-1- " TITLE OF THE | NVENTI ON VEHI CLE RUNNI NG%%,O
-MANAGEMENT METHOD AND SYSTEM AND VEHI C¢E" RUNNI NG ASSI STI NG APP

5 BACKGROUND OF THE | NVENTI ON 1. Field of the Inventi

The present invention relates to vehicle running managenent net hod and
system and a vehicle running assisting apparatus, and in particular to
vehi cl e runni ng 8RR 1 and system and a vehicle running
assi sting apparatus for managl ng runni ng states of vehicles on a road
havi ng singl e-track WEHICLE RUNNING MANAGEMENT DEETHOIDtANPn SYSTEMe AND

Rel ated Art \, scl osed in Japanese
Lai d- Open 15 Pat"EHE‘CREpW‘S‘H%%ﬁES‘TE@E gﬁm vehi cl e runni ng managenent
system for managi ng running states of vehicles is known. In this .
system a |ane on which vehicles run conprises single- track parts and
double-track5paﬂ@§K§RQHND—QEJHELINNEH1558er to assure safety of vehicles
running in 20 opposite dhreﬁﬁéfﬁsoftfﬁélriQE E# ofjesired to be entirely

ely

doubl e-tracked. However, if ft ane 1's entir doubl e- tracked, a
| ar ge- scal e |nfrastructurEhesprespnteihvnntdonpaekdtes td(yehmnmeerwhﬁiﬁgthe

| ane is partly single-tr cke . fAccqrdin o th ove- nentioned
conventional sy3Eg e%‘Fﬂ ﬂg"féﬁg §§sg%rﬁ3ﬁ §e¥e§?'ﬂg ? FUMINg pssisting
doubl e-track pagppaatus, aRdiirPRREt3LAYET wevérpa:qﬂl% %nhhﬁgrﬁaﬂaééﬂent

I nfrastructure can be reduce In the above-nenti oned

convent i onal® sygleéhpdapnd systein and a¥shicie muamiagsasgistingrepparatuefior| e

part, the vehi ol EORgAHRCEARiAG 4eMted BR°en{blgy de WTBAOC RO ) (0"

and waits for amingaentngdhqﬁmmsato cone. \Wen the onconi ng vehicle
reaches the doubl e-track %arﬁ fegarture
escrip

ion of the Related Art
Conventionally, as disclosed in Japanese Laid-Open
15 Patent Application No. 61-285168, a vehicle running management
system for managing running states of vehicles is known. ‘In
this system, a lane on which vehicles run comprises single-
track parts and double-track parts.
In order to assure safety of'vehicles.running in
20 opposite directions, the lane is desired to be entirely
double-tracked. However, if the lane is'entirely double-
tracked, a large-scale infrastructure is required as compared
to a case where the lane is partly single-tracked. According
to the above-mentioned conventional system, since the lane
25 comprises single-track parts and double-track parts as
mentioned above, the scale of the required infrastructure can
be reduced. .
In the above-mentioned conventional system, a
vehicle departs from a station when the vehicle receives a
30 departure-permitting signal. After running on a single-track
part, the vehicle reaches a double-track part, where the vehicle
stops and waits for an oncoming vehicle to come. When the

oncoming vehicle reaches the double-track part, a departure
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2 permtting signal is transmtted to these two vehicles, and the
vehicles start to run on the respective single-track parts.

In this way, two vehicles running in opposite di rections can pass each
ot her on the double-track part. Thus, 5 according to the above-nentioned
conventional system it is possible to assure that vehicles can safely
run on the | ane perm¥ttiiypsigRal s ermsmiittedanitdebs Wi 0ERES1dy, Ahdahe

| ar ge- scal e I nf rastructure. However, in the

above- nment i oned velieiag @tartsyot sun am the vespectivai engks- tragkh earts.

doubl e-track part earlier ] . n ol vehi qust s wai t
for the oncom ng vehicle Hﬂ 5% &5 fQ‘ﬂé ‘g%lg%]ée%]r@c 1%@?‘ éﬁﬁ%gfg%hi cles
may frequently diredioyorandantpasls @dclilothes dn tiik qGoablle -trackgarty i Thud de
di sconfort f%r passengers of the vehicles. 15 SUMVARY OF THE | NVENTI ON
It is a first® obPEEPTSInG O s BRPVETIIFAI ARG GONVenbignAHSYRHAT dt 1s
runni ng mnage@ﬁés&f@%d&%sﬁﬂ%@t @Hb@yv%ﬁﬁlcgl%s gtaﬁvgﬁféi Sk 'BH the N ane

opposite directions can snoothly pass ea er wthout frequently

st oppi ng. without colllisiens wddenavalling acfecdssifyestm langerscale t o
provi de a vehicl g punni ng _assisting apparatus by which vehicles runni ng
I n opposite di re‘?:#’fi?‘l% P50t hl'y pass each ot her w t hout frequently
stoppi ng. 25 Thewévdrs,! 1P Bhe Glbofk -hEft DERSEB6nTEYEIdHs FSFel S

achi eved by a vehicle runni ng managenent nethod for managin runni ng

states of velfl cl 8svelihaghdghahas keashathg dpuble-track maaf?ckegauer akkpn
doubl e-track par ’rfcg:ﬂﬁ I Sd 30k : st |
positions of fi réltﬁ an Séxgé%é(}%gcd.e r\l}%ﬂ: ésltgg %(Ii gﬁlgr@aég%oggg{ﬂ“ﬁg{ggg%f&e
ot her; to reach thepmcduble-tiradkipant.ni Thpsyheehicles mayt fréguéntsy
and second vehicles are . the c¢losest vehicles to each other within,

P edet or m ned r aREEP AP AT o 20n SOPHLP - CEAR T oo TRENLEHBY 1B Tide

discomfort for passengers of the vehicles.
15

It is a first object of the present invention to
provide vehicle running management method and system by which
vehicles running in opposite diredtions can smoothly pass each

20 other without frequently stopping. _

It is a second object of the present invention to
provide a vehicle running assisting apparatus by which vehicles
running in opposite directions can smoothly pass each other
without frequently stopping.

25 The first object of the present invention can be
achieved by a vehicle running management method for managing
running states of vehicles running on a road having single-
track parts and double-track parts, comprising:

a step (a) for detecting positions of £irst and second

30 vehicles which are approaching each other;

a step (b) for determining whether or not the first
and second vehicles are the closest vehicles to each other within

a predetermined range ahead of each other based on the detected



- 3- : posi tions; a step (c) for setting a target
-position to be a doubl e-track part whigh is situated between the first
and second vehicles when it is determned that the first and second
vehicles 5 are the closest vehicles to each other within the predeterm ned
range ahead of each other and a step (d) for controlling
speeds of the féél second vehicles so that the first and second
vehi cl es reach e target position substantially at the same tinme. 10

In this invention, when tdesifép s(tc)VEbrC‘.set‘amb tdtetargetsposi]tlimehttdlt% de
t he cl osest vehi cI es to each other wth redeterm ned range ahead

of each ot her, WRARNtEFaGkRIrtWhich is %’ceeézegdf’ he fiTst aad sapend
second Veh'C|esvét§:L<§féseGﬁé’£‘i€is deteinfiHege éﬂgstfaﬁaes%& fvdied dgsfst

and/ or second vehicles 15 are contro at t rst and secon

vehi cl es re&ch mthe cl@segﬂtvebmlesnhomamezamyhan thiecpredet¢immmed
Therefore, the % sec nd..vehi cl can pass each other on the
doubl e -track ran% qaﬁ uf2€ o?)gf?‘rg according to this invention,

vehi cl es can srmothly ruraelnei:tm)rﬂ@ﬁcbﬁtramiﬂtgesgeaabefttﬁ@lfﬁ%t &l Aot
W thout a necessity of stoE ping to pass oncom ng vehi cl es on the
e

doubl e-track pa$@<ond vehicles 50 that fhepfirsiyand sqcong: vehichesrgachihe se:
a step (e) for E%#d# ag%dél&l%h”@ﬁb%ﬁ&%{%f%tt Rfel Limb Jtime. and second
ac arget position

vehicles to re p (f) for
calculatindOa tinme at whiZh this dihventiohge vﬁhersttlm«flrstovelhizehecax@ e ch
one requires a |

t t h th It th t h
vehi cl e reaches® %ﬁn%‘é elhtq%r]ﬁef‘r ggﬁaa"&?seﬁﬁdvghgg}'esp%so ealll é]{:e‘bff(rg‘)n t? (r)r
control ling a spgséadter®neleingdlanedd @feeéaﬁotmtert he gk -vrebbk!

reaches the target position substantially at the tinme calcul ate n t he
step (f). situated betweenithe Alosti and seeend: ephiclesdiscgpiected ad e

at whi ch one of tt!}ﬁ'gfet ﬁ&sf@foxﬁecgﬂge&? %'fctﬁé fﬁ:@t&' 5.415'/901?1 se%@g‘arvehlcles

15 are controlled so that the first and second vehicles reach the
target position substantially at the same time. Therefore, the
first and second vehicles can pass each other on the double-track
part without stopping. Thus, according to this invention,
vehicles can smoothly run on the road héving the single~track

20 parts without a necessity of stopping to pass oncoming vehicles
on the double-track parts.

In this case, the step (d) may comprise:
a step (e) for calculating times required by the first
and second vehicles to reach the target position;

25 a step (£f) for calculating a time at which one of’
the first and second vehicles which one ;equ:i.res a longer time
to reach the target position than the other vehicle reaches the
target position; and

a step (g) for controlling a speed of the other

30 vehicle so that the other vehicle reaches the target position
substantially at the time calculated in the step (f).

In this invention, the step (f) calculates a time

at which one of the first and second vehicles requiring a longer



-4- time to reach the target position than the other vehicle reaches
.the target position. In the step (g), the ogher vehicle, that I's, the
vehicle requiring a shorter tine to reach the target position, is
speed-controll ed so as to reach the target position 5 substantially at the
cal.culated tinme. Specifically, the other vehicle is decelerated. In
this case, the timsttcPéasittBattargetVifhetlith tEaE thelt iR dTrekaBhbes
substantially at the sane time so that these two vehicles can pass each
other without thestapgeh@ostkien. adsothe mfepol(ghi sthenother grehivdiei.cthatcan
10 snoothly rug_on ' [ - t It t
necessity of stg'gf)i ﬁ%@fw(r)él'gngcglg%%?g%r%g&ﬁehéliguxg:se%ﬁi{ﬁﬁgﬁé f\eag%lu%?’é- F?ﬁgﬁe
parts. positioAddist speesi-lconticb2leéd fsiocﬂhgt? mmaighg:mnwepbsmeibﬂd f
may further gonprise: 15 a ste or_detecting a position o
2 third vehi®l e SubstapEialiyad thesalenlaked 1£’= ¢ \RRRCHECRLTY dhe pEber
direction as  yenlBfel 15S4ed®lUrdt@d. In this case, Bhé!Likdd JarddP'second
determ ni ng whether or not the third vehicle is the closest vehicle to
the first vehi cvehicilhsradah e qoubdettrack aantasgestantialdly ahdhe same
vehi cl e; . t | ). SO0 n it _is. determn hat . I.he
Uhird o veni oftdmesspniRaf oBlad Yl vpbtPESs con B SalhoPEnb i fows
predet er m ned r gtgppafgad Tolust, hactbréing ey dhds savkhbfom, tvilgiRiles can
position to ,be a first double-track part which is situated: 25 backward
froma secold d&MePEhly Huk opathe FRRARAHMG khe Fingleciteéack parts without

wi | | subsequent | E’%&%ﬁ%@ﬁi‘i{%@ftbrﬁ&g&%ﬂ% g,tggg_cz_ﬁée@g?ﬁqet he

first and secon

cal cul ati ng a tiGoubde-tkack pamts.hird vehicle will reach the second
doubl e-track part; and 30 step.(L) for controlling a speed of
the first vehicl e s@dfiﬂrgf'o?ﬂy‘]ﬁ %Q? ‘(f%ﬁ%‘leer?%ﬁe@a?ﬂ% %ﬁ;g?gﬁog
position St FabitRbrYcahptiwe:ti me calculated in the step (k).

In this invention, if the third vehicle is the closest
15 a step (h) for detecting a position of a third vehicle

which runs ahead of the first vehicle in the same direction as
the first vehicle;

a step (i) for determining whether or not the third
vehicle is the closest vehicle to the first vehicle within the

20 predetermined range ahead of the first vehicle;

a step (j) for, when it is determined that the third
vehicle is the-cl'oseé.t'vﬂehicle to the first vehicle within the
predetermined range ahead of the first vehicle, setting a target
position to be a first double-track part which is situated

26 backward from a second double-track part which the third vehicle
will subsequently reach, at least one double-track part existing
between the first and second double-traick parts;

a step (k) for calculating a time at which the third
vehicle will reach the second double-track part; and

30 a step (L) for controlling a speed of the first
vehicle so that the first vehicle reaches the target position
substantially at the time calculated in the step (k).

In this invention, ' if the third vehicle is the closest



-5- vehicle to the first vehicle wwthin a predeterm ned range ahead

-of the first vehicle, the target position ig_set to be the first
doubl e-track part which is situated backward of a second doubl e-track
part which the third vehicle Subsequently will 5 reach. The first
doubl e-track part is selected so that at |east one doubl e-track part

exi sts bet ween g}ga-f' %{ng : = tr [ f
the first and/or t J"|drl(r?3{:° %B\%e I C ese%jf%l%ggﬁlgﬁaegfé% t %tﬁ'ﬂ%gfﬁ%t%ﬂgaa

vehi cl e and t he dfhthed firstvedhiiztie,r the tatgetfpossitt immdis sedntbo deuthhe fliratk

parts, 10 respegtivel substantial Ly .at the sage tinme. Therefore, the
first vehicle céf?“ﬁé‘?s’&gﬁc nE#H’&‘Jﬁ%iit?l §&gﬂa€ﬂ€‘:\&ﬁ]ﬁa€q P%c? secopg; ¢

si tuated bet weergdui f-itir@bkapars aatitth 491t a¢dh RAId Subseqabheliyti¥e11
third vehicle has reached the second doubl e-track part. hus, accordi ng

to this i nveft i cﬁﬁachehi'm%ﬂ@_ah dmbéehy:ya@apars ignﬁelmtq:‘baq that ay least
singl e-track pards, Wiikg ORI ANCUNAE s pat Sl ES AkdtNandouBLERA T ack
parts wi thout a hecessity O Stopping, I'n"a casé where a preceding
vehicle i s runnidq@bilesattack parts. The spdédids SFCahe Ghirettand/dhetipimsent
I nvention can be achi eved by a_vehicle runniﬁrlgr assi sting apparat us

t

provided in 20 ‘ehigHies are GRRTRELLAA £ BBRL flei hbrsh wghicte 20K Hhe thizdd
doubl e-track parehi 4 Rehthehe first and secofd!d cxMghepst ransm ts
vehicle information; a receiver which receives informati on
i ncludi ng al0 mEpEdtivedyubsubstaadiialiyt atitheasenie atiated oThebefamsi dhe

and 25 a target_{t.i .which the vehicle should. reach t specifi

doubl e-track par#l;rsg‘ﬁgghlgfe .can pass anao?ﬁ%%vegﬁ?i%anelggﬁ/r{f%‘#lﬁ)'%ﬁa&f‘s a
Tunning state par stilt@atedivdtween thalririe ¥88i sddnaactibte i fEadip eRirftisC
doubl e-track part_at the target tinme, n this invention, the

30 I
vehicle can reac¥ taRtipEbirdyehiclyhapmeachadthgatacond depR e LHRCKPIL ¢ he
vehicle at the tyyg, .accbgﬂaﬁgt&si e Eﬁvéﬂ{;%ﬁ?w&ﬁcmn%ts dfSb ¥y run

conmmuni cati on evice provided 1n the infrastructure. according to
this 15 on the road having the single-tra&k parts while passing oncoming

vehicles on the double-track parts without a necessity of
stopping, in a case where a preceding vehicle is running ahead.
The second object of the present invention can be
achieved by a vehicle running assisting apparatus provided in
20 a vehicle running on a road having single-track parts and
double-track parts, comprising
a transmitter which transmits vehicle information;
a receiver which receives information including a
specific double-track part situated ahead of the vehicle and
25 a target time at which the vehicle should reach the specific
double-track part; and
a running controller which coﬁtrols a running state
of the vehicle so that the vehicle reaches the specific
double~-track part at the target time.
30 In this invention, the vehicle can reach the specific
double-track parts situated ahead of the wvehicle at the time
indicated by the information transmitted by a communication

device provided in the infrastructure. Thus, according to this



i nvention, the vehicle can smoot hly run on the road having

-single-track parts without a necessity of sgopping to pass an oncom ng
vehi cl e on the double-track part. It should be noted that the vehicle
information may include an ID, a position, a 5 velocity, and a running

di rection of the vehicle. O her objects and further features

of the present invehgism | Gk ‘%Jl{i(ﬁ% @QHaérﬁz#tﬂlreP PO’ £hb O J%g‘;wﬂr#ggd

description when read 1n" conjunction wth e acconpanyi ng

10 BRI EF DESERbPé| taclk pHEAEsDREVENGS a necessity of stopping tic pass an
schemati c di agram of ,an infrastructur facility [n I ch vehicl e
runni ng napagenﬁﬁf°ﬂ%?ﬁo‘f?riﬂf§§n°n é‘eeﬁB'&la}%Fﬁacé‘cEéFtr ng%t ﬁh?‘li:led ughed
invention is apphhedihd Xehicle informdtidr’mh§ Bndldilek afll 28! ANpRsid18USLEM
whi ch achi eves t he vehicl e runni ng managenent net hod of the pr esent
enbodi ment; 5 velocity., andrlsggxynngng @dingekien ©f itheuvehiecleg a principle
of a running rule whi ' I ' MSQ@ I i St.S,;

FIG4 is a diagramfor il ngkiaﬁi%c%@%ﬁdﬁgpgegg‘g}g% a rslcjr?%i %er h?%s%Fch
I's used when a aneeadiog will Me appazbat from the followihbGiétasled
flomchart of an exanple of a routine, gerfor_rred by.a managerrent ECU in

t he embodi ment ; description when mead igacepiverticn Witdy the PEFOMPRREIRG: i ng
a running r@ztgwgﬁﬁg_i n the enbodi ment; 25 FIGS.7A to 7C are
di agranms showi ng results of processes perforned by the nanagenment ECU
in the situl®ions - shown in FIGS. 6A to 6C, respectively;

FIG 8 is a di WWE%VGNC'% achi eved in the
present enbodi nment; _ S. and 9B are diagrams show ng
a running state of velrIcl. si¥hgnschef@tiicuaiagh@e o fan ahifHag¥rateure

runni ng on the road shown in FIG 1.
facility in which a vehicle running management method of an

embodiment according to the present invention is applied;
15 FIG.2 is a block diagram of a system which achieves
the vehicle running management method of the present embodiment:;
FIG.3 is a diagram for illustrating a principle of
a running rule which is used when an oncoming vehicle exists;
FIG.4 is a diagram for illustrating a principle of
20 a running rule which is used when a preceding vehicle exists;
FIG.5 is a flowchart of an example of a routine
performed by a management ECU in the embodiment;
FIGS.6A to 6D are diagrams for illustrating a running
rule used in the embodiment;

25 FIGS.7A to 7C are diagrams showing results of
processes performed by the management ECU in the situations
shown in FIGS.6A to 6C, respectively; |

FIG.8 is a diagram showing a running state of vehicles
achieved in the present embodiment; and

30 FIGS.9A and 9B are diagrams showing a running state
of vehicles when a maximum number of vehicles are running on

the road shown in FIG.1.



DESCRI PTI ON OF THE PREFERRED EMBODI MENTS FIG1 is a
.schemati c diagramof an infrastructure acility in which an enbodi rrent
of ‘a vehicle runni ng managenent met hod "according to the present
invention is applied. As shownh 5 in FIG 1, the infrastructure facility

i ncludes a first station 10 and a second station 11. Aroad 12 is

provi ded between_ the first station :-0‘ and the second station 11.
Vehicles run on #pmg@@@@s bet ween the first
station 10 and the seqgaRf 15tat hOBcHdmati® dlagram of aﬂ_hﬁxfﬂ%q::%ture

conprises single-track parts 14[err] to 1l4[err] whi ch a vehicle can
run only in one ﬁaqiécxmn Fhdccubempbodment of apuehscl_@mnpngmaﬁmepton
whi ch two vehi cl e n| n (#n ofp_gqﬁ_l di, rect Lops sean ea h ot her.

The s nole- ¢ ac PRI B6aFed{hd B e Brgeent thIEhERR 15RO SRS

16[err] to 16[eryd race1al iRy RAFLAytidctuteOFAGEDL B 1aemdaé§rarrfm2§tisﬁa&rmal S.

Each of the doubl e-track ({Jarts 16[err] to 16[err] has a length which is

greater than a fH} Andedgigerond sgation Mehjd|road 12 is provided beW%hltéllee
whi ch has de art f t to
e S A 0l 6 Woppo PRSP OB

FIG 1 on the single.track part's andt
parts 16[err] tothlﬁ[maﬂ] 12 aml treaspest passenigerschetwkert dheofilitdt station

Simlarly, aveh cle ch has departed fromthe second station 11
runstothelefth‘quiA% §RCPRE statiah ddi-e-track parts 14[err] to 14[err]
and the doulpe-track partsmbir8adli2 compiPsddlsanghe-8Pack §REM@s14Nerd i1s]

station 10. 25 The infrastructure facility also incl udes a

managenent cent 9 ¥Bickigevehirdsonamruganlyrin gneddiresition an%‘iblﬁ)ﬁ@
the vehicles ru t Lead 12 d
t he second st ation ci% 3:% 139,,50%10 {):?%m R}&‘ﬁ'rcfétlles {c{'ﬁeac# vehi c‘fogl%

that collisions dﬁrédﬂormhcahmsa;r eadly) otherver‘ilﬂmdsmgle ~-track parts 14pwo a
description will \Iglgutgla ref erence LG 2, of_a Sée%.@ for

achi eving the veH-cI Rk Rt 1fet ﬁfngst fhe 3tk

enbodi nment . 3l Gﬁr&fﬂi’&i 8t predetermined intervals. Each of the double-track
parts 16_, to 16 ; has a length which is greater than a full length

of the vehicles.
A vehicle which has departed from the f£irst station

10 runs to the right in FIG.1 on the single—track parts 14-

20 1 to 14, and the double-track parts 16, to 16_, and reaches
the second station 11. Similarly, a vehicle which has departed
from the second station 11 runs to the left in FIG.1 on the
single-track parts 14, to 14, and the double-track parts 16
to 16_,, and reaches the first station 10.

256 _ The infrastructure facility also includes a
management center 18. The management center 18 monitors
positions of the vehicles running on the road 12 between the
first station 10 and the second station 11, and gives control
signals to each vehicle so that collisions of the vehicles are

30 prevented.

Now, a description will be given, with a reference
to FIG.2, of a system for achieving the wvehicle running

management method of the present embodiment. FIG.2 shows a



- 8- bl ock di agram of the system of the present enbodi nent.

As shown in FIG 2, the managenent center 18 includes a managenent ECU
20. A comuni cation device 22 is connected “®° to the managenent ECU 20.
The conmuni cati on device 22 perforns 5 radi o communi cations between the
managenent center 18 and each of the vehicles. The managenent ECU 20
detects | Ds, positlions, vel ocities, and running directions of the

vehi cl es based orPlock diggzameef obhe Fyfteny of r he t Presentmembedimentdevi ce
22. Addi ti 1y, th t 2 I L cat i.on 10
Itronally e N@Wﬁ FIlS ?B%%agjeﬁlgfriggieciﬂfgpfé Cﬁztc:l eS8

device 22 so as to transnit informtion including posi
a target tine, wa canagemeht BCYAGsel tcatmunidaiion deatde 022 tixe cotiheeited

i n accordance w th ghcont r ol 502% nti oned bel qw.
2Rt e

‘Each of the vehi &% e Sihrdsesn PIBURFataon; devdsin 23 Regd opys
the vehicle ESU Zaaibheontfifdftidnd BStwasH %h@%nanageﬁle‘ﬂ%w:% 'y 985%19& %gcg
therein. The vehicle IDidentifies the vehi cl e "Jon whi ch the vehicle ECU

28 is nounted. A®Rf thewghigles. ThecmanagenentrBLU 29 detrctisniDa, @asikions,

generator. The vehj,cl tects_a current_ tinme _based on . a clock
si gnal gener at ed%bgﬂ'%fgtg%é %?%é%‘“grgﬁl gﬁﬁﬁcgmns of N veh ci%e'ﬁflﬁ? on
speed sensor 30 iinfoamatdbadstpplied \Evnclthe commmihiGftioth@evakiechg. speed
sensor 30 outputﬁ ﬁ pul se_si gnal havi ng_a period corresponding to a

vehicle speed. T BpEly. thecrppagemandcECU 20ecortrel s thpmmpmisation
the output signalgeRficéd22t B8 48NS ! &aHi2aRY $RPSARatibn di.x;(cﬁl.uding a_l_ﬁgr?r%-{:;e

vehicl e ECU 28 al so contains map information store erel
i nformati on i ncl Rfsdtignoandtd dargeat time heshiochdwilll heclissussed staters to

bet the first icop, 10 th d station 11 and_|engths of
Che St ngl ot r ack 5P 51908 YR e 4o ACEPFISATE BRI CEPRR I, aPHems

16[err] to 16[ er mentibaedebetéw. ECU 28 detects a current position of
each vehicle based on the map i nformati on and the output signal of the
vehicl e speed sensor 3dach of the vehicles comprises a vehicle ECU 28 and

15 1is controlled by the vehicle ECU 28. The vehicle ECU 28 contains
a vehicle ID stored therein. The vehicle ID identifies the
vehicle on which the vehicle ECU 28 is mounted. Additionally,
the vehicle ECU 28 contains a clock generator. The vehicle ECU
28 detects a current time based on a cloék signal generated by

20 the clock generator.

, _ A vehicle speed sensor 30 is connected to the vehicle
ECU 28. The vehicle speed sensor 30 outputs a pulse signal
having a period corresponding to a vehicle speed. The vehicle
ECU 28 detects the vehicle speed based on the output signal of

25 the vehicle speed sensor 30.

The vehicle ECU 28 also contains map information
stored therein. The map information includes information on
the road 12 such as a distance between the first station 10 and
the second station 11 and lengths of the single-track parts 14,

30 to 14, and double-track parts 16, to 16_,. The vehicle ECU 28
detects a current position of each vehicle based on the map

information and the output signal of the vehicle speed sensor
30.



- 9- A communi cation device 32 is connected to the vehicle
-ECU 28. The comuni cation device 32 perfornms radio communi cat i ons

bet ween t he managenent center 18 and the vehi cl e. The vehicle ECU 28
controls the communi cation device 32 so as 5 to transmt information such
as.the vehicle ID, a vehicle position, a vehicle speed, and a running
direction of the vehicle. Additionally, the vehicle ECU 28 detects the
target position and tAcommupdcationdpuiee 33nis aepneatedfodihspvelricie om
t he conmuni i deyi.c . . , actuator 34
and a brake act%gﬁo?g%%e ng?néu%#g%tlggnggg%ga ?g\%ﬁ%ﬁ%ﬁ %Itagilgcu 28. The

vehicl e ECU 28 commahi¢atsnspetwddnths nghagémdrt tEptac ¢ 8latvdotlos velkidbé Or
34 and t he brake actuator 36 based_on the target sition and the

0}
target  ti meThervelncia BCH: 36 GRRTRLS: the CURHNFatARn AREIG ARoPo1as
openi ng of e Yehkchoshit AAAEAARIER Eilh (4P BRPYRHIBIeSIBN veniciPp! i ed

fromthe vehicle E he e actuat or generates a braking
force i n accor dposktiwn hatvebicierspeedy and a sugning dipettion OF dinetvehicdle.cl e

ECU 28. . t SyS of present enbodi_nent, a ed of
20 each vehi cl eAfigiEb?ﬁ?%ﬁf 'eg:?’?oxﬁhi{ﬂ? r%&ggﬁl éﬁggcéﬁnﬁg%gfrgﬁ%oﬁ?ﬁgg&m
vehi cl es on theaflaubh€-tdrgdt RAeS baSed hOLHFfATRAASDS shpRied £rdém ajHa Ny,
on the basis of the running directions and positions of vehicles

runni ng within gopreBteatighdevilgngé2ahead of each vehicle. 25
FIG3 is afyagramfor il hﬂséé%ié}%t%rpéﬁﬁé{’&e A and a @r&]&@'&'c@%a‘i:fikess
t“ enbodi en an cle

which is used in the presen nent oncom ng venhi
exi sts. FI G 3 shmresabscicamteicied hovihie lvehicle ECEIH&| eThE wehitalenEQY 28

t he doubl e-track pa 16[ err]. .and an oncom ng .vehicle 52 is ryunning on
the single-trac Eugaﬁeizt{%a}t.l“éos%nals to ths I8¢ rﬁ‘FBEe‘ﬁ‘ft‘éarﬁﬂTd%ge?ﬁfg
the managenment kRl vifike actfidiCi6 pR8EH dnOfife Bhrgde peitebsanadthdLargst

ment i oned above. | f the vehicles 50, 52 are the cl osest oncom ng
vehicl es to eachkime. Thenh@ccgierater maginatoss 34 gentrelacn macederator

situated b eigve e@»pening of the vehicle in accordance with the operating signal
supplied from the vehicle ECU 28, and the brake actuator 36

generates a braking force in accordance with the operating
signal supplied from the vehicle ECU 28 .
In the system of the present embodiment, a speed of

20 eachvehicle is controlled so that the vehicles can pass oncoming
vehicles on the double-track parts 16 without a necessity of
stopping, on the basis of the running directions and positions
of vehicles running within a predetermined range ahead of each
vehicle.

25 FIG.3 is a diagram for illustrating a principle of
a running rule which is used in the present embodiment when an
oncoming vehicle exists. FIG.3 shows a situation in which a
vehicle 50 is running on the double-track part 16_, and an
oncoming vehicle 52 is running on the single-track part 14 ;.

30 In the present embodiment, the management ECU 20
detects positions of the vehicles 50, 52, as mentioned above.
If the vehicles 50, 52 are the closest oncoming vehicles to each

other and the number of single-track parts 14 situated between



- 1o- the vehicles 50 and 52 is less than or equal to three, the

-managenent ECU 28 cal cul ates a position at I ch the vehicles 50, 52
shoul d pass each other as a target position of the vehicles 50, 52. 5
In the situation shown in FIG 3, a position at which t he vehi cl es ‘50,
52 .can pass each other is limted to any one of the double-track parts

16 , 16 16 . Ip.th nbodi t,, th t
b5t t1 On 15 set b5 BETLRLeRoRI N P RS LeshtRaR o Stakn ton thEetr o5B8 o
the mddl e posi thRiadesieneenct B t81cHeatEs &5 palieiéh Tt whAdSRULHE Ydificles

i nformati on on the vehicle positions. - In this case, the
vehi cl es 50, 52 ¥hn52shonhd@ass each othar as attiarggtppsiticneet fhetvehiglesr |,
l4[err], respectg\uﬂé5, bef ore they reach the target position. Thus, it
is possible to aéhievé 15 effective running states of the vehicles 50, 52
by setting tbe t ar getImpeRétdituat@ohaslidwa foHI®R 3, ragogiaionl&t emikch as
conpar ed to a case where the target position is set .to be _the

doubl e-track  thsaMehiglesrj0or5216pRrpass each other is limidgd ke any onge
target position 4 [ 0% ve, ti | g T8¥ 0 t ween
times at which t 12 %%hidg’?ggg Ef&%?p%%s?ggéﬂ tlﬁ'e"t grg'det qp05| t g%.ggleﬁet his
case, one of thembodimealti,cths te gei2positiomiis et tddeotherddublkepdntackhe

i tion. . In th ent._enbodi h
manageent ECU 25935 16 FFR: b TH9RRTY: BLFRe AU BogLhEoR oo Strens 30,

reach the 10 tafgelcleesisoi aid 525 ashsua ohe thal QhiGinmoth i ROThiel Qaaiand
speeds of the vehicles 50, 52. The nmanagenent ECU 20 t hen cal cul ates a

tinme at which oROHLIOMS vehicl es 50, 52 requiring
In this case, the vehicles 50, 52 can continue to

run on the single-track parts 14_;, 14_,, respectively, before
they reach the target position. Thus, it is possible to achieve
15 effective running states of the vehicles 50, 52 by setting the
target position to be the double-track part 16_,, as compared
to a case where the target position is set to be the double-track
part 16_, or 16.,.
However, if the target positibn is set as mentioned
20° above, a time lag may occur between times at which the vehicles
50, 52 reach the target position. In this case, one of the
vehicles 50, 52 must wait for the other to reach the target
position.
In the present embodiment, the management ECU 20
25 calculates times required by the vehicles 50, 52 to reach the
target position, based on the information on positions and
speeds of the vehicles 50, 52. The management ECU 20 then
calculates a time at which one of the vehicles 50, 52 requiring
a longer time than the other reaches the target position. This
30 calculated time is set as a target time. The management ECU
20 transmits a control signal indicating the target position
and the target time to the other vehicle, that is, the vehicle

50 or 52 requiring a shorter time to reach the target position.



a I'onger time than the other reaches the target position. This 30

calculated tine is set as a target tine. The managenent ECU 20
transnmits a control signal indicating the-tldrget position and the
target tinme to the other vehicle, that is, the vehicle 50 or 52
requiring a shorter tine to reach the target position. The
vehicle 50 or 52, having received this signal, controls (specifically,

decr eases) the Fpecuehheledi0 uxr 2.t baviaghredrived thisgsigpalit¢ontzals he
target tinme. Thys. a r.di to the present odi nent , the vehicles

50, 52 can' pass BRERLEEREHp, dBorRBsan) e e THAPROEHS fey FE AR KR ng.
In the present ealpgdtnpositidie sAbane KaPHEDElne. Thuﬁnié@dﬂdi&é:j $o2fehki ed
to all of the vehicles running on the road 12. Thus, according to the

present enbodi nPkeseak|emodiment. therebiedes a0 pa3sCyhFFEngach ftdiedsonn
t he do”ble't5aCKhBaﬁbﬁPiQ-tfékﬁtgéyﬁ%;1@ foﬁﬁﬁftékqﬁbi5bqpp'”g-

FIG 4 is a diagramillustratin sic running rule which is used in
t he present enbodi nrent wh@n the pedseriic embodiment, f the abaowe -amemtdorddng

vehicle 54. In the situatjon sho i 1 G.4,, the. yehicle 50 is runping
on the st ngl e« FAORLBH, Pl e APPLASH figy e Sh the JohiSle ranng oo the
running on the sioadl £21 r@ﬁﬁsP;‘HdcordinFlfH @hélpresent embodiment, A1V Ena
situation, if the vehicle 54 is the closest precedi ng vehicle to the

vehicle 50 and tiebiglaBecgawipass oneomigievehickepan $hesdeublertradke pasta

t he vehicl egn50,, 54,1 ? e é# or %ﬂ&% t hree, the managenent ECU
20 deterningg 16 %?Eg?a ha @% |%#%}y58fs§§§P Stubsequently reach the
doubl e-track part 16FaGrl 8 aubiaramdl s tratingkadas itr omniegy rule
doubl e-track part |, 16|ernL whi ch the precedi ng vehicle 54 wll .
subsequent |y reé’@l’r.c_h :_ls usgeh i the PE&SﬁBElﬂ“@-qdni&‘E toepen fHesvehiclie 8O 48t ed
as a target 25 fA3biiRg &f prdsed4qly “efiele 54. In the situati¥PeI@wR in
situation where the vehicle 50 has passed

FIG.4, the vehicle 50 is running on the single-track part 14,

15 and the preceding vehicle 54 is running on the single-track part

14,,.

In such a situation, if the vehicle 54 is the closest
preceding vehicle to the vehicle 50 and the number of
single-track parts 14 situated between the vehicles 50, 54 is

20 equal to or less than three, the management ECU 20 determines
that the vehicle 50 should subsequently reach the double-track
part 16_, situated two parts backward £rom the double-track part
16_, which the preceding wvehicle 54 will subsequently reach.
That is, the double-track part 16_, is selected as a target

25 position of the vehicle 50. |

Suppose a situation where the vehicle 50 has passed
the double-track part 16_, when the preceding vehicle 54 reaches
the double-track part 16_,. In this situation, if a wvehicle
approaching the vehicle 50 appears, that is, if the preceding

30 vehicle 54 passes an oncoming vehicle on the doublé-track.part
16_,, after the vehicle 50 has reached the double-track part 16_,,

the vehicle 50 must wait for the oncoming vehicle on the

double-track part 16_, or the oncoming vehicle must wait for the



t he doubl e-track part 16[err] when the preceding vehicle 54 reaches

-the double-track part 16[err]. In this situation, if a vehicle

approachi ng the vehicle 50 appears, that isl2if the preceding 30 vehicle
54 passes an oncom ng vehicle on the double-track part 16[err], after
the vehicle 50 has reached the double-track part 16[err], the vehicle
50 nust wait for the oncom ng vehicle on the doubl e-track part 16[err]
or the oncom ng wediiicllee 50ueh thae tdduble-terack part 16_,. According to the

-12- vehicle 50 on the double-tra part 16[err]. Accordin Q the
present enbodi ndteSeRt, gubp H"‘F%'génﬁ&%?pﬁ?’iﬁe]ﬁ &?é?s#ﬁ%l the q’@%‘%"é'eset -
to be the doubl ¢ HackePatd bEOERE dowildRIMRCRNGErBNGYEas ment6hedERivohve 50
and the onconmi ng vehicle can pass each other on 5 the double-track part

16[err] wi thout EHieogphiigle 50 and the oncomipgsiahiclef canass gachpeiher on of
t he vehicle RO [ blLe-track . 3 as mentioned
§ £ r}:etﬁ ggmﬁag.%—rtgagﬁ é)%tet q_%u va?.tthoﬁ% Sgﬁ#éﬁh

above, a occuar weern® tmes at e vehicles 50, 54

reach the doubl e-track paHowelvelerif, tHé[tridet pospeionvet ythd nrdHiiciel 80
case, if the vehjicle 50 reaches the_target positiaon doub] e-track

part 16[err]) edd iS&t fRaRCLhS Houkleghfepk part 16, Eﬁe@%ﬂé%‘gﬂ%rﬂk&v@%@
reaches the doubl gy Jl%f‘gkm?g;&%c%lg:[ Betheeh NEimes atvﬁ@itﬁ? Q:Iéovgﬂiéléé%,ﬁts4t he

target position and wait precedi ng vehicle 54 to reach the

doubl e-track parreaxd| she]doutple-track parts |16 4,hd6pr esespeadityediynentn thiisi t
is determn t hat he vehi cl will.reach the rget .pQsition
earlier thagea <§lease['i &Et 553\,\}6{%&%"?%3&@;585&5%99{;%h?%’fie%?,g’ °Fé-§5§-ﬁgs t he

doubl e-track (qrubleltlrack] pattelepnagaimelr Ehkn28 toe WinweEdhhenel me at
whi ch the preceding vehicle 54 reaches the double-track part 16[err].

20 This cal cul RxeFading vehiglecibdapches: dhgetothiR-Hradkh Pardnléle the
50. The mnage”ﬁf&h&%ﬁ}é 49 ﬁﬁé}@%@&ga& %ﬁﬁéﬁ%%éﬁ %&5‘13%53&'»99& fmit reﬁll?o

target position an e target ti tot eni cl'e e vehi C
havi ng recei ved precediagt vehicigndd ,ta aeachl $hehdouble-sipmrak tplettedb_so0 as

(o reach thagtardet posit g, LG dohodiued 1T EU5. BEROREARY e e
si mul taneousl y WHe) vl cle 50 will reach the target position earlier than a
time at which the preceding vehicle 54 reaches the double-track
part 16_,, the management ECU 20 calculates the time at which
the preceding vehicle 54 reaches the double-track part 16_,.
20 This calculated time is selected as a target time of the vehicle
50. The management ECU 20 transmits a control signal indicating
the target position and the target time to the vehicle 50. The
vehicle 50, having received this control signal, controls the
speed thereof so as to reach the target position at the target
25 time. Thus, according to the present embodiment, the vehicle
50 can reach the target position simultaneously with the
preceding vehicle 54 reaching the subsequent double-track part
16_,. so that the wvehicle 50 can follow the preceding vehicle
54 without stopping. |
30 In the present embodiment, the above-mentioned
running rule is applied to all of wvehicles. Thus, according
to the present embodiment, all of the vehicles running on the

road 12 can appropriately follow the respective preceding



preéeding vehi cl e 54 reachi ng the subsequent doubl e-track part 16[err],

so that the vehicle 50 can follow the preceding vehicle 54 w t hout

st oppi ng. 30 In the present enbdd nent, the above-nmenti oned
running rule is applied to all  of vehicles. Thus, according to the
present enbodi nent, all of the vehicles running on the road 12 can
approprlately follom/the respective precedi ng

- 13 veNebiedeq vhthauly ahaeeessity cﬁf Stopping om e despdectragki
parts 16. parts 16 FIG5 shows a flowhart of an exanple of a routine

perfornmed by the“managemént ECU 20 so as to achieve the 5 above-nentioned
function. The routine showFIGn5Hsiows a £lowcharpesf el gxamplé exf & rautine
pr edet er mi ned |nterval V\hen t he routine shown in FLG 5 started, the

process of step psgfozmed by jthe managepmept ECU 20 so as to achjeve phe g,

i nformation op | Q%ovBQﬁnéthBﬁed Sﬂﬁﬁ.‘{&olao 'ﬂ{@zfo%@:&hagsﬁb&ﬁciﬁ% CS‘ 1%' | of
the vehicles running on the road 12 is received In step

101, one of the wepeatedlysstatted &t a Preﬂlétennmﬁt@rinma\lehﬂm@l ddleect ed
inthis step is ref d process-ahje hi_cl
h sten 305 1t FOuFehE’ shemy 1n, Bas U SERTRY, A iRl oE sk 100 1o

within N bl ocks @m@mgdt ﬂgrgfpcess obj ective vehicle. The "block" is
a unit of the nunber of pairs of a single tracked part 14 and a

doubl e-track part 16. In tH& EF@BelfﬂO nferpatior n IRS; sPesbriqns .c SPEREE
val ue which equad h 184 A y
det er m ned |}1§st%gﬁlggﬁneﬁgzgjhr e p?gcgjsbé?b steph?%é ?és per'atéirdr/rg’lcri‘. the .
In step 103, a vavad QZV\/ﬂ;schecelv:écbsest to the process-obj ective

vehi cl e anong the vehicles _running. wt S, ahead is selected as
a control -obj ective vehicl Jr tﬁﬁe]@% cf}}ebc?$s§h8bf'§§¥ﬂ7%s \F&lscﬁs"w? ted.
In step 104, it iHerdanaffeRgdtné&eRgE16/sék¥ctiddin this step is referred to

as a process-objective vehicle.

15 In step 102, it is determined whether or not a vehicle
is running within N blocks ahead of the process-objective
vehicle. The "block" is a unit of the number of pairs of a single
tracked part 14 and a double-track par’; 16. In the present
embodiment, N is a predetermined value which is equal to or

20 greater than 3. If it is affirmatively determined in step 102,
then the process of step 103 is performed.

In step 103, a vehicle which is closest to the
process-objective vehicle among the vehicles running within N
blocks ahead is selected as a control-objective vehicle of the

25 process-objective vehicle.

In step 104, it is determined whether or not the
running direction of the control-objective vehicle is the same
as that of the process-objective vehicle based the information
received in step 100. If it is determined that the running

30 direction of the control-objective vehicle is the same as that
of the process-objective vehicle, then the process of step 106
is performed.

In step 106, a double-track part 16 which the



runni ng direction of the control - obj ective vehicle is the sane ' as that

of the process-objective vehicle based the information received in step
100. If it is determined that the running 334 -direction of the

control -objective vehicle is the sane as that of the process-objective
vehicle, then the process of step 106 I s perforned. In
step 106, a double-track part 16 which the

-14- cont FERLER} zRRjetivenvehiche | vikl ihpesmenyly cheach sis

det erm ned baseddgp_e o rr:&ééeqp oh”ftﬂénﬁééffﬁ.&{ ﬁ{ﬁnnﬁglsﬁoéfo%%ebj ective

vehicle and the map I'n t ar get
position is set tonbeoh-&bjkrthive twehdklpaand lithewmaph infosmatlimnd two bl ocks
backward from t he doubl e-track part 16 cal culated in step 106.

In step 110, a time at whi CR FHeP o cFIheoEFEQ?Fv%“ltl%ﬁscIS&t\MtPI beedch
the target positzgpie- E@é&l&'gﬁﬁr‘é‘is which is s:.tuated Bwétb‘ilécﬂx?baé]&?aztd?‘fﬂ&ﬁ

tinme is set to be the tinme 1 calculated in step 1
step 114, a cont tbhe €oghbe- tr&ﬁlt@tairftglﬁhealwlgﬁmed in ptept ilﬁﬁ and t he

target time is transmtted.t rocess: ve ve e. . Havj
received this control si gné[tP % ﬁo gﬂ%?— B’F%Efi (:/Iée VEM & o& 883??*6?23
the speed thereokeh@cidsé w1 redctindhet harget Qs¥s i liencalculetéadr get

time. When the process of step 114 is finished, then the process of
step 122 is perf or med. IR step 112, the targele tdmecishapt, tq fog thestime
det erm ned t{mt re@t i on of the control - Obj ective vehicle
IS opposite 20 F%i?ﬁé?t%¢nﬂ?le p oclg's%s obj ective vehicle in step 104, it
can be judged that theIonositeml|lidbhjacontzolesigrial ﬁ.adapptmmnegta.hget
process- objectlve ve L cl e, t hi,s _case, .the rocess

er T or med. B45h %and e, forBat yiie §3,EB.bhe PFiRcess-

process-obj ecti vebjebtelve weKidIe, CRFINY :@ae&%aveny@m&{ﬁdls signal, the
cal cul ated based on the position information of these vehic|es.
process-objective vehicle controls the speed thereof so as to
15 reach the target position at the target time. When the process
of step 114 is finished, then the process of step 122 is
performed.
On the other hand, if it is determined that the
running direction of the control-objectiw.re vehicle is opposite
20 to that of the process-objective vehicle in step 104, it can
be judged that the control-objective vehicle is approaching the
process-objective vehicle. In this case, the process of step
116 is performed. |
In step 116, a middle position between the
25 process-objective vehicle and the control-objective vehicle is
calculated based on the position information of these vehicles.
In step 118, the target position is set to be a
double-~track part 16 which is closest to the middle position
calculated in step 116.
30 In step 119, a time @ required by the process-
objective wvehicle to reach the target position and a time B
required by the control-objective vehicle to reach the target

position are calculated based on the position and speed



In step 118, the target position is set to be a doubl e-track part 16
-which is closest to the mddle position _6?9al culated in step 116. 30

In step 119, a time [err] required by the ocess- obj ective vehicle to
reach the target position and a tine [err] required by the
control -objective vehicle to reach the target position are cal cul ated

based on the ‘posgition d s - 15-

i nformati on of iﬂt@%@ﬂ?’bl‘%@%ﬁe?e vehicles. In step 120, it is deternined
whether or not the tinme In step 120sSHRlifdet8anind®whetBet &1 bot lthe tihé
determned that [err] is smaller than [err], it can be judged that

t he process- obj étiisyemalienithan whel tinedh. t A& ibriptdelermined thati®ris han
t he control -obj ectiyxe vehicle. In,thi,s.case,. it .i.S determ ned.th

the speed of s nangEeh e B 1 cdr el 1BaGRT it Lrin, BEeSeEs 66388 s, o
t he process-Hbj eehigke el X Imeanhd thetaogét Posdijient eaelier wiedm cilee can

si mul taneously reach the target gosition, “and .t hen 10, the é)roce_ss of the
above- nent i onedchEﬁOJ_tl‘bbjescrg‘éﬁef ehigle. Inthiscase, ifds;determined thaty

determned in StRA ddbd bf @ 'proceds-dnHiiRd vehddnidiie BhoG e P BbELEAYET
vehicle will reach the target position later than the control -objective

vehicle. In sphihatcthe process-elxjastbiivecrehicde and theswntaolt-hbjpebives-

bj i hi cl d h d h f h
aboverment | oned 7epasTe 255 s PidRIAIY feadl nt B dd\"pBERERSR  Sa ped )
determ ned 100 t RReappyCes®rdf Ahed aboveshemtidhbd istepanibeis upgetotinsai. no

operation is necessary for the current process-objective vehicle. In
this case, the 20 proces¥folt sisopegasivelypdatsrmpiged in step 120, it gang ¢p

122, it is detepg RRAsUACEARY e Q'BGEQ&objeﬂiQﬁae%?ﬁcgé #1081 reac ?hee

above-nentioned stéps 102 to 122 have been performed wth all o
vehi cl es runni navget hposidsidnl 2aber Mhan the heonhmdeobjebiivei wahiale.cl En | f

it i positivelyydetermines 25 advishihls ALEPSHe 'Pdda"Se’ Ing"SSkedL 11
15 objective vehicle need not be changed, and then the process of
the above-mentioned step 122 is performed.

If it isnegatively determined in the above-mentioned
step 102, it can be judged that no operation is necessary for
the current process-objective vehicle. ' In this case, the

20 process of step 122 is performed.

In step 122, it is determined whether or not the
processes of the above-mentioned steps 102 to 122 have been
performed with all of the vehicles running on the road 12 being
the process-objective vehicle. If it is positively determined,

256 then the present routine is ended. On the other hand, if it
is negatively determined in step 122, a next vehicle is selected
as the process-objective vehicle in step 124, and then the
process of step 102 is performed again. |

According to the above-mentioned process, if the

30 control-objective vehicle is an oncoming vehicle with respect
to the process-objective vehicle, the target position is set
to be a double-track part 16 which is closest to the middle

position between the process-objective vehicle and the oncoming



is negatively determined in step 122, a next vehicle is selected as
-the process-objective vehicle in step 124, gnd then the process of
step 102 is performed again. -1 According to the

above-nenti oned process, if the 30 control-objective vehicle is an
oncom ng vehicle mﬁth respect to the process-objective vehicle, the
target position is se a, doubl e-track gert 16 which is, closest

to the middle . °°nt¥)‘b]s qt?lﬁr?tﬂ'g%%l?'ﬂ-‘fll% pF‘bc‘gﬁlsq GBFBet 7 e MR RitcVRiGH dhehe

oncom ng control-objective vehicle will reachlfhe subsequent double-
control -objective vehicle. In this case, a tine at which the

cont rol - obj ect | Veackepadte 1§ His calcnlated @%M@ﬁtgﬂbubilee track part
16 is calculated as the t

the control -objective veh ‘?’lg‘Z‘te %{:ﬂ?eg hgnf}rejc%&flﬁgc%ﬁogl@ﬂ%t ti?'g; %g{]d][ebl f

the process#obj e§ta \ffrecedinghvéhecld RE thareshefOSLd ithe bEotBEstiSoPscBive
doubl e-track part 16 which is situated two bl ocks backward from a

doubl e-track  Velpheledhghtargehqsiddeni hg s9ntrobe objdorblectyapk party | |
|
subsequently regg hhwlidhéh 4 $1%85€ea Atvd ﬁo@ks"‘ﬁécglgvrécfl}fat on ﬁoa{n{z]ﬂi?ar &fﬂ ive

vehicle will reac e target position IS
tinme of the propmsts b jwiditchy ¢heepreteding control- ob:;ectﬂvelvdstelrclmsa,lla

control signal i cati t he rget. position and the rget. tine is
CPansni tred ro FHesSauenths Feach, Bt s Gare ¢, ey Ahnehicl tns
process- objigrt | ¥en¥LHL ¥t iveORbh9bie IWiEL1S RRRAGH! RRECPATrSEL Fod 1P Gl t he

target position at the target tine. This process is perfornmed for all
of the vehi enbaulated ag the targetohitme f theprogessrekifrtiiye vehiala ne

shown in FIGS5, it is posihbéﬁﬁeq: Y op5| gﬁg{y%og}ggrnql ELHH%QEH% %‘ié at es

of all of the vehicles runhning on t el’od to 6D
are di agrans fotargétiposttiion @h@ the tamyethdime dsusednsmitted ptroe e

erbodi et Croddl Slfedt e venflLESr TR HhevinALsoultis o cal gl af ons

15 controls the speed thereof so as to reach the target position
at the target time. This process is performed for all of the
vehicles running on the road 12. Thus, according to the routine
shown in FIG.5, it is possible to appropriately control running
states of all of the vehicles running en the road 12.

20 FIGS.6A to 6D are diagrams for illustrating the
running rule used in the present embodiment. FIGS.7A to 7C are

' diagrams showing results of calculations performed by the
management ECU 20 according to the routine shown in FIG.5 in
situations shown in FIG.6A to 6C, respectively.

25 FIG.6A shows a situation in which the vehicle 50 is
running on the single-track part 14_,, the preceding vehicle 54
is running on the single-track part 14_,, and the oncoming vehicle
52 is running on the single-track part 14_,. FIG.6B shows a
situation in which the wvehicle 50 is running on the double-

30 track part 16_,, the preceding vehicle 54 is running on the
double-track part 16_,, and the oncoming vehicle 52 is running
on the double-track part 16 ;. FIG.6C shows a situation in which
the vehicle 50 is running on the double-track part 16_,, and the



management ECU 20 according to the routine shown in FIG5 in situations
.shown in FIG 6A to 6C, respectively. 25 FI G 6A shows a

situation in which the vehicle 50 is -Mnini ng on the single-track part
l4[err], the preceding vehicl'e 54 I's running on the single-track part
14[.err], and the oncom ng vehicle 52 is running on the single-track
part 14[err] FI G 6B_shows _a situation in which the vehicle 50 is

runni ng on the BEeGe@ingyehicleySsapd 1‘3{eePPF°mi'-ﬂS Whs rrP& FERi Bpesg | s
running on the LK ng gt he hicl e 52
s Tunming | oah RN T LR dBRbLo PR e D RRMRRY 2t o
i n which t hktuation dn5@hichrtheiviebichet 5k aalm’ubhe -onckingaveniélerss
and the

di
Soni o6 54 and FRE BRRGHIS.S35bnPEher on the fgubifiitrack pant Bbne, ahdthe
doubl e-tracls papredblifhig rehfiche $P i5heWhneng on thblU@buriItraeki phrt Nes_

vehi cl e 50 and the oncom ng vehicle 52 are passi ng each other on the

doubl e-track part 16 err]AsaPROYhd s FiGe 8Adi h@evc@hneqlee 54 is tbﬁn?h@s%ﬁtt he
doubl e-track |
54 is the cl ogggs'%hiéig oLthf‘ ?hictlt? 50 ningSg runnftggg&%?ﬁmﬁ{%ﬁéﬁa ocks

ahead of t hehuedremicﬂécso.Adchdmmmbuy, ttie wehicles 54 andl 532asecthde
cl osest vehicles to each other runni n&:withi n three blocks ahead 10 = of

each other. ThuSloggst yehicies £ eachgfhex zynaing withip fhreg bigeks ahead
vehicle of {die yehigll StherNdrThile, UaY Qﬂe‘?ﬁcle 55%@%.@%&!&3%‘35&t ed as

control -objective vehicles of each’ nment i oned
above, the nanagen’énolE@tﬂ%m vehiclke Oﬁtheh%ehmlg&eSOpo@d |’C@|¢ uebiches
target time of cI e , ti o i ng
direction and s§ %eﬁ aré %ﬁ'ggtéﬁd ‘Té)%o p%gg' Bﬁi%ﬁ?gl‘!’gvetqﬁ%lsﬁst ggt é%%ﬂ
shown in FIG 6Ather. the nanagement ECU 20 sets the target position of the

vehi cl es 54 and 52 to_be the double-track part 16[err] which_is_cl osest
to 20 the. m ddI e p03| t i ofsmanidenedahove, cHie maaaggrent 3G cpieulabes
Then, the I QUinlef e S
54, 52 to reach th tar ge Sggil"tsﬁo#& %gﬁ%é% nese gfbéﬁlb%eh\}gﬁ?écﬁgél\?m&”

reach the targebnpbhetdetedted Dt hpositiomt anning direction and speed of

each vehicle. Specifically, in the situation shown in FIG.6A,

the management ECU 20 sets the target position of the vehicles

54 and 52 to be the double-track part 16_5 which is closest to

20 the middle position between these vehicles, as shown in FIG.7A.

Then, the management ECU 20 calculates times required by the

vehicles 54, 52 to reach the target position, and determines

which vehicle will reach the target position later than the other.

The calculated time of the vehicle 54 oi‘ 52 which reaches the

25 target position later than the other is set as a target time

T... and a control signal indicating the target position and the

target time T,, is transmitted to the other vehicle so that this

vehicle reach the target position at the target time T,,.

Additionally, in the situation shown in FIG.6A, the

30 management ECU 20 sets the target position of the vehicle 50

to be the double-track part 16_, two blocks backward from the
double-track part 16_, which the preceding vehicle 54 will

subsequently reach, and calculates a time at which the preceding



The calcul ated tinme of the vehicle 54 or 52 which reaches the 25 t ar get

-position later than the other is set as a tgrget tine T[err], and a
control signal indicating the target positi®oh and the target tinme
T[err] is transnmitted to the other vehicle so that this vehi cl e reach
the target position at the target time T[err]. Addi tionally,

in the situation shown in FI.LG 6A,  the 30 nmanagenent _.ECU 20 sets the
target positionVePRiche A idlerepch the SP'BS%%'J‘?‘%'E deytpestrack Part d616R8 1]

two bl ocks backyarfrbePMihé T,, asiAHelA: k&@%parrheﬁfi[swhm@uﬂm@m

precedi ng vehicle 54 w || subsequently reach, and cal cul ates time at
whi ch the precednddcating the target position and the target time-T,, is

hicle 54 will h b b
Varget tine Tl etrrosnatie HARE TRhaCRE 88 Ao ShertBhe, pehfdid ot pepende g
the target pesiphentarget Mositioftat ithe TdRddd tife T,,. tmﬁﬁsmﬁﬁ@@ehacnas

vehicle 50 so that the vehicle 50 reaches the target position at the
target time T[et’-ﬁo]andl'ﬁﬁé'eaﬁhéih@é?ﬂl@l@straCkWréiﬁd-aéAali%ééh TesPgstiBVely s ack
parts 16[err] a S t ane tinme, as shown in

FI G 6B. ch& Jzﬁe Sa#'g ?‘ﬁﬁésf”t SR s Fié|66§’F| G 6B, the vehicle 54 is

sel ected as the control - oleethe\eei.tumuﬂ.ohesm‘fwrt he E‘HBN&B,etﬁG weliidle 54hés
vehicles 54 and 52 are_sel ected as the control vehi cl es of

Lok otner and sRieRt e e Gorara A opiective yentote of the grhihs 50 ana

management U 28,eSbRiEDEs 19 Grla BOShtd Hb1ctea abhend Ui -objaedivd t O
be the double tracked part 16[err] and sets the target position of the

vehicl e 50 to b&ehiclgsuef ccachhkhex, parinidiegdseneifc Rits6hwo Inl sukb a

veni oe 54 wi | Snatgan e Heafehent mod bkl bhe el IR of

Simlar to the thfeuﬂbhmﬁlédﬂcﬁm and 62Ge6/be tie doubmmmﬁ padtd 26 . and
calculates tinmes required by the vehicles 54 52 to reach their target

position, and d&E&EnthRtargPtRoSikicn of the WIH-C%QQ WQ%tFﬁrdé’é’Pl&G§FFP
later than tge P 16_T0Bich iLAES BLBERE bfa'c%af:‘& Frldfh m@ashswbtféb

reach the target pdsition later than the other Is set as a targ tlrre
T[err], and Jé-cwhicbltha precediny vehiinde tSHewidi gutbsequenitdy mﬁm.hes

target shown in FIG.7B.
Similar to the situation shov_m in FIG.6A, the
management ECU 20 calculates times required by the vehicles 54,
20 52 to reach their target position, and determines which vehicle
will reach the target position later than the other. The
calculated time of the vehicle which will reach the target
position later than 'the-other is set as a target time T, and
a control signal indicating the target position and the target
25 time T, is transmitted to the other vehicle so that this vehicle
reaches the target position at the target time T,,.
Additionally, the management ECU 20 set the target
position of the vehicle 50 to be the double-track part 16
situated two blocks backward from the double-track part 16
30 which the preceding vehicle 54 will subsequently reach. Then,
a control signal indicating the target position and the target
time T,, is transmitted to the vehicle 50 so that the vehicle
50 reaches the target position at the target time T,,.



25 tine T[err] is transnitted to the other vehicle so that this vehicle

.reaches the target position at the target t4 T[err].
Addi tional ly, the management ECU 20 set the ‘target position of the
vehicle 50 to be the double-track part 16[err] situated two bl ocks

backward from the double-track part 16[err] 30 which the preceding vehicle

54 will subsequently reac he d th
target position and the tg?b‘gt’ di Sho‘ﬁln% %o_g ‘? tranléén]i Fﬁ?‘\%&gﬁ? the
vehicle 50 so tlgubleetyatkChert 16, a@ tmcdfme fwhent aneeprmﬂngoﬁremicwe
target tinme T[err].

Thus, as shown i ap&the °QWV@F@5?thﬁ@°uble GEEEFélqrrtaéﬁ-spart

16[err] at the time when é(%FI! 544 adify t

vehicl e 52 reach the doub?&%traeﬁ part 1 egfk’%hicle 84 %(y&f%@?ﬂ?he
precedi ng vebi clvehitlarti? pass @achnother on\ihie ddub B sk pach 16t ws sbowhhe
doubl e-track part err] ,as shoy I n G.6C, _the vehjc 2 is.th

cl osest vehicle %ﬂ'fé éé/eﬁ"?'@l %&m%ézéf-{s( Ggﬁ&lﬁeﬁiﬁ “elfﬁ%tﬁl %E?(é’egﬁrggﬁ of
the vehicle 50. 5H1§§tuatea WientANinrYle BPO&ES bKBad W¥ €he wihild1e 5¢hi ¢hesS0
i's changed from the preceding vehicle 54 to the oncom ng vehicle 52. 10

In this situati dhe cortralritestiveMeldgleces thﬂéi’ehickea5@éts ghanged From
t he vehicles 50 d u t trk,which is
#% X ng%f)% $§O &'g &wetgd‘ to t?ﬁ 6&9 tve}S.Lﬁ 13 .

cl osest to the en ese ve l'es, as s%omn in
FIG 7C. ThemQ the nmanagenmam thfb situffids) amleamaﬁagemt rmnulzcnd;elt)s tthe
vehicles 50, 52 to reach 15, the target position, and determ nes

ch
vehicle will red@Fget PoRitioR R& thesivehdrleg:2? hrd o bendhe #ﬂ%ble'
cal cul ated tine trackOpatt€le/ChhttR i@bigsé%@beﬁhéhﬁ&ﬁ@ﬁbsﬂﬁféﬁ 'H@%wb@her

t han the other 1s set as a target tine T3, and a control signal
i ndi cati ng ttheseavgbichesi tdsoshawn :t-m@'ItGaﬂget Thiens TBeimanagsmsent E@H to

20 the other v o hat, { Lcl e r

at the target t?‘{ﬁec?;"#ﬁ{‘l 5@%%&73%@‘9’69‘& ga%{g %ﬁ%’%lggvgﬁf Fr ek

reach the dagbl etig &@k‘gﬂarﬁoéﬁiﬂﬂ | and Gétefmmiffes whithn®ehicle will reach As
ment i oned above, .two vehi cl es approachi ng each 25 ot her_can al ways reach

the same doubl e-tHeaERTEEF (PORItiN; Jaten fpan the other. The calculated time
of the vehicle which reaches the target position later than the

other is set as a target time T3, and a control signal indicating
the target position and the target time T3 is transmitted to
20 the other vehicle so that this vehicle reaches the target
position at the target time T3. Thus, as shown in FIG.6D, the
vehicles 50 and 52 reach the double-track part 16_, at the same
time.
As mentioned above, two vehicles approaching each
25 other can alwa_ys reach the same double-track part 16 at the same
time. Thus, according to the present embodiment, all of the
vehicles on the road 12 can pass oncoming vehicles at
double-track parts 16 without a necessity of stopping.
FIG.8 shows a running state of vehicles achieved in
30 the present embodiment in which the distance between the first
station 10 and the second station 11 is 30 km and the single-~track
parts 14, to 14, and the double-track parts 16, to 16_, are
alternately provided at arbitrary intervals. In FIG.8, the



time. Thus, according to the present enbodi nment, all of the vehi cl es
-on the road 12 can pass oncom ng vehicles aéo doubl e-track parts 16

Wi t hout a necessity of stopping. ““¥" FIG 8 shows a running state
of vehicles achieved in 30 the present enbodi nent in which the distance
between the first station 10 and the second station 11 is 30 km and
the single-track

arts l4f[err] _to l1l4[err].a the d | e-track parts
16[err] to 16[er<}<1ubdlre€Q:raci H#g?nlﬂeaﬁf' EﬁagPY;b?Jtrcf 4 intervals. In
FIG8, the As shown in FIG.8, the precedfng vehicledSyidpdritack
parts 16 are indicated by hatching. : As shown in FIG8, the

precedi ng vehi cl&rauthe & statipnolf ab@ timest' 1St affhereabter. Ahefehicle
Thereafter, the i Cl e he f | tatl 1 ou a
(e h0s ang 30 Yematts coof CRIELE SlaVidr Go| afoind (e a8l TR0 FI Py °

t he first stehermma @hdtcdense asuddeedinglthe QreliftdlenBiocdepantls £isin the
oncom ng vehicle 52 departs fromthe second station 11 around a_tine

501", and a secbHFoftaHiAG IR ARG BERA 1P o fide otheEchardsitdhs on
11 around a ti ”E%:'(iaé&r&%i'g v gicl%e_sz depar gaﬁbﬁkhkhgﬁﬂﬁt%gtﬁ%igﬂ’ 1P%rcitha

56, 58 runs on t roa I n accordance with the ove-nent1 one

runni ng rul e. a times’5@kHthandh skeeopdsywmpmingoveluitley 58 alepant saf rom ehef

t he doubl e-track parts .16, .as_sho i n.Fl G, ditionally, when a
precedi ng vehi cl%e%%é)rse 88_ ﬁeaﬁ?"_nﬁea& eillfJ ck parts 15 16, a

vehi cl e sucdgedi ng the pregfsi oF YRSV d1e8S50) 5Y, Baf 08€, 58 réns on the
doubl e-track part 16 situated two bl ocks backward fromthe doubl e-track

part 16 which t 3 dedingcoeriance nedhy the nabpve-mentigaedaFuBRRG WS + he
b - ti d [ [.cl ' d hl
shove, ner oned g gt et ookt gLy Sy A res'

run on the road I'ngle hout a nécessity
of stopping on doubtle-tdmdk pattsclé pastshdwn in FIG.8. Additibh&E1PA whesh OB

Show @ 1 LUat) O R DRELI B, o fMIBF orl kI LEhe e L0 8-
88 are runnilsg ofe | BevelbiclePdbcdee iy EEd bRrecbtnd vehlicsé Fundod @rapsEdiee
second station a double-track part 16 situated two blocks backward from the
double~-track part 16 which the preceding vehicle has reached.
Thus, according to the above-mentioned running rule, the
vehicles can effectively and smoothly run on the road 12 having
20 the single-track parts 14 without a necessity of stopping on
the double-track parts 16.

' FIGS.9A and 9B show a situation in Which a maximum
number of vehicles are running on the road 12. In the situation
shown in FIGS.9A and 9B, vehicles 80 to 88 are running on the

25 road 12 connecting the first station 10 and the second station
11. In this situation, each of the vehicles 80 to 88 passes
an oncoming vehicle at one of the double-track parts 16, and
thereafter passes a vehicle succeeding the oncoming vehicle at
the subsequent double-track part 16.

30 Specifically, after the vehicles 80 and 86 have
passed each other on the double-track part 16_; as shown in FIG.9A,
the vehicle 87 stopping at the second station 1l is sélected

as a control-objectivé vehicle of the vehicle 80 and the vehicle



11. In this situation, each of the vehicles 80 to 88 passes an

-oncom ng vehicle at one of the doubl e-traclé%parts 16, and thereafter
passes a vehi cl e succeedi ng the oncom ng véehicl e at t he subsequent
doubl e-track part 16. 30 ' Specifically, after the vehicles 80
and 86 have passed each ot her on the double-track part 16[err] as shown
in FIG 9A t he veh 7sto n t cond 1is,.

sel ect ed as 89 (‘:ﬁnﬁ? 5‘?5? Eﬁ?f @fﬂ"ﬁﬁ@ Vﬁhiﬁf %‘QO é’r‘?dvﬁﬁé"le
vehicle 87. Similarly, after the vehicles-82hmd 85 have Hadseasghent ed
as a control -objective vehicle of the vehicle 87. Simlarly, after the

vehi cl es 81 and cdhemrage fhesdeublerctrack P@rhérﬁ-ﬂnthﬁévmeesﬁr?eﬁzlse%cted

he vehi cl o 81 MR EREtoan Spaest o ve e B2 MR BT A e BefinGat'

vehicl e of the \@ahiiel gelectdd.as-@&r bbﬁtroﬂidwjedﬁiereveah@bﬁé &2 il véhibage
passed each ot her on the doubl e-track _part 16[err], the vehicle 85 is

selected as a 86.cofiFienppkeey %"Ee\Y@FFF-GFES@fZ 84 hiave RasEedpach pEher
vehicl e 82 'cﬁl %ﬁhe&&?&@ ::%c‘iopéfﬁ IéObJ %‘Eﬁe' ¥ ﬁfé %Iselg o f%‘c‘ée’ﬁi‘ s 8

85. 10 as s he vehi cl es pass
each ot her on t lvontaoitebfjeatkveachitbparft ]thetm:v:ﬂ}e Bzemdathambhlclesez

pass each other .on t bI e-trac ar _16%err] eh| cl.es

and 85 pass eacHSfR ch A% 13 2dBUBHER ‘%&? ar e i%‘r’e‘? A grvehic 1ten§5
situation spgwn in Fl G 9BrheatadEnbhif ieRIC 65, Sﬁetxfélﬁ.%lé% 8@%&&98’7 flss
oncom ng vehicle at one of the doubl e-track parts 16, with the oncom ng

vehi cl e bei ng s&askh eghes on cdn deubdprtrack part 1fghi the vehiclkesiiglaand
manner as descr 'g&eﬁas?@ 248 other on the dtoﬁgléﬁigéﬁs FQ?‘EQG‘E?S&Q%&E?%h@Ll&Qe

vehicles 80 to can run atron he 'Second
station 11 20 @2 Bndt85ipagsi egch \Woheraon eifiec Gouhks- tEmdhedrthe6 )i r affter

station 10 orthe con st at,i o 1,_this vehicle svvhlle ot her
vehi cles run ovéh& \ﬁ&tHF‘ CkW’(ﬂ E'é%\‘/gﬁf gach o %hﬁ ﬁ]@f Bg
station, pagsengRistesddn %Tcoﬁ&ngrvélﬁfclbh@t vaki & eheldbifble-tra %&E'@E ng,to
the present enbodiment, the vehicles can run on 25 the road 12 having f he

singl e-track pamighithejononing vebdsdsiheing selected as a control-objective
vehicle in a similar manner as described above.

As mentioned above, each of the vehicles 80 to 88
can run between the first station 10 and.the second station 11
20 without stopping. When a vehicle has reached the first station
10 or the second station 11, this vehicle stops while other
vehicles run over two blocks. While the vehicle is stopping
at the station, passengefs can get on or off the vehicle. Thus,
according to the present embodiment, the vehicles can run on
25 the road 12 having the single-track parts 14 without a necessity
of stopping between the stations to pass oncoming vehicles on

the double-track parts 16.
In the present embodiment, a running state of each
vehicle running between the first station 10 and the second
30 station 11 is controlled based on a predetermined program so
that the vehicles are decelerated when they approach the first
station 10 or the second station 11. Additionally, the vehicles

are decelerated in response to the control signals transmitted



of stopping between the stations to pass oncom ng vehicles on t he
-doubl e-track parts 16. In t present enbodi nent, a running
state of each vehi cl e runni ng between tHe first station 10 and the
second 30 station 11 is controlled based on a predeterm ned program so
that the vehicles are decel erated when they approach the first station
10 or the secon% sta%tihon 11. Additionall #t h%ehi cl es ding &F etﬁ:lecel era%e_d
in response to FeMc ?[nanaggaﬁg &£ shPtt egus . according to the presen
-22 - ' effivolgmERBAUEHEY uhRBEBEsdBy i) provadeos dmall tXantge ol @AeNt
enbodi ment, it is unnecessary to provide signal |anps on the road 12

for control | i ngnoRd ¥ fer sgntralbingfhe punping stases pihe vehiglkesyr dThYs: o
t he present enbqgi igd A i.hke ﬁ'! nge i £y t . i .
system of vehi C%g:'g_%?:ﬁ&ng to Jtﬁe%%§eplr§ ﬁbg) pr esléhtilte'sﬁg ] rrgellr#ti% ]lc'l% SgR'BELE'%

si tuati on wh&r e thee runnisnghcohirdd) systehesft ehickaet position earlier than
t he oncom ng vehicle 52, the vehicle 50 is decel erated so that the

: : h
vehicle 50 and 52 si mift BRRRFSSFOtehrdienty, 4R FoSratinn where the
rent i oned 10 abaxg iRy Beachds thedatgeRFRiiBntdil leheridls b MhcbRithG! ©

52 is accelerated or the vehicles 50, ecel erated an
accel er at ed respebtiiclel §2, stha vehiche HkHisclesebgraterl so thatthevebdcle

reach the target. position in.the above-nmentioned sjtuation S, .
Addi i onal |y, i YRR Be el aBelR Rt Feaeh et BirantoSt it B P 8s mehiopstic
when the vehdcl at¥el.s Kdwsiert,0it g BLS6gsHsiible thebithecohdofiing Rehilche
vehicl e 50 reaches the target position at the tinme when the preceding

vehi cl e 54 subsé@udfit pgceleratad or theqvelieles &0« pararesleqimnatied and; s
al so possible t %ceﬁ@?a%gdp%éﬁ%ﬁﬁgﬁa‘ﬁ%' t%hetﬁét'&égﬁ{;eg{ 1340, 52

The present invention Is no ese I ments, but
vari ations and r=igniliteatouaty mepchdehentierget positican indbearabowp-mearbioned
scope of the pres.q__nt i,nvention.
situation.
15 Additionally, in the present embodiment, the vehicle
50 is decelerated when the vehicle 50 is close to the preceding
vehicle 54 so that the vehicle 50 reaches the target position
at the time when the preceding vehicle 54 subsequently reaches
a double-track part 16. However, it is also possible that the
20 preceding vehicle 54 is accelerated.
The present invention is not limited to these
embodiments, but variations and modifications may be made

without departing from the scope of the present invention.



- 23 - WHAT |'S CLAIMED IS 5 1, A_vehicle running
managenment met hod for managi ng runni ng ates of vehicles running on a

road havi ng singl e- track parts and doulffe-track pa;ﬂ"m TSI e

a step (a) for detecting positions of first and second gmuglmﬂm
are approachi ng each ot her; a step (b) for*détetrmning '«
whet her or not sgjd firs a second vehicles are the cl osest vehicles
to each ot her V\Aﬁhgﬁ—ié—é%@n‘g%erm ned range ahead of each other based on
sai d detected positions; 15 a step (c) for setting a target
position to be a doubl e-track part which is situated between said first
and second vehicles when it is determned that said first and second
vehicl es are the closest vehicles to each other within the

predet ermi ned range ahead of each other; and 20 a step (d) for

controlling gpeeds of said first and/or second vehicles so that said
first and second vehicles reach sai d target position substantially, at

the same tine. 25 1. _A vehicle r‘i“.nlm_em%‘é'?‘ﬁ?f'}eé‘tr uRRRAY frﬂi"ﬂ%% Rg
met hod as cl ai "egynningNsEa@ddNoe v‘é’ﬂ%ieﬁiéﬁﬁrﬁrﬁj ¥ @Croaf! ﬁa@fﬁd%l-éeﬁ{@ﬂ-

position to be a double-track part I's closest to a m
position 30 bet teankspadts jamnt damblsetnadkvmm £gomprising: 3.
The vehicle runni ng. menageqent. el '8 33 8hebiF fos1t1bs Se¥sTck atliSEELa

10 vehicles which are approaching each other;

a step (b) for determining whether or not said first
and second vehicles are the closest vehicles to each other within
a predetermined range ahead of each other based on said detected
positions;

15 a step (c) for setting a target position to be a
double-traék part which is situated between said first and
second vehicles when it is determined that said first and second
vehicles are the closest vehicles to each othér within the
predetermined range ahead of each othef; and

20 ' a step (d) for controlling speeds of said £irst and/or
second vehicles so that said first and second vehicles reach

said target position substantially at the same time.

25

2. The vehicle running management method as claimed
in claim 1, wherein said step (c¢) sets said target position to
be a double-track part which is closest to a middle position

30 Dbetween said first and second vehicles.

3. The vehicle running management method as claimed

in claim 1, wherein said step (d) comprises:



=24 - a step (e) for calculating tinmes required by said’

step (1) for caicurating a tins ar wnich anggor~ sara NN VN HIELARBAAN
vehi cl'es which one requires a'longer time 5 to reach said™tafget pbsistion

t han the other vehicle reaches said target position; and

a step (g) for controllin e o] ' A . [ 15d
ot her vehicl e reaches sai % %(}% e?gl)oé?lfs?%%‘cqflg%é'agﬁﬁggaf+‘§ﬁ§é4 E’? tslﬁ%i
calculated in ﬁaﬁfﬂt alnd( E):go?g vehicles to re?chI sai@f.tla'.lﬂget\?/)@b%sitﬁﬁnﬂnni ng
Comprising: o T ptepe ff 1EOF (A etatiPdgaat PR AT ORI AnenPfg
vehicl e whi il ' ' bl &hd ' Is
2e sai d first vy Srrete Slobi Gehtbils IR ghe RelEras PLOMBE R of
not said thibd 2> resalchckaidstatgetcposdsionethan dheoothed vehitle gieiaches

within said I, t er m, ned e ahead of said first vehicle based on
sai d _det ect e‘%@ggﬁaﬁg&ﬁspﬁigﬁﬂ& fq'"(r;a?t and third vehicles; _
a step (j) for, when it is dalep ThYetot hadntsW1d i Bdspeed V@hid 1 ictHekRe

closest vehicle to said first vehicle within said 25 predeterm ned range
ahead of said fivehlalensethatseatd agher vehicie raadhes sabh tasopt nesHition

doubl e-track par%,m/%yég%ihi\}zihggaﬁﬁéﬂ_ﬁmesu &%ﬁég?érﬁm&]ﬁf%&%l ggﬁbl e-track

part which said I Cl & Wi sequently reach, t one
doubl e-tracBOpart exi sting between said first and second doubl e-track
parts; 30 a step (k) for calculating a time at which said third
vehicle will reach said second double-track part; and a step
(L) for controlling a speed of said first vehicle so that said first

vehi cl e reaches said target position

4. The vehicle running management method as claimed
15 in any one of claims 1 to 3, further comprising:

a step (h) for detecting a position of a third vehicle
which runs ahead of said first vehicle in the same direction
as said first vehicle;

a step (i) for determining whether or not said third

20 vehicle is the closest vehicle to said first vehicle within said
predetermined range ahead of said first vehicle based on said
detected positions of said first and third vehicles;

a step (j) for, when it is determined that said third
vehicle is the closest vehicle to said first vehicle within said

25 predetermined range ahead of said first vehicle, setting a
target position tobe a first double-track_part which is situated
backward from a second double-track part which said third
vehicle will subsequently reach, at least one double-track part
existing between said first and second double-track parts:

30 a step (k) for calculating a time at which said third
vehicle will reach said second double-track part; and

a step (L) for controlling a speed of said first

vehicle so that said first vehicle reaches said target position



at the tinme calculated in said step (k). - Vehlcle

Vi ng s ngl o track parts and . doubl e- t%éikVSZ'rfLe compr 141 Ilﬂ\\lm\‘ﬂlll Il
a transmtter which transmts vehicle infornmation; 10

recei ver which receives information including a specific double track

part situated ah of vehi n .2 tar time at which said
vehi cl e shoul d ?g gﬂ E#TFsﬁéiﬂQL%% d lnd%ﬁﬂféﬂfﬁgg%)part; and

a running controller which controls a running state 15 of the vehicle so
that the vehicle reaches said specific “doubl e-track part at said target
tinme. 20 6. A vehicle running managenent system for
managi ng runni ng states of vehicles running on a road havi ng single-
track parts and doubl e-track parts, conpri sing: a managenent
center whiclbtransmts a signal 25 |nd|cat|ng a target time and a target
position of each vehicle; recei ver provided in each

vehi cl e which receives 9- %éY%P%ﬁ%ﬁu%unnéﬁa assisting apparatus grpyided
control ler provided ydnh £ ARl aLECoNA %ad ha¥PA5" Slg e ek phrtlCand

vehicle so that the vehicle reachés said targét position su%étantlally
at the target tidepble-track parts, compr151ng

a transmitter which transmits vehicle information;
10 a receiver which receives informétion including a
specific double-track part situated ahead of the vehicle and
a target time at which said vehicle should reach said specific
double-track part; and
a running controller which controls a running state
15 of the vehicle so that the vehicle reaches said specific

double-track part at said target time.

20
6. A vehicle running management system for managing
runping states of vehicles running on a road having single-
. track parts and double-track parts, comprising:
a management center which transmits a signal
25 indicating a target time and a target position of each vehicle;
a receiver provided in each vehicle which receives
said signal; and
a running controller provided in'each vehicle which
controls a speed of the vehicle so that the vehicle reaches said

30 target position substantially at the target time.



7. The vehicle runni ng managenent system as cl ai med “iAelai m 6, wherein

sai d managenent center conpri ses: a positl f i
detects positions of first 5 and second veﬁ?‘él’es whi ch ar waﬂﬁmmmwm{lh
ot her; a deterrining part which determ nes er er motx
sai.d first and second vehicles are the closest vehicles to each ot her
within a predeterm ned range ahead of each ot her based on sai d detected

positions; 10 a target position setting part which sets said

target position to be g, qeeblénidrs kuRfihg Maindlyemensi syticat abadveribd
said first and second vehicles when it is determ ned that said first

and second vehi ciRsckaidn téhe whegedBt saidiRanagemensa €ANEERHPOMPrisgs:hi n t he
predet erm ned range ahead Qg)o?%!ﬂo{?tdé% ctgg%ljl?:h detects posi e:acgr?é dete dffﬂa

setting part which sets sal sal secon

vehicles to IBe télﬁdssélﬁﬂrﬁhtvewlwles whidle dremapproacRing each other; 8.
The vehi cl e runni ng nanagenent system as cl ai ned in claim7, wherein

said target tine setting parde iniggpart whichcgetermpings ¥hether, QF ngly
second vehicl es &91@%1%5%'&?(1 @Ecgﬁd w16l e8NErd tné @l 1d delsitSheldEh x£ €8Néhch

vehi cles requiring a | onger time to reach said target position than the
ot her reaches sapther withiges ppedetermined rapge ahead of each other based

on said detected positions:

10 a target position setting part which sets said target
position to be a double-track part which is situated between
said first and second vehicles when it is determined that said
first and second vehicles are the closest vehicles to each other
within the predetermined range ahead of each other; and

15 a target time setting part which sets said target
time of said first and second vehicles to be the substantialy

same time.

20

8. The vehicle running management system as claimed
in claim 7, wherein said target time setting part sets said
target time of said first and second vehicles to be a time at

25 which one of said first and second vehicles requiring é longer

time to reach said target position than the other réaches said

target position.

30

9. The vehicle running management system as claimed

in claim 7 or 8, further comprising:



9. The vehicl e runni ng managenent system as cl ai ned inHm iy ,
-further conprising: - 27 - - "H[ﬂ”!’g@‘ﬁﬂlm
a second position detector which detects a position of "'a tchik '8
whi ch runs ahead of said first vehicle in the sane direction as said

first vehicle; a second determ ning part which determ nes

whether 5 or not said thi é%é@HdCbSSiﬁ&hﬂeegegﬁftWh\iSﬂ Gb€edts %aggﬁ%{é;f_iﬁ

vehicle within said predeterm ned range ahea sai I rst
based on sai d defeatthimbsiehiclie whichimifs abeadndf t$aidl firstvekhitds;in

a second target _position settin art ich sets sai.d 10 target position
of said first vc‘éﬁ?c?@m‘?od]tﬁecifip%r%? B Ié’-‘rSt Vethrlé’&?'parft which is
situated backward from a gesedshdladbbmining igadtkwhRdsh ddtedhipeisdwhethér
vehicle will subsequently reach, at | east one doubl e-track part -

exi sting bet%eﬁrsl_m%l seildsthird vehicdeckhdheoobpeeat yekipdetto saanfirsts
det er i ned Lhat yaghth LN thild o BTEEL Aot ark I ALOREA! HERRCLE LO1BAAL 1

vehicle within sal term range ahe rd frrst vehi

and vehielé daged drasati deitteetadigosiqipastofbatd fieks &l third
target tinme of sajd first vehicle to be a tine at which said third
vehicle will re¥eRi€i®%:first double-track part.

a second target position setting part which sets said
10 target position of said first vehicle to be a first double-
track part which is situated backward from a second double-
track part which said third vehicle will subsequently reach,
at least one double-track part existing between said first and .
second double-track parts, when it is determined that said third
15 wvehicle is the closest vehicle to sald first vehicle within said
predetermined range ahead of said first wvehicle; and
a second target time setting part which sets said
target time of said first vehicle to be a time at which said

third vehicle will re_ach said first double-track part.



