
DESCRIPTON TRAIN CONTROL SYSTEM ANO HANDOVER METHOD IN TRAIN CONTROL
SYSTEM Field            The. present. invention relates to a
wiY:elessebased train control. system and a method. of pertorming a
handaver operation in the train control syst,sm, Background
[00021Arnong conventional exa.rsples of a wireiess -based train
control syetem, there is one disclosed in the following Patent
Literature 1. 'Aecotding to this Patent 15 Literature 1, whetter. or
not a. train is approaching a. point (handover point) where the train
actually perfbrms a switehini operation on the ground side wireless
transmission apparatuses (hereinafter, referred to as 'handoer") is
determined on the ground side in order to 20prevent a train cobtrol
apparatus pciE.',.s:s.,:r2i1r-: mobile communication from getting
into a. comms.:nication blackout due to the switching. operation when
the cbmmPnicating train is moving., If the train. is determined to be
approaching a hamdover point, ground control apPeratuses previously
2P reserve a. wireless channel for ase in. perfotming communication
with a ground side: wireless transmission apparatus for the train. to
commi3iigie with the next. C.Ition List 3OPatent UfterituKe
(00031Patent LittoantreJ:.:aness:: Patent app ioation Laid-open No,
2000-16P312 



Summary Technical Problem [0004jHoweker, since the SOOt noicqy of the
foregoing Patent Literature 1 is a method in which train position r3
information is essential, oportunities to reserve a wireless channel.
are expected to decrease when train position information. is not
acquired, or even Inn case to which train position information. is
acquire& if the intervals of transmission of the train position
information intransmitted by the train are lon,-.:, [00051.In.
addition, in this Patent. Literature 1, running speed of a train,
brake perform.ance or the like are not considered at ii,..-HWhen the
train speed is IPI,-,::..:-.,"" timing te renerve a wireless ohannel
is significantly delayed in. 15 combination with reduced
opportunities to acquire. train. position information deaeribed
above, an& in the worst-case scenario, the train may need to stop
running. The ase of the technolooy of Patent Literature I therefore
needs earlier reservation. of wireless channels, which resoits *n 20a
problem that the use efficiency. cif Wireii=.:5S channel resources
drops, [C0061The present invention has been achieved in view of the
foregoing, and an object thereof is to provide a traip control system
and. a handover method in a train 25 control systein that can iprove
precision of reservation processing of a wireless channel and allows
efficient use of wireless channel resouxces, Soihtion to Pfoblpri 



30flD0071In order to solve the aforementioned ptoblens, a train
control system accordln2 to one aspect of the pfpsent inventisn Is
configared to ipclude a ground control appratos for oeneratinj train
contrrd information for  controlling running of. a train; 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 5. onboard wireless
statibn that is mounted on the train, the onboard wireless station
receiving The train control information transmitted from the wireless
base stations; and an onboard control apparatus that is connected to
the onboard wireless station, the onboard control apparatus JO
controlling the running of the train based on the train cuntrol
information notifimd :1: inn the onboard wireless station, the eibund
control apparatus including apredicted passage time calculation unit
for calculating a predicted. passagu time of a reservatioa. start
point at which a 15 reservation for a wireless channel allocated for
a handover target wireless base station is starteb, based on a
handbvbr point, calculated or notrain speed, and train present track.
position. information notified from the tmain through the onboard
wireless stationy the handover. rf point being stored as a point at
which communication target switch wireless base stations are
switched, a wireless channel reservation unit tornerforming
processing of reserving the wireless channbl based on usage of tht.
wireJess channel and the predicted passage time, and a. 25 wireless
,al-nn.uiel reservation ress.it notification unit for notifying a
uP..;:s!ise.ss channel reservation result of the wireless
enentET,,,:A_ reservation unit to a ban:lover source wireless base
station as one of pieces of the train control. information.
'Advantageous Effects of invention 



f.Dooa]According. to the train control system of the present
invention, there are prbvided the effects of  improving the precision
of wireless onannal reservation processing and allowing efficient use
of wireless channel rescurcss. 5 Brief Description of Drawings
1450091FIG. 1 is an overall block diagram for explaining a train
control system according to a first embodiment. of the present
invention,            FIG, 2 is a. diagram for explaining the concept
of a. 10 handover method in the train control system of the preseht
embodiment,         FIG. 3 is a diagram mainly showing the functional
configuration of a ground control apparatus in the train control
system of the first embodiment.         FIG. 4 is a diagram mainly
showing the funPtional configuration of a. ground control apparatus
in a train control system of a. second embodiment, FIG. S is a
diagram mainly showing- tne functional        configutation of a
grhdna control apparatus in. a train 20 control systam of a third.
embodiment,         FIG. 6 is a. diagram mainly. showing the
functional. configuration of a ground control appatatus in. a train.
control system of a fourth mbodimeht.            FIG, 7 is a diagta7,
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
it qrpund control apparatus in a train control system of a sixth
embodiment, -e9FIG, 9 is a diagram mainly showing the functional
configuratimn of a ground control irirretus in a train control.
systam of a seventh omlocxti:ment, 



Description of Embodiments poiojflereinafter, tralri control systems
and handover methodsin txa-in control systems accbrding to
embodiments of tte present invention will be described with reference
5 to the accompanying drawings, It. should be noted. that. the
present invention is not limited by the following embodaments,
[00111First FL.........bodiment - 10;Overall. Configuration of Train
Control System',       FIG, I is an overall block diagtam for
explaining a train control system. of, a first embodiment of the
present invention, The tra....,n control system according to the
present embodiment constitutes a mbhile c.aamunication 15 system, and
can be divided into ground-side apparatuses shown in the upper
section and a train 16 as a mobile apparatns shown in the lower
section, 100121,As shovm in FIG.. 1, the ground-side apparatuses
in thn. train control system are configured to include 20ground
control api,...aratu,_ses 10A. and 10B, weless base stationsand 1.1A2
which are connected to tie ground control .apparatms 10-A, and
wireless base stations 11E1 and which no connected no the ground
control apparatus 



ltSB. The wireless base station 11A1 is configured to 25 include a
ground wireless apparatus 12AI and a ground aerial 14A1. The other
wireless base stations are configured in the same manner, Or. the
ol-her hand, the train Ills a mobile apparatus in the train. control
system is configure& to inciade 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 ,..:onnetited
to the onboard wireless apparatus 22, The  onboard wireless apparatus
22 and the onPeamd. aerial 24 of: the train 16 serve as an onboard
wireless station with. respect to the wireless base stationn,
[00141As shown in the diagram, train information and f train control
information are transmitted. and received. between the wireless base
stations anti the onboard wireless station (train 16), The train
information includes train. rnfuTh'irsi....: information an) train
individual informatich, for exemple. Thm train running information
includes la information on the present track position. of the train
(train present. track position informa.tion) an& infermatien. that
indicates train speed- The train individual. information includes
information i.r.s.i.icarhilicj the vnhicie type cf the train and
information indicating the 15 composition number ef the train. The
cemposition nunber is a number assigned to identify the train as a
physical entity that is composed of vehicles. In some of the
following embodiments, the composition number is used as information
for idnntifying each individual train, 20F0015,While FIG, I shows two
ground control apparnteses as a train control system, such a
configuration is not restrictive. The train control system ma.y
include tree or more grcond control apparatuses, or may. include a
single qTc.uhd control apparatus, 0016While Fie, I shows the
configuration where each ground control apparatus is connected with
two or more wireless base staLiuns, SUCh a configuration is not
restrictive, For ecnmpiey a grounM control apparatus may be connected
with only a sdngle wireless base station, 



,tur!:(Concept of Handcver Method Accnrding to the Present.
hmbodimenti         FIG, 2 is a diagran.. for explaining the concept
of a hnnMovnr method in the train. control syntem of the present
embodiment, As has been briefly mentioned in the 'backgroand'
section, rhe term, "handover," as employe& herein, refers to an
operation or control when a communicating train moves to switch
wireless base stations, For example, inbdP,'," 11 when the train
r.,....zflS in the train traveling direction, the communicatibb
target needs to be switched from the wireless base statibn 11A2 to
the wireless base station 11BI at a near point that is shown as a
Landover point, The operation or control whic.h is 10 performed at
this time is the 'bendover".. [00181Returning to Fir,-;" 2, the graph
of FI.G, 2 shows Imo curves, The two curves are speed (deceleration)
carves wbbre a normily used brake (nereinafter, referred to as
"recdlar brake') is used to decelerate a train. The cures 15 are
shown as a relatibnship of a train speed (vertical axis) to a train
travel distance (horizontal axis), On the horizontal axis, the points
indicated by filled triangle symr,ois represent regular brake start
point.[he points indicated bv open triangle symbbis reoresent points
(hereinaiter, referred to as "reservation start points") at which a
reservati.ec or any one of wireies channels (hereinafter, referred to
as 'wreless Cds') allocated is a wireless base statibn for which
handover (nereinafter, referred to as "}1/0") is destined is started,
In FIG. 2, the bott of two speed er.,,Jrves are shown such that a
reservation start point comes 50 a point before 3 regular brake start
point (a point farther frol::a the H/0 polnri.in this respect, the
explanatr,on will be given later, [00191(Ices for Calculation of
Reservation Start Point)       Next, the -Idea for the calculation of
a reservaticb start point will be ezplained,        (1) First of all,
a train has to stop before reachinc: at/0 point if no wireless Cd 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 certain margin distance tat) is
provided so that the train will not come to a halt beyond. the H/0
point. ;see EdG, 2), i0020j(2) Ln consideration of: the passengers'
riding comfort, a brake that is normally used to decelerate the
10train (regular brakg) shall be used. (at the present moment,
emergency brakes for emergency use are not takeo. into
consideration), using deceleration. characteristics of the regular
brake and a trair. speed V- at a certain point, a pcint at which the
regular. brake is started (regular brake 15 starc. point) is
calculated so that the train speed comes to the level V- - 0 at a.
point which is the margin distance (<11 away before the 11/0 point,
c2021m.(3) A reservation start point falls on a point "E.hefore the
regular brake start point for a distance 3.S, much 20 as the train
travels for processing time (Irsv) for reserving one of wireless C.Hs
allocate& to the M/0 target wireless base station (.V s TrsYl. While
the distance is denoted. by V- ''' Trsv in E1G. 2, the distance is
actually a time integral of V from 5 to Trsv. If a specd. change is
25 not so large, V- * Trsv may be calculated withput much 10022The
processing time Tsar explained above is a proceseind time for
reserving a wirpless CH, and is defined. in consideration of not only
the processini ttme whpn the own grohnd 00nLri apparatus performs
reservation processing by its own request, but also the time ter
requesting reserva'.-lon processing of another ground control
apparatus 1-,rocessing time 4.- transmission time), the time  



for another. ground control. apparatus to perform reservation
processing and make a notification to its own ground control
apparatus (1.)rocE.F,sin....-4 time 4. transmission time), etc,
1='.53 ran. be seen frbm. this explanation, the processing 5. time
Trsv includes no element related to the. foregoing. margin distance
-.5.., [0023]The above explanation aiso shows that the reservation
start point. varies with the speed of the train. and the regular
brake characteristics,ore specifically, 10 the higher the train.
speed, the greater the distance between the reservation start point
and the, N/0 point. becomes, and the lower the train speed, the
smaller the distance between the. reservation start point and the
11/0 point beopmes. A similar operation applies to the regular l5
brake characteristics, The lower the deceleration performance, the
greater the distanra between the reservation staxt point. and the H/0
point becomes, and the highbr the deceleration performance, ':210
smaller the distance between the reservation start point and the H/0
20point becoires, 1.0024](Method of Calculating Reservation 5tart
Predicted. Passage Time) In FIG, 2, In order. to provide easy.
understanding, the horizontal axis has been described as reservation
start points (distances), If points (distances) are determined. based
on train position information transmitted from a Lnti-.1,. the time
intervals at which tne train position information. is transmitted
need to be reduced fbr accuxate determination of a reservation start
point, Such a 30 technigae, however, has a high impact on the
train-side system that proceses the train position information.
[0025]Apart from this fact, if wireless environment near a
reservation start point (1istan5e) iS not favorable  



and train position information cannot be received by the ground
appaxatus side due to wireless transmission errors, the train may go
far beyond the reservation start point and fail to reserve a wireless
C.P. of thn 1-110 target wireless 5. base station. In suck: a ease,
an emergency brake (hard brake) may possibly he used because a
regular brake fails to stop the train before thn
According to the technigon of thn present embo(Niment: the ground
control. apparatuses therefore de, obt 10use a reservation start
point (distance.) to reserve a wireless CH of the S/0 target wdreleas
base station, but calculate a predicted. passage time VE:-.)::..;:3)
of the reservation start point (d.),J;17...:ance) and perform.
wireless C.P. reservation processini by hsing the -LIME?.
information, A. 15 specific procedmre for calculating a reseretiun
start point predicted passage time (Toss) will be described below,
Initially, a regular brake start point Pbst for stopping a. train
before the H/0 point. is ealculhted by usinch inforration on train
speed. (VD and brakn performance 20at a. time point. 1,,t.3sme S,
when present track. positien information Ptrn on the tra-in is
received from the trai.     rare many variations of the train. speed
and breke performance, Shch variations will be dnseribed later,
0023]Next, a distance between the regular brake start 25 point Phst
aE.Id the present track position information Stun received from
tnr.i.: train, (Pbst - Ptrni, is dmterminedi In addition, a
reservation start point predicted passage time is is
c..-,.:CM:Lb4.1_,cd by the foliowinp eqoatich: 



[00301In. 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 mileage, whdcla increases when
traveling outbound and. decreases when traveling inbound. When
mileage is used as train position information, the value. of "Pbst -
Ptrn" in the foregoing equatickn (1) may 5 thus he negative even if
Pbst lies "ahead in the traveling direction." with respect to Ptrn.
When mileage is used as train position information., the reservation
stbxt point predicted passage time Ipso is then dalcblated by using
the followghg egbhtion where an absolute value sign is attached 10 to
'Pbst - Ptrn"in the foregbinh equation (1): [0031]TpssT1Pbst -
Pkrni/V --Trsv,  [0032].Tt should be appreciated. that if a
ddffbrehce between the reservation start point predicted pbssaie time
Tpss calculated by the f,pregoing equation ;2) and. the 15 current.
time 1, (Toss - is negative, it means that the reservation. start
point has aiready been posed regardless of whether tee reqblar brake
start point 'Pbst does not lie ahead. in. the traveling direction or
the regular brake start point Pdst lies ahead. in the traveling
direction. In such 2a case, a reservation for a wireless C.W. of the
fl/k? target wireless base station will therefore be attempted
immediately. In. such 8. case, theof brakes other than a regular.
brhke (for example, an. emergenoy brake or urgent drake) may de
instructed to the train side in addition. to the wireless CH
reservation processing.. ;Pu:Th a control can securely stdp tee traHn
before the H/O point even in siLaat.lonc where no wireless CU of the
d/0 -destined w-i.reless base station ddn be reserved. L00331If
2.:=I4 train position information is received 



cC bbfore the calculated. reservation start point prkuti.cnbsd
passage timeTpss is caT,culated again, Incidentally; if the
reaervation start point predicted pass:lee tine Toss is egpected to
come iise  position infonration, it is preferred to execute the
wireless CH reservation processing, The value of Trsv used in the
foregoing. equations (1) and L3) may be changed. depending ofl.
whetter the 0/0 taxget wireless base station 5 is connected to the
own grhunh control apparatus or connected ro another ground control
apparatus. [0034](C:onfiehration of Ground Control       Next, the
configuration of the ground control apparatuhes will he explained.
FD..3, 3 is a diagram. mainly 10 showing tne functionad cebfiouration
of a. ground control. apparatnh in the train control system of the
first embodimebt. It. will be understood that while FIG.. 3 shows thb
functional. configuration of the ground control apparatus 10.n shown
in FIG, 1, other qrund control 15 apparatuses have the same
configuration, 1.00351As shown in FIG. 3, the ground control
apparatus 10'1, is configurbd to include a train speed calculation
unit 31, a predicted passae time calculation unit 32, a. wireless CH
reservation unit 33, and a wireless CFI reservaion result
notification unit 34, and also a storagb unit 36 which stores a. 3/0
point position $7 and a stprage unit $0 which snores brake
performance 39, [00361The train. speed caloulatipn unit 31 calculates
a train speed by using information on a train present trac.t.
position, which i5 one of pieces of train running infbrmatior
received on a. periodical or regular basis, I:00371The predicted
passage time oaiooieLron unit 3.2 calculates a predicted passage.
time of a. reservotion start point based on toe to sin present track.
pos.i.rd',.(-:." the train 30speed calculated by the train speed
calculation unit. $1, a 2/0 point lyingthe train traved.ing
direction: and the 



bra'pe performance of the train, [00301The wireless CH
rC3,-iir',...dLiofl unit. $3 examines. the  13 usage. of wireless
(S.v.:.-]s of the H/0 target wi.reless base station and performs
wireless Ch reservation proc.:.es.,...ir.te for the train. N00391The
wireless CH reservation result notification 5 unit 34 attifies the
reservation result of a wireless CH of the H/0 target wireless base
station as one of pieces. of train. control information to the
onboard control. apparatus of the train. -Lb:cough the F/0 source
wireless base station, [00401By the cooperation of the train speed
calculation la unit 31, the predicted passage time calculation unit
32, the wireless Ch reservation unit 33, and the wireless Ch
reservat*on result nbtifgpation unit. 34, the same train control
information as that transmitted to the H/f) source wireless base
station.can also be transmUtted to the H/0 15 target wireless base
station where a wireless Cla is successfully reser.2ed" The onboard.
wireless station can thus seamlessly receive the train control
information by changing the -I/O target wireless base station to the
wireless CH. 2(Effects of Train. Control System. of First
EMnbodiment)       Next, the effects of the Usc::: of the traia
control system of the first embodiment will be described in
comparison. with the fcrbgoing Patent LiteiaLure I. 251:0h04t21;
initially, the train control system of Patent. Literature 1
determines t*ming for reser,fing a wireless CH ha,ed OD.
12.-_,:tini.Lack position. imformon transmjtted from a train.
Cotnseouent-iv. tmerea 



disadvantage that if the train present track. position
7uinfOrtriattl_on is transm-Htteti at long intervals, the t=:ffliag
to reserve a wireless CH of the h/0 target wireless base station is
aelavbd significantly. On thb other hand, the train control. system
of the first embodiment does use. trbin  present: track position
information but also calculateo a. predicted passage time of 5 Wirei;
EiS:::: CH reservation. start point and determines the timing to
roserve a wirelloss Ch based on the predicted passage time. A
wireless CH of the 5 I.-1/0 target wireless base station can thus be
reserved with high precision regardless of tho transmission
intehsisis of the train present track. position information. In the
train control system od. the first embodiment, if new train present
track. position. information 10 is received before the timiog to
reserve a wireless CF         the predicted passage time of the
reservation. start point, is recalculated by using the new train
present track. position. information. This allows high-precision
wireless 01-1 reservation processing to conformity to the train 15
present track position infoomation. [00441In the train control syotem
of the first embodiment, a.. wireless CH of the 1-310 taxget wireless
base: station can be reserved even when wireless commflnications
between the train. and the ground-side apparatuses are 20 temporarily
disconnecteeno train present track position info.estion arrives).
This cat1. avoid a phenomenon such. that the train fails to stop
before the H/0 point aod overruns: or an nrgent brake is applied. in.
front of the EVO 25[0045]The train control system of the first
embodiment takes account of train speed and brake performance, and is



thus capabJe et wireiesa CH reservation processing with even higher
precision. This allows efficient use of wireless channel resources
each wireless base station has. 30[0045]As has been. described
above., accordingthe train control system of the first embodiment, a
predicted passage time at. a H/0 point is calculated based on the
1-1/0 point, the present. track position, brake performam-...,.ii"
and  train spebd of the train_ The procbssing c wirelbss CH of the.
H/O target wireless base station is f:erformed based. on the, usage
of wifeless channels allocated to the H/0 target wireless base
station ash the predicted `'...)passage tibb calculated, The
reservation result is notd to the onboard control apparatus of the
train as one of pieces of train cbntrol infcm:.:Jation throuph the
N/0 source wireless base station. This improves the precision cf thb
wirbless CH reservation procassinq and allows It efficient use of the
wireless channel resonrces, [go47;The train control system. of the
first embodiment performs H/O procbssing in consideration of both
train speed and brake perIf, for ezample, the traveling route
-Includbs ne-Ither mountainous terrains nor 15 many ups and. downs
etc., EIO processing using- only trais. speed inforbation may. be
performad. Such processing can also provide thb foregoing effects.
I.CH)481Second Ebt);.-.i.i.inent. 4 is a diagram mainly showing the
functional 20 configuration of a grOUnd control aryparatus In a train
c..s.,ntrzoi system of a seco.d embodimbnt, The first embodiment has
been described on the assumption that the train coot rot system
includes only a sing.lb ground control appratus, or the, H/0 source
wireless b.se station. an& the. 



21 H/O target wireless base station are under the control of the-same
ground control apparatus. The second embodiment deals with. an
embodinbut on the assumption that the train control system incisdes a
plurality of grbund controIl. apparatuses and. tnb H/0 source
wireless 10a3:1i. station and the H/O tar,e.t. wireless base station
sre not under the control of the same ground control apparatus, The
train. control syatem of the second embodiment will he described.
below, Components identical or equivalent to those of the.
configuration of the first embodiment shown in FICA 3 will be
designatec1 by the same reference numerals, and a redundant
description will be omitted. [00491As shown in FIG. 4, the ground
control apparatus 10A includes a ground contrcl. apparatus
determination unit 41, a wireless CH reservation request unit 42, a.
wireieas CH. reservation result reception unit 43, a wireless CH
reservation request receptih unit 44, and a wreless OR reservation
request result notification unit 45in addition. 10to the components
shown. in. FIG. 3. [00501Thecontrol appaiatus determination unit 41
determines whether the H/O target wireless base station is the ground
control apc:almn),:i.1 under the cormnol thereof based on information
on a system configuration, the.. 15 traveling' direction of the
train, etc. 10051If the ground control apparatus determination unit
41 determinps 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/0 target
wireless base station (in the example of FIG. 4, the ground control
apparatus 101-3.), [00521The wireless CH 



reservation result reception unit 43 receives a reservation result
from the ground control apparatus to which the wireless OH
reservation request is transmitted 1,in the epample of FT.G. 4, the
gronnd control apparatus 100), and nptifies the reservation result to
the wireless CE reservation result notification unit 34. 30[0053]The
wireleps C11 reservation request reception unit 44 receives a
reservation request from a ground. control apparatus that has control
over a. H/0 source wireless base station (in the ecample of PIC.. 4,
the ground  control apparatus 10B), and notifies the reservatien.
request to the wireless CH reservation unit 33. [0054]The wireless CH
reservation request result notifi.cation unit 45 receives the result
of: reservation 5 made by the wireless CH reservation unit 33 (r:tE;
rvation request result) and transmits the result of reservation to
the reservation-requesting ground control apparatus (In the example.
of FIG. 4, the ground control apparatus 105). [ODSS]By the
cooperation. of the train speed calculation launit.       $1, the
predicted passage time calculation unit 32, the wireless CH
reservation. unit 33, and the wireless CH reservation result
notification unit 34 described in the fisc.U-.. embodiment as well as
the ground control apparatus determination unit. 41, the wireless CH
reservation reqtest 15unit 42, th.,.ii wireless CZ reservation
result. reception unit 43, the wireless CH reservation reqtnst
receptict unit 41, and the wireless CH reservation request result
notification unit 45, wireless base ft.ations can. be appropriately
switched during H/0 regardless of whether the fl./(j source 20
wireless base station and the H/0 target wireless base station are
under the contro. of the same. ground ochtrol [0050]As has :peen
described above, according to the train control. system. ef the
second embodiment,. a predicted 3c,pJissage time at a fl/Ci point is
calculated based on the H/O 



pointd the presenr track position, brake pdrformanee, and train speed
0t she tra.in,If thg, n/0 source wirnceps base station and the EIC
target wireless base station are not under trio control of the same
ground control apparatus, the 30 ground contrul apparatus that has
cr,ntroi over the R/0 target wireless base station is requested to
reserve a wiress tt-a',e1. If the R/0 source wireless base station
and. the EIC) target wireless base station 55525 under the  control
of the same ground control apparatus, processing of  reserving a
wireless chamnel of the H/O target wireless base station is performed
based on the usag.e of wireless channels allocated to the H/0 target
wireless base station 5 and the predicted passagh tim.e, if a
wireless channei. reservation request is recelveP. from another
ground control apparatus, processingof reserving- a wireless channel
is performhd based. on the hsagh of wireless rd:Lannh.1,s allocated.
to the reservetion -.requested wireless base station, and 10
notification is mace to the other ground control apparatus that has
transmitted the wireless CH reservetion request.
Con.e.:.:(bm-',-t.-.H,r, in addition to the effect:: of the first
embodiment: there is obtained the effect. of allowing a-Fpropriate
switching of wireless base stations during. H/0 15 regardless of
whether the H/0 source wireless base statinb and. tare H/O target
wireless base station are under the control of samh gfebmd control
apparatus, 1.0057]Third Embodiment, FIt;tLccel 



20 configuration of a ground control apparatns in a train control
system of a third. embodimnt. The seccbd 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 20 an embodient where the brake perforbnoe of the train varies
withpresent track position of the train. The present track position
of the train is taken into acceunt because the brake performance
varies depending on whether the track is upslope or dhwnslope. The
train control 30 system of the third embodiment will be described
below. Components identicbi or equivalent to those of the
configuration of the second embodiment s'n.ow3--, in PIC.. 4 will be
designated. by the same reference numerals:, and. a  redundant.
descriptiob will be omitted. OD5c..i]In the third Embodiment, the
storage unit 38   contains brake performane 51 which is brake
performa.nce infbrmation corresponding to train. positions ',.train
present 5trackpositions). 0059]The predicted passage tine calculation
unit $2 calculates a predicted passage time of a reservation. start.
point based on a. train present. track positaon, the train speed
calculated by. the train speed calchlation unit.. 31, a la H/0 point
lying in the train traveling' direction, and the brake performance of
the train corresponding to the train present track position.
[0060]Acobrding to the train control system of the third. embodiment,
the predicted passage time of a 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 CR reservation processing in addition to
the efthcts of the S8C0fld embodiment, 20[0061]While the third
embodiment has dealt with the 



case where the configuration for performing the processing of
calc-ilating the predicted passage time of a reservation start point
based on the brake performance correspondind to the train present
trac*: position is applied to the second 25 embodiment, it will be
understood that such a configuration is also applicable to the first
embodim,ent, ',.0062l,Fourth Efahodi.a...ent, FIG. 6 is a diagran
mdanly showing the functional. configuration of a ground control
apparatus in a train 30 ocntrc,i system of a fourth embodiment, The
third embodiment has dealt w':_th an embodiment where the brake
performance of a train changes with the preaent track. position of
the train. The, fourth embodiment. deals with ari  20 embodiment
where the brake performance of a train changes with train indimidal
infor;flation (5Ch as vehicle :sype and composition number'?, The
train control system of the fourth embbdimant will be explained
below. Components 5 identical or equivalent tp those of the
configuration of the second embodinent shown in ETC, 4 will be
designated by same reference numarals, and a redundant description
will be omitted. [00633In the fou.rtiii embbdiment, the storage unit
36 contains brake performance 52 which is brake performance
information corresponding to train individual information. The train
individual information is notified to the ground control apparatus
102k through the wireless base station 11A1, 1.0064]The predicted
passage time caloudation unit 32 calculates a predicted passage time
of a reservation start 11:int based on the train present track
position, the train speed calculated by the train speed cadcalation
anit 31, a H/0 point lyinf..-.f in the traln trameling direction,.
ann the 



20brak,:::: eerssrmaece corresponding to ths: train indi-ydual
intermarion, [055i-According to the train cpntrol system of the
fourth embodiment, the predicted passage time of a resermation stark
point is calculated based on the brake 25 performance cbrresponding
to the train individai infprmaki&n. This provides the ettect of
ixaproving the precision of wireless CH reservation processing in
addition to the effects of the sedond embodiment, '.00661While the
foarth embodiment His dealt with tne       where tne configLratiun
for perforffling the processLng of calculating the predicted passage
tome of a reservation start point based on the brake performance
corresponding to the train individual information is applied to the
second  21 embodiment, it will be understood. that such a
configuration is also applicable to the first embodiment, [0067]Fifth
Embodiment,       FIG, 7 is a. diagram mainly showing the functional
configuration Ca gronnd control apparatum in a. train control system
of a. fifth embbdiment. The secbnd embbdiment has dealt wdth an
eb:bc)tLfitent where train speed is calculated on the ground control.
appaxatus side by using train present. track position information
notified by the 10 train, The thdrd Embodiment deals with an
embodiment. where information on train speed. measured by a train is
transmitted to a ground control. apparatus along with. present. track
position information, and the ground control apparates1 cses the
value, Due to such an embodiment, the 15 train speed calculation
unit. 31 may be emitted from the 



configuration of the second embodiment shown in FIG, 4, The train
control system of the firth emboddment will be described below.
Components identical or etat.tivalent tb those of the ccbtiouration
Cr the second embodiment shbun in FIG, 4 will be designated by Sa.M.2
referenbb numerals, ache redundar t. debcription will. be omitted,
1..006er.1In the fifth. Erabodim...eJ)kl., train speed is calculated
by the. onboard.apparatus of the train 16, The train speed is
notified to the ground control apperatbs 25 10A through the wireless
base station liAl as one of pieces of train running information along
with intormation on tho train present position, The predicted. pasage
time calculation unit. 32               a predicted passage time of a
reservation start point based on tho train present tfook position and
train speed notified by. the train 16, a H/0 point lying. in the
traib traveling direction, and brake performance, 11\cebrding to the
traib control systbr. of the  fifth embodiment, the train speed
calculation unit 21 can be omitted. This provides the effect of
reducing the processing load on the ground control apparatus side and
using more accurate train speed, and ad so the effect of n improving
the precision of wireless CH reservation processing in addition to
the effects of the second embodisms... rn'"While the f'mft.;)
eliMm_xliirent has dealt with the case where the configuration for
performing the processing 10 of calculating the predicted passage
time of a reservation start point by using inforsiation on train
speed calculate& on the onboard control apparatus aide is applied tri
the second embodiment, it will be snderstood that such a
configuration is also applicable to the fMrst, third, and 



15fourth embodim.ents. [0072-jSixth ET:hm)diment,         FILE:, 8 is
a diagram mainly snowing the tunctionai configuration ot a ground
controi apparatus in a train control system of a sixth
elr.ahs.)(baent. The second 20 embodiment has dealt with an
Embndiment where the train speed calculation Unit 31 oi the ground
control apparatus Loll calculates train speed by usind train present
track position intormation nptitied by tae train 16, The sizth
embodiment deals with an embodiment where the train speed 25is not
dependent on train individual intormation, and 8 maximum train speed
that can be determined trom present t.r,ssk uesition is used.Due to
100an embo,iiment, the train speed calculation nnit 31 may be omitted
from the configuration of the second embodiment shown in FiC, 4, The
train control system of the sizth embodiment will be described below,
Ccmponents identcal or equivalent to those of the configuration of.
the second embodiment shown in FIG. 4 will be designated by same
reference numerals,  23 and redpndant description. will be omitted,
100731The sixth embodiment includes a storage unit 50.   The stbrage
undt 50 contains a maximum train speed. 54 corresponding to train
positions (11h..'s,..i.n present track 5positions), [0074]The
predicted passage time calculation unit 32 calculates a predicted
passabe time of a reservat:Lon start point based on a train present
track position, a H/0 point lying in the train traveling direbtipn,
brake .pc'nformance, 



10 and the xii:o:iinum train speed colTespondir.g to the train
present track position.             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 tnbre is provided
the effebt of reducing. tho processing load on tho ground control
apparatss side in addition to the effects of the second embodiment,
20100A5]While the sixth embodiment has dealt with the case where the
configuration for performing the processing of calculating the
predicted passage tircva of a reservation start point. based on the
maximun train speed corrospondinq 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,
[00771Seventh Embodiment, I.A.b0, 9 is a diagram. mainly showing the
functional configuration of. a ground control apparatas in a. train.
3(3 control system of a. seventh embodiment. The sixth embodiment has
dealt with an embodiment. where the train speed is not dependent on
train individflal information, and in maximum train speed that can be
determined from. its  24 present track position is used to calculate
a predicted passage time. In contrast, the seventh embodiment deds
with       an embodiment where the train speed is not dependent an
the train present track position, and a maxinttn train speed that.
varies with train individual information. (vehicle type and
composition number) is used to calculate a predicted passage time.
Due to such an eml-.)(xth.ment, like the, sizth embodiment, the train
sp,.=.:eci calculation unit 31 may be omitted from the configuration
of the second 10 embodiment shown in FIG, 4. The train control system
of the seventh em:ricti.ment. will be described below. Components
identical Cr equivalent to those of the configuration of the sixth
embodiment shown in FIG.will be designated by 



same reference numerals, and. a redundant description will 15be
onj.t.-.1.:ed. [o07a]in the seventh embodiment, the storage unit. $0
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 stationis
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 babed on the train presebt
track position, a H/C 25 point lying in the train traveling
direction, brake performance, and the maximum train speed
correspondl.ng to the train individual information- [00E01According
to the train control system of the seventh embodiment, the predicted
passage time of a reservation start. point is catcuiated cession the
maximcm train speed corresponding to the train individual
information. The train speed oicoation unit 31 can thus be omitted,
and tnere is provided tne effect at reducing  25 the processiny load
on ths ground control apparatus side in addition to the effects of
the second. Embodiment, U.M)B11While the seventh. embodiment has
dealt with the     case where the configuration for performing the
proceesing 5 of calculating the redieted passage time of a
reservation 



start point based on the maximum train speed car:to the train
individual information is applied to the second embodiment, such a
configuration is also applicable to the first and third to sixth
Embodiments. 10 Induetrial [00S2]As described above, the train
control system acsording tr.) the present invontion is useful as an
inventicm. that allows efficient use of wireless channel 15resources.
Referonco Sinatra': [003110A, 10B GROUND CONTROL APPARATUS 11A1,
11A2, 11BI, 11R2 WIRELESS BASE STATION 2012A1, 12A2,. 12E1, 12E2
GROUND WIRELESS ARPARATLS 14A1, 14A2, 14B1, 14132 CROONO AERIAL TPAIN
18 ONEOARL CONTROL APRARATUS 22 ONBOARD WIRELESS APPARATUS 24 ONROARD
AERIAL. 31 TRAIN SPEED CALCULATION UNIT $2 PREDICTED PASSACE TIME,
CALCULATION UNIT 3$ WIRELESS CH RESERVATION UNIT 



34 WIRELESS CE. RESERVAaJON RESULT NOTIFICATION UNIT 3E, 38, 50
STORAGE UNIT 41. GROLND CONTROL APPARATUS DE:TERMINATION UNIT 42
WIREbESS CH RESERVATION REQUEST UNIT 43 WIRELESS CH. RESERVATION
RESULT RECEPTION UNIT  26 44 WIRELESS CH RESERVATIC REQUEST
RECEiPTION UNIT         45 WIREIESS CI-] RESERVATION. REWEST PESUIT
NOTTE-ICATIC  I cLains A train control system comprisinp: a groond
control apparatus for generating train control inferrtion for
controlling running of a. train; 5a plurality of wireless base
stations that are  connected to the ground control apparatus, the
wireless. be stations accepting and wirelessly transmitting the train
control information; an onboard wireless station that is mounted on
the 



10train, the onboard. wireless station receiving. tha. train. control
information transmitted from the wireless base stationsr and an
onboard control apiaeadi).-s: that is connected to the onboard
wireless station, the onboard control apparatus 15 controlling the
running of the train eased. on the train control information notified
from the onboard wireless station, the ground control apparatup
including a. predicted passage time. calculataon unit for cat ciating
a. prpdicted passage time ot. a reservation start point at which. a
reservation for a wireless channel allocated for a nandover target
wireless base station is started, based on a. nandover point,
calculated or notified train speed, and train present track position
25 notifiee from the LE3iC3 through the. onboard wireless station,
the nandover point. being stored as a point at. which
cem.',:irieation target switcfl wireless. base stations. are
switched, a wireless channel reservation unit. for perfoLmind 30
processing. of resering the wireless charnel based on usage of the
wireless channel and the predicted passage time, and a wireless
channel reser,Jation result notification unit: for notifying a
wireless channel reservation result of  213 the wireless channel
reservetion unit to a handover sourco wireless base station 3.5 one
of pieces of the, train control information, 



2.Thp train control system according 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 from thp train tnrough rhe
onboard WInideSS station, The train control system according to claim
I, wherein information on the train speed noeded to calcniate the
predicted passage time is calculated by the train.. and notified to
the ground control apparatus, 4,The train control system according to
claim I, wherein the predicted passage time calculation unit uses
information on. train makii= speed as the train speed when calculatin
the predicted passage time, the train maximum 20 speed. being
determined according to tho present track position information en.
the train, 5.The train control syptem according to claim I, whprein
train individual information for identifying tho traio. is notified
to the ground control apparatus as information needed to calculate
the predicted passage time; and       thp predicted passage time
calculation unit uses inforimation on train macimpm speed as the
traTh speed when. calculating the predicted passage time, the train
maximem speed being determined aocorddng to the train individhal
information,  29      The train contrhl system accorda g to claim 1,
wherein:      train individcai information for identifying the train.
is notified. to the ground control apparatuses information. 5. 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 calculating the predicted
passage time, the train maximum speed being. determined according to
the train individual. 10 information and the present track position.
information,       The train control system according' to any one of
claims I. to 15., wherein the predicted passage time calculation unit
calculates the predicted passage time in 15 consideration of brake
performance of the train, a.The train control system according to
claim 7, whedein the brake performance is set to different
characteristics depending. on a present track position of the train,
20       The train control system according to claim 5 or 6, wherein
the predicted passage time calculation unit calculates the predicted
passage time in consIbleration of brake eerformance that is set to
different characteristics 25 depending on the train individual
information. 10, The Loain 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 depending on the train individual
information and the present track position information, respectively.
11. A train. control system comprising       a plurality. of ground
control. apparatuses fcir genoratinp train control. information for
controlling running. of a train; 5one or a plurality of wixeloss
base. stations that are. connocted to each of the ground control
apparatuses, the wireless base station accepting an& wirelessly
transmittino the train control information; an orfb,..7),a1....:(-..1
wireless station that is mounted on the 10 train, tie onboard
wireless station roceiving tho train 



control information transmitted from the wireless base stations; and
an onboard control apparatus that is connecteC1 to the onboard
wireless station, the onboard control appaxatus 15 controlling the
running of the train based on the train control information notified
from the ortli.ioard wireless station, the ground control apparatus
includinC4. a. predicted passage time calculation unit for 20
calc0lating 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.
haridc)vercalculatod or rIcytified. train 8Ci train F. sent:positdon
rnf oon 25 notified from the train throph the onboarC$. 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 iiidetermining whether a
handbver soice wireless base station and the handover destination
wireless base station are under control of the same ground contro1.
apparatus, and notifying the determination result,  31       a
wireless channel. reservation regnest onit for requesting a ground
control apparatus having control over the hasdover de.sti..hation
w3r,,,less base station to reserve a wireless channel if it is
notified. that the handover source 5 wireless base statioo and the
handaver destination wireless base station are not under the control
of the same ground control ipparatus, 



a reservation result reception unit for receiving a. result of
reservation of a. wireless channel reserved by a. 10 ground control
apparatus not under control,       a. reservation request 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 handovbr hewireless
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
.44s,wireless channel and. the predicted passage time: and for
performing, if a reservation regnost is notified from the reservation
request reception unit., processing of reserving a wireless channel
aliocated to the reservation -requested wireless base station based.
on usage of the wireless 25chanr...el, a wireless channel reservation
result notificatin nnil- for recei-ving a wireless channel
reservation resnit or the wireless channelwhen the handover source
wireless base station and the hangover destination gdredess base
station are under the control of the samb ground control apparatus,
and notifying the wireless channel reservation result to the handover
source wireless Mese stmir,m:". and         a. wireless channel
reservation request 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 wireless base sti tion. are not under the control of the
same ground control apparatus, and notifying the wireless channel
reservation result to a ground control apparatus having control over
the handove target wireless base station, 



12. The train control system according to claim. 11, wherein the
ground control acparatus furthet. includes a train speed calculatiob.
unit for calculating the train. speed based on present track position
information. notified 15 from the train throp.gh the onboard wireless
station,  13. The train control system according to claim li or 12,
wtherein information on the train speed needed. to calculate the
predicted passage time is calculate& by- the train. and 20 notified
to the ground control. apparatus, 14, The train control system
according. to any one of claimo 1 to 13, wherein the ceeervation
otaxt point is located before: in tetrii of a. traweling direction, a
point at which a brake operation is started in crier to stop the
train at the nandover point, 1C. fnc tKain ccntwc1 syotee achc]wilcc
to claim L,h, wherein. the resehwation S'Y.ett coint eS
Setctw-isfrierati,it  coirinc.nication between an onboard wireless
station ccnnected to ...inn onboard control apparatus mounted on a
train and a wireless base station connected to a ground control
apparatus for controlling runningthe train, the handover ndthod
comprrsin,-4', a pr.,.,r'dicted passage tine calculation 5tep of
calculating a preddeted passage time of the train at a handover point
based on the. handover point an& train. speed, the handover point
being stored as a point at which ID commianication target wircloss
base stations are switched;         a wireless channel reservation
step of perfciiiiing processing of reserving a wirdiessof a
hanric.n.r,,,ili target wireleds base station base& on usage of a
wireless chanr,el allocated to the nandover destination wireiessbase
15 station and the. predicted passage time; and 



a wireless channel reservation result notification step df notifyind
a. wireless channel reservation result in the wireless channel
reservation step to a handovbr 55:-0.:COS wireless base staticn as
one of pieced of the train COntrOa 20 intormatipn- 17, A handriver
method. in a train control. system, the train controi system
configured to wirelessly perrorm ciPmmi)hication betwben an onboard
wireless station connectdd to an onboaid control apparatus mounted on
a. train and a wrreless baseconnbcted to a ground control apparatus
for ci,m;rtrollingof trft train, handover method. comprising:
It predicted. passage time calculation step of calculat-Ing a
predicted passage time of the train. at. a handover point based on
the C: looser point and train speed, the handovbr point beins. storbd
as a point at which. cbffm.unication target wireless 01555 stations
are switched;  34 a determination stee of deterxdoing whether a
handnver source wireless base station and a hando'aor destination
wireless base station are under control of the same gronnd. control
apparatus; 5a. wireless channel reservation request step of
requesting a grouncl contrni apparatus having control over the
handover destination wireless base station to reserve a wireless
anftnnel if the hanPover 8C.111:-2C8 Wif...:210se, base station and
the handover destination wireless base station 10are not un.der the
control. of neme ground r:.z-introl apparatuo; a wireless channol
reservation stepPerforming: if tho handover source wireless base
station and the handosrer destination wireless base station are under
the control. of 



15 the same ground control ap.T.ratus, 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 20requ.:est for a wireless channel ie
repeived fr.am another ground control aipparatus, processin.g of
reserving a wireless (2annol based. on. usage of a wireles channel.
allocated to the reseratich -requested wireless base station; 25a
wireless clinannel reservation result notification step of notitying
a wireless channel reservation repit to the handover source wireless
base sration when the handover source wireless base station and the
handover destination wireless base station are under the control er
the grriund control apparatus; and         a. wireless channel
reservation. requost result notificatieh. stob of notifying a
wireless channel reservation res-ol.t to a ground control apparatus
having  control over the hanrIGver dostination wireless base station.
when the nandover source wireless base station and. tho harldoirsu
destination wireless base station are not under the control. of the
same ground control apparatus. 


