i10/0 i1safgef f1or nede basedse o dheonusage
of wifeless channels allocated to the HO target wreless base
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been descrihed omd he/@ssumpidomd hat thestnalnccotorobosystem n
i ncludes only a sing.lb ground control appratus, or the, H 0 source

Wi rel ess b.¥est lioRramg kdveformance. If, for example, the

traveling route includes neither mountainous terrains nor
15 many ups and downs etc., H/O processing using only train
speed information may be performed. Such processing can
also provide the foregoing effects.
[0048] Second Embodiment.
FIG. 4 is a diagram mainly showing the functional
20 configuration of a ground control apparatus in a train
control system of a second embodiment. The first
embodiment has been described on the assumption that the
train control system includes only a single ground control
apparatus, or the H/O source wireless base station and the
25 H/O target wireless base station are under the control of
the same ground control apparatus. The second embodiment
deals with an embodiment on the assumption that the train
control system includes a plurality of ground control
apparatuses and the H/O source wireless base station and
30 the H/O target wireless base station are not under the
control of the same ground control apparatus. The train
control system of the second embodiment will be described

below. Components identical or equivalent to those of the



21 HOtarget wirel ess base station are under the control of the-sane
ground control apparatus. The second enbodi nent deals with. an
enbodi nbut on the assunption that the train control systemincisdes a
plurality of grbund controll. apparatuses and. tnb H O source
wireless 10a3:1i. station and the HO tar,e.t. wireless base station

sre not un : trol .of .the s r.oun t .ol _appar S, The
train. con?cfo:)qél aaenllo(?f Qﬁethseegfolnrgsr%r%bbcﬁ%let%qﬂcﬁqo neplglesngr(:sjbe%j.Wlll
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request resid trawidddtciatd anedinid 4hidpaddi tirone 40t o téhier €oaponent s
shown. in. FIG 3. [00501Thecontrol appai atus determ nation unit 41
det er m nes WAFETHET tTe 19O T4 ISR Feless base statd oh - ¢-Hes grotind
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on a system configuration, the.. 15 traveling' rection of the
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request unig1 42 tdansiad sia 2 Wirel ess GH resernyatd ik & egliest st o- 1 be
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wi rel ess base Sratdem(d rahe exafi T DFUFIGIY, e grourd contrort
apparatus 101-3; ),, [i%%m%’ﬂ roq{ e§Ss§g_£em configuration, the.

15 traveling direction of the train, etc.
[0051] If the ground control apparatus determination
unit 41 determines that the H/O target wireless base
station is not under the control of the own apparatus, the
wireless CH reservation request unit 42 transmits a

20 wireless CH reservation request to the ground control
apparatus that has control over the H/O target wireless
base station (in the example of FIG. 4, the ground control
apparatus 10B).
[0052] The wireless CH reservation result reception unit

25 43 receives a reservation result from the ground control
apparatus to which the wireless CH reservation request is
transmitted (in the example of FIG. 4, the ground control
apparatus 10B), and notifies the reservation result toc the
wireless CH reservation result notification unit 34.

30 [0053] The wireless CH reservation request reception
unit 44 receives a reservation request from a ground
control apparatus that has control over a H/O source

wireless base station (in the example of FIG. 4, the ground



reservation result reception unit 43 receives a reservation result
fromthe ground control apparatus to which the wireless OH
reservation request is transmtted 1,in the epanple of FT.G 4, the
gronnd control apparatus 100), and nptifhes the reservation result to
the wireless CE reservation result notification unit 34. 30[ 0053] The

wirel eps Cl1 reservation request reception unit 44 receives a
reservat i orf Fedires t2F4eom & gridin adtfﬁtrﬂﬁl rlatus &t HasCeont r ol

over a. Wofesﬁ}érsctee@rﬁ{ee%&%essst@&l%émttl% eganpl e of PIC . 4,
the ground control apparatus 10B), and notifies the reservatien.

request to tHeAW rel €8s GH reeiseT At Oore amita33n [mezqsmerwmlet ess CH
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of FIG 4, t4eaglouiftflont rgld aﬁprpﬁdr%wss 105) .r§00SS| By thieervation to
COOperailcnkhéﬁréggEJJfa ?%%gg?on d# %gégﬁht fol a paré@usthfn the

predi cted passage tine ca wirel

reservati orexamilte 33, @nd the twiia ejlesamc[:l-d:metsml/aapmadeswl 10B) .

notificatio t 34 des r|bed|nthef|?s)ﬁ.#i].. enbodi nen
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t he ground lol  apparatus Yeterhi it | ?%%e‘évl %‘é@ga@f’n

reservapi onyfeqtest ddunide #Ztdd.paddadd relwsscCieservathont 32,
result. reception unit 43, the wireless CH reservation reqtnst

receptict udit I elard ttHe 1 Tl es'sl TH wekler Vat | o r deuest reesapt C
tifi t 5 t
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swi t ched during regar source
W rel ess basierst atritorndanchit hes HiOL 1 aaz@etthew gednexss baserst aapparates
under the contro. of the sane. ground och OOSO%AS has een
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43, the W1reless CH reservation request reception unit 44,

and the wireless CH reservation request result notification
unit 45, wireless base stations can be appropriately
switched during H/O regardless of whether the H/O source

20 wireless base station and the H/O target wireless base
station are under the control of the same ground control
apparatus.
[0056] As has been described above, according to the
train control system of the second embodiment, a predicted

25 passage time at a H/O point is calculated based on the H/O
point, the present track position, brake performance, and
train speed of the train. If the H/O source wireless base
station and the H/O target wireless base station are not
under the control of the same ground control apparatus, the

30 ground control apparatus that has control over the H/O
target wireless base station is requested to reserve a
wireless channel. If the H/O source wireless base station

and the H/O target wireless base station are under the



pointd the presenr track position, brake pdrfornmanee, and train speed
Ot she tra.in,If thg, n/0 source w rnceps base station and the EIC
target wrel ess base station are not under trio control of the sane
ground control apparatus, the 30 ground;gontrul apparatus that has
cr,ntroi over the RO target wirel ess base station is requested to
reserve a wiress tt-a',el. If the RI0O source wrel ess base station
and. the EIO&trarget! vilrel edse BaSEISt &G0 B5535° diridets t HerOcont ¥ ©Ff

of the sa ’ t r r i f r.Vi
m%ﬂ%{ﬂg}gcgﬂew%egétgﬁgﬁ%ep pcassi ng ©Of o resernyi g &s s

wi rel ess cha W rel ess base station is perforned
based on thexdarsag:.ae iofn wi s edesS whanniel ssdaldrocatedisare het W Ore aeget

W rel ess base station 5 and e predicte assagh.time, .if a :
wireless c e?lsr Qf%ﬁ%%#}%%dﬂbestlf}i%d?%%%?%gﬁr?%ﬁ anothef Fation
ground eontd0l @pParAtUSst A q9ae§§a%ﬂgoim@.sewf ng-w ar i & €4 esisachannel
is perfornhd based. on the hsagh of wireless rd:Lannh.1,s allocated.

to the resersAR I GH Lo eti@sted W riet€ss7draser 3t ath o, ang 1gnd control
notificati Uk ARG L0406 o1 ro@@é@@r&ﬂﬂﬁeré"wﬂ?@%é‘éUéhéﬁﬁélhi‘é

transmtte e W reless rvetion request
Con. e.:.: (hmrfetned Hhased maddid iotedo dhevefdeets  clofnthesfaisbcated

enbodi nent: there is obtained the effect. of_allow ng a-Fpropri at
swi t chi ng df° Wi tel €S base: §F at T oM dtlt i 'hg- © Ho° 15°F gﬁ??j&egg’ o‘f‘ng e

whet her ot he, i Or SO 68, W & eh8$S hase.stathdb c?ﬁgun&aé@nﬂ@ltélﬁﬁ@t:atus
W rel ess base station are under the control of samh gfebnd control

appar at us, t1ha057Thirah Enbodidente FitetteeefH reservation request.
Consequently, in addition to the effects of the first

embodiment, there is obtained the effect of allowing
appropriate switching of wireless base stations during H/O
15 regardless of whether the H/O source wireless base station
and the H/O target wireless base station are under the
control of same ground control apparatus.
[0057] Third Embodiment.
FIG. 5 is a diagram mainly showing the functional
20 configuration of a ground control apparatus in a train
control system of a third embodiment. The second
embodiment has dealt with an example where the brake
performance of the train has constant characteristics
independent of the train. The third embodiment deals with
25 an embodiment where the brake performance of the train
varies with the present track position of the train. The
present track position of the train is taken into account
because the brake performance varies depending on whether
the track is upslope or downslope. The train control
30 system of the third embodiment will be described below.
Components identical or equivalent to those of the
configuration of the second embodiment shown in FIG. 4 will

be designated by the same reference numerals, and a



20 configuration of a ground control apparatns in a train control
systemof a third. enbodimt. The seccbd enbodi nrent has dealt with an
exanpl e where the brake performance of the train has constant
characteristics independent of the train® The third enbodi ment deal s
with 20 an enbodi ent where the brake perforbnoe of the train varies

wi t hpr esent sition. of. [ The sent track position
of the trai rrlécﬁlgﬁ%%ﬁgn&%égollg%%éeﬂﬁﬁ{)eckgl%s%lpjf%g&%r ake perfornmance
vari es depehdng] on whetther therd rackodsnaps) opee ot chwms| oper The
train control 30, systemof the third enbodi ment will be descri bed
bel ow:  CompoHEHE 513 deft FRLRS or O BHt ¥al Sht "E bt hbS e K¢ Hes £ Lormance

confi gurat i ofr Ofni Heosecond: aabodi ment o St R OM3s5s1 4 Mold Cre 44 W Lo DE
designated. by the sanme reference nunerals:, and. a redundant.
descri pti obt ¥ ¢k besbmered. OD5c..i]ln the third Enbodi nent, the

storage uni co ins_brake performane 51 which js, brake .
per f ormm. nce’ Thtbr mat 10h om0 BS B T o £ U, ChBeHTbRET" SnéFafh

present 5t rackpositdons)prH069]dhespsedict ednpassagersivevcal eyl athen
unit $2 calculates a predicted passage tine of a reservation. start.
poi nt basedPoa. PIF% rPipriesent il th aekePost faoh, Pehet t¢ai ntipebgain

cal cul ated by..4 hes1&ai 0 speed cal chlat) OQpé'@&tcalg’t}Jka@iJ>ﬁ 9. po nt

lying in the train traveling'  direction, and the brake performance o
the traPn dofe espondi hglit® thetlts ai e presentet rackdposétion, and the
[ 0060] ACOberrif"lgetO} e train control s%stem of the third. eg‘godicrrent,
the predicted pasiage TiHe of°a 15 riesetvat? ohc St APt  Ppoi nt e crain
cal cul at ed hasethon: thex bsake: per f or mance corresponding to the train
present. track position. This provides the effect of. inproving the,
preci si on ofOtHel wi r eI ERG eservat | b pr oeessiny $rishedi ©f ohlheo

the efthct s, of . he,S00fL.d. enbodi nent, 200 0063 YL T e: the, th o

enbodi ment has t wt
15 reservation start point is calculated based on the brake

performance corresponding to the train present track
position. This provides the effect of improving the
precision of the wireless CH reservation processing in
addition to the effects of the second embodiment.

20 [0061] While the third embodiment has dealt with the
case where the configuration for performing the processing
of calculating the predicted passage time of a reservation
start point based on the brake performance corresponding to
the train present track position is applied to the second

25 embodiment, it will be understood that such a configuration
is also applicable to the first embodiment.

[0062] Fourth Embodiment.
FIG. 6 is a diagram mainly showing the functiocnal
configuration of a ground control apparatus in a train

30 control system of a fourth embodiment. The third
embodiment has dealt with an embodiment where the brake
performance of a train changes with the present track

position of the train. The fourth embodiment deals with an



case where the configuration for perform ng the processing of
calc-ilating the predicted passage tinme of a reservation start point
based on the brake perfornmance correspondind to the train present

trac*: position is applied to the second, 25 enbodi nent, it will be
understood that such a configuration is also applicable to the first
enbodi ment, ',.0062|,Fourth Efahodi.a...ent, FIG 6 is a diagran

mdanl y shovﬁm@dm@ﬁmn&&manhe dmﬁlfegtpeastf@?m@fcea Gr curid- Tont Floknges

apparatus i G t e
TP R embodt it dar S RO e F L e S R Ty 3 Cana
perfor rrance:cmpcﬁsitrmm rehanges. withe thes pr eaentrdr ackst os f i t)]neof

the train. The, fourth enmbodinent. deals with ari. 20 enbodi ment

where the bﬁoék‘”et}be‘?“fk?ﬂqfd?ﬁfé ot thai HIChANYES M TH ¢ r ai R N R dal

infor;fhat I%A@%lasoyeé% ﬁl&@%@%&mlﬁm@%&mr&l%eof
train control system of e fourth enbbdi mant will be expl ai ned

bel ow. Conpdrerts-®&d dertdEaler douivalentlEp 4 Hosel d@etCﬁ@Slgnated by

configuration of the second enbodi nent ,shown |n ETC, .4
desi gnat ed by ‘sar Prenecreenncuemenrua?rgr’alasnd and & Fedundant %V"Ié‘{ H% i 9t

will be onidd edhit{t00633In the fou.rtiii enbbdi ment, the storage unlt
36 contai ns br ake performance 52 which i s brake erfor mance

i nf or mat i onl 6+ espondi g of Tl e Vi Heral |W%r%?¥%‘¥1e Fhett Pain

i ndi vi dgal informetionis notified Lo g’si‘ewlgiﬁkmﬁs C@P&}E@'p@PF@EﬁBHée
102k thr ough the wrel ess base station 11Al1, 1.0064] The predicted

passage ti me:catoudati orunp32d tad cud atesia m@dvm‘he@ll passageatine.
on the train

of a reserv t n start ase track
P01 1 one VHE (1 1 SRS LA Tl S Bt By THe 15 ol AL Lpocd CAdRar afF BA™
anit 31, a d'&SchnﬂQl Mpdytdfus -1d2 itmiheghrahd 1 aoetingodieest honon
ann the

11A1.

15 [0064] The predicted passage time calculation unit 32
calculates a predicted passage time of a reservation start
point based on the train present track position, the train
speed calculated by the train speed calculation unit 31, a
H/O point lying in the train traveling direction, and the

20 Dbrake performance corresponding to the train individual
information.

[0065] According to the train control system of the
fourth embodiment, the predicted passage time of a
reservation start point is calculated based on the brake

25 performance corresponding to the train individual
information. This provides the effect of improving the
precision of wireless CH reservation processing in addition
to the effects of the second embodiment.

[0066] While the fourth embodiment has dealt with the

30 case where the configuration for performing the processing
of calculating the predicted passage time of a reservation
start point based on the brake performance corresponding to

the train individual information is applied to the second



20brak, :::: eerssrnaece corresponding to ths: train indi-ydual
intermarion, [055i-According to the train cpntrol system of the
fourth enbodi nent, the predicted passage tine of a resermation stark
point is calcul ated based on the brake 25 performance cbrresponding
to the train individai infprmaki&. This provides the ettect of

i xaprovi ng t?ﬁéﬁrecision of wireless CH reservation processing in

addi tion t eridvesliafrgot s-tofvitiHe e dowd reritsodi s, U Q066 FWAH &t et 1on

foarth enbadi t Hi It Wi e . wher configlLratiun
for perforlgf irgﬁlggot %é)%&ﬁg%ebslsﬁ_nttg&#ceﬁlcrusltatel ng the predicted passage
tome of a rEseTMati orristtar tEnpoiditnebased on the brake performance

corresponding to the train individual infornmation is applied to the
second 21 enbodilfent’, % WitI2BE Yoosg;%"flﬁkﬁ @lfchgﬁmtlonaf

confi gurat ion 488850 APpli cabl.e 10 the fidistagibadivent, 4 0067{Fi fth
Enbodi nent , FIG 7 is a.” diagram mai nly show ng the functional
conf i gur at i%m @ lgraamicere onft reol £ idpparcatad ie e - t rdih VMol system

of a. fifth enbbdi nent. T chnd .e i , . an
eb:bc)tLfi teem;i%w\tl)%meerqgc 1 rtbeesazlgce%?csh L%Fgéﬁ elcﬁ%?\tt e fgefﬁfn rgos For.

appaxat us side-dncuwlsitgl taraithpresentd ddarack positdontisnfordatbpnusing
notified by the 10 train, The thdrd Enbodi ment deals with an
enbodi ment .C et @ 55FO et Bnc ot el H spEett e ddured- byt & thhi W F s

transmpted o2 ground CoN rQly, o ARRatatus, @ opg. M AN. cREESEALnt LREKe
position information, and the ground control apparatesl cses the

val ue, Due #rofsueht iam embodiaventspadie s tya® speedtcaleulati on
unit. 31 may._ be e 'ttetc?dwfromthe

ansmi a ground control apparatus along with
present track position information, and the ground control
apparatus uses the value. Due to such an embodiment, the
15 train speed calculation unit 31 may be omitted from the
configuration of the second embodiment shown in FIG. 4.
The train control system of the fifth embodiment will be
described below. Components identical or egquivalent to
those of the configuration of the second embodiment shown
20 1in FIG. 4 will be designated by same reference numerals,
and a redundant description will be omitted.
[0068] In the fifth embodiment, train speed is
calculated by the onboard control apparatus of the train 16.
The train speed is notified to the ground control apparatus
25 10A through the wireless base station 11A1 as one of pieces
of train running information along with information on the
train present track position.
[0069] The predicted passage time calculation unit 32
calculates a predicted passage time of a reservation start
30 point based on the train present track position and train
speed notified by the train 16, a H/O point lying in the
train traveling direction, and brake performance.

[0070] According to the train control system of the



configuration of the second enbodi nent shown in FIG 4, The train
control systemof the firth enboddnent will be described bel ow
Conmponents identical or etat.tivalent tb those of the ccbtiouration
Cr the second enbodi ment shbun in FIG 4w ll be designated by Sa.M 2
referenbb nunerals, ache redundar t. debcription will. be omtted,

1..006er.1ln.the fifth, Erabodim,.eJ)kl., train speed is cal cul ated
by t he. onbgh%ghaﬁﬁg?gfﬂgan F%% FF%?% 1BCCFhe L FHI At sPRetNft§ 51 can

notified topthenmgreund contEob-apperat bs-28r10A:t Brough,thewirgl ess
base station |i Al as one of pieces of train running information al ong

wi th intornatPenrsenghocefaph phesenpupdsipihonelTherprediiet eddepasage
time cal cul ati L. : predi,c p a tine a
reservationgé%ggtﬂg%%n?ééggégeo%r?ﬁ% f?ggﬁ’pgggeﬁﬁg?fggé %ggﬁfFoﬁ%;nd
train speedimotbofied bye phecteabn 46, warkHlOspoCnt rkykpgatibnt he
traib traveling direction, and, brake performance, 11\cebrding to the
traib contrBF°8§§Fb?9 of ?ﬂ@ltfPPtﬁoegﬁﬁd?ﬁéﬁFFstHé thai Acspeed

cal cul ati oncppbliRdncan be omtted. This provides the effect of
reduci ng the grocessing | oad on the ground control apparatus side and
using nore aeéeurate tWaihespeediiand adbsdinhetehtectieof tnwiltpr avieng

t he preci si f wrel CH reservation_processing.in dition to.
t he effectsgg gtﬁﬁgégcgﬁg %ﬁ%%ﬁ?gﬁ%8}9nrﬁBxVﬁFFeof éng'%gF.?foceSSlng

el i Mn X0 i rent chasudeal hgwihb bhedcasedwberseatheteanf bguraticer f0m ion
perform ng the processing 10 of calculating the predicted passage
time of a r%E%FgaP?b%tsPérFSbBGn%nB9rG§Fh§niﬁFoF§PéFi§HeSﬁ feaiclated

speed CalCU&ﬁt€§b08n$B§rtng?ﬁfgo§ogﬁﬁ9kaéggaé§ﬁgsi@igﬁpg§e@pﬁbi%%et”

t he second enbodi nent, i be snderstood that suc

confi gur ati encpsdatshboappeintable voltheef Whetrsthpddfhandsuch a
configuration is also applicable to the first, third, and
15 fourth embodiments.
[0072] Sixth Embodiment.

FIG. 8 is a diagram mainly showing the functional
configuration of a ground control apparatus in a train
contrel system of a sixth embodiment. The second

20 embodiment has dealt with an embodiment where the train
speed calculation unit 31 of the ground control apparatus
10A calculates train speed by using train present track
position information notified by the train 16. The sixth
embodiment deals with an embodiment where the train speed

25 1s not dependent on train individual information, and a
maximum train speed that can be determined from present
track position is used. Due to such an embodiment, the
train speed calculation unit 31 may be omitted from the
configuration of the second embodiment shown in FIG. 4.

30 The train control system of the sixth embodiment will be
described below. Components identical or equivalent to
those of the configuration of the second embodiment shown

in FIG. 4 will be designated by same reference numerals,



15f ourth enbodi ments. [0072-j Si xth ET: hm di nent, FILE:, 8 is
a diagram mai nly snowi ng the tunctionai configuration ot a ground
controi apparatus in a train control systemof a sixth

el r.ahs.)(baent. The second 20 enbodi mept has dealt with an

Enbndi ment where the train speed calculation Unit 31 oi the ground

control apparatus Lol| calculates train speed by usind train present
track positd irrﬁ%%ﬁf%ﬁﬁmfebow%e T 4 16 The oi 2t h

enbodi ment deals Wit hran enbodidmmawhere the fdad n spead &Sisnnetso .

dependent on train individual intornation, and 8 maxi mumtrain speed
that can bétdetsErqratsd Wridm Pr esantaing  sgketiesin itormis Ised Due to

100an enbo, j i th r.ai ed. cal.c i nj t [’ﬁa% itted
fromthe codncirlr%eunérpa%%ﬁi%fta# hnceﬁsjlgr%:gono etrrlgéorgglt n@grkﬂsr}kc}DWIge]sl n i%ea%?] The
train cont ralsisyisiresm .of the sizth enbodi ment will be described bel ow,

Ccnmponents identcal or equivalent to those of the configuration of.
the second ébddi ment’ hdwt I FGP#HEMIT bedest griatEd- By ‘sahe 32

reference numenals.cs _Zagﬂléhir@éj&{‘%s Crition. o Widde besomtteds
100731The si xth enbodi nent 1 ncludes a storage unit 50. The st brage

undt 50 comtcdims ke grakiarum tira im speethn b4 ootk espondiag to /@i point
positions ([1lh..'s, ... resent_track 5posit.ions), 073{1Th

predi ct ed pl ssage itr%ee gca Ut a riab‘ﬁejglnrl1 Ca lc%rf’atbelgsg}%\e Fedr ¢tean e
passabeot i meDftrae mesermvat ;.o stagde potdit r basediong acd riaghd present
track position, a HO point lying in the train traveling direbtipn,

br ake .pdlﬁ?ﬁ%ﬁﬂbéFaCk position.

[0075)] According to the train control system of the
sixth embodiment, the predicted passage time of a
reservation start point is calculated based on the maximum

15 train speed corresponding to the train present track
position. The train speed calculation unit 31 can thus be
omitted, and there is provided the effect of reducing the
processing load on the ground control apparatus side in
addition to the effects of the second embodiment.

20 [0076] While the sixth embodiment has dealt with the
case where the configuration for performing the processing
of calculating the predicted passage time of a reservation
start point based on the maximum train speed corresponding
to the train present track position is applied to the

25 second embodiment, such a configuration is also applicable
to the first and third to fifth embodiments.

[0077] Seventh Embodiment.
FIG. 9 is a diagram mainly showing the functional
configuration of a ground control apparatus in a train

30 control system of a seventh embodiment. The sixth
embodiment has dealt with an embodiment where the train
speed is not dependent on train individual information, and

a maximum train speed that can be determined from its



10 and the xii:o:iinumtrain speed col Tespondir.g to the train
present track position. According' to the train control
system of the sixth enbodi nent, the predicted passage tine of a.
reservation. start point is calculated based on the maxi mum 15 train
speed corresponding to the train present track position. The train

speed cal culation unit 31 can thus, be omtted, and tnbre is provided
the effebt PFEFEYuCHRLS tieS br beess? ngSFoad or? t Fol grouhdP Ednt FoPd

apparatss sigdesin. addid i onrf o-the-eff ectse of e fher second: epbodi peAL o
20100A5] Whil e the sixth enbodi nent has dealt with the case where the

confi gur at i ohtlf oxn perfor megt thee pe oclessi ngiof sepatdul atihpy thependent

predi ct ed passage tircva of a reggrvgtion.étart go&nt based ogrthe

maxi mun train speed cof rosponding to the train. presentotrack —-ot"

posi tion i sseppdietht ovdhee 250 s€€0nda enbodi rentiua suchf areeni bgur ati on
is also applicable to the first. and third to fifth enbodi nents,
[ 00771Sevent FeERBORYi mant , 219 ABRCO9LF 507 diEgeam el fPy SRoRPAGULRES

functional config i 1.ound gont ol arat asy i f; raig
3(3 control g@steﬁ§%%ag?a§%%%%t% e%bod?nent. %ﬁgﬂs%xtﬁﬁengéﬂ?ﬁ%ﬁthggg
dealt with fame epbodi nrembodishente, thieet t adk hnspeeddi sa hotldependent todl

train individflal inf t di i trai d t hat b
det er mi ned F1Ore i P8 U990 o BeBnt 't r 4GR BBST €1 b 8¢ usha TEogarcul ate
a prediot edepassagent i deowh Nicontcast, theesevenhhcenbodimenttdads s

wi th an enbodi ment where the train speed i s not dependent an
the train prlesemtveraekepositiont dhdlabraXfhRttnPEraPRlepeedCrRapnents

varies Wwih;aLal c%fdéXiQ yADERLMBL! P bVEEI che LYRe18fation of
conposition nunber) is us to calculate a predicted passage fine.
Due to suchtlam eitth){dxvdbdieatt shkent he, FsiGzt h enbodbaedesithetkrabr

sp,.=.:eci calculation unit 31 be gmtted fromthe configurati
oF i he SeCoMII0F SHEOH BN USROSt (oRRGE HCCHRESEE aMRSEORPE SPToytem-
of theisevemt hhemfdgti.ment. will be described bel ow. Conponents

identical C equivalent to those of the configuration of the sixth
enbodi nent 5hownl i n FIG Wi¢ | specdesi gnapeédmpyt, the storage unit 50

contains a maximum train speed 55 corresponding to train
identification information. Information on a train present
track position regularly notified through the wireless base

20 station 11A1 is notified to the predicted passage time
calculation unit 32.
[0079] The predicted passage time calculation unit 32
calculates a predicted passage time of a reservation start
point based on the train present track position, a H/O

25 point lying in the train traveling direction, brake
performance, and the maximum train speed corresponding to
the train individual information.
[0080] According to the train control system of the
seventh embodiment, the predicted passage time of a

30 reservation start point is calculated based on the maximum
train speed corresponding to the train individual
information. The train speed calculation unit 31 can thus

be omitted, and there is provided the effect of reducing



sane reference nunerals, and. a redundant description will 15be
onj.t.-.1.:ed. [o07a]in the seventh enbodi ment, the storage unit. $0
contains a maxinumtrain speed 55 corresponding to train
identification. information. Informatiomrson a train present track
position regularly notified through the wirel ess base 20 stationis
notified t ' a ' I at j.on unj 2 0079],The
predi ct ed S%kqs%g%lg&?%n%f% Ij(::)u %tﬁgrgné%%??f(g\%?%‘a‘?%%?% gsééfgﬁ?%é?c?é =
passage ti nmedaftoom eserviat | ©hf stias topoiiné babedd ormbheimeat n presebt
track positj H C 25 point lying in the train travelin _

di recti on, Bﬂg%%ﬁperf%ﬁhh_c%ﬁeai "% %hn%&b%%ﬁ$??%i%a%p%%ﬂlg ek Bl
correspondlcdige tignd he tiai & hndivi duab, i %Erﬁéif&ﬂm&ﬂé@éfﬁfegggggag
to the train control systemof the seventh enbodiment, the predicte
passage°t i mef ofakcieservatilon stedictpoi ms$sgeat cue ab€da cesseomathen

maxi ncm traj . corre nding to the train_indiyvidual
infornatio%% |ﬁe%$$gF§1%%%§§ %ﬁc%%.i%ﬁﬁ{ﬁﬁm éﬁa%%ns?%%g bR bRFPPRE I nY
and tnere itso prioviided & nenef f £€ia At i1 edueh Ngon 25s t bhep pregessi ayel oad

on ths ground control apparatus side in addition to the effects of
the second.SErmbiodi FEMITUEN BIAYHT | @ ¢Hel sevent hon eibodi renkPRascable

dealt with the e rcase where,the contigurationsfor,performing the

proceesing 5 of calculating the redi eted passage tine of a
reservati on

Industrial Applicability

[0082] As described above, the train control system
according to the present invention is useful as an
invention that allows efficient use of wireless channel

15 resources.

Reference Signs List
[0083] 10A, 10B GROUND CONTROL APPARATUS
11A1, 11A2, 11B1l, 11B2 WIRELESS BASE STATION

20 12A1, 12A2, 12B1, 12B2 GROUND WIRELESS APPARATUS
14A1, 14A2, 14B1, 14B2 GROUND AERIAL
16 TRAIN

18 ONBOARD CONTROL APPARATUS

22 ONBOARD WIRELESS APPARATUS
25 24 ONBOARD AERIAL

31 TRAIN SPEED CALCULATION UNIT

32 PREDICTED PASSAGE TIME CALCULATION UNIT

33 WIRELESS CH RESERVATION UNIT

34 WIRELESS CH RESERVATION RESULT NOTIFICATION UNIT
30 36, 38, 50 STORAGE UNIT

41 GROUND CONTROL APPARATUS DETERMINATION UNIT

42 WIRELESS CH RESERVATION REQUEST UNIT

43 WIRELESS CH RESERVATION RESULT RECEPTION UNIT



start point based on the maximumtrain speed car:to the train

i ndi vidual information is applied to the second enbodi nent, such a
configuration is also applicable to the first and third to sixth
Enbodi ments. 10 Induetrial [00S2] As desgribed above, the train
control systemacsording tr.) the present invontion is useful as an
inventicm that allows efficient use of wirel ess channel 15resources.
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34 WRELESS CE. RESERVAaJON RESULT NOTI FI CATION UNIT 3E, 38, 50
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NOTTE-1 CATIC | cLains Atrain control system conprisinp: a groond
control apparatus for generating trai ﬁL@éPﬁsr ol inferrtion for

control l'ing running. of a.tr 'ln;s)aéaté}h Lgé}!gg}jysﬂ{g.wi rel ess base
e

stations that are connected to t ground control apparatus, the

Wi rel ess. be stationsiratcepttingl encbavaelessSly derasnititd ngrehe train
ContrOIi'ﬁégggggf”En g}ﬁgl¥§¥(Eg¥r§%§%§gfﬁfﬁi(¥h§§¥§ igfqguggggngn

t he g g ;

5 a plurality of wireless base stations that are
connected to the ground control apparatus, the wireless
base stations accepting and wirelessly transmitting the
train control information;

an onboard wireless station that is mounted on the
10 train, the onboard wireless station receiving the train
control information transmitted from the wireless base
stations; and
an onbcocard control apparatus that is connected to the
onboard wireless station, the onboard control apparatus
15 controlling the running of the train based on the train
control information notified from the onboard wireless
station,
the ground control apparatus including
a predicted passage time calculation unit for
20 calculating a predicted passage time of a reservation start
point at which a reservation for a wireless channel
allocated for a handover target wireless base station is
started, based on a handover point, calculated or notified
train speed, and train present track position information
25 notified from the train through the onboard wireless
station, the handover point being stored as a point at
which communication target switch wireless base stations
are switched,
a wireless channel reservation unit for performing
30 processing of reserving the wireless channel based on usage
of the wireless channel and the predicted passage time, and
a wireless channel reservation result notification

unit for notifying a wireless channel reservation result of



10train, the onboard. wireless station receiving. tha. train. control
information transmtted fromthe wirel ess base stationsr and an
onboard control apiaeadi).-s: that is connected to the onboard

wirel ess station, the onboard control apparatus 15 controlling the
running of the train eased. on the train control information notified

fromthe onhoard wrel ess statjon, the ground control a rat up

ol i g P SAE e F Rt GO ataen Tt TOROCRE cpabrrg
a. prpdict eg passagedddres0itidh resedyvatdi o, sd@sd Poiite at rahh Chondrol
reservation for a wireless channel allocated for a nandover target

Wi rel ess basef®iionis started, based on a. nandover point,
calculated or notified train speed, and train present track position

25 notifiee fromthe LE3i C3 through the. onboard wireless station,
t he nandover. poiTite theing siored asya-@oiatcatdimfpich claim 1, wherein

cem',:irieation target switcfl wireless, base statjons. are

switched, a Wi r&l CHANNE L radi Vat Font Unfe Tt f orC pertFdLm hd23p speed

processi ng.cofcreserdng.,{he wreless,charnel c based: on ysage vhstheon
wi rel ess channel and the predicted passage tinme, and a wireless
channel resereJatti onra@subas viot o1 i catdonsubdn :ndorfhodi fypngtae train

W reless Ch&m‘oﬂg}{[ esgrvation fesult, of . 213 the wrel ess channel
reserveti on uni 0 'a handover sourco wireless base station 3.5 one
of pieces of the, train control information,
3. The train control system according to claim 1, wherein
information on the train speed needed to calculate the
predicted passage time 1s calculated by the train and
notified to the ground control apparatus.
15
4. The train control system according to claim 1, wherein
the predicted passage time calculation unit uses
information on train maximum speed as the train speed when
calculating the predicted passage time, the train maximum

20 speed being determined according to the present track

position information on the train.

5. The train control system according to claim 1,
wherein:
As) train individual information for identifying the train

is notified to the ground control apparatus as information
needed to calculate the predicted passage time; and
the predicted passage time calculation unit uses
information on train maximum speed as the train speed when
30 calculating the predicted passage time, the train maximum
speed being determined according to the train individual

information.



2. Thp train control systemaccording to claim 1, wherein the
groun::3. control apparatus further includes a. train speed
calcy,lation unit for calculating the train speed. based on present
tracn position inforration notified fro?1thp train tnrough rhe
onboard Wni deSS station, The train control systemaccording to claim
|, wherein information on the train speed noeded to calcniate the
predi ct ed passadédimeains ealieudatesds by tdhece¥ding . tandlabtitied to

t he ground Font r q% apparatus, 4,The train control systemaccording to
claiml, whereini 't he predi cted passage tinme cal culation unit uses

i nformation on. traim ﬁm&i%td&m&mﬁhfmmmimﬁémafmrsp@eﬂtﬂﬂgﬁngathulathmn
the predicted passage tine, the train nmaxi mum 20 sgeed

det er mi ned atd6? di nget ot © hopresentd t Faek: posi P dh Fﬂ?o?ﬁaf?gﬁr@ﬁtlon

the traisn, S.dhe;trai nocontsol @HQJEPé@£§9é@'?QS§Qg§|@iﬁél1aﬂﬁpre'n
train individual information for entifying tho traio. is notified

to the ground cowte @r@qbp@t@dL@aasagafmm@tq:@hcnb@*de@nt@na;‘al cakate
t he predlctlnfgassa e time; and

d
cal cul ati on uni e " Af ?r%%.l%ﬁF%PuTrg?gég égtggep§§ggge hkﬁ when

N Maci npm spee

traTh s peeobazmma@ﬂh@uﬂaé i hige & het P8 edi €& ede passagethenerat hembkainnom
maxi mem speed bei ng, det er m ned aocorddng to the train individhal
i nf or mat i onSPe2Y LSing TRet ¢Fai e ontFRT I8yt e Betordaly todelarnet,

wherei Ry inedfalngbadiyidegl bP%QéH@ttPQcﬁoﬁoégﬁﬂBhfXhﬁgrﬁg%lkha'”

is notified. to the ground control apparatuses information. 5. needed
to calculate the predicted passage tine; and

1. The train control system according to any one of
claims 1 to 6, wherein the predicted passage time
calculation unit calculates the predicted passage time in

15 consideration of brake performance of the train.

8. The train control system according to claim 7, wherein
the brake performance is set to different characteristics
depending on a present track position of the train.

20
9. The train control system according to claim 5 or 6,
wherein the predicted passage time calculation unit
calculates the predicted passage time in consideration of
brake performance that is set to different characteristics

25 depending on the train individual information.

10. The train control system according to claim 5 or 6,
wherein the predicted passage time calculation unit
calculates the predicted passage time in consideration of
30 brake performance that is set to different characteristics
depending on the train individual information and the

present track position information, respectively.



the predicted passage tink calculation unit uses information on.
train maxi mum speed as the train speed when cal cul ating the predicted
passage tine, the train nmaxi num speed bei ng. determ ned according to
the train individual. 10 information andthe present track position.

i nformation, The train control system according' to any one of
claims I. to 15., wherein the predicted passage tinme cal culation unit
cal cul ates the p%é@?%i%xp?%@ eSY$heni pomBr eohsd der ati on of brake

performance of tQ?%iﬁﬁégigﬁ oy Eé@ﬁ& SQHEES% ?%5%??%@§89r9699 to

claim7, whedein t rmance i1 s se ent

characterlsgemsr£Epﬁmdtn@unomomt:mbsbmfotmatkopoﬁor|oonbfolhéngrain,
The train control s stem according to claim5 or 6, wherein

the predi cted pass A ?l%@@ fculation unit cal cul ates the predicted

passagestime in &@@Sép|£r@iﬁﬁ£lﬂiyb6§kﬁ1§81é9§”EQ§@ thatib8ssehatOare
different characteristics 25 depending on the train individual

i nf or mat i oncONEECThe 1@a¢®cb0hfrbhesg§©énﬁa@@@td@hgapbaéﬁbﬂﬁﬁs,othe,
wherein the P£§9é§%68a£@s§@§€lé 8%E¥$§t%8§ HPkél%ééf '@ESﬁﬁ%ﬁ%ting
era 0 at i’s

predi ct ed passa ime in consi rake nce
set to diffefentreharasterssticsodependhng on the train individual
information and the present track position information, respectively.

11. A train. comt’ oP'ey3tent tompr?si Agation t%ablh?aWPP9tegf°§rSBﬁd

controh g ap@ﬁéﬁﬁUS€§ef&ﬁﬁo£§@0&§£éPQs£r§tQtE8Ht£QbelbD£8rHHE'QQaﬁﬁr
controlling running. of a train; 5one or a plurality of "w xel oss

base. st ati©nstthatiaferncohmoct ednsoi each o6fonhehgroeundleont beke
appar at uses, t he mnrg%qis base station accepting an& wirel essly
ai

transnlttlnot?%% ty ontrol information; an orfb,..7),al....:(-..1

wirel ess StatlOnaﬁh@ﬁb®§r@0©@ﬁ@ﬂoDnapbﬁrieubrahat t seconheardd to the
W reless station roceiving tho train
onboard wireless station, the onboard control apparatus
15 controlling the running of the train based on the train
control information notified from the onboard wireless
station,
the ground control apparatus including
a predicted passage time calculation unit for
20 calculating a predicted passage time of a reservation start
point at which a reservation for a wireless channel
allocated for a handover target wireless base station is
started, based on a handover point, calculated or notified
train speed, and train present track position information
25 notified from the train through the onboard wireless
station, the handover point being stored as a point at
which communication target wireless base stations are
switched,
a ground control apparatus determination unit for
30 determining whether a handover source wireless base station
and the handover destination wireless base station are
under control of the same ground control apparatus, and

notifying the determination result,



control information transmtted fromthe wrel ess base stations; and
an onboard control apparatus that is connecteCl to the onboard

W reless station, the onboard control appaxatus 15 controlling the
running of the train based on the trainsgontrol information notified
fromthe ortli.ioard wireless station, the ground control apparatus
includinC4. a. predicted passage tinme calculation unit for 20

cal cOl ating a predi‘cied Pasgdags ¢ e Tt '@ L GeserdVit o st lar £ poi nt

at which. a.Jdeservatdon .01, wideless channel,allocated. for.a oyer

handover target wrel ess base station is started, based on a.
hari dc) ver calecUlaatdodreor adlytrnidtieth wirad e 8Cibagsaist & iwento poss¢doa a

rnf oon 25 notified fromthe train throph_th nboar. C$.. wirel ess
Station, -t HE TRV EP B0 T bei g 51 0T e O nct iR RALRVEE source
comuni gat ivonrdiargetbMd eless: hasestatd ansh@re: swWd ehedit 2Bo9r Qupdi ess

control. apparatus determ nation. unit for iiideterm ning whether a
handbver scia® i 1168 Pk €&t atiGir dntk 14 hed oviert e stihat # paund

Wi rel ess bQ§§H§g5§i Are under control of the same ground control.
apparatus, an notfﬁ&ing the determination result, 31 a

Wi rel ess channela meeserwaticon regnestroamgt for urequesti nge @e gr ougda
control apparatus ving control over the hasdover de,sti..hation
v Ol oo RS P T v i S e s Fes Tt Dy @
notified. thatuidherandoverpsourice S reless base-statioo and the
handaver destination wireless base station are not under the control

of the sane grouwnd Eontadliqpper@tas: reception unit for receiving a

request to reserve a wireless channel from the ground
control apparatus not under control,

a wireless channel reservation unit for performing, if

15 it is notified that the handover source wireless base
station and the handover destination wireless base station
are under the control of the same ground control apparatus,
processing of reserving a wireless channel allocated to the
handover target wireless base station based on usage of the

20 wireless channel and the predicted passage time, and for
performing, if a reservation request is notified from the
reservation request reception unit, processing of reserving
a wireless channel allocated to the reservation-requested
wireless base station based on usage of the wireless

25 channel,

a wireless channel reservation result notification
unit for receiving a wireless channel reservation result of
the wireless channel reservation unit when the handover
source wireless base station and the handover destination

30 wireless base station are under the control of the same
ground control apparatus, and notifying the wireless
channel reservation result to the handover source wireless

base station, and



a reservation result reception unit for receiving a. result of
reservation of a. wireless channel reserved by a. 10 ground contr ol
appar atus not under control, a. reservation request reception
unit for receiving a. request to reservg,a wreless channel fromthe
ground control apparatus not under control, a wreless channel
reservation unit for performng, if 15 it is notified that the
handover SOUr Ce i el @53 hader §tat i ‘oh° ANtR t e hafdovbr Fewitel ess

base statiopn,afe under, the; Copty Ofe@éi\;{rlgq sang; ground cont ol

apparatus, processing of reserving a w ess channel allocated to
t he. handoversaargetomi redess basehstat ol basedaone Usagecofathen unit

.44s, wirel | d. th di ct time:.and f
vort or i g TS R R TR o TUGHER Y TS HOTS TroRe 1 DRF AR Pheerbati on
request s5receptd®@re tinid st 1 i OCES Sk N6 D s & eSLF Vi Higa @i wh I ghessoehannel

aliocated to the reservation -requested wirel ess base station based.
on usage oftitthe o Fepeset 25ehamne . @round vieetees ThanhelUf esef¢ati on

resul t “Ptiﬁétcffrﬁ}{h%“é}{% vfu(.)fei§§§ié #&Qef‘ E@i@%éiﬁﬁa{]é@blt to a
reservation resnit or the wirel ess channel when the handover source
wi rel ess baseowstatcantand 4ihes hangoviesvdestcmat roh gdeedess baséover

station are under the control of the sanb ground control apparatus,
and notifyi gy he Wretess dHannetarEServation result to the handover

sourceiwi rel ess Mese stmr,m". and a. wrel ess channel
reservation request result notification unit for receiving a wirel ess
channel . reSer vationtfasul €0 rehes v el essCehdnnel tpeservat Lén unit

when. th i ' .
dosti nat i on s o bed pedso W FREEr SR SRt P L8 POPRARE RSRUED £
sanme ground::cont robeappas atwbst amd wott f ypngcbheuwar éhesshehanaeh

reservation res%It to.a rgr ound contr ol iggar at us havi n% control over
a

t he handove’R&TQet? Wi T ePeser paget statfonposition information notified

15 from the train through the onboard wireless station.

13. The train control system according to claim 11 or 12,
wherein information on the train speed needed to calculate
the predicted passage time is calculated by the train and

20 notified to the ground control apparatus.

14. The train control system according to any one of

claims 1 to 13, wherein the reservation start point is

located before, in terms of a traveling direction, a point
25 at which a brake operation is started in order to stop the

train at the handover point.

15. The train control system according to claim 14,
wherein the reservation start point is set in consideration

30 of train speed.

16. A handover method in a train control system, the train

control system configured to wirelessly perform



12. The train control systemaccording to claim 11, wherein the
ground control acparatus furthet. includes a train speed cal cul ati ob.
unit for calculating the train. speed based on present track position
information. notified 15 fromthe trainsthrop.gh the onboard wirel ess
station, 13. The train control system according to claimli or 12,

Wt herein information on the train speed needed. to calculate the

predi ct ed passagel 33 weol e et atle®ByRathe’ tTal T55 and? 20°ThotPrpedted

to the oround ST - FRAGIAILS, o Jdd - IS LU EPUL O EY2L8Mna o

accordi ng. any one o wherein the ceeervation
ot axt poi ntwisslocatieddefiorteion cdetedcicdft@. a tganweld ngomirecti on, a
point at which a brake operation js started in_crier to,stoggthe

train at tHPIEMIGVer: Poi NCAC LFHE TR HEcht wol® syot B¢ ach@] wi | cc

to claimL,hrohereifncthe sesehwation S Y. ett coint eS
Setctwisfrierati,it coirinc.nication between an onboard wirel ess

station ccnnect ed roediciom onboared cont rotlapparatussmiunted on a
train and a_w rel ess base station, conne a gr r
apparatus 13 COHTTSIT g T i ot et s e o b e Ee0er FER 18l =
conprrsin, -dendévdf .point dLied Passiagendnhneveal colat | ond St epiof speed,
cal cul ating a preddeted passage tine of the train at a handover point
based on t he'® HaHEOVERT pofi it 1 af hOTSpedd, 2 t el handover pBi nt

bei ng §bor%m@i@9¢m% a%amgh ) D-conmi ank cat Lon: tangel - gk 0sseq;

base stations are swtched; a Wi rel ess channel reservation

hanric.n.r,, ili tar;et wi rel eds base staélon base& nogsggﬁaggo

wirel ess cHantSeTo BIT odat 6o 10 the hahtoverS dest T RATT of mnrelessﬁsge
15 station antydtheyi pseds ctiegdspassageot i PBsea@nén usage of a wireless

channel allocated to the handover destination wireless base
15 station and the predicted passage time; and
a wireless channel reservation result notification
step of notifying a wireless channel reservation result in
the wireless channel reservation step to a handover source
wireless base station as one of pieces of the train control

20 information.

17. A handover method in a train control system, the train
control system configured to wirelessly perform
communication between an onboard wireless station connected
25 to an onboard control apparatus mounted on a train and a
wireless base station connected to a ground control
apparatus for controlling running of the train, the
handover method comprising:
a predicted passage time calculation step of
30 calculating a predicted passage time of the train at a
handover point based on the handover point and train speed,
the handover point being stored as a point at which

communication target wireless base stations are switched;



a wreless channel reservation result notification step df notifyind
a. wireless channel reservation result in the wreless channel
reservation step to a handovbr 55:-0.:COS w rel ess base staticn as
one of pieced of the train COntrGa 20 ingormati pn- 17, A handriver
nmethod. in a train control. system the train controi system

configured to wirel essl errorm ci Prmi ) hi cati on, beb%)e n onbpoard
wirel ess statior ¢ %‘?e]ir%/ t[Joo%lrts1%)?&)2%[11 ot ol Ep ea@?%r MOURE_d° BR*
a. train angha w rel.ess daseconnbetedst 0.3y g owh cont rol s appar abys
for ci,mrtrollingof trft train, handover nethod. conprising:

It pr edi ct edl r passage 14 e et Cul S oim&tlep-oiteal cul dthe ngprae ground

predi cted passage e train. at. a handover point based on
the C 1 ooser poi ntéégdp{trégsn speed, the handovbr point beins. storhbd

as a pobnt at whi chirebidamamicatl oredargeti o ret@sss016565 sbat i ons
are swtched; 34 a determ nation stee of deterxdoing whether a

handnver soUTEE Wiyl e STt ot aHdP A hahd o A6t de'st hatt oRver

Wi rel ess bage staldonarg dndel: contyole pfsd %é@@t%?&ﬂdtoCPQEéPbe a
apparatus; 5a. wireless channel reservation request step of

requesting V@-@’]Cﬂ,ﬁﬁﬂ‘:@m@]nl ll‘ép‘qdaer atasddrasi ngo ot rol rovess these
handover destj.natio r.e ase station to reserv
anftnnel if én%a%ﬂan oc\ylmetrhAB C? 279s W?lnatjﬂ%s lr%aesseswfa??oS%%ann

t he handoverraesiti natdeon wid Gd:cﬁStSr@BS@f stiad | ©md Oar eumnot come der t he

control. of neme ground r:.z-introl apparatuo; a w reless channol
reservati oft®pPettornming: if tho handover source wirel ess base

tshgtlcggt ?gld tgfe handasrers destinat i onswi rel 85 base Stabhpp, are ynder

the handover source wireless base station and the handover
destination wireless base station are under the control of

15 the same ground control apparatus, processing of reserving
a wireless channel of the handover destination wireless
base station based on usage of a wireless channel allocated
to the handover destination wireless base station and the
predicted passage time, and performing, if a reservation

20 request for a wireless channel is received from another
ground control apparatus, processing of reserving a
wireless channel based on usage of a wireless channel
allocated to the reservation-requested wireless base
station;

25 a wireless channel reservation result notification
step of notifying a wireless channel reservation result to
the handover source wireless base station when the handover
source wireless base station and the handover destination
wireless base station are under the control of the same

30 ground control apparatus; and

a wireless channel reservation request result
notification step of notifying a wireless channel

reservation result to a ground control apparatus having



15 the sane ground control ap.T.ratus, processing of reserving a

wi rel ess channel. of the handover destination wreless base station
based on usage of: a wireless channel allocated to the handover
destination wirel ess base station and theg predicted passage tinme, and
performng, if a reservation 20requ.:est for a wireless channel ie
repeived fr.am anot her ground control  ai pparatus, processin.g of ,
eserving G Fef bed 2am0| MHARSHET oieS LUagRt 6F 4T UEFeT asD RRANAGR L Ton
al | ocated tyndheckesesadded - seauest gd-wi & et esssbaseastati ong 2ha

w rel ess clinannel reservation result notification step of notitying
a Wrel ess ehatmetr réselr vat i ban repr ¢l e e thes handover souf cecw refless
base sration, when, t he, hapdoyer §19é”<g1?o §eless base 5%}‘&}.5{89.3”" the
handover destination wirel ess base ation are under e control er
the grriund control apparatus; and a. wirel ess channel
reservation. requost result notificatieh. stob of notifying a

W rel ess channel reservation res-ol.t to a ground control apparatus
having control over the hanrl Gver dostination wreless base station.
when the nandover source w reless base station and. tho harl doirsu
destination wirel ess base station are not under the control. of the
sane ground control apparatus.



