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DESCRIPTION 

 

Title of Invention 

OPERATION MANAGEMENT DEVICE, OPERATION MANAGEMENT METHOD, 

VEHICLE, VEHICULAR TRAFFIC SYSTEM, AND PROGRAM 

 

Technical Field 

 [0001] 

 The present invention relates to a vehicle traveli ng 

along a track, an operation management device that manages 

an operation of a vehicle, a vehicular traffic syst em 

including the vehicle and the operation management device, 

an operation management method, and a program.  Pri ority 

is claimed on Japanese Patent Application No. 2013- 114553, 

filed May 30, 2013, the content of which is incorpo rated 

herein by reference. 

Background Art 

 [0002] 

 In a conventional vehicular traffic system that 

provides a transportation service using vehicles (f or 

example, a train) traveling along a predetermined t rack 

(line), the operation of each vehicle is managed on  the 

basis of a predefined timetable.  Specifically, the  

operation management device that is a so-called gro und 

facility outputs an instruction to each vehicle bas ed on 
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an arrival time, a departure time, and the like det ermined 

for each vehicle, and the vehicle operates accordin g to 

the instruction.  In operation control based on suc h a 

timetable, the timetable is changed when the operat ion is 

disturbed, and the vehicles operate according to th e 

changed timetable to achieve elimination of the ser vice 

disruption.  This timetable change is advanced work  that 

requires securing of rationality, and effort and ti me are 

accordingly required.  Further, the time is not onl y 

simply consumed, but also reasonably performing tim etable 

changing work requires a lot of experience.  Measur es are 

limited according to the abundance of the experienc e.  In 

particular, this trend is significant in cities in 

emerging countries where there is no railway. 

 [0003] 

 Meanwhile, in recent years, with the significant 

development of information transfer means and the 

establishment of an information transfer method and  

facilities between an operation management system a nd a 

vehicle and between a vehicle and a vehicle, an 

environment in which a cooperation operation betwee n the 

operation management system and the vehicle or a 

cooperation operation between the vehicles is possi ble can 

be built.  Further, high performance of information  

processing means is significant, and the vehicle, t he 
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ground facility, and an individual device can perfo rm 

independent information processing and control oper ation 

within a range of individual discretion. 

 [0004] 

 For example, according to a train operation contro l 

method described in PTL 1, when a time delay of ano ther 

vehicle is equal to or greater than a predetermined  value, 

a departure time of the own vehicle is determined w hile 

vehicle spacing between the other vehicle and the o wn 

vehicle is autonomously adjusted. 

Citation List 

 Patent literature 

 [0005] 

 [PTL 1] Japanese Unexamined Patent Application 

Publication No. 2010-228688 

Summary of Invention 

Technical Problem 

 [0006] 

 Here, according to the train operation control 

method described in PTL 1, the vehicle spacing betw een the 

own vehicle and the other vehicle is controlled onl y when 

the delay is short, and the timetable is separately  

changed when the delay is long.  However, since cha nging 

the timetable requires effort and time, it may take  more 

time to recover the timetable when the delay is lon g. 
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 [0007] 

 Further, according to the train operation control 

method described in PTL 1, in particular, a scheme of 

controlling the vehicle spacing with one front or r ear 

vehicle is included.  Each of a plurality of vehicl es 

performs an operation (recovery operation) to adjus t the 

time interval between the vehicle and a nearest veh icle 

traveling in front and rear of the vehicle, and thu s, the 

time interval of the vehicle is uniformized as a wh ole 

vehicular traffic system. 

 However, in the method in which each vehicle 

controls the time interval between the vehicle and one 

front or rear vehicle, it is not sufficient to unif ormize 

the time intervals of the vehicles most rapidly as the 

whole vehicular traffic system, and it takes time u ntil 

nonuniform time intervals of the vehicles are compl etely 

eliminated after a delay of the vehicle occurs.  

Accordingly, when provision of a transportation ser vice 

using vehicles becomes nonuniform due to a delay in  a 

specific vehicle, it may take time until the return  to a 

state in which a uniform transportation service can  be 

provided. 

 [0008] 

 Further, in PTL 1, the vehicle spacing is controll ed 

on the basis of delay time information of each vehi cle.  
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In this case, adjustment is difficult when a plural ity of 

vehicles are simultaneously delayed.  For example, when 

one of the delayed vehicles attempts to perform a t ime 

interval recovery operation, if the other vehicle c annot 

yet operate (due to failure or the like), the vehic le 

performing the recovery operation may eventually st op 

immediately before the vehicle that cannot operate.  

 Thus, it is difficult to adjust the vehicle spacin g 

while performing the recovery operation among the 

plurality of delayed vehicles, but a solution to th is has 

not been described in PTL 1. 

 [0009] 

 Further, with a train spacing control method based  

on a delay time described in PTL 1, it is not possi ble to 

cope with an unexpected event, such as a case in wh ich a 

vehicle is suddenly withdrawn to a vehicle depot or  a case 

in which a failure vehicle is on a line, rather tha n a 

case in which departure of a vehicle is delayed. 

 [0010] 

 Further, when the vehicle performs an operation th at 

is not based on a timetable, information indicating  an 

arrival platform, an arrival vehicle, and an arriva l time 

is not displayed on the display screen of the stati on. 

 [0011] 

 The present invention provides an operation 
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management device, an operation management method, a 

vehicle, a vehicular traffic system, and a program capable 

of solving the above-described problems. 

Solution to Problem 

 [0012] 

 According to a first aspect of the invention, ther e 

is provided an operation management device that man ages an 

operation of a plurality of vehicles traveling alon g a 

track, the operation management device including: a  

vehicle position acquisition unit that acquires pos itions 

of the plurality of vehicles present on the track; a 

density calculation unit that calculates density of  the 

plurality of vehicles traveling within a predetermi ned 

range on the track; and a departure determination u nit 

that adjusts a departure time of a predetermined ta rget 

vehicle by changing a time to transmit a departure 

instruction to the target vehicle on the basis of o ne or 

both of front direction density indicating density of 

vehicles traveling within a predetermined range in front 

in a travel direction of the target vehicle, and re ar 

direction density indicating density of vehicles tr aveling 

within a predetermined range at the rear in the tra vel 

direction of the target vehicle. 

 [0013] 

 According to a second aspect of the invention, in 
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the operation management device described above, th e 

departure determination unit adjusts the departure time at 

a stop station of the target vehicle on the basis o f a 

magnitude relationship between the front direction density 

and a predetermined front direction density thresho ld 

value. 

 [0014] 

 According to a fourth aspect of the invention, in 

the operation management device described above, th e 

departure determination unit adjusts the departure time at 

a stop station of the target vehicle on the basis o f a 

magnitude relationship between the rear direction d ensity 

and a predetermined rear direction density threshol d value. 

 [0015] 

 According to a fourth aspect of the invention, in 

the operation management device described above, th e 

departure determination unit delays the departure t ime at 

the stop station of the target vehicle when a front  and 

rear direction density difference that is a value o btained 

by subtracting the rear direction density from the front 

direction density is greater than a predetermined d ensity 

difference threshold value. 

 [0016] 

 According to a fifth aspect of the invention, in t he 

operation management device described above, the de parture 
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determination unit further adjusts the departure ti me at 

the stop station of the target vehicle on the basis  of one 

or both of an inter-vehicle distance between the ta rget 

vehicle and another vehicle traveling in a nearest 

position in front in a travel direction of the targ et 

vehicle and an inter-vehicle distance between the t arget 

vehicle and another vehicle traveling in a nearest 

position at the rear in the travel direction. 

 [0017] 

 According to a sixth aspect of the invention, in t he 

operation management device described above, the ve hicle 

position acquisition unit further acquires a travel  

direction of the plurality of vehicles, and the den sity 

calculation unit performs a correction to increase the 

front direction density when it is determined that there 

is a vehicle traveling in a direction opposite to t he 

travel direction of the target vehicle, in front in  the 

travel direction on the track along which the targe t 

vehicle travels. 

 [0018] 

 According to a seventh aspect of the invention, in  

the operation management device described above, th e 

departure determination unit further adjusts the de parture 

time not to be a time earlier than an earliest depa rture 

time determined for each vehicle and each station b y 
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referring to operation timetable information in whi ch the 

earliest departure time has been recorded. 

 [0019] 

 According to an eighth aspect of the invention, in  

the operation management device described above, th e 

departure determination unit further obtains permis sion of 

progress for a security device that performs contro l of 

the operation while securing safety for a path alon g which 

the target vehicle should progress, the path being 

specified on the basis of path information of the t rack, 

before transmitting the departure instruction to th e 

target vehicle. 

 [0020] 

 According to a ninth aspect of the invention, ther e 

is provided a vehicular traffic system including: t he 

operation management device described above; and a 

passenger information system that receives identifi cation 

information, position information, and path informa tion of 

the target vehicle from the operation management de vice, 

calculates a scheduled arrival time for each statio n of 

the target vehicle, and displays the calculated sch eduled 

arrival time on a display screen installed in each station. 

 [0021] 

 According to a tenth aspect of the invention, ther e 

is provided a vehicle that travels along a track, 
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including: a vehicle position acquisition unit that  

acquires positions of a plurality of vehicles inclu ding an 

own vehicle present on the track; a density calcula tion 

unit that calculates density of the plurality of ve hicles 

traveling within a predetermined range on the track ; and a 

departure determination unit that adjusts a departu re time 

at a stop station of the own vehicle on the basis o f one 

or both of front direction density indicating densi ty of 

other vehicles traveling within a predetermined ran ge in 

front in a travel direction of the own vehicle, and  rear 

direction density indicating density of other vehic les 

traveling within a predetermined range at the rear in the 

travel direction of the own vehicle. 

 [0022] 

 According to an eleventh aspect of the invention, 

there is provided an operation management method fo r 

managing an operation of a plurality of vehicles tr aveling 

along a track, the operation management method incl uding 

the steps of: acquiring positions of the plurality of 

vehicles present on the track; calculating front di rection 

density indicating density of vehicles traveling wi thin a 

predetermined range in front in a travel direction of a 

predetermined target vehicle, and rear direction de nsity 

indicating density of vehicles traveling within a 

predetermined range at the rear in the travel direc tion of 
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the target vehicle; and adjusting a departure time at a 

stop station of the target vehicle on the basis of one or 

both of the front direction density and the rear di rection 

density. 

 [0023] 

 According to a thirteenth aspect of the invention,  

there is provided a program that causes a computer of an 

operation management device that manages an operati on of a 

plurality of vehicles traveling along a track to fu nction 

as: vehicle position acquisition means for acquirin g 

positions of the plurality of vehicles present on t he 

track; density calculation means for calculating de nsity 

of the plurality of vehicles traveling within a 

predetermined range on the track; and time adjustme nt 

means for adjusting a departure time at a stop stat ion of 

a predetermined target vehicle on the basis of one or both 

of front direction density indicating density of ve hicles 

traveling within a predetermined range in front in a 

travel direction of the target vehicle, and rear di rection 

density indicating density of vehicles traveling wi thin a 

predetermined range at the rear in the travel direc tion of 

the target vehicle. 

 

Advantageous Effects of Invention 

 [0024] 
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 According to the operation management device, the 

operation management method, the vehicle, the vehic ular 

traffic system, and the program, when the provision  of the 

transportation service using vehicles becomes nonun iform, 

an effect of resolving this can be obtained more ra pidly.  

Further, even when an unexpected event, such as a c ase in 

which a certain vehicle is suddenly withdrawn to th e 

vehicle depot or a case in which there is a failure  

vehicle on the line, occurs, it is possible to cont inue 

the operation without performing adjustment of the 

timetable. 

Brief Description of Drawings 

 [0025] 

 Fig. 1 is a diagram illustrating a functional 

configuration of a vehicular traffic system accordi ng to a 

first embodiment of the present invention. 

 Fig. 2 is a diagram illustrating functions of a 

density calculation unit and a departure determinat ion 

unit according to the first embodiment of the prese nt 

invention. 

 Fig. 3 is a flowchart illustrating a process flow of 

an operation management device according to the fir st 

embodiment of the present invention. 

 Fig. 4A is a first diagram illustrating effects of  a 

vehicular traffic system according to the first emb odiment 
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of the present invention. 

 Fig. 4B is a second diagram illustrating effects o f 

the vehicular traffic system according to the first  

embodiment of the present invention. 

 Fig. 5A is a third diagram illustrating effects of  

the vehicular traffic system according to the first  

embodiment of the present invention. 

 Fig. 5B is a fourth diagram illustrating effects o f 

the vehicular traffic system according to the first  

embodiment of the present invention. 

 Fig. 6 is a flowchart illustrating a process flow of 

an operation management device according to a secon d 

embodiment of the present invention. 

 Fig. 7 is a diagram illustrating effects of a 

vehicular traffic system according to the second 

embodiment of the present invention. 

 Fig. 8 is a diagram illustrating a functional 

configuration of a vehicular traffic system accordi ng to a 

third embodiment of the present invention. 

 Fig. 9A is a first diagram illustrating effects of  

the vehicular traffic system according to the third  

embodiment of the present invention. 

 Fig. 9B is a second diagram illustrating effects o f 

the vehicular traffic system according to the third  

embodiment of the present invention. 
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 Fig. 10A is a third diagram illustrating effects o f 

the vehicular traffic system according to the third  

embodiment of the present invention. 

 Fig. 10B is a fourth diagram illustrating effects of 

the vehicular traffic system according to the third  

embodiment of the present invention. 

 Fig. 11 is a diagram illustrating a functional 

configuration of a vehicular traffic system accordi ng to a 

fourth embodiment of the present invention. 

 Fig. 12 is a diagram illustrating a functional 

configuration of a vehicular traffic system accordi ng to a 

fifth embodiment of the present invention. 

 Fig. 13 is a first diagram illustrating a function  

of a spacing adjustment unit according to the fifth  

embodiment of the present invention. 

 Fig. 14 is a second diagram illustrating a functio n 

of the spacing adjustment unit according to the fif th 

embodiment of the present invention. 

 Fig. 15 is a flowchart illustrating a process flow  

of an operation management device according to the fifth 

embodiment of the present invention. 

 Fig. 16 is a diagram illustrating a functional 

configuration of a vehicular traffic system accordi ng to a 

sixth embodiment of the present invention. 

 Fig. 17 is a diagram illustrating a functional 
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configuration of a vehicular traffic system accordi ng to a 

seventh embodiment of the present invention. 

 Fig. 18 is a diagram illustrating a functional 

configuration of a vehicular traffic system accordi ng to 

an eighth embodiment of the present invention. 

 Fig. 19 is a diagram illustrating a functional 

configuration of a vehicular traffic system accordi ng to 

another embodiment. 

Description of Embodiments 

 [0026] 

<First Embodiment> 

 Hereinafter, a vehicular traffic system according to 

a first embodiment of the present invention will be  

described with reference to the drawings. 

 Fig. 1 is a diagram illustrating a functional 

configuration of a vehicular traffic system accordi ng to a 

first embodiment of the present invention.  In Fig.  1, 

reference sign 1 indicates a vehicular traffic syst em. 

 [0027] 

(Configuration of entire vehicular traffic system) 

 First, an entire configuration of the vehicular 

traffic system 1 will be described. 

 As illustrated in Fig. 1, a vehicular traffic syst em 

1 according to the present embodiment includes an 

operation management device 10, and a plurality of 
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vehicles 201, 202, …, and 20n (n is an integer equa l to or 

greater than 2) that travel along a track 3.  The 

operation management device 10 is called a ground f acility, 

and is a device for controlling an operation of the  

plurality of vehicles 201, 202, …, and 20n. 

 The operation management device 10 according to th e 

present embodiment is a functional unit that transm its a 

departure instruction to each of the vehicles 201, 202, …, 

and 20n on the basis of a determination of the depa rture 

determination unit 102 to be described below.  The 

operation management device 10 transmits the depart ure 

instruction to each of the vehicles 201 to 20n usin g 

wireless communication means or the like.  Each of the 

vehicles 201 to 20n operates on the basis of the de parture 

instruction received from the operation management device 

10. 

 In an actual operation of the vehicle, operation 

control based on a security device (interlocking de vice) 

or a signal is further added.  However, a case in w hich 

the operation control of the vehicles 201 to 20n is  simply 

performed on the basis of the operation management device 

10 will be described for simplification of the desc ription 

of the present embodiment (a case in which the secu rity 

device or the like is used will be described below with 

reference to Fig. 19.) 
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 [0028] 

 The vehicles 201, 202, …, and 20n constitute a tra in 

that travels along the track 3 (line).  The vehicle s 201 

to 20n travel while arriving at and departing from a 

plurality of stations (not illustrated in Fig. 1) p rovided 

along the track 3 according to an operation instruc tion 

received from the operation management device 10.  Further, 

predetermined position detection devices (not illus trated) 

are provided at regular intervals in the track 3, a nd each 

of the vehicles 201 to 20n communicates with the po sition 

detection device, and thus, can recognize a positio n on 

the track 3 in which the own vehicle travels. 

 This function will be described in greater detail.   

Each of the vehicles 201 to 20n includes its own li ne 

database.  Also, each of the vehicles 201 to 20n ha s a 

function of measuring the number of tire rotations of the 

own vehicle to calculate a travel distance and reco gnizing 

a current position of the own vehicle.  However, in  this 

case, the current position recognized from the numb er of 

tire rotations may deviate from an actual position due to 

tire slip.  Each of the vehicles 201 to 20n correct s the 

deviation through a comparison with a position dete ction 

device placed on the ground, and accurately recogni zes a 

position on the track 3 in which the own vehicle is  

traveling. 
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 [0029] 

 Here, in a high density line section as arranged i n 

an inner city portion (a line in which the number o f 

operations of the vehicle is relatively large), it may be 

important for the vehicle to arrive and depart at r egular 

time intervals, rather than coming and going accord ing to 

a timetable.  That is, a passenger does not use a 

transportation service with recognition of a defini te 

arrival and departure time, and there are a number of 

passengers using the transportation service with 

recognition of an approximate travel time to a dest ination 

station on the basis of a time interval of coming a nd 

going of the vehicle.  In this case, the passenger lays 

weight on the vehicle coming and going at desired t ime 

intervals, rather than the vehicle departing and ar riving 

on time.  Here, in operation control to perform tim etables 

change work to eliminate disturbance of the operati on, the 

timetable changing work consumes time.  Accordingly , as a 

result, it takes excessive time to eliminate the 

disturbance of the operation.  It is believed that an 

appropriate transportation service can be provided to 

passengers by rapidly uniformizing the time interva ls 

among the respective vehicles regardless of the tim etable.  

Accordingly, the vehicular traffic system 1 accordi ng to 

the present embodiment has a function of more rapid ly 
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uniformizing the time intervals among the respectiv e 

vehicles on the basis of the operation of the opera tion 

management device 10 to be described below when a d elay 

occurs in a specific vehicle and provision of the 

transportation service is nonuniform. 

 [0030] 

(Configuration of operation management device) 

 Next, a configuration of the operation management 

device 10 will be described. 

 As illustrated in Fig. 1, the operation management  

device 10 according to the present embodiment inclu des a 

vehicle position acquisition unit 100, a density 

calculation unit 101, and a departure determination  unit 

102. 

 [0031] 

 The vehicle position acquisition unit 100 is a 

functional unit that acquires positions of the plur ality 

of vehicles 201 to 20n present on the track 3.  Eac h of 

the vehicles 201 to 20n can communicate with a posi tion 

detection device (not illustrated) provided on the track 3 

to recognize a position on the track 3 in which the  own 

vehicle is traveling, as described above.  Also, th e 

respective vehicles 201 to 20n sequentially transmi t 

“position information” indicating the positions of the own 

vehicles to the operation management device 10 thro ugh 
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wireless communication.  The vehicle position acqui sition 

unit 100 of the operation management device 10 rece ives 

the position information of the respective vehicles  201 to 

20n to acquire the positions of the vehicles 201 to  20n.  

Further, in another embodiment, each of the vehicle s 201 

to 20n may transmit the position information to the  

operation management device 10 through priority 

communication. 

 [0032] 

 The density calculation unit 101 is a functional 

unit that calculates density of the plurality of ve hicles 

201 to 20n that travel within a predetermined range  on the 

track 3.  Specifically, the density calculation uni t 101 

acquires the number of vehicles traveling within th e 

predetermined range on the basis of the positions o f the 

respective vehicles 201 to 20n acquired by the vehi cle 

position acquisition unit 100.  The density calcula tion 

unit 101 stores the number of vehicles as the “dens ity” of 

the vehicles traveling within the predetermined ran ge.  A 

specific function of the density calculation unit 1 01 will 

be described below. 

 [0033] 

 The departure determination unit 102 is a function al 

unit that adjusts a departure time at a stop statio n of a 

predetermined target vehicle 20i (i is an integer 



- 21 - 

satisfying 1 ≤ i ≤�n, the same applies below) on the basis 

of one or both of a “front direction density Df” an d a 

“rear direction density Dr” of the target vehicle 2 0i.  

Here, “to adjust a departure time” is specifically to 

adjust a departure time by changing a time to trans mit a 

departure instruction to the target vehicle 20i. 

 Here, the front direction density Df is density of  

the vehicles traveling in the predetermined range a t the 

front in the travel direction of the target vehicle  20i.  

Further, the rear direction density Dr is density o f 

vehicles traveling within a predetermined range at the 

rear in the travel direction of the target vehicle 20i.  

Specifically, the departure determination unit 102 

performs a process of suspending transmission of th e 

departure instruction of the target vehicle 20i unt il 

predetermined condition is satisfied on the basis o f one 

or both of the “front direction density Df” and the  “rear 

direction density Dr”.  Also, the departure determi nation 

unit 102 performs a process of transmitting the dep arture 

instruction at a timing at which the predetermined 

condition has been satisfied.  The target vehicle 2 0i 

departs from the stop station at a timing at which the 

departure instruction has been received (more preci sely, 

requirements for another departure have been satisf ied). 

 Also, in another embodiment, instead of the above 
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aspect, the departure determination unit 102 may pe rform a 

process of continuing to transmit a predetermined 

“departure suspending instruction” while the predet ermined 

condition has been not satisfied, and stopping the 

transmission of the departure suspending instructio n 

(releasing the departure suspending instruction) at  a 

timing at which the predetermined condition has bee n 

satisfied.  In this case, the target vehicle 20i do es not 

depart while continuing to receive the departure 

suspending instruction, and departs from the stop s tation 

at a timing at which the departure suspending instr uction 

has been released. 

 Specific content of predetermined condition on the  

basis of one or both of “front direction density Df ” and 

“rear direction density Dr” will be described below . 

 [0034] 

(Functions of density calculation unit and departur e 

determination unit) 

 Fig. 2 is a diagram illustrating functions of the 

density calculation unit and the departure determin ation 

unit according to the first embodiment of the prese nt 

invention.  Further, vehicles 201 to 204 illustrate d in 

Fig. 2 are vehicles that travel along a first track  3a 

from the left of a paper surface to the right.  On the 

other hand, a vehicle 205 is a vehicle that travels  along 
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a second track 3b different from the first track 3a  from 

the right of the paper surface to the left.  The 

respective vehicles 201 to 205 travel in the respec tive 

travel directions while arriving at and departing f rom 

each station illustrated in Fig. 2.  Further, a plu rality 

of branches 3c are provided between the first track  3a and 

the second track 3b, and each of the vehicles 201 t o 205 

may follow a path to and from the first track 3a an d the 

second track 3b via the branch 3c. 

 [0035] 

 Hereinafter, the function of the density calculati on 

unit 101 will be described with reference to Fig. 2 . 

 The density calculation unit 101 calculates the 

“front direction density Df” and the “rear directio n 

density Dr” for each of the vehicles 201 to 20n on the 

basis of the position information of each of the ve hicles 

201 to 20n acquired by the vehicle position acquisi tion 

unit 100.  Specifically, the density calculation un it 101 

according to the present embodiment acquires the nu mber of 

the vehicles 201 to 20n which travel within the ran ge from 

the nearest position in front in the travel directi on of 

the specific target vehicle 20i to kf stations in f ront in 

the travel direction (kf is an integer equal to or greater 

than 1), and calculates the front direction density  Df of 

the target vehicle 20i to be “Df = number of vehicl es/kf”.  
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Similarly, the density calculation unit 101 acquire s the 

number of the vehicles 201 to 20n which travel with in the 

range from the nearest position at the rear in the travel 

direction of the target vehicle 20i to kr stations at the 

rear in the travel direction (kr is an integer equa l to or 

greater than 1), and calculates the rear direction density 

Dr of the target vehicle 20i to be “Dr = number of 

vehicles/kr”.  Further, in the following descriptio n, a 

range from the nearest position in front in the tra vel 

direction of the target vehicle 20i to front kf sta tions 

in the travel direction is referred to as a “vehicl e 20i 

front region”.  Further, a range from the nearest p osition 

at the rear in the travel direction of the target v ehicle 

20i to rear kr stations in the travel direction is 

referred to as a “vehicle 20i rear region”. 

 [0036] 

 Fig. 2 illustrates, for example, a case in which t he 

target vehicle 20i is the vehicle 203, and the dens ity 

calculation unit 101 obtains the front direction de nsity 

Df and the rear direction density Dr of the vehicle  203 

within the range of three stations (kf = 3) in fron t in 

the travel direction of the vehicle 203 and three s tations 

(kr = 3) at the rear thereof.  The vehicle 203 stop s at a 

station H4, as illustrated in Fig. 2.  In this case , a 

front region of the vehicle 203 is a range determin ed to 
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be a section from a nearest position in front in th e 

travel direction of the own vehicle to a station H7  (Fig. 

2).  On the other hand, a rear region of the vehicl e 203 

is a range determined to be a section from a neares t 

position at the rear in the travel direction of the  own 

vehicle to the station H3 (Fig. 2).  Further, the f ront 

region of the vehicle 203 and the rear region of th e 

vehicle 203 move to follow the travel of the vehicl e 203.  

For example, if the vehicle 203 has moved from the station 

H4 to the station H5, the front region of the vehic le 203 

includes three stations (stations H6 to H8 (the sta tion H8 

is not illustrated)) in front in the travel directi on from 

the station H5, and the rear region of the vehicle 203 

includes the three stations (stations H2 to H4) at the 

rear in the travel direction from the station H5. 

 [0037] 

 According to the example illustrated in Fig. 2, 

another vehicle 202 is present in the front region (kf = 

3) of the vehicle 203.  Accordingly, the density 

calculation unit 101 calculates the front direction  

density Df to be “1/3”.  Another vehicle 204 is pre sent in 

the rear region (kr = 3) of the vehicle 203.  Accor dingly, 

the density calculation unit 101 calculates the rea r 

direction density Dr to be “1/3”.  Further, when th e 

density calculation unit 101 calculates the front 
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direction density Df, the density calculation unit 101 

considers only the vehicles 201 to 20n that travel in 

advance along a path along which the vehicle 203 is  

scheduled to travel.  Accordingly, in the example 

illustrated in Fig. 2, in the calculation of the fr ont 

direction density Df of the vehicle 203, the vehicl e 205 

traveling a path (second track 3b) different from t he path 

(first track 3a) along which the vehicle 203 is sch eduled 

to travel is not considered.  Further, in the calcu lation 

of the rear direction density Dr, the other vehicle s 201 

to 20n traveling along the path (second track 3b) 

different from the path (first track 3a) along whic h the 

vehicle 203 has travelled is not considered. 

 [0038] 

 Next, a function of the departure determination un it 

102 will be described. 

 The departure determination unit 102 adjusts a 

departure time at a stop station of the target vehi cle 20i 

on the basis of the front direction density Df and the 

rear direction density Dr of the target vehicle 20i .  

Specifically, when a front and rear direction densi ty 

difference ∆D that is a value obtained by subtracting the 

rear direction density Dr from the front direction density 

Df exceeds a predetermined density difference thres hold 

value α ( α is a value greater than or equal to 0) ( ∆D > α), 
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the departure determination unit 102 suspends trans mission 

of the departure instruction to the target vehicle 20i 

until a condition that the front and rear direction  

density difference ∆D is equal to or less than the density 

difference threshold value α ( ∆D ≤ α) is satisfied, to 

delay the departure time of the target vehicle 20i.  

 [0039] 

 Here, the density difference threshold value α is 

assumed to have been set to “0”.  In this case, acc ording 

to the example illustrated in Fig. 2, the departure  

determination unit 102 calculates the front and rea r 

direction density difference ∆D to be “ ∆D = 0 (= Df-Dr)” 

from the front direction density Df = 1/3 and the 

candidate density Dr = 1/3 for the vehicle 203 that  is the 

target vehicle 20i.  Then, the vehicle 203 satisfie s ∆D ≤ 

α (= 0), and thus, the departure determination unit 102 

transmits the departure instruction to the vehicle 203 at 

a predetermined timing of departure.  The vehicle 2 03 

receives the departure instruction and departs from  the 

stop station H4. 

 [0040] 

 Here, in the above description, in the departure 

determination unit 102, a condition that the transm ission 

of the departure instruction to the target vehicle 20i is 

suspended are ∆D > α, and a condition that the departure 
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instruction is transmitted to the target vehicle 20 i are 

also ∆D ≤ α.  However, in the departure determination unit 

102 according to another embodiment, the condition that 

the transmission of the departure instruction to th e 

target vehicle 20i is suspended may be ∆D > α, and the 

condition that the departure instruction is transmi tted to 

the target vehicle 20i may be ∆D ≤ β (< α) using β 

different from α. 

 By doing so, a period in which the departure 

instruction is suspended is set to be longer, and t hus, it 

is possible to reduce a frequency at which adjustme nt is 

performed. 

 [0041] 

(Process flow of operation management device accord ing to 

first embodiment) 

 Fig. 3 is a flowchart illustrating a process flow of 

the operation management device according to the fi rst 

embodiment of the present invention. 

 The operation management device 10 according to th e 

present embodiment executes the process flow to be 

described below (Fig. 3) using the vehicle position  

acquisition unit 100, the density calculation unit 101, 

and the departure determination unit 102 described above.  

Further, the process flow in Fig. 3 is a process fl ow 

until the departure instruction is transmitted to t he 
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target vehicle 20i which has stopped at a predeterm ined 

station. 

 [0042] 

 In the operation management device 10 according to  

the present embodiment, a minimum stop time Tmin wh ich is 

a period of time in which each of the vehicles 201 to 20n 

should at least stop at the stop station in order t o 

ensure a time taken for a passenger to get on or of f is 

defined in advance.  The departure determination un it 102 

of the operation management device 10 first determi nes 

whether the minimum stop time Tmin has elapsed afte r 

receiving a notification indicating that the target  

vehicle 20i arrives at the stop station (step S10).   Here, 

when the minimum stop time Tmin has not elapsed (“N O” in 

step S10), the process does not proceed to the next  step 

until the minimum stop time Tmin elapses. 

 [0043] 

 If the minimum stop time Tmin has elapsed (“YES” i n 

step S10), the vehicle position acquisition unit 10 0 of 

the operation management device 10 first acquires t he 

position information of the respective vehicles 201  to 20n 

traveling along the track 3 from the vehicles 201 t o 20n 

(step S11).  Further, as described above, each of t he 

vehicles 201 to 20n can appropriately acquire, for example, 

the number of tire rotations of the own vehicle, or  
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position information indicating an exact position o f the 

own vehicle by communicating with position detectio n 

devices (not illustrated) provided at regular inter vals in 

the track 3.  Here, the position information is, fo r 

example, information represented in km on the track  3.  

Specifically, each of the vehicles 201 to 20n acqui res a 

position (km) in which the position detection devic e has 

been installed on the tracks 3 through the communic ation 

with the position detection device, and uniquely de fines 

the position (km) of the own vehicle on the basis o f an 

elapsed time from a timing of the communication, a travel 

speed, or the like. 

 Further, means with which the vehicle position 

acquisition unit 100 acquires the position informat ion of 

each of the vehicles 201 to 20n is not limited to t he 

above-described embodiment.  For example, the posit ion of 

each of the vehicles 201 to 20n may be acquired fro m 

predetermined coordinate information received by th e 

respective vehicles 201 to 20n from a satellite on the 

basis of a GPS (Global Positioning System). 

 [0044] 

 Then, the density calculation unit 101 calculates 

the front direction density Df and the rear directi on 

density Dr for the target vehicle 20i on the basis of the 

position information of each of the vehicles 201 to  20n 
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acquired in step S11 (step S12).  Also, the departu re 

determination unit 102 calculates the front and rea r 

direction density difference ∆D on the basis of the front 

direction density Df and the rear direction density  Dr 

calculated in step S12, and determines whether the front 

and rear direction density difference ∆D is equal to or 

less than the density difference threshold value α (step 

S13).  Here, when the condition that the front and rear 

direction density difference ∆D is equal to or less than 

the density difference threshold value α is not satisfied 

(“NO” in step S13), the departure determination uni t 102 

proceeds to step S11 and performs the process of ac quiring 

the position information and calculating the front 

direction density Df and the rear direction density  Dr 

again.  On the other hand, when the condition that the 

front and rear direction density difference ∆D is equal to 

or less than the density difference threshold value  α is 

satisfied (“YES” in step S13), the departure determ ination 

unit 102 immediately transmits the departure instru ction 

to the target vehicle 20i (step S14). 

 [0045] 

 The operation management device 10 executes the 

above-described process flow to realize a process o f 

suspending departure of the target vehicle 20i when  the 

front and rear direction density difference ∆D is greater 
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than the density difference threshold value α and 

transmitting the departure instruction to the targe t 

vehicle 20i at a time at which the front and rear 

direction density difference ∆D is less than the density 

difference threshold value α. 

 [0046] 

 Further, in the example of the above-described 

flowchart, the departure determination unit 102 of the 

operation management device 10 first determines whe ther 

the minimum stop time Tmin has elapsed to detect th at the 

minimum stop time Tmin has elapsed in step S10, and  then, 

performs the departure determination based on the 

determination of the front direction density Df, th e rear 

direction density Dr, and the front and rear direct ion 

density difference ∆D (steps S11 to S13).  However, other 

embodiments are not limited to such a processing or der.  

For example, the operation management device 10 may  

perform the determination as to whether the minimum  stop 

time Tmin has elapsed (step S10) after the determin ation 

of the front and rear direction density difference ∆D has 

been performed or may perform the determination 

simultaneously with and in parallel to the determin ation 

of the front and rear direction density difference ∆D.  

More specifically, for example, the operation manag ement 

device 10 first performs the process in steps S11, S12, 
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and S13, and repeats the process when the determina tion of 

the front and rear direction density difference ∆D is NO 

in step S13.  Also, the operation management device  10 may 

then perform the determination as to whether the mi nimum 

stop time Tmin has elapsed (step S10) when the 

determination is YES in step S13, and may perform a  

process of executing steps S11, S12, and S13 again when 

the determination is NO. 

 By doing so, the process of comparing the front 

direction density with the rear direction density ( steps 

S11 to S13) is performed without waiting for the mi nimum 

stop time Tmin, and thus, it is possible to include  a time 

required for the process itself in the waiting time  of 

Tmin, and to eliminate a delay of departure instruc tion 

transmission. 

 [0047] 

(Effects of operation management device according t o first 

embodiment) 

 Figs. 4A and 4B are first and second diagrams 

illustrating effects of the vehicular traffic syste m 

according to the first embodiment of the present in vention.  

The respective vehicles 201 to 204 illustrated in F igs. 4A 

and 4B are vehicles that travel along a first track  3a 

from the left of a paper surface to the right.  Fig s. 5A 

and 5B are third and fourth diagrams illustrating e ffects 
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of the vehicular traffic system according to the fi rst 

embodiment of the present invention.  The respectiv e 

vehicles 201 to 205 illustrated in Figs. 5A and 5B are 

vehicles that travel along the first track 3a from the 

left of a paper surface to the right, as in Figs. 4 A and 

4B. 

 [0048] 

 The operation management device 10 of the vehicula r 

traffic system 1 according to the present embodimen t 

performs operation management so that the vehicles 201 to 

20n operate at equal intervals on the basis of the 

processes of the respective functional units of the  

vehicle position acquisition unit 100, the density 

calculation unit 101, and the departure determinati on unit 

102 described above.  Here, specific effects of the  

operation management of the operation management de vice 10 

according to the present embodiment will be describ ed with 

reference to Figs. 4A and 4B and Figs. 5A and 5B.  Further, 

in an example described with reference to Figs. 4A and 4B 

and Figs. 5A and 5B, the example is focused on the 

operation of the vehicle 203 as the target vehicle 20i, 

and it is assumed that kf = kr = 3 and α = 0, as in the 

example illustrated in Fig. 2. 

 [0049] 

 First, effects of the operation management perform ed 
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in consideration of the front direction density Df will be 

described with reference to Figs. 4A and 4B. 

 In Fig. 4A, a state in which a vehicle (not 

illustrated) that travels in front in the travel di rection 

of the vehicle 201 traveling on the first track 3a suffers 

from any trouble and the departure time is delayed in the 

vehicular traffic system 1 is illustrated.  As illu strated 

in Fig. 4A, vehicle spacing between the vehicle 201  and 

the vehicle 202 is shorter than a normal vehicle sp acing 

under the influence of the delay of the departure t ime.  

Here, the description is focused on the vehicle 203  

illustrated in Fig. 4A.  The density calculation un it 101 

detects that two vehicles including the vehicle 201  and 

the vehicle 202 are present in the front region of the 

vehicle 203 on the basis of the position informatio n 

acquired through the vehicle position acquisition u nit 100.  

Similarly, the density calculation unit 101 detects  that 

one vehicle including the vehicle 204 is present in  the 

rear region of the vehicle 203 on the basis of the 

acquired position information.  Also, the density 

calculation unit 101 calculates the front direction  

density Df for the vehicle 203 to be “2/3” the rear  

direction density Dr to be “1/3”. 

 [0050] 

 Then, the departure determination unit 102 
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calculates the front and rear direction density dif ference 

∆D (= Df −Dr) to be “ ∆D = +1/3” from the front direction 

density Df and the rear direction density Dr calcul ated by 

the density calculation unit 101.  Thus, since the 

condition ( ∆D ≤ α) that the front and rear direction 

density difference ∆D (= +1/3) is equal to or less than 

the density difference threshold value α (= 0) is not 

satisfied, the departure determination unit 102 sus pends 

the transmission of the departure instruction to th e 

vehicle 203.  In the example illustrated in Fig. 4A , 

although there are no other vehicles 201 to 20n sto p at a 

station H5, the vehicle 203 intentionally waits at the 

stop station H4 without proceeding to the station H 5. 

 [0051] 

 Then, the vehicular traffic system 1 transitions 

from the state illustrated in Fig. 4A to a state 

illustrated in Fig. 4B.  Here, Fig. 4B illustrates a state 

immediately after the vehicle 201 has departed from  the 

station H7 in front in the travel direction of the vehicle 

203.  Then, the vehicle in the front region of the vehicle 

203 is only one vehicle including the vehicle 202.  Thus, 

the density calculation unit 101 calculates the fro nt 

direction density Df of the vehicle 203 to be “1/3” .  

Subsequently, the departure determination unit 102 

calculates the front and rear direction density dif ference 
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∆D (= Df −Dr) to be “ ∆D = 0”.  Thus, since the condition 

( ∆D ≤ α) that the front and rear direction density 

difference ∆D (= 0) is equal to or less than the density 

difference threshold value α (= 0) is satisfied, the 

departure determination unit 102 immediately transm its the 

departure instruction to the vehicle 203 (at this p oint, 

the minimum stop time Tmin is assumed to have elaps ed).  

The vehicle 203 receives the departure instruction from 

the departure determination unit 102 and departs fr om the 

stop station H4. 

 [0052] 

 According to the vehicular traffic system 1 of the  

present embodiment, when the operation of the vehic les 201 

to 20n becomes nonuniform due to vehicle’s trouble or the 

like (Fig. 4A), the operation management device 10 

performs the operation management as described abov e, and 

thus, it is possible to rapidly uniformize the vehi cle 

spacing.  For example, in the case of a conventiona lly 

used operation management device, the vehicle 203 d eparts 

from the station H4 toward the station H5 according  to a 

determined timetable even when the vehicle spacing in 

front of the vehicle 203 becomes short as illustrat ed in 

Fig. 4A.  As a result, the vehicles 201 to 203 ente r a 

more overcrowded state (overcrowding state), causin g 

nonuniform provision of a transportation service.  Further, 
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once the vehicles enter such an overcrowded state, it 

takes time to return to normal vehicle spacing. 

 [0053] 

 On the other hand, according to the vehicular 

traffic system 1 of the present embodiment, in the example 

illustrated in Figs. 4A and 4B, the density calcula tion 

unit 101 detects a state of the density of the othe r 

vehicles 201 and 202 that are in the range of the f ront 

region of the vehicle 203.  Also, if the vehicles a re 

“dense” in the region, the departure determination unit 

102 immediately suspends the departure of the vehic le 203 

even though the next station is available, and thus  it is 

possible to prevent a more overcrowded state (overc rowding 

state) in advance.  Further, when a delay is genera ted in 

front of the vehicle 203, according to the conventi onal 

operation management device, the departure time of the 

vehicle 203 is adjusted on the basis of vehicle spa cing 

with the nearest vehicle 202 in front of the vehicl e 203, 

whereas according to the vehicular traffic system 1  of the 

present embodiment, the departure of the vehicle 20 3 is 

determined on the basis of departure of the vehicle  201 

from the station H7, as in Fig. 4B.  That is, when it is 

determined that the vehicles is out of the “dense” state 

in the front region of the vehicle 203, the departu re 

determination unit 102 immediately transmits the de parture 
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instruction to the vehicle 203 regardless of the ve hicle 

spacing between the vehicle 203 and the vehicle 202  

traveling in a nearest position.  This process impl icitly 

involves prediction that if the vehicle spacing bet ween 

the vehicle 203 and the vehicle 202 has been small,  there 

is some room in the vehicle spacing between the veh icle 

202 and the vehicle 201, and thus, the vehicle 202 will 

smoothly travel. 

 [0054] 

 That is, when the vehicular traffic system 1 

according to the present embodiment detects that th e 

vehicles enter a “dense” state in the target vehicl e 20i 

front region, the vehicular traffic system 1 immedi ately 

delays the departure and prevents a more overcrowde d state 

(overcrowding state) in advance.  Further, when it is 

determined that the vehicle 20i front region is out  of the 

“dense” state, the target vehicle 20i is caused to depart 

without waiting for the vehicle spacing between the  target 

vehicle 20i and the vehicles 201 to 20n traveling i n a 

nearest position in front in the travel direction o f the 

target vehicle 20i increases.  Thus, the vehicular traffic 

system 1 according to the present embodiment determ ines, 

for the target vehicle 20i, the departure/stop of t he 

target vehicle 20i from a step before the vehicles 201 to 

20n enter the overcrowded state on the basis of the  
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vehicle density in the vehicle 20i front region, an d thus, 

when provision of a transportation service becomes 

nonuniform, it is possible to shorten the time to s olve 

this. 

 [0055] 

 Next, the effects of the operation management 

performed in consideration of the rear direction de nsity 

Dr will be described with reference to Figs. 5A and  5B. 

 Fig. 5A illustrates a state in which two vehicles 

including the vehicles 201 and 202 travel in the fr ont 

region of the vehicle 203 and two vehicles includin g the 

vehicles 204 and 205 travel in the rear region of t he 

vehicle 203 in the vehicular traffic system 1.  Her e, the 

front direction density Df and the rear direction d ensity 

Dr of the vehicle 203 are “Df = 2/3” and “Dr = 2/3” , 

respectively, and the vehicle 203 satisfies the dep arture 

condition ∆D ≤ α (= 0).  Thus, the departure determination 

unit 102 transmits the departure instruction to the  

vehicle 203 after the minimum stop time Tmin has el apsed. 

 [0056] 

 Here, a delay of the departure time is assumed to 

occur in the vehicle 205 (which stops at the statio n H1) 

located in the rear of the vehicle 203.  Then, the 

vehicles other than the vehicle 205 travel, and 

accordingly, the respective vehicles 201 to 205 ent er the 
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state illustrated in Fig. 5B.  As illustrated in Fi g. 5B, 

as a result of the delay, the vehicle 205 is out of  the 

rear region of the vehicle 203 and only the vehicle  204 is 

included, and thus, the rear direction density Dr o f the 

vehicle 203 becomes “Dr = 1/3”.  Then, the front di rection 

density Df and the rear direction density Dr are “D f = 

2/3” and “Dr = 1/3”, respectively, and the vehicle 203 

does not satisfy the departure condition ∆D ≤ α (= 0).  

Thus, the departure determination unit 102 suspends  the 

transmission of the departure instruction to the ve hicle 

203 in the stop station H5. 

 [0057] 

 Thus, in the example illustrated in Figs. 5A and 5 B, 

the vehicle 203 detects a state of the density of t he 

other vehicles 204 and 205 that are within the rang e of 

the rear region of the vehicle 203, and immediately  

suspends the departure when the region is “uncrowde d”, 

thereby preventing a further uncrowded state (uncro wded 

state) in advance.  Further, when the delay is gene rated 

in the rear of the vehicle 203, the departure time of the 

vehicle 203 is adjusted on the basis of the vehicle  

spacing between the vehicle 203 and the rear neares t 

vehicle 204 according to the conventional operation  

management device, whereas according to the vehicul ar 

traffic system 1 of the present embodiment, when th e 
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vehicle 205 arrives at the station H2 after the sta te of 

Fig. 5B, the departure of the vehicle 203 is determ ined 

regardless of the vehicle spacing between the vehic le 203 

and the vehicle 204. 

 [0058] 

 Thus, the vehicular traffic system 1 according to 

the present embodiment determines departure/stop of  the 

target vehicle 20i from a step before each of the v ehicles 

201 to 20n enters a uncrowded state on the basis of  the 

vehicle density in the vehicle 20i rear region for the 

target vehicle 20i, and thus, when the provision of  the 

transportation service becomes nonuniform, it is po ssible 

to advance a time until the nonuniform provision is  

resolved. 

 [0059] 

 Further, a case in which the preceding vehicle 201  

has been out of the front region of the vehicle 203  before 

the vehicle 205 belongs to the vehicle 203 rear reg ion due 

to the stop of the vehicle 203 in the example illus trated 

in Fig. 5B will be described.  In this case, the fr ont 

direction density Df and the rear direction density  Dr for 

the vehicle 203 are “Df = 1/3” (only one vehicle 20 2) and 

“Dr = 1/3” (only one vehicle 204), respectively.  

Accordingly, in this case, since condition that the  front 

and rear direction density difference ∆D is equal to or 
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less than the density difference threshold value α ( ∆D ≤ 

α) is satisfied, the departure determination unit 10 2 

immediately transmits the departure instruction to the 

vehicle 203 (at this time, the minimum stop time Tm in is 

assumed to elapse). 

 [0060] 

 Here, in Fig. 5B, the departure determination unit  

102 suspends departure of the vehicle 203 in order to 

prevent the rear region of the vehicle 203 from ent ering 

an uncrowded state (uncrowding state), and as a res ult, 

this time, the front region of the vehicle 203 may enter 

uncrowded state.  Accordingly, the departure determ ination 

unit 102 transmits a departure instruction to the v ehicle 

203 even when the preceding vehicle 201 is out of t he 

front region of the vehicle 203 before the vehicle 205 

belongs to the vehicle 203 rear region as described  above, 

such that the front direction density Df and the re ar 

direction density Dr become uniform as much as poss ible.  

Thus, the departure determination unit 102 determin es a 

transmission timing of the departure instruction on  the 

basis of information of both of the front direction  

density Df and the rear direction density Dr, and t hus, it 

is possible to more effectively suppress nonuniform  

provision of the transportation service. 

 [0061] 
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 As described above, according to the vehicular 

traffic system 1 of the first embodiment of the pre sent 

invention, when the provision of the transportation  

service using vehicles becomes nonuniform, the adju stment 

of the departure time of each of the vehicles 201 t o 20n 

is performed from a step before the vehicles enter the 

overcrowded state or the uncrowded state, and thus,  it is 

possible to resolve such a state more rapidly. 

 Further, according to the vehicular traffic system  1, 

the departure time is adjusted so as to prevent eac h 

vehicle from entering the overcrowded state and the  

uncrowded state, and thus, for example, even when i t is 

difficult for some vehicles to operate due to their  

failure, other vehicles can wait for while maintain ing the 

vehicle spacing not to enter the overcrowded state and the 

uncrowded state according to the stop of the failur e 

vehicles. 

 [0062] 

 Further, the examples (Figs. 4A, 4B, 5A, and 5B) 

used in the above description are examples simplifi ed for 

convenience of description, and application of the 

vehicular traffic system 1 according to the present  

embodiment is not limited to such examples.  For ex ample, 

while the density calculation unit 101 calculates t he 

front direction density Df and the rear direction d ensity 
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Dr in a range corresponding to three stations in fr ont of 

the target vehicle 20i and three stations at the re ar 

thereof (kf = kr = 3) in the above description, a w ider 

range, for example, ten stations in front of the ta rget 

vehicle and ten stations at the rear thereof (kf = kr = 

10), may be set in the case of a route including te ns of 

stations.  Further, the values of kf and kr may be 

different. 

 [0063] 

 Further, while the density calculation unit 101 

according to the present embodiment has calculated the 

front direction density Df and the rear direction d ensity 

Dr using the number of vehicles present within the range 

corresponding to the front kf stations and the rear  kr 

stations in the travel direction in the position in  which 

the target vehicle 20i is present, the density calc ulation 

unit 101 according to another embodiment of the pre sent 

invention is not limited to such an aspect.  The de nsity 

calculation unit 101 according to another embodimen t may 

calculate the front direction density Df and the re ar 

direction density Dr, for example, using the number  of 

vehicles present within a predetermined line distan ce in 

the track 3 (for example, 10 km in front of the tar get 

vehicle 20i and 10 km at the rear thereof). 

 Similarly, the density calculation unit 101 may 
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calculate the front direction density Df and the re ar 

direction density Dr using the number of vehicles p resent 

within a predetermined line section divided at regu lar 

intervals in the track 3 (for example, 10 sections in 

front of the target vehicle 20i and 10 sections at the 

rear thereof).  Thus, even when the spacing between  

stations installed in the track 3 is greatly nonuni form, 

the adjustment of the departure time can be appropr iately 

performed on the basis of the density of the vehicl es in 

an actual line distance or line section. 

 Further, the density calculation unit 101, for 

example, may calculate an inter-vehicle distance L from a 

third vehicle through counting from the nearest pos ition 

in front (at the rear) in the travel direction of t he 

target vehicle 20i, and calculate the front directi on 

density Df (the rear direction density Dr) for the target 

vehicle 20i on the basis of the inter-vehicle dista nce L.  

In this case, the density calculation unit 101 may 

calculate, for example, the front direction density  Df 

(the rear direction density Dr) to be “Df(Dr) = 3/L ”. 

 Further, the density calculation unit 101 may obta in 

an inter-vehicle distance L1 from a first vehicle t hrough 

counting from the nearest position in front (at the  rear) 

in the travel direction of the target vehicle 20i, an 

inter-vehicle distance L2 from a second vehicle, an d an 
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inter-vehicle distance L3 from a third vehicle, and  

calculate the front direction density Df (the rear 

direction density Dr) to be Df(Dr) = 1/L1+1/L2+1/L3 .  BY 

doing so, density comparison can be performed in 

consideration of the distance of each vehicle locat ed in 

front and rear of the target vehicle 20i, and a tim ing of 

departure can be controlled in greater detail. 

 [0064] 

 Further, the process of the departure determinatio n 

unit 102 of the vehicular traffic system 1 accordin g to 

another embodiment of the present invention is not limited 

to the aspect in which the departure time is adjust ed on 

the basis of both of the front direction density Df  and 

the rear direction density Dr.  That is, while the 

departure determination unit 102 according to the f irst 

embodiment has adjusted the departure time at the s top 

station of the target vehicle 20i on the basis of t he 

front and rear direction density difference ∆D (= Df −Dr), 

the departure determination unit 102 according to t he 

other embodiment may adjust the departure time of t he 

target vehicle 20i, for example, on the basis of on ly one 

of the front direction density Df and the rear dire ction 

density Dr. 

 [0065] 

 For example, the departure determination unit 102 
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may adjust the departure time at the stop station o f the 

target vehicle 20i on the basis of a magnitude 

relationship between the front direction density Df  and a 

predetermined front direction density threshold val ue Dfth 

(Dfth is a value equal to or greater than 0).  More  

specifically, when the front direction density Df i s 

greater than the predetermined front direction dens ity 

threshold value Dfth (Df > Dfth), the departure 

determination unit 102 may suspend the transmission  of the 

departure instruction until the front direction den sity Df 

is equal to or smaller than the front direction den sity 

threshold value Dfth to delay the departure time at  the 

stop station of the target vehicle 20i.  Conversely , when 

the front direction density Df is smaller than the 

predetermined front direction density threshold val ue Dfth 

(Df < Dfth), the departure determination unit 102 a dvances 

a transmission time of the departure instruction un til the 

front direction density Df is equal to or greater t han the 

front direction density threshold value Dfth to adv ance 

the departure time at the stop station of the targe t 

vehicle 20i. 

 [0066] 

 Similarly, the departure determination unit 102 ma y 

adjust the departure time at the stop station of th e 

target vehicle 20i on the basis of a magnitude 
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relationship between the rear direction density Dr and a 

predetermined rear direction density threshold valu e Drth 

(Drth is a value equal to or greater than 0).  More  

specifically, when the rear direction density Dr is  

smaller than the predetermined rear direction densi ty 

threshold value Drth (Dr < Drth), the departure 

determination unit 102 may suspend the transmission  of the 

departure instruction until the rear direction dens ity Dr 

is equal to or greater than the rear direction dens ity 

threshold value Drth to delay the departure time at  the 

stop station of the target vehicle 20i.  Conversely , when 

the rear direction density Dr is greater than the 

predetermined rear direction density threshold valu e Drth 

(Dr > Drth), the departure determination unit 102 m ay 

advance a transmission time of the departure instru ction 

until the rear direction density Dr is equal to or smaller 

than the rear direction density threshold value Drt h to 

advance the departure time at the stop station of t he 

target vehicle 20i. 

 [0067] 

 Thus, even when the operation management of the 

respective vehicles 201 to 20n is performed on the basis 

of only any one of the front direction density Df a nd the 

rear direction density Dr, if the provision of the 

transportation service becomes nonuniform, an effec t of 
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advancing a time until this is resolved is obtained .  

Further, since information to be referred to in the  

operation management of the respective vehicles 201  to 20n 

is only any one of the front direction density Df a nd the 

rear direction density Dr, a load of the process in  each 

of the vehicle position acquisition unit 100, the d ensity 

calculation unit 101, and the departure determinati on unit 

102 can be reduced. 

 [0068] 

 Further, while the operation management device 10 

according to the present embodiment adjusts the dep arture 

time at the stop station of the target vehicle 20i to 

obtain effects of uniformizing the vehicle spacing of the 

respective vehicles 201 to 20n, the operation manag ement 

device 10 according to the present embodiment is no t 

limited to this process when uniformizing the vehic le 

spacing of the respective vehicles 201 to 20n.  For  

example, the operation management device 10 decreas es the 

travel speed of the target vehicle 20i or stops the  

vehicle between stations, instead of adjusting the 

departure time of the stop station when uniformizin g the 

vehicle spacing of the respective vehicles 201 to 2 0n. 

 [0069] 

<Second Embodiment> 

 Next, a vehicular traffic system according to a 
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second embodiment of the present invention will be 

described.  Since a functional configuration of a 

vehicular traffic system 1 according to the second 

embodiment is the same as that of the vehicular tra ffic 

system 1 (Fig. 1) according to the first embodiment , 

description thereof is omitted. 

 [0070] 

 The vehicular traffic system 1 according to the 

second embodiment is different from that of the fir st 

embodiment in a process flow executed by the operat ion 

management device 10.  Here, the operation manageme nt 

device 10 according to the first embodiment perform s a 

process flow in which the operation management devi ce 10 

waits for the front and rear direction density diff erence 

∆D to be equal to or smaller than the predetermined 

density difference threshold value α ( ∆D ≤ α) on the basis 

of both pieces of information including the front 

direction density Df and the rear direction density  Dr, 

and then, transmits the departure instruction to th e 

target vehicle 20i, as described above.  On the oth er hand, 

the departure determination unit 102 according to t he 

second embodiment calculates a time for which the t arget 

vehicle 20i should wait at the stop station (waitin g time 

Tw) from a value of the front and rear direction de nsity 

difference ∆D calculated from the front direction density 
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Df and the rear direction density Dr, and transmits  the 

departure instruction when the waiting time Tw has elapsed. 

 [0071] 

 The departure determination unit 102 calculates, f or 

example, the waiting time Tw as shown in Equation ( 1) on 

the basis of the front and rear direction density 

difference ∆D. 

 [0072] 

[Equation 1] 

 

 [0073] 

 Here, the value q is a predetermined coefficient 

having a value equal to or greater than 0.  Accordi ng to 

Equation (1), as the front and rear direction densi ty 

difference ∆D of the target vehicle 20i increases, that is, 

as the front is “denser” than the rear, the waiting  time 

Tw of the target vehicle 20i increases.  Thus, when  

density of the other vehicles 201 to 20n is small b efore 

and after the target vehicle 20i, the waiting time Tw is 

set to be small, and when the density of the other 

vehicles 201 to 20n is great, the waiting time Tw i s 

accordingly set to be great.  Accordingly, the effe ct of 

solving the nonuniformity of the operation of vehic les 201 

to 20n is obtained.  Further, when the front and re ar 
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direction density difference ∆D is smaller than 0 (that is, 

when the rear is “denser” than the front), the wait ing is 

not performed (Tw = 0).  For the coefficient q, an optimal 

constant obtained from, for example, an empirical r ule or 

a simulation result may be selected. 

 [0074] 

 Further, the coefficient q may be, for example, a 

variable based on a “front inter-vehicle distance L f” and 

a “rear inter-vehicle distance Lr” of the target ve hicle 

20i.  Here, the “front inter-vehicle distance Lf” i s an 

inter-vehicle distance between the target vehicle 2 0i and 

the other vehicles 201 to 20n traveling in the near est 

position in front in the travel direction of the ta rget 

vehicle 20i.  The “rear inter-vehicle distance Lr” is an 

inter-vehicle distance between the target vehicle 2 0i and 

other vehicles 201 to 20n traveling in the nearest 

position at the rear in the travel direction of the  target 

vehicle 20i.  In this case, the departure determina tion 

unit 102 may calculate the coefficient q as shown i n 

Equation (2) on the basis of the front inter-vehicl e 

distance Lf and the rear inter-vehicle distance Lr.  

 [0075] 

[Equation 2] 
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 [0076] 

 Here, the value q’ is a predetermined coefficient 

having a value equal to or greater than 0.  Accordi ng to 

Equation (2), as the front inter-vehicle distance L f is 

greater than the rear inter-vehicle distance Lr, th e value 

of the coefficient q tends to increase and the wait ing 

time Tw tends to increase.  Conversely, when the fr ont 

inter-vehicle distance Lf is smaller than the rear inter-

vehicle distance Lr, the value of the coefficient q  tends 

to decrease and the waiting time Tw tends to decrea se.  

Further, when the rear inter-vehicle distance Lr is  

greater than the front inter-vehicle distance Lf, t he 

coefficient q is set to 0 and, in this case, waitin g is 

not performed (Tw = 0).  Effects of the process in which 

the departure determination unit 102 determines the  

waiting time Tw of the target vehicle 20i according  to 

such an algorithm will be described below. 

 [0077] 

(Process flow of operation management device accord ing to 

second embodiment) 

 Fig. 6 is a flowchart illustrating a process flow of 

the operation management device according to the se cond 
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embodiment of the present invention. 

 The operation management device 10 according to th e 

present embodiment executes the process flow (Fig. 6) to 

be described below.  Further, the process flow of F ig. 6 

is a process flow until the departure instruction i s 

transmitted to the target vehicle 20i which stops a t a 

predetermined station. 

 [0078] 

 First, the vehicle position acquisition unit 100 o f 

the operation management device 10 acquires the pos ition 

information of each of the vehicles 201 to 20n trav eling 

along the track 3 (step S21). 

 Then, the density calculation unit 101 calculates 

the front direction density Df and the rear directi on 

density Dr of the target vehicle 20i on the basis o f the 

position information of each of the vehicles 201 to  20n 

acquired in step S21.  Further, the density calcula tion 

unit 101 acquires the front inter-vehicle distance Lf and 

the rear inter-vehicle distance Lr of the target ve hicle 

20i (step S22).  Also, the departure determination unit 

102 calculates the front and rear direction density  

difference ∆D on the basis of the front direction density 

Df and the rear direction density Dr calculated in step 

S22, and calculates the coefficient q (Equation (2) ) on 

the basis of the front inter-vehicle distance Lf an d the 
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rear inter-vehicle distance Lr.  Also, the departur e 

determination unit 102 calculates the waiting time Tw on 

the basis of Equation (1) (step S23).  Here, when t he 

calculated waiting time Tw is less than the minimum  stop 

time Tmin determined to ensure the time taken for a  

passenger to get on or off, the departure determina tion 

unit 102 sets the minimum stop time Tmin to the wai ting 

time Tw. 

 [0079] 

 Then, the departure determination unit 102 first 

determines whether the waiting time Tw has elapsed after 

the target vehicle 20i arrives at the stop station (step 

S24).  Here, when the waiting time Tw has not elaps ed 

(“NO” in step S24), the process does not proceed to  the 

next step until the waiting time Tw elapses.  When the 

waiting time Tw has elapsed (“YES” in step S24), th e 

departure determination unit 102 transmits the depa rture 

instruction to the target vehicle 20i (step S25). 

 [0080] 

 The operation management device 10 executes the 

above-described process flow to realize a process i n which 

the departure instruction is transmitted to the tar get 

vehicle 20i at a time at which the waiting time Tw 

obtained using a predetermined calculation equation  on the 

basis of the front and rear direction density diffe rence 
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∆D, the front inter-vehicle distance Lf, and the rea r 

inter-vehicle distance Lr has elapsed. 

 [0081] 

 According to the process flow (Fig. 6) as describe d 

above, the operation management device 10 performs the 

acquisition of the position information of the vehi cles 

201 to 20n (step S21) and the calculation of variou s 

parameters (Df, Dr, Lf, and Lr) (step S22), and the n, 

waits for the waiting time Tw calculated according to 

these.  Accordingly, the operation management devic e 10 

according to the present embodiment may perform, on ce, a 

process of the acquisition of the position informat ion of 

the vehicles 201 to 20n in the vehicle position 

acquisition unit 100 and the calculation of the var ious 

parameters (Df, Dr, Lf, and Lr) in the density calc ulation 

unit 101 in the process of adjusting the departure time of 

the target vehicle 20i.  Accordingly, the repeated 

acquisition of the position information and the rep eated 

calculation of the various parameters (Df and Dr) ( Fig. 3) 

are not performed unlike the operation management d evice 

10 according to the first embodiment, and thus, it is 

possible to reduce a processing load of the operati on 

management device 10 as compared to the first embod iment. 

 [0082] 

(Effects of operation management device according t o 
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second embodiment) 

 Fig. 7 is a diagram illustrating effects of the 

vehicular traffic system according to the second 

embodiment of the present invention.  Here, vehicle s 201 

to 204 illustrated in Fig. 7 are vehicles that trav el 

along a first track 3a from the left of a paper sur face to 

the right.  Further, in the example described with 

reference to Fig. 7, the example is focused on an 

operation of the vehicle 203 as a target vehicle 20 i, and 

it is assumed that kf = kr = 3 is set, similarly to  the 

example illustrated in Figs. 2, 4A, 4B, 5A, and 5B.  

 [0083] 

 Effects of the operation management performed in 

consideration of the front inter-vehicle distance L f and 

the rear inter-vehicle distance Lr will be describe d with 

reference to Fig. 7. 

 As illustrated in Fig. 7, for the vehicle 203 stop  

at a station H4, two vehicles including the vehicle  201 

and the vehicle 202 are present in a front region o f the 

vehicle 203.  Further, vehicle spacing therebetween  is 

smaller than normal vehicle spacing.  Further, as 

illustrated in Fig. 7, an inter-vehicle distance be tween 

the vehicle 202 and the vehicle 203 is great, and a  front 

inter-vehicle distance Lf that is a distance betwee n the 

vehicle 203 and the nearest vehicle 202 in front in  the 
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travel direction of the vehicle 203 is relatively g reat.  

On the other hand, only one vehicle including a veh icle 

204 is present in a rear region of the vehicle 203.   

Further, as illustrated in Fig. 7, the vehicle spac ing 

between the vehicle 204 and the vehicle 203 is smal l, and 

a rear inter-vehicle distance Lr that is a distance  

between the vehicle 203 and the nearest vehicle 204  at the 

rear in the travel direction of the vehicle 203 is smaller 

than the front inter-vehicle distance Lf (Lf −Lr <0). 

 [0084] 

 Here, when the departure determination unit 102 

simply calculates the waiting time Tw on the basis of only 

the front direction density Df and the rear directi on 

density Dr of the vehicle 203, the front and rear 

direction density difference ∆D has a positive value in 

the state illustrated in Fig. 7, and thus, the vehi cle 203 

waits for a predetermined waiting time Tw at the st ation 

H4 (Equation (1)).  However, in the case of Fig. 7,  in 

fact, the front inter-vehicle distance Lf of the ve hicle 

203 is greater than the rear inter-vehicle distance  Lr, 

and the vehicle 203 rather enters a state in which vehicle 

spacing between the vehicle 203 and the rear vehicl e 204 

is small.  In such a state, when the waiting time T w is 

generated for the vehicle 203, a more overcrowded s tate 

(overcrowding state) may be caused at the rear of t he 
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vehicle 203.  Therefore, in such a case, it is pref erable 

to rapidly cause the vehicle 203 to depart by setti ng the 

waiting time Tw to 0 even when the front direction density 

Df is high.  That is, the operation management devi ce 10 

according to the present embodiment can select an 

appropriate operation even when the vehicle spacing  

between the vehicle 203 and the nearest vehicle in front 

in the travel direction of the vehicle 203 is great  

despite the high front direction density Df. 

 [0085] 

 Thus, when the waiting time Tw is calculated, the 

waiting time Tw is weighted according to not only t he 

front direction density Df and the rear direction d ensity 

Dr, but also the rear inter-vehicle distance Lr and  the 

front inter-vehicle distance Lf.  Thus, when provis ion of 

a transportation service is nonuniform, the waiting  time 

is determined more accurately.  Accordingly, it is 

possible to rapidly uniformize the provision of the  

transportation service. 

 [0086] 

<Third Embodiment> 

 Next, a vehicular traffic system according to a 

third embodiment of the present invention will be 

described. 

 Fig. 8 is a diagram illustrating a functional 
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configuration of a vehicular traffic system accordi ng to 

the third embodiment of the present invention.  Amo ng 

functional components of a vehicular traffic system  1 

according to the third embodiment, the same functio nal 

components as those of the vehicular traffic system  1 

according to the first embodiment (Fig. 1) are deno ted 

with the same reference signs, and description ther eof is 

omitted. 

 [0087] 

 As illustrated in Fig. 8, the operation management  

device 10 of the vehicular traffic system 1 accordi ng to 

the present embodiment is configured to further inc lude a 

path determination unit 103, in addition to the fun ctional 

components of the vehicular traffic system 1 accord ing to 

the first embodiment.  Here, the path determination  unit 

103 is a functional unit that designates a travel p ath on 

the track 3 for each of the vehicles 201 to 20n.  T he path 

determination unit 103 transmits predetermined path  

information to each of the vehicles 201 to 20n acco rding 

to operation situation.  Here, the path information  is 

information for specifying a path of one of branche s when 

there are the branches or the like in the track 3.  When 

the vehicles 201 to 20n receive the path informatio n, the 

vehicles 201 to 20n select a path specified in the path 

information and travel along the path.  Further, th e path 



- 62 - 

determination unit 103 also outputs the same path 

information to the density calculation unit 101.  F or 

example, the density calculation unit 101 receiving  the 

path information transmitted to the predetermined t arget 

vehicle 20i sets the vehicle 20i front region and t he 

vehicle 20i rear region on the basis of the travel path 

designated in the path information.  Also, the dens ity 

calculation unit 101 calculates the front direction  

density Df on the basis of the vehicle 20i front re gion 

set here and the rear direction region Dr on the ba sis of 

the vehicle 20i rear region.  By doing so, when the  travel 

path of the target vehicle 20i is changed by the pa th 

determination unit 103, the density calculation uni t 101 

can calculate the front direction density Df and th e rear 

direction density Dr for the target vehicle 20i on the 

basis of the travel path set newly each time. 

 [0088] 

 Further, the vehicle position acquisition unit 100  

according to the present embodiment has a function of 

acquiring a travel direction of the plurality of ve hicles 

201 to 20n.  Specifically, the vehicle position 

acquisition unit 100 first detects transition of th e 

position of the vehicles 201 to 20n indicated by th e 

position information received from the vehicles 201  to 20n.  

Further, the vehicle position acquisition unit 100 
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determines the travel direction of the vehicles 201  to 20n 

to be, for example, “up” or “down” from the transit ion of 

the position of the vehicles 201 to 20n in the path  by 

referring to the path information of each of the ve hicles 

201 to 20n from the path determination unit 103.  F urther, 

means with which the vehicle position acquisition u nit 100 

acquires the travel direction of the vehicles 201 t o 20n 

is not limited to the above-described means, and ma y be 

any means as long as there is an effect of obtainin g 

travel direction information of the vehicles 201 to  20n. 

 [0089] 

 Figs. 9A and 9B are first and second diagrams 

illustrating effects of a vehicular traffic system 

according to the third embodiment of the present in vention.  

Further, vehicles 201 to 204 illustrated in Figs. 9 A and 

9B are vehicles traveling a first track 3a from the  left 

of a paper surface to the right.  On the other hand , a 

vehicle 205 is a vehicle traveling along a second t rack 3b 

different from the first track 3a from the right of  the 

paper surface to the left.  In an example to be des cribed 

with reference to Figs. 9A and 9B, the example is f ocused 

on an operation of the vehicle 203 as a target vehi cle 20i, 

and it is assumed that kf = kr = 3 and α = 0 are set, 

similarly to the example illustrated in Fig. 2 or t he like.  

Further, the process flow of the operation manageme nt 
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device 10 according to the third embodiment is assu med to 

be the same as the process flow (Fig. 3) in the fir st 

embodiment. 

 [0090] 

 Effects of the operation management performed in 

consideration of the change in the path will be des cribed 

with reference to Figs. 9A and 9B. 

 As illustrated in Fig. 9A, two vehicles including a 

vehicle 201 stopping at a station H7 on a first tra ck 3a 

and a vehicle 202 stopping at a station H5 are pres ent in 

front in a travel direction of the vehicle 203 stop  at a 

station H4.  Further, only one vehicle including a vehicle 

204 is present at the rear in the travel direction of the 

vehicle 203 (in a rear region of vehicle 203).  Fur ther, 

the vehicle 205 traveling along the second track 3b  in a 

direction opposite to the vehicle 203 stops at the station 

H5 in front in the travel direction of the vehicle 203. 

 [0091] 

 As illustrated in Fig. 9A, the nearest vehicle 202  

in front in the travel direction of the vehicle 203  is 

assumed to have been unable to operate at the stati on H5 

due to vehicle failure.  Then, the vehicle 203 is u nable 

to pass through a path on the first track 3a that h as been 

set initially.  Here, the path determination unit 1 03 

transmits path information indicating a new path (p ath A) 
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to the vehicle 203 so that the vehicle 203 continue s to 

operate.  Here, the path determination unit 103 set s, for 

example, a path (path A) for passing through the br anch 3c 

between the station H4 and the station H5 to enter the 

second track 3b and passing through the branch 3c b etween 

the station H5 and the station H6 to return to the first 

track 3a, as illustrated in Fig. 9A.  That is, the path 

determination unit 103 transmits, to the vehicle 20 3, the 

path information indicating the path (path A) that 

bypasses the vehicle 202 that is unable to operate due to 

failure. 

 [0092] 

 Then, the path determination unit 103 also outputs  

the path information indicating the same path (path  A) to 

the density calculation unit 101.  When the density  

calculation unit 101 receives the path information,  the 

density calculation unit 101 detects that the path of the 

vehicle 203 has been changed.  Also, the density 

calculation unit 101 resets the front region of the  

vehicle 203 for the path that has been newly set fo r the 

vehicle 203.  Here, the front region of the vehicle  203 is 

reset according to the newly set path A.  That is, the 

front region of the vehicle 203 is a range correspo nding 

to three stations in front in the travel direction along 

the path for passing through the branch 3c between the 
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station H4 and the station H5 to enter the second t rack 3b 

and passing through the branch 3c between the stati on H5 

and the station H6 to return to the first track 3a,  as 

illustrated in Fig. 9A. 

 [0093] 

 When the density calculation unit 101 resets the 

front region of the vehicle 203, the density calcul ation 

unit 101 immediately calculates the front direction  

density Df on the basis of the newly set front regi on of 

the vehicle 203.  Here, the vehicle 201 stopping at  the 

station H7 and the vehicle 205 traveling along the second 

track 3b are included in the reset front region of the 

vehicle 203, as illustrated in Fig. 9A.  Accordingl y, the 

density calculation unit 101 calculates the front 

direction density Df to be “2/3”.  In this case, si nce the 

rear direction density Dr is “1/3,” the vehicle 203  waits 

at the station H4. 

 [0094] 

 Next, it is assumed that the vehicle 205 departs 

from the station H5 and travels toward the station H4 

along a path B, as illustrated in Fig. 9B.  Then, t he 

vehicle 205 is out of the front region of the vehic le 203, 

and only the vehicle 201 belongs to the front regio n of 

the vehicle 203.  As a result, the front direction density 

Df becomes 1/3, and the vehicle 203 resumes the ope ration 
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along the path A. 

 [0095] 

 Thus, the path determination unit 103 according to  

the present embodiment sequentially outputs the pat h 

information indicating the changed path to the dens ity 

calculation unit 101, and thus, the density calcula tion 

unit 101 can calculate the front direction density Df for 

the newly selected path.  Accordingly, even when th e 

change of the path is instructed, the departure tim e of 

each of the vehicles 201 to 20n is adjusted so that  the 

vehicle spacing is uniform on the basis of the fron t 

direction density Df and the rear direction density  Dr 

that have been newly calculated. 

 [0096] 

 Further, the vehicular traffic system 1 according to 

the present embodiment may further have the followi ng 

functions. 

 Specifically, the vehicle position acquisition uni t 

100 acquires position information of the plurality of 

vehicles 201 to 20n and acquires travel direction 

information indicating a travel direction of each o f the 

vehicles 201 to 20n.  Also, the density calculation  unit 

101 receives the travel direction information, and 

determines whether there is a vehicle traveling in a 

direction opposite to the travel direction of the t arget 



- 68 - 

vehicle 20i in front in the travel direction of the  track 

3 along which the target vehicle 20i travels.  Also , when 

it is determined that there is a vehicle traveling in a 

direction opposite to the travel direction of the t arget 

vehicle 20i, the operation management device 10 per forms a 

predetermined correction process of increasing the front 

direction density Df for the target vehicle 20i.  H ere, in 

the example of Figs. 9A and 9B, the target vehicle 20i is 

a vehicle 203, and the “vehicle traveling in a dire ction 

opposite to the travel direction of the target vehi cle 

20i” is a vehicle 205. 

 [0097] 

 Here, the case in which the vehicle 205 travels 

along the path B and is out of the front region of the 

vehicle 203 while the vehicle 203 is stopping at th e 

station H4, and as a result, the front direction de nsity 

Df of the vehicles 203 decreases and the vehicle 20 3 can 

depart from the station H4 in the example illustrat ed in 

Figs. 9A and 9B has been described.  However, in th e 

example illustrated in Fig. 9A, in addition to the above 

description, the front direction density Df of the vehicle 

203 decreases and the vehicle 203 can depart from t he 

station H4 even when the vehicle 201 departs from t he 

station H7 before the vehicle 205 departs from the station 

H5.  In this case, since the vehicle 205 traveling in an 
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opposite direction is present in front in the trave l 

direction of the vehicle 203, it is dangerous for t he 

vehicle 203 to directly start the operation, and th is 

should be prevented from the beginning. 

 [0098] 

 Therefore, when it is determined that there is the  

vehicle 205 traveling in a direction opposite to th e 

travel direction of the vehicle 203, the density 

calculation unit 101 according to the present embod iment 

performs a correction to increase the front directi on 

density Df.  That is, the density calculation unit 101 

performs a correction process such that a count of the 

number of vehicles for the vehicle 205 is greater t han 1.  

In the example of Figs. 9A and 9B, for example, the  

density calculation unit 101 performs the correctio n 

process in which four vehicles rather than one vehi cle are 

regarded as being present for the vehicle 205 trave ling in 

the opposite direction of the vehicle 203, and perf orms 

calculation of the front direction density Df.  Thu s, the 

front direction density Df is calculated to be at l east Df 

= 4/3 as long as there is one vehicle 205.  That is , as 

long as there is the vehicle 205, the vehicle 203 d oes not 

depart from the station H4 if the rear direction de nsity 

Dr is not 4/3 or more.  Further, in the above-descr ibed 

correction process (for example, the process of reg arding 
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one vehicle as four vehicles), the front direction density 

Df calculated after the correction (for example, Df  = 4/3) 

is set to a value at which the rear direction densi ty Dr 

is not equal to or greater than such a value in ter ms of 

the operation management of the vehicular traffic s ystem 1.  

Thus, in the state illustrated in Fig. 9A, even whe n the 

vehicle 201 has departed the station H7 toward the front 

station (a station H8 that is not illustrated) earl ier 

than the vehicle 205, the vehicle 203 actually wait s at 

the station H4 until the vehicle 205 departs from t he 

station H5 along the path B. 

 [0099] 

 Thus, the vehicular traffic system 1 according to 

the present embodiment enables change of a dynamic path 

according to a change in an operation situation due  to 

unexpected vehicle failure or the like, and can pro vide a 

more secure transportation service. 

 [0100] 

 Figs. 10A and 10B are third and fourth diagrams 

illustrating effects of the vehicular traffic syste m 

according to the third embodiment of the present in vention.  

Further, vehicles 201 and 203 to 204 illustrated in  Figs. 

10A and 10B are vehicles that travel along a first track 

3a from the left of a paper surface to the right.  On the 

other hand, vehicles 205 and 206 are vehicles that travel 
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along a second track 3b different from the first tr ack 3a 

from the right of the paper surface to the left.  I n an 

example described with reference to Figs. 10A and 1 0B, the 

example is focused on an operation of the vehicle 2 03 as a 

target vehicle 20i, and it is assumed that kf = kr = 3 and 

α = 0 are set, similarly to the example illustrated in Fig. 

2 or the like.  Further, a process flow of the oper ation 

management device 10 according to the third embodim ent is 

assumed to be the same as the process flow (Fig. 3)  in the 

first embodiment. 

 [0101] 

 According to the vehicular traffic system 1 of the  

third embodiment, it is possible to further cope wi th the 

following situation. 

 In an example illustrated in Fig. 10A, for a vehic le 

203 stopping at a station H4, two vehicles includin g a 

vehicle 201 stopping at a station H7 on a first tra ck 3a 

and a vehicle 202 stopping at a station H5 are pres ent in 

a front region of the vehicle 203.  Further, only o ne 

vehicle including a vehicle 204 is present in a rea r 

region of the vehicle 203.  Further, a vehicle 206 and a 

vehicle 205 traveling along a second track 3b in an  

opposite direction of the vehicle 203 stop at a sta tion H4 

and a station H6, respectively. 

 [0102] 
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 In Fig. 10A, the vehicle 202 is a vehicle travelin g 

along the first track 3a in the same direction as t he 

vehicle 203, but it is assumed here that the path 

determination unit 103 resets a path (path C) for 

withdrawing the vehicle 202 to a vehicle depot (Fig s. 10A 

and 10B).  Then, in a step of Fig. 10A, the vehicle  202 

traveling in an opposite direction is present in a front 

region of the vehicle 203, and thus, when the front  

direction density Df is calculated, a correction pr ocess 

to increase the front direction density Df (for exa mple, a 

process of regarding one vehicle 202 as four vehicl es) is 

performed, and the vehicle 203 waits at the station  H4 

until the vehicle 202 is out of the front region of  the 

vehicle 203.  Further, the vehicle 204 similarly wa its at 

the station H2 until the vehicle 202 is out of a fr ont 

region (not illustrated) of the vehicle 204. 

 [0103] 

 The vehicle 202 then travels to the station H4 alo ng 

the second track 3b, as illustrated in Fig. 10B. 

 Then, the density calculation unit 101 detects tha t 

the front direction density Df decreases due to the  

vehicle 202 being out of the front region of the ve hicle 

203, and the departure determination unit 102 trans mits 

the departure instruction to the vehicle 203.  Mean while, 

the vehicles 205 and 206 traveling along the second  track 
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3b travel to the station H5 and the station H3, 

respectively.  However, the vehicle 202 enters the second 

track 3b to be between the vehicle 205 and the vehi cle 206, 

as illustrated in Fig. 10B.  Then, the front direct ion 

density Df of the vehicle 205 suddenly increases.  As a 

result, the vehicle 205 waits at the station H5 unt il the 

front direction density Df decreases. 

 [0104] 

 When there is a vehicle that suddenly turns back t o 

the depot, it is necessary to recreate a timetable for all 

vehicles in the related art, whereas according to t he 

vehicular traffic system 1 of the present embodimen t, if 

only a vehicle turning back to the depot and its pa th are 

designated, vehicle spacing between the vehicle and  the 

other vehicle is automatically adjusted.  According ly, an 

effect of reducing an effort when the vehicle turns  back 

to the depot is obtained. 

 [0105] 

 Further, while the vehicular traffic systems 1 

according to the first to third embodiments describ ed 

above have all been described as the aspect in whic h the 

single ground facility, that is, the operation mana gement 

device 10 controls the operation of all the vehicle s 201 

to 20n, the vehicular traffic system 1 according to  

another embodiment of the present invention is not limited 
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to such an aspect.  For example, the vehicular traf fic 

system 1 according to the other embodiment may be a n 

aspect in which a plurality of different operation 

management devices 10 are included as ground facili ties.  

Also, for example, the vehicular traffic system 1 m ay be 

an aspect in which the respective operation managem ent 

devices 10 assigned to respective predetermined sec tions 

of the track 3 may control the operations of the ve hicles 

201 to 20n traveling in the predetermined section. 

 [0106] 

<Fourth Embodiment> 

 Next, a vehicular traffic system according to a 

fourth embodiment of the present invention will be 

described. 

 Fig. 11 is a diagram illustrating a functional 

configuration of a vehicular traffic system accordi ng to 

the fourth embodiment of the present invention.  Fu rther, 

among the functional compositions of a vehicular tr affic 

system 1 according to the fourth embodiment, the sa me 

functional components as those in the vehicular tra ffic 

system 1 according to the first embodiment (Fig. 1)  are 

denoted with the same reference signs, and descript ion 

thereof is omitted. 

 [0107] 

 The vehicular traffic system 1 according to the 
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fourth embodiment of the present invention does not  

include the operation management device 10 that is a 

ground facility in the first to third embodiments.  Also, 

each of the vehicles 201 to 20n includes the vehicl e 

position acquisition unit 100, the density calculat ion 

unit 101, and the departure determination unit 102 

included in the operation management device 10 in t he 

first to third embodiments (while the functional 

components of only the vehicle 202 are described in  Fig. 

11 for convenience, each of the vehicles 201 to 20n  

includes the same functional components as the vehi cle 

202). 

 [0108] 

 Here, according to the vehicular traffic system 1 of 

the present embodiment, each of the vehicles 201 to  20n 

can autonomously adjust the vehicle spacing while 

communicating with the other vehicles 201 to 20n.  

Specifically, the vehicle position acquisition unit s 100 

of the vehicles 201 to 20n communicate with each ot her and 

acquire the position information for the respective  

vehicles 201 to 20n (step S11 in Fig. 3).  Then, th e 

density calculation units 101 provided in the respe ctive 

vehicles 201 to 20n calculate the front direction d ensity 

Df and the rear direction density Dr of the own veh icles 

on the basis of the position information of the res pective 
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vehicles 201 to 20n (step S12 in Fig. 3).  Also, th e 

departure determination units 102 provided in the 

respective vehicles 201 to 20n perform a determinat ion of 

departure instruction or departure suspending for t he own 

vehicle on the basis of the front direction density  Df and 

the rear direction density Dr for the own vehicle ( steps 

S13 and S14 in Fig. 3). 

 [0109] 

 As described above, according to the vehicular 

traffic system 1 of the present embodiment, the res pective 

vehicles 201 to 20n can recognize a positional 

relationship among them and autonomously operate wh ile 

adjusting the vehicle spacing between the own vehic le and 

the other vehicle on the basis of the densities of the 

vehicles in front and at the rear.  Accordingly, it  is not 

necessary to perform an operation using a ground fa cility 

(operation management device 10) that centrally man ages 

the entire operation of the vehicles 201 to 20n, an d it is 

possible to achieve distribution of an operation 

management process.  If the distribution of the ope ration 

management process is made in this way, influence o n an 

operation of the vehicular traffic system 1 is mini mized 

even when any of each operation management system ( the 

vehicles 201 to 20n in the present embodiment) fail s.  

Accordingly, it is possible to improve reliability of the 
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entire vehicular traffic system 1. 

 [0110] 

 Further, each of the vehicles 201 to 20n of the 

vehicular traffic system 1 according to the fourth 

embodiment of the present invention may further inc lude 

the function (operation control based on the front inter-

vehicle distance Lf and the rear inter-vehicle dist ance 

Lr) described in the second embodiment or the funct ion 

(dynamic path changing process in the path determin ation 

unit 103) described in the third embodiment. 

 [0111] 

 The vehicular traffic system 1 according to the 

first to fourth embodiments described above may fur ther 

include a passenger information system (PIS) as a g round 

facility.  A conventional PIS displays a scheduled arrival 

time of a vehicle on a screen provided at a station  on the 

basis of a predetermined timetable, whereas in the case of 

the vehicular traffic system 1 according to the pre sent 

embodiment, since an operation that does not use th e 

timetable is performed, an arrival vehicle and an a rrival 

time cannot be recognized on the basis of only the 

timetable information.  Therefore, the PIS accordin g to 

the present embodiment performs a process of receiv ing 

identification information, position information, a nd path 

information of the target vehicle 20i from the oper ation 



- 78 - 

management device 10 (each of the vehicles 201 to 2 0n in 

the case of the sixth embodiment), calculating a sc heduled 

arrival time for each station of the target vehicle  20i, 

and displaying the calculated scheduled arrival tim e on a 

display screen installed in each station.  Here, th e 

identification information of the target vehicle 20 i may 

be, for example, a unique ID (IDentification) numbe r that 

can specify the target vehicle 20i.  After specifyi ng the 

target vehicle 20i from the identification informat ion, 

the PIS according to the present embodiment can eas ily 

estimate a time required until at least the next st op 

station from, for example, a travel speed of the ta rget 

vehicle 20i when the position information and the p ath 

information can be recognized. 

 [0112] 

 Further, the PIS of the present embodiment may 

further calculate various parameters such as the fr ont 

direction density from Df, the rear direction densi ty Dr, 

the front inter-vehicle distance Lf, and the rear i nter-

vehicle distance Lr using the density calculation u nit 101, 

and estimate the scheduled arrival time of the targ et 

vehicle 20i on the basis of the parameters.  Specif ically, 

the PIS according to the present embodiment perform s a 

process of calculating the waiting time T of the ta rget 

vehicle 20i obtained using calculation equations in  
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Equations (1) and (2) to estimate the scheduled arr ival 

time at each station.  By doing so, the passenger o f the 

vehicular traffic system 1 can recognize the schedu led 

arrival time of the vehicles 201 to 20n that arrive  at the 

station even when the respective vehicles 201 to 20 n do 

not travel on the basis of the timetable.  Each tim e 

various parameters such as the front direction dens ity Df 

and the rear direction density Dr for the target ve hicle 

20i have changed according to the operating situati on, the 

PIS according to the present embodiment may receive  the 

respective parameters from the density calculation unit 

101 and calculate a new scheduled arrival time.  By  doing 

so, the vehicular traffic system 1 can dynamically 

correspond to the operation situation of each of th e 

vehicles 201 to 20n and provide the passengers with  a more 

accurate scheduled arrival time. 

 [0113] 

 Further, the vehicular traffic system 1 according to 

the present invention may be realized by the follow ing 

embodiment. 

 [0114] 

<Fifth Embodiment> 

 Hereinafter, a vehicular traffic system according to 

a fifth embodiment of the present invention will be  

described with reference to the drawings. 
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 Fig. 12 is a diagram illustrating a functional 

configuration of the vehicular traffic system accor ding to 

a fifth embodiment of the present invention.  In Fi g. 12, 

reference sign 1 indicates a vehicular traffic syst em. 

 [0115] 

(Configuration of entire vehicular traffic system) 

 First, an entire configuration of the vehicular 

traffic system 1 will be described. 

 As illustrated in Fig. 12, the vehicular traffic 

system 1 according to the present embodiment includ es an 

operation management device 10, and a plurality of 

vehicles 201, 202, …, and 20n (n is an integer equa l to or 

greater than 2) traveling along a track 3.  The ope ration 

management device 10 is referred to as a ground fac ility, 

and is a device for controlling the operation of th e 

plurality of vehicles 201, 202, …, and 20n. 

 The operation management device 10 according to th e 

present embodiment is a functional unit that transm its a 

departure instruction to each of the vehicles 201, 202, …, 

and 20n on the basis of the determination of the de parture 

determination unit 102 to be described below.  The 

operation management device 10 transmits a departur e 

instruction to each of the vehicles 201 to 20n usin g 

wireless communication means or the like.  Each of the 

vehicles 201 to 20n operates on the basis of the de parture 
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instruction received from the operation management device 

10. 

 Further, operation control based on a security 

device (interlocking device) or a signal is further  added 

in the actual operation of the vehicle, but for 

simplification of the description of the present 

embodiment, a case in which the operation control o f the 

vehicles 201 to 20n is simply performed on the basi s of 

the operation management device 10 will be describe d here 

(a case in which the security device or the like is  used 

will be described below with reference to Fig. 19).  

 [0116] 

 The vehicles 201, 202, …, and 20n are a train 

traveling along a predetermined track 3 (line).  Th e 

vehicles 201 to 20n travel while arriving at and de parting 

from a plurality of stations (not illustrated in Fi g. 12) 

provided along the track 3 according to an operatio n 

instruction received from the operation management device 

10.  Further, predetermined position detection devi ces 

(not illustrated) are provided at regular intervals  in the 

track 3, and each of the vehicles 201 to 20n commun icates 

with the position detection devices, and accordingl y, can 

recognize a position on the track 3 in which the ow n 

vehicle is traveling. 

 This function will be described in greater detail.   
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Each of the vehicles 201 to 20n includes its own li ne 

database.  Also, each of the vehicles 201 to 20n ha s a 

function of measuring the number of tire rotations of the 

own vehicle to calculate a travel distance and reco gnizing 

a current position of the own vehicle.  However, in  this 

case, the current position recognized from the numb er of 

tire rotations may deviate from an actual position due to 

tire slip.  Each of the vehicles 201 to 20n correct s the 

deviation through a comparison with a position dete ction 

device placed on the ground, and accurately recogni zes a 

position on the track 3 in which the own vehicle is  

traveling. 

 [0117] 

 Here, in the case of a normal vehicular traffic 

system, the timetable is determined so that a suppl y and 

demand balance is optimized, on the basis of the nu mber of 

users (the number of passengers) and a possible rid ing 

amount of each vehicle.  In general, when there are  two 

timetables including a weekday timetable and a holi day 

timetable, any problems are not caused in provision  of a 

daily transportation service.  However, for example , if a 

special event such as a concert or an exhibition is  held 

at any event site, an increase in the number of pas sengers 

only on that day may be specifically expected.  In such a 

case, the operation based on a daily timetable caus es a 
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problem in that passengers cannot be transported.  

Accordingly, the vehicular traffic system 1 accordi ng to 

the present embodiment is a function of acquiring 

information (“congestion information” to be describ ed 

below) estimated from, for example, content of the event, 

and intentionally creating a state in which vehicle  

spacing at a specific station is “dense” for suitab ility 

for situation of the congestion in advance. 

 [0118] 

(Configuration of operation management device) 

 Next, a configuration of the operation management 

device 10 will be described. 

 As illustrated in Fig. 12, the operation managemen t 

device 10 according to the present embodiment inclu des a 

vehicle position acquisition unit 100, a spacing 

adjustment unit 104, and a departure determination unit 

102. 

 [0119] 

 The vehicle position acquisition unit 100 is a 

functional unit that acquires positions of a plural ity of 

vehicles 201 to 20n present on a track 3.  Each of the 

vehicles 201 to 20n can communicate with a position  

detection device (not illustrated) provided on the track 3 

to recognize a position on the track 3 in which the  own 

vehicle is traveling, as described above.  Also, th e 
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respective vehicles 201 to 20n sequentially transmi t 

“position information” indicating a travel position  of the 

own vehicle to the operation management device 10 t hrough 

wireless communication.  The vehicle position acqui sition 

unit 100 of the operation management device 10 rece ives 

the position information of the respective vehicles  201 to 

20n to acquire the positions of the vehicles 201 to  20n.  

Further, the vehicle position acquisition unit 100 may 

acquire not only the position information of each v ehicle, 

but also information indicating the maximum number of 

passengers who can get on each vehicle.  Further, i n 

another embodiment, each of the vehicles 201 to 20n  may 

transmit the position information to the operation 

management device 10 through wired communication. 

 [0120] 

 The spacing adjustment unit 104 specifies a 

reference station at which the density of the prese nce of 

the plurality of vehicles 201 to 20n is high (desti nation 

station Hm (m is an integer equal to or greater tha n 2)) 

on the basis of the “congestion information” acquir ed from 

a predetermined information source, and sets the wa iting 

time ωj for each station Hj at the rear of the destinatio n 

station Hm (j is an integer equal to or greater tha n 1 and 

smaller than m), of the plurality of vehicles 201 t o 20n 

that stop at the station Hj.  Here, the “congestion  
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information” is, specifically, information such as 

position requirements (for example, a nearest stati on) of 

an event site where an event (for example, a concer t or an 

exhibition) or the like is held, the number of atte nding 

passengers estimated in advance, a start time of th e event, 

and an end time thereof.  A specific method of acqu iring 

the congestion information will be described below.  

 [0121] 

 The spacing adjustment unit 104 according to the 

present embodiment first specifies the destination station 

Hm on the basis of the congestion information.  The  

destination station Hm is a station at which the 

congestion is predicted, that is, a nearest station  of the 

event site.  Also, the spacing adjustment unit 104 

performs a process of increasing the density of the  

presence of the vehicles 201 to 20n in front of the  

destination station Hm.  Further, “the density of t he 

presence of the vehicles 201 to 20n” is the number of the 

vehicles 201 to 20n within a certain range of the t rack 3.  

That is, the spacing adjustment unit 104 increases the 

number of vehicles 201 to 20n within a certain rang e in 

front of the destination station Hm (increases the 

presence density), and thus, the vehicular traffic system 

1 can cope with passengers that locally temporarily  

increase at the destination station Hm. 
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 [0122] 

 The spacing adjustment unit 104 performs the 

following process in order to increase the density of the 

presence of the vehicles 201 to 20n.  That is, the spacing 

adjustment unit 104 sets the waiting time ωj for each 

station Hj at the rear of the destination station H m, of 

the plurality of vehicles 201 to 20n which stop at the 

station Hj at the rear of the destination station H m.  A 

specific method of setting the waiting time ωj will be 

described below.  Further, “the station Hj at the r ear of 

the destination station Hm” indicates each station at 

which the vehicles 201 to 20n stop before the vehic les 201 

to 20n stop the destination station Hm.  Here, when  the 

vehicles 201 to 20n are assumed to stop at the stat ions in 

an order of the stations H1, H2, …, Hm-1, and Hm, t he 

station Hj at the rear of the destination station H m 

includes stations H1, H2, …, and Hm-1. 

 [0123] 

 The departure determination unit 102 is a function al 

unit that adjusts the departure time at each statio n Hj at 

the rear of the plurality of vehicles 201 to 20n on  the 

basis of the waiting time Tj set for each station H j.  

Specifically, when the target vehicle 20i stops at the 

station Hj, the departure determination unit 102 pe rforms 

a process of waiting for the waiting time Tj set fo r the 
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station Hj, and transmits an instruction to instruc t the 

target vehicle 20i to depart from the station Hj wh en the 

waiting time Tj has elapsed. 

 [0124] 

 Further, the spacing adjustment unit 104 of the 

operation management device 10 according to the pre sent 

embodiment has been described as acquiring the cong estion 

information from the predetermined information sour ce.  As 

described above, the predetermined information sour ce is, 

for example, a host of a passenger attracting event , and 

the congestion information is passenger pre-attract ing 

information (for example, an event schedule or the 

expected number of passengers) for the passenger 

attracting event sent from the host in advance. 

 Further, the congestion information may be detecti on 

information that is acquired from detection means t hat is 

installed in a passage from a passenger attracting place 

in a facility such as a stadium to a nearest statio n 

(referred to as a buffer zone) and detects the numb er and 

flow of passengers who use the passage (for example , a 

video projected from a monitoring camera).  A manag er of 

the vehicular traffic system 1 monitors the monitor ing 

camera that is a congestion degree prediction unit 5, and 

thus, can predict a time until congestion occurs in  the 

nearest station (destination station H10) in advanc e.  
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Further, the information may be, for example, detec tion 

information acquired from a passage detection senso r 

provided at a predetermined position (for example, a gate) 

of the passage, rather than the video from the moni toring 

camera. 

 Further, when the vehicular traffic system 1 

communicates with another traffic network, the cong estion 

information may be information indicating a schedul ed 

arrival time of a transport medium regarding the ot her 

transportation network, and a scheduled number of a rrival 

passengers.  For example, when the vehicular traffi c 

system 1 is a transportation system that connects a n 

airport terminal, demand for the vehicular traffic system 

1 increases or decreases according to an aircraft t ake-off 

and landing schedule.  Accordingly, in this case, t he 

predetermined information source is an aircraft ope rating 

company, and the congestion information is the take -off 

and landing schedule or the number of passengers (b oarding 

rate) of the aircraft. 

 [0125] 

(Function of spacing adjustment unit) 

 Fig. 13 is a first diagram illustrating a function  

of the spacing adjustment unit according to the fif th 

embodiment of the present invention.  The vehicles 201 to 

203 illustrated in Fig. 13 are vehicles that travel  along 
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the track 3 while stopping at the stations in an or der of 

the stations H1, H2, …, and H7 from the left of a p aper 

surface to the right.  Further, each of the vehicle s 201 

to 20n also stops at stations (not illustrated in F ig. 13; 

stations H8, H9, H10, …) subsequent to the station H7.  

Further, it is assumed for convenience of descripti on that 

the stations H1 to H10 are all installed at equal 

intervals, and the vehicles 201 to 203 travel at eq ual 

speed between the stations.  Further, in the follow ing 

description, a time from departure from one station  of 

each of the vehicles 201 to 203 to stop at the next  

station is assumed to be “ α”. 

 [0126] 

 Hereinafter, a specific function of the spacing 

adjustment unit 104 will be described with referenc e to 

Fig. 13. 

 When the spacing adjustment unit 104 specifies a 

target station (for example, the station H10 (not 

illustrated in Fig. 13)) on the basis of predetermi ned 

congestion information, the spacing adjustment unit  104 

sets the waiting times ω1 to ω9 at the stations H1 to H9 

that are stations at the rear of the destination st ation 

H10 at a predetermined timing.  Here, the spacing 

adjustment unit 104 sets the waiting time of the st ation 

closer to a reference station (destination station H10) to 
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be longer.  More specifically, the spacing adjustme nt unit 

104 sets ω1 < ω2 < ω3 < … < ω9.  However, the spacing 

adjustment unit 104 sets the minimum waiting time ω1 not 

to be below a minimum time Tmin that enables passen gers to 

safely get on or off. 

 [0127] 

 When the spacing adjustment unit 104 sets the 

waiting times ω1 to ω9 at the respective stations H1 to H9, 

the departure determination unit 102 adjusts the de parture 

time at the respective stations H1 to H9 for all th e 

vehicles 201, 202, and 203 traveling in the section  

thereof based on the waiting times ω1 to ω9.  Hereinafter, 

an operation process of the vehicles 201 to 203 on the 

basis of the waiting times ω1 to ω9 set by the spacing 

adjustment unit 104 will be described with referenc e to 

Fig. 13. 

 Further, it is assumed that the vehicle 201 depart s 

from the station H1, the vehicle 202 departs from t he 

station H3, and the vehicle 203 departs from the st ation 

H5 at the same time (time: T0).  Then, the vehicle 201 

stops at the station H2, the vehicle 202 stops at t he 

station H4, and the vehicle 203 stops at the statio n H6 

(time: T0+ α).  Then, the vehicle 201 waits for the waiting 

time ω2 at the station H2, and then departs from the 

station H2 (time: T0+ α+ω2).  With a delay, the vehicle 202 



- 91 - 

waits for the waiting time ω4 (> ω2) at the station H4, and 

then, departs from the station H4 (time: T0+ α+ω4).  

Further, with a delay, the vehicle 203 waits for th e 

waiting time ω6 (> ω4) at the station H6, and then, departs 

from the station H6 (time: T0+ α+ω6).  As the waiting times 

at the respective stations have been set to be ω2 < ω4 < 

ω6, vehicle spacing of the vehicles 201 to 203 becom es 

narrower at this point. 

 [0128] 

 Subsequently, the vehicle 201 waits for the waitin g 

time ω3 at the station H3, and then, departs from the 

station H3 (time: T0+2 α+ω2+ω3).  Then, the vehicle 202 

waits for the waiting time ω5 (> ω3) at the station H5, and 

then, departs from the station H5 (time: T0+2 α+ω4+ω5).  At 

this point, vehicle spacing between the vehicle 201  and 

the vehicle 202 is further narrowed.  Further, the vehicle 

203 does not depart from the station H7, and vehicl e 

spacing between the vehicle 202 and the vehicle 203  is 

also narrowed.  Thus, the spacing adjustment unit 1 04 sets 

the waiting times ω1 to ω9 at the stations H1 to H9, and 

accordingly, the vehicle spacing of the vehicles 20 1 to 

203 are gradually narrowed as the vehicles 201 to 2 03 

operate. 

 [0129] 

 Fig. 14 is a second diagram illustrating a functio n 
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of the spacing adjustment unit according to the fif th 

embodiment of the present invention.  In graphs 

illustrated in Fig. 14, a horizontal axis indicates  an 

elapsed time from time T0, and a vertical axis indi cates a 

position (a station and between stations) in which each of 

the vehicles 201 to 203 is present.  As illustrated  in Fig. 

14, for example, the vehicle 201 departs from the s tation 

H1, the vehicle 202 departs from the station H3, an d the 

vehicle 203 departs from the station H5 at time T0,  and 

the respective vehicles arrive at the next station at time 

T0+α. 

 [0130] 

 As illustrated in Fig. 14, the vehicle 201 travels  

while waiting for the waiting times ω2 to ω7 set for the 

respective stations H2 to H7 at the stations H2 to H7.  

The vehicles 202 and 203 similarly travel while wai ting 

for the waiting time set for the respective station s 

(vehicle overcrowding operation).  As a result of t his 

vehicle overcrowding operation, an inter-vehicle di stance 

of each of the vehicles 201, 202, and 203 is gradua lly 

narrowed from time T0 to time T1.  Also, a state in  which 

the vehicles 203, 202, and 201 are dense at the 

destination station H10 and the stations H9 and H8 at the 

rear of the destination station (a vehicle overcrow ding 

state) is completed at time T1, as illustrated in F ig. 14. 
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 [0131] 

 When the vehicle overcrowding state is completed, 

the operation management device 10 switches the ope ration 

of each of the vehicles 201 to 203 from the vehicle  

overcrowding operation to a congestion elimination 

operation.  Specifically, the vehicles 201 to 203 o perate 

to arrive at and depart from the destination statio n H10 

at a minimum time interval (Fig. 14).  Thus, at the  

destination station H10 at which the number of pass engers 

increases, the vehicles 201 to 203 arrive and depar t one 

after another, and thus, it is possible to resolve the 

congestion at the destination station H10. 

 [0132] 

 Further, the spacing adjustment unit 104 

appropriately sets the values of the vehicle overcr owding 

operation start time (time T0) and each waiting tim e ωj on 

the basis of the congestion information obtained in  

advance, as follows. 

 [0133] 

 The spacing adjustment unit 104 sets the waiting 

time ωj so that the congestion occurrence time estimated 

on the basis of the congestion information and a ti me at 

which the density of the presence of the vehicles 2 01 to 

20n increases match.  This will be described in det ail 

with reference to Fig. 14.  The spacing adjustment unit 
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104 detects that the destination station H10 is con gested 

at time T1 in advance based on the congestion infor mation 

obtained in advance (the spacing adjustment unit 10 4 

estimates the congestion occurrence time to be time  T1).  

Therefore, the spacing adjustment unit 104 sets the  start 

time T0 of the vehicle overcrowding operation and t he 

respective waiting times ω0 to ω9 through inverse 

calculation so that the vehicle overcrowding state is 

completed at the destination station H10 at time T1  at 

which congestion is estimated to occur.  Thus, the vehicle 

overcrowding state can be formed in advance accordi ng to 

the time at which the congestion has been estimated  in 

advance (congestion occurrence time) T1, and thus, it is 

possible to rapidly cope with a sudden increase in 

passengers. 

 [0134] 

 Further, when the spacing adjustment unit 104 

determines that there is a time margin until the ti me T1 

at which the congestion is expected based on, for e xample, 

the congestion information obtained in advance, the  

spacing adjustment unit 104 sets a period of time f rom 

time T0 to time T1 to be long, and sets the respect ive 

waiting times ω0 to ω9 so that the vehicle overcrowding 

state is gradually formed over the long period of t ime.  

That is, even when the operation is switched from a n 
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operation based on the normal timetable to an opera tion 

based on the vehicle overcrowding operation, the sp acing 

adjustment unit 104 sets the time T0 and the waitin g times 

ω0 to ω9 so that an operation schedule does not change 

rapidly.  By doing so, the vehicular traffic system  1 

according to the present embodiment can minimize in fluence 

on passengers that will get on, on the basis of a n ormal 

timetable.  On the other hand, if it is determined that 

there is no time margin, the spacing adjustment uni t 104 

sets a period of time from time T0 to time T1 to be  short 

and sets the respective waiting times ω0 to ω9 so that the 

vehicle overcrowding state is rapidly formed.  In t his 

case, corresponding waiting times ω0 to ω9 for decreasing 

the vehicle spacing in a short time are set.  Accor ding to 

the spacing adjustment unit 104 of the present embo diment, 

since the vehicle overcrowding state can be formed rapidly 

even when there is no time margin as described abov e, it 

is possible to flexibly cope with a case in which t he 

event schedule (for example, event end time) is cha nged 

suddenly. 

 [0135] 

 Similarly, the spacing adjustment unit 104 sets th e 

waiting time ωj on the basis of the number of passengers 

estimated at a reference station (destination stati on Hm) 

from the congestion information obtained in advance .  This 
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will be described in greater detail with reference to Fig. 

14.  When the operation is switched to the congesti on 

elimination operation, the spacing adjustment unit 104 

sets the waiting times ω1 to ω9 so that the vehicles 201 

to 203 arrive and depart one after another at time 

intervals α at the destination station H10.  Here, when 

the number of passengers estimated at the station H 10 is 

smaller, the spacing adjustment unit 104 sets the v alues 

of the waiting times ω1 to ω9 so that the vehicle arrives 

and departs, for example, at 1.2 α intervals or 1.5 α 

intervals.  In this case, the spacing adjustment un it 104 

sets the waiting times ω1 to ω9 to more slowly increase 

from ω1 to ω9.  Conversely, when there is a larger number 

of passengers estimated at the station H10, the spa cing 

adjustment unit 104 sets the values of waiting time s ω1 to 

ω9 so that the time interval becomes shorter, and fo r 

example, so that the vehicle arrives or departs at 0.8 α 

intervals or 0.5 α intervals.  In this case, the spacing 

adjustment unit 104 sets the waiting times ω1 to ω9 to 

more steeply increase from ω1 to ω9.  By doing so, the 

vehicular traffic system 1 according to the present  

embodiment can minimize influence on the passengers  that 

will get on, on the basis of a normal timetable in the 

same manner as described above.  Further, when the time 

interval between arrival and departure at the desti nation 
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station Hm is adjusted according to the number of 

passengers as described above, a possible riding am ount 

per one of the respective vehicles 201 to 20n may b e 

considered. 

 [0136] 

 Further, the state in which the respective vehicle s 

201 to 203 stop at equal intervals at each station in an 

initial state in which the operation management dev ice 10 

starts the vehicle overcrowding operation has been 

described in the example illustrated in Figs. 13 an d 14.  

However, in an actual operation, the respective veh icles 

201 to 203 are not necessarily present at equal int ervals 

as illustrated in Figs. 13 and 14 at a timing at wh ich the 

operation management device 10 starts the vehicle 

overcrowding operation. 

 Therefore, when the vehicle overcrowding operation  

starts, the spacing adjustment unit 104 first recog nizes 

the current positions of the respective vehicles 20 1 to 

203 from the “position information” of the respecti ve 

vehicles 201 to 203 acquired through the vehicle po sition 

acquisition unit 100.  Also, the spacing adjustment  unit 

104 calculates a distance from the current position  of 

each of the vehicles 201 to 203 to the destination station 

Hm.  Here, for example, the position of the vehicle  201 in 

the initial state is assumed to be away from the 
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destination station Hm as compared to the state 

illustrated in Figs 2 and 3.  In this case, when th e 

vehicle 201 waits for the waiting time ωj at each stop 

station Hj like the other vehicles 202 and 203, the  

vehicle 201 does not arrive at a place that enters an 

overcrowded state at time T1, and the overcrowded s tate 

cannot be completed.  Accordingly, the spacing adju stment 

unit 104 performs a process of correcting the waiti ng time 

ωj at each station Hj for the vehicle 201. 

 Specifically, when the position of the vehicle 201  

in the initial state is away from the destination s tation 

Hm as compared to the state illustrated in Figs. 2 and 3 

as in the above-described example, the spacing adju stment 

unit 104 performs a correction for setting the wait ing 

time ωj for which the vehicle 201 should stop at each sto p 

station Hj to be short for the vehicle 201.  Since the 

waiting time ωj for which the vehicle 201 should stop at 

each stop station Hj is short, the vehicle 201 can arrive 

early at a position that should be in the overcrowd ed 

state. 

 As a more specific process example, when the 

distance from the current position of the vehicle 2 01 to 

the destination station Hm is L1, the spacing adjus tment 

unit 104 multiplies each waiting time ωj by a 

predetermined coefficient p (0 < p ≤ 1) that decreases in 
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inverse proportion to an increase in the distance L 1. 

 By doing so, as the distance of the vehicle 201 is  

away from the set destination station Hm, the waiti ng time 

ωj for which the vehicle 201 should wait at each sto p 

station Hj is set to be smaller.  Then, the vehicle  201 

can arrive at a place that should be in the overcro wded 

state at time T1 regardless of a position at a time  at 

which the vehicle overcrowding operation starts. 

 [0137] 

 Further, while the case in which the respective 

stations H1 to H10 are all installed at equal inter vals, 

the vehicles 201 to 203 travel between the stations  at the 

same speed, and times from departure from one stati on of 

the respective vehicles 201 to 203 to stop at the n ext 

station are all “ α” for simplicity has been described in 

the above description, the present invention is not  

limited to such an aspect in the actual operation o f the 

vehicular traffic system 1.  That is, in the vehicu lar 

traffic system 1, the stations Hj may be installed at 

different intervals at respective stations, and tra vel 

times among the stations may be different. 

 [0138] 

(Process flow of operation management device accord ing to 

fifth embodiment) 

 Fig. 15 is a flowchart illustrating a process flow  
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of the operation management device according to the  fifth 

embodiment of the present invention. 

 The operation management device 10 according to th e 

present embodiment executes a process flow (Fig. 15 ) to be 

described below using the vehicle position acquisit ion 

unit 100, the spacing adjustment unit 104, and the 

departure determination unit 102 described above. 

 [0139] 

 First, the spacing adjustment unit 104 acquires 

congestion information on the basis of a determinat ion of 

a manager who obtains predetermined event informati on in 

advance (step S31).  The congestion information is 

information indicating, for example, an expected nu mber of 

passengers, an expected congestion occurrence time,  and a 

station at which the congestion occurs. 

 Then, the vehicle position acquisition unit 100 

acquires position information indicating a position  in 

which a specific target vehicle 20i is present (ste p S32).  

Here, the vehicle position acquisition unit 100 rec eives 

and acquires the position information indicating th e 

position of the own vehicle from the target vehicle  20i. 

 Next, the spacing adjustment unit 104 sets the sta rt 

time T0 of the vehicle overcrowding operation and t he 

waiting time ωj for each station Hj on the basis of the 

congestion information acquired in step S31 and the  
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position information acquired in step s32 (step S33 ).  

Here, the spacing adjustment unit 104 sets the star t time 

T0 and a basic waiting time ωj’ for each stop station Hj 

to gradually increase as the vehicle approaches the  

destination station Hm on the basis of the congesti on 

information.  Also, the spacing adjustment unit 104  

performs correction according to the position infor mation 

of each of the vehicles 201 to 20n (multiplies the basic 

waiting time ωj’ by the coefficient p) to calculate the 

waiting time ωj for each station Hj for each of the 

vehicles 201 to 20n. 

 Also, the departure determination unit 102 execute s 

a process in which the target vehicle 20i waits for  the 

waiting time ωj at the stop station Hj on the basis of the 

waiting time ωj set in step S33.  Specifically, the 

departure determination unit 102 determines whether  the 

elapsed time is equal to or greater than the waitin g time 

ωj after the target vehicle 20i stops at the station  Hj 

(step S34).  When the elapsed time is less than the  

waiting time ωj  (NO in step S34), the departure 

determination unit 102 repeats step S34 to suspend the 

transmission of the departure instruction to the ta rget 

vehicle 20i.  Also, when the elapsed time is equal to or 

greater than the waiting time ωj (YES in step S34), the 

departure determination unit 102 transmits the depa rture 
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instruction to the target vehicle 20i (step S35). 

 [0140] 

 Further, in the above-described flowchart, the 

operation management device 10 executes the process  flow 

from step S33 to step S35 for each of the vehicles 201 to 

20n.  Further, the operation management device 10 r epeats 

the process flow from step S33 to step S35 for each  stop 

station Hj for one target vehicle 20i. 

 [0141] 

 The operation management device 10 according to th e 

present embodiment executes the process flow (Fig. 15), 

and thus, a state in which density of the presence of the 

vehicles 201 to 20n increases at the congestion occ urrence 

station (station Hm) at a congestion occurrence tim e (time 

T1) is formed.  Further, the density of the presenc e of 

the vehicles 201 to 20n in this case is set so that  a 

supply and demand balance is suitable according to the 

expected number of passengers. 

 [0142] 

 As described above, according to the vehicular 

traffic system 1 of the fifth embodiment of the pre sent 

invention, density of provision of a transportation  

service using the vehicles can be flexibly changed at a 

desired time and at a desired station. 

 [0143] 



- 103 - 

 Further, the spacing adjustment unit 104 according  

to the fifth embodiment described above has been de scribed 

as setting the waiting time ωj to gradually increase at 

the station closer to the destination station Hm, t he 

vehicular traffic system 1 according to the present  

embodiment is not limited to such a process.  The s pacing 

adjustment unit 104 may appropriately set the waiti ng time 

ωj at each station Hj according to original 

characteristics of the vehicular traffic system 1.  For 

example, in the example illustrated in Fig. 14, whe n there 

normally are a large number of passengers at a spec ific 

station (for example, station H6), the waiting time  ω6 may 

be set to be smaller than the waiting times ω1 to ω5 on 

the basis of a vehicle overcrowding operation at th e 

station H6.  The spacing adjustment unit 104 may se t 

another waiting time ωj so that the vehicle overcrowding 

state is formed at the destination station H10 afte r 

performing such exceptional coping. 

 Further, the spacing adjustment unit 104 may set t he 

waiting time ωj according to a normal stop time that is 

determined for each station in a normal operation i n 

advance.  For example, when a normal waiting time T d1 at 

the station H1, a normal waiting time Td2 at the st ation 

H2, … have been determined in the normal operation,  the 

spacing adjustment unit 104 sets ω1 = Td1 ×r1, ω2 = Td2 ×r2, 
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….  Here, r1, r2, … are values equal to or greater than 1.  

In this case, the spacing adjustment unit 104 sets r1 < r2 

< ….  By doing so, the spacing adjustment unit 104 can 

form the vehicle overcrowding state even when the s top 

times at respective stations in the normal operatio n are 

different. 

 [0144] 

 Further, the spacing adjustment unit 104 according  

to the fifth embodiment described above sets the wa iting 

time ωj at the station Hj closer to the destination 

station Hm to gradually increase to form the vehicl e 

overcrowding state, but the vehicular traffic syste m 1 

according to the present embodiment is not limited to such 

a process.  For example, the spacing adjustment uni t 104 

may gradually decrease a travel speed between the 

respective stations closer to the destination stati on Hm 

to form the vehicle overcrowding state at the desti nation 

station Hm at a desired time. 

 [0145] 

<Sixth Embodiment> 

 Next, a vehicular traffic system according to a 

sixth embodiment of the present invention will be 

described. 

 Fig. 16 is a diagram illustrating a functional 

configuration of a vehicular traffic system accordi ng to 
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the sixth embodiment of the present invention.  Amo ng the 

functional components of the vehicular traffic syst em 1 

according to the sixth embodiment, the same functio nal 

components as the vehicular traffic system 1 (Fig. 12) 

according to the fifth embodiment are denoted with the 

same reference signs, and description thereof is om itted. 

 [0146] 

 The vehicular traffic system 1 according to the 

sixth embodiment of the present invention does not include 

the operation management device 10 that is a ground  

facility in the fifth embodiment.  Also, each of th e 

vehicles 201 to 20n includes the vehicle position 

acquisition unit 100, the spacing adjustment unit 1 04, and 

the departure determination unit 102 included in th e 

operation management device 10 in the fifth embodim ent 

(further, for convenience, although functional comp onents 

of only the vehicle 202 are shown in Fig. 16, in fa ct, 

each of the vehicles 201 to 20n includes the same 

functional components as the vehicle 202). 

 [0147] 

 Here, according to the vehicular traffic system 1 of 

the present embodiment, each of the vehicles 201 to  20n 

can autonomously perform a vehicle overcrowding ope ration 

while communicating with the other vehicles 201 to 20n.  

Specifically, the spacing adjustment unit 104 of ea ch of 
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the vehicles 201 to 20n acquires the same congestio n 

information from the predetermined information sour ce (for 

example, an event manager) described above (step S3 1 in 

Fig. 15).  Further, a station estimated to be conge sted 

(destination station Hm) and a time at which conges tion is 

estimated (congestion occurrence time T1) are assum ed to 

be included in this congestion information. 

 [0148] 

 Then, the vehicle position acquisition unit 100 of  

each of the vehicles 201 to 20n acquires position 

information indicating the position in which the ow n 

vehicle is present (step S32 in Fig. 15).  Here, th e 

vehicle position acquisition unit 100 acquires a cu rrent 

position of the own vehicle on the basis of the num ber of 

tire rotations and the information received from th e 

position detection device, and acquires position 

information for another vehicle through communicati on 

means with the other vehicle. 

 Next, the spacing adjustment unit 104 of each of t he 

vehicles 201 to 20n sets a start time T0 of the veh icle 

overcrowding operation and the waiting time ωj for each 

station Hj on the basis of the congestion informati on 

acquired in step S31 and the position information o f each 

of the vehicles 201 to 20n acquired in step S32 (st ep S33 

in Fig. 15).  Here, the spacing adjustment unit 104  sets 
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the start time T0 and a basic waiting time ωj’ for each 

stop station Hj to gradually increase as the vehicl e 

approaches the destination station Hm on the basis of the 

congestion information.  Also, the spacing adjustme nt unit 

104 performs correction according to the position 

information of the own vehicle (multiplies the basi c 

waiting time ωj’ by the coefficient p) to calculate the 

waiting time ωj for each stop station Hj for the own 

vehicle. 

 Also, the departure determination unit 102 execute s 

a process of waiting for the waiting time ωj at the stop 

station Hj of the own vehicle on the basis of the w aiting 

time ωj set in step S33.  Specifically, the departure 

determination unit 102 determines whether the elaps ed time 

is equal to or greater than the waiting time ωj after the 

own vehicle stops at the station Hj (step S34 in Fi g. 15).  

When the elapsed time is less than the waiting time  ωj (NO 

in step S34 of Fig. 15), the departure determinatio n unit 

102 repeats step S34 to suspend the departure instr uction 

of the own vehicle.  Also, when the elapsed time is  equal 

to or greater than the waiting time ωj (YES in step S34 of 

Fig. 15), the departure determination unit 102 tran smits 

the departure instruction to the own vehicle (step S35 in 

Fig. 15). 

 [0149] 
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 As described above, according to the vehicular 

traffic system 1 of the present embodiment, each of  the 

vehicles 201 to 20n can autonomously execute the ve hicle 

overcrowding operation on the basis of the determin ed 

waiting time ωj.  Accordingly, it is not necessary to 

perform the operation using a ground facility (oper ation 

management device 10) that centrally manages the en tire 

operation of the vehicles 201 to 20n, and it is pos sible 

to achieve distribution of the operation management  

process.  If the distribution of the operation mana gement 

process is made in this way, influence on the opera tion of 

the vehicular traffic system 1 is minimized even wh en any 

of the respective operation management systems (the  

vehicles 201 to 20n in the case of the present embo diment) 

fails, and thus, it is possible to improve the reli ability 

of the entire vehicular traffic system 1. 

 [0150] 

 Further, the vehicular traffic system 1 according to 

the fifth and sixth embodiments may further include  a 

passenger information system (PIS) as a ground faci lity.  

A conventional PIS displays a scheduled arrival tim e of a 

vehicle on a screen provided at a station on the ba sis of 

a predetermined timetable, whereas in the case of t he 

vehicular traffic system 1 according to the present  

embodiment, since the operation (the vehicle overcr owding 
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operation and the congestion elimination operation)  that 

does not use the timetable is performed, an arrival  

vehicle and an arrival time cannot be recognized on  the 

basis of only timetable information.  Therefore, th e PIS 

according to the present embodiment performs a proc ess of 

receiving the identification information, the posit ion 

information, the path information, and the waiting time ωj 

at each station of the target vehicle 20i from the 

operation management device 10 (each of the vehicle s 201 

to 20n in the case of the sixth embodiment), calcul ating 

the scheduled arrival time for each station of the target 

vehicle 20i, and displaying the scheduled arrival t ime on 

a display screen installed in each station.  Here, the 

identification information of the target vehicle 20 i may 

be a unique ID (IDentification) number or the like for 

specifying the target vehicle 20i.  After specifyin g the 

target vehicle 20i from the identification informat ion, 

the PIS according to the present embodiment can eas ily 

estimate a time required until at least the next st op 

station from, for example, a travel speed of the ta rget 

vehicle 20i when the position information and the p ath 

information can be recognized. 

 [0151] 

 Fig. 17 is a diagram illustrating a functional 

configuration of a vehicular traffic system accordi ng to a 
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seventh embodiment of the present invention.  Fig. 18 is a 

diagram illustrating a functional configuration of a 

vehicular traffic system according to an eighth emb odiment 

of the present invention. 

 As illustrated in Fig. 17, the operation managemen t 

device 10 according to the seventh embodiment of th e 

present invention may include both of the function of the 

density calculation unit 101 according to the first  

embodiment described above, and the function of the  

spacing adjustment unit 104 according to the fifth 

embodiment.  Further, in this case, the departure 

determination unit 102 of the operation management device 

10 according to the present embodiment may include both of 

the function of the departure determination unit 10 2 

according to the first embodiment and the function of the 

departure determination unit 102 according to the f ifth 

embodiment. 

 Further, if the operation management device 10 has  

the functions of both of the first embodiment and t he 

fifth embodiment, when the functions of the density  

calculation unit 101 and the departure determinatio n unit 

102 according to the first embodiment are valid, th e 

functions of the spacing adjustment unit 104 and th e 

departure determination unit 102 according to the f ifth 

embodiment may be invalid.  Similarly, when the fun ctions 
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of the spacing adjustment unit 104 and the departur e 

determination unit 102 according to the fifth embod iment 

are valid, the functions of the density calculation  unit 

101 and the departure determination unit 102 accord ing to 

the first embodiment may be invalid.  By doing so, the 

operation management device 10 can perform the oper ation 

while appropriately selecting the function of unifo rmizing 

the vehicle spacing according to the first embodime nt and 

the function of changing the vehicle density accord ing to 

the fifth embodiment. 

 [0152] 

 Further, as illustrated in Fig. 18, the vehicles 2 01 

to 20n according to the eighth embodiment of the pr esent 

invention may include both of the function of the d ensity 

calculation unit 101 according to the fourth embodi ment 

described above, and the function of the spacing 

adjustment unit 104 according to the sixth embodime nt.  

Further, in this case, the departure determination unit 

102 of the vehicles 201 to 20n according to the pre sent 

embodiment may include both of the function of the 

departure determination unit 102 according to the f ourth 

embodiment and the function of the departure determ ination 

unit 102 according to the sixth embodiment. 

 Further, when the vehicles 201 to 20n have the 

functions of both of the fourth embodiment and the sixth 
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embodiment, if the functions of the density calcula tion 

unit 101 and the departure determination unit 102 

according to the fourth embodiment are valid, the 

functions of the spacing adjustment unit 104 and th e 

departure determination unit 102 according to the s ixth 

embodiment may be invalid.  Similarly, when the fun ctions 

of the spacing adjustment unit 104 and the departur e 

determination unit 102 according to the sixth embod iment 

are valid, the functions of the density calculation  unit 

101 and the departure determination unit 102 accord ing to 

the fourth embodiment may be invalid.  By doing so,  the 

respective vehicles 201 to 20n can operate while 

appropriately selecting the function of uniformizin g the 

vehicle spacing according to the fourth embodiment and the 

function of changing the vehicle density according to the 

sixth embodiment. 

 [0153] 

 Fig. 19 is a diagram illustrating a functional 

configuration of a vehicular traffic system accordi ng to 

another embodiment. 

 The operation management device 10 described in ea ch 

embodiment described above has been described as a 

functional unit that simply transmits the departure  

instruction to each of the vehicles 201, 202, …, an d 20n 

on the basis of the determination of the departure 
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determination unit 102.  Also, each of the vehicles  201 to 

20n has been assumed to operate on the basis of the  

departure instruction received from the operation 

management device 10. 

 However, in an actual operation of the operation 

management device 10, the operation management devi ce 10 

may further include an operation progress calculati on unit 

107, an operation mode determination unit 105, and a 

timetable information storage unit 106, as illustra ted in 

Fig. 19. 

 [0154] 

 The operation progress calculation unit 107 is a 

functional unit that compares the position informat ion of 

each of the vehicles 201 to 20n acquired by the veh icle 

position acquisition unit 100 with the operation ti metable 

information stored in the timetable information sto rage 

unit 106, and calculates progress information indic ating 

progress of an actual operation of each of the vehi cles 

201 to 20n.  Further, the earliest departure time 

determined for each vehicle and each station in adv ance is 

recorded in the operation timetable information sto red in 

the timetable information storage unit 106.  This e arliest 

departure time is an earliest time at which each ve hicle 

should depart from each station, which is determine d on 

the basis of the operating timetable.  The path 
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determination unit 103 can specify the path along w hich 

each of the vehicles 201 to 20n should then progres s at a 

current time by referring to the progress informati on 

calculated by the operation progress calculation un it 107. 

 [0155] 

 The operation mode determination unit 105 is a 

functional unit that sets an operation mode of each  of the 

vehicles 201 to 20n on the basis of the front and r ear 

direction density difference ∆D (or, the front direction 

density Df and the rear direction density Dr) calcu lated 

by the density calculation unit 101.  Here, the ope ration 

mode determined by the operation mode determination  unit 

105 includes a “normal operation mode”, a “spacing 

adjustment mode”, and an “overcrowding operation mo de”. 

 In the normal operation mode, the operation 

management device 10 performs operation control bas ed on 

the operation timetable information, as in a conven tional 

case.  In this case, after the operation progress 

calculation unit 107 has determined whether the veh icles 

201 to 20n can operate according to the timetable o f the 

vehicles 201 to 20n, the path determination unit 10 3 

selects a predetermined path for the target vehicle  20i 

according to a result of the determination.  Also, the 

departure determination unit 102 transmits the depa rture 

instruction according to the departure time (earlie st 
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departure time). 

 On the other hand, in the spacing adjustment mode,  

the operation management device 10 performs operati on 

control to adjust the vehicle spacing on the basis of the 

front direction density Df and the rear direction d ensity 

Dr described in the first to fourth embodiments. 

 Further, in the overcrowding operation mode, the 

operation management device 10 performs operation c ontrol 

to intentionally form the overcrowded state at time  T1 and 

the destination station Hm on the basis of the cong estion 

information described in the fifth to sixth embodim ents. 

 [0156] 

 For example, when the front and rear direction 

density difference ∆D is equal to or less than the density 

difference threshold value α, the operation mode 

determination unit 105 performs operation control i n the 

normal operation mode (that is, the target vehicle 20i 

departs from each station according to the operatio n 

timetable).  On the other hand, when the front and rear 

direction density difference ∆D is greater than the 

density difference threshold value α, the operation 

management device 10 proceeds to operation control in the 

spacing adjustment mode for adjusting the vehicle s pacing. 

 By doing so, when the delay of the operation does 

not occur, the operation management device 10 can p rovide 
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an operation service according to the predetermined  

timetable. 

 [0157] 

 Further, when the departure determination unit 102  

proceeds to the operation control of the spacing 

adjustment mode, the departure time of the target v ehicle 

20i is adjusted on the basis of the front direction  

density Df and the rear direction density Dr, as de scribed 

above.  In this case, the departure determination u nit 102 

may adjust the departure time of the target vehicle  20i in 

the spacing adjustment mode not to be a time earlie r than 

an earliest departure time that is a time at which the 

target vehicle 20i should originally depart from th e 

station. 

 Thus, since the operation management device 10 can  

prevent the target vehicle 20i from departing from the 

station at a time earlier than an original departur e time, 

the passenger can be prevented from missing the veh icle on 

which the passenger is scheduled to get. 

 [0158] 

 Further, the operation mode determination unit 105  

starts the operation control to immediately switch to the 

overcrowding operation mode at a timing at which th e 

predetermined congestion information is received to  form 

the overcrowded state. 
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 [0159] 

 Further, in the actual operation of the operation 

management device 10, a process of the security dev ice 

(interlocking device) 40 and the signal 6 may also be 

present between the instruction of the operation 

management device 10 and the operation of each of t he 

vehicles 201 to 20n, as illustrated in Fig. 19. 

 Here, in a general operation management device, al l 

vehicles are tracked and positions thereof are reco gnized 

so as to recognize the progress of the operation of  each 

vehicle for a predetermined operation timetable.  A lso, 

the operation management device delivers a path req uest to 

the security device (also referred to as an interlo cking 

device) on the basis of the progress of the operati on of 

each vehicle for the operation timetable.  Here, th e 

security device is an operation control device that  

performs control of the operation while securing sa fety of 

each vehicle.  Also, when the security device recei ves the 

path request from the operation management device, the 

security device determines whether the vehicle can depart 

in terms of safety.  Here, when the security device  

permits the departure, the security device sets the  signal 

corresponding to the path to blue and the vehicle c an 

depart.  When this signal remains red, the vehicle 

continues to stop. 
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 Hereinafter, a process of displaying blue or red i n 

the signal corresponding to the path of the securit y 

device 40 is represented as permitting or not permi tting 

the progress to the path. 

 [0160] 

 In this case, before the departure instruction is 

transmitted to the target vehicle 20i, the departur e 

determination unit 102 performs a process of transm itting 

a path request for the path along which the target vehicle 

20i should progress, which has been specified by th e path 

determination unit 103, to the security device 40 o n the 

basis of the path information of the track 3, and 

obtaining a permission of the progress. 

 [0161] 

 Here, the security device 40 includes a vehicle 

protection determination unit 400, and a signal con trol 

unit 401, as illustrated in Fig. 19. 

 When the vehicle protection determination unit 400  

receives the path request for the path along which the 

target vehicle 20i will progress from the operation  

management device 10, the vehicle protection determ ination 

unit 400 determines whether the target vehicle 20i is 

caused to progress along the path in terms of safet y.  

Since the vehicle protection determination unit 400  is a 

known technology, a specific function thereof is om itted.  
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For example, when another vehicle is present at a p rogress 

destination, the vehicle protection determination u nit 400 

does not permit progress of the target vehicle 20i,  but 

permits the progress of the target vehicle 20i afte r the 

other vehicle disappears from the place. 

 [0162] 

 Further, the path determination unit 103 specifies  a 

path along which the target vehicle 20i will progre ss on 

the basis of the calculation result of the operatio n 

progress calculation unit 107.  In this case, when a 

plurality of path candidates can be selected, the p ath 

determination unit 103 may output the path candidat es and 

information indicating a priority determined for ea ch path 

in advance to the departure determination unit 102.   In 

this case, the departure determination unit 102 may  

perform a process of transmitting a path request fo r each 

path candidate to the security device 40 according to the 

given priority. 

 [0163] 

 The signal control unit 401 is a functional unit 

that actually performs control of switching the sig nal 6 

corresponding to the path to blue or red according to 

permission or non-permission of the progress to the  path 

in response to the path request received by the veh icle 

protection determination unit 400. 
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 [0164] 

 As described above, the operation management devic e 

10 may perform the operation control on the basis o f each 

embodiment described above in a situation in which safety 

is ensured on the basis of the control of the secur ity 

device 40.  Thus, for example, the departure instru ction 

according to the front direction density Df and the  rear 

direction density Dr that is transmitted by the dep arture 

determination unit 102 in the spacing adjustment mo de is 

generated after a condition that safety based on co ntrol 

of the security device 40 is ensured is satisfied.  

Accordingly, the vehicular traffic system 1 can exh ibit 

each function in each embodiment described above wh ile 

securing high safety. 

 [0165] 

 Further, the operation management device 10 

described above has a computer system provided ther ein.  

Also, each process of the operation management devi ce 10 

described above is stored in the form of a program in a 

computer-readable recording medium, and the compute r reads 

and executes the program to perform the above proce ss.  

Here, the computer-readable recording medium refers  to a 

magnetic disk, a magneto optical disc, a CD-ROM (Co mpact 

Disc Read Only Memory), a semiconductor memory, or the 

like.  Further, this computer program may be distri buted 
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to a computer via a communication line, and the com puter 

which has received the distribution may execute the  

program. 

Industrial Applicability 

 [0166] 

 According to the operation management device, the 

operation management method, the vehicle, the vehic ular 

traffic system, and the program, when the provision  of the 

transportation service using vehicles becomes nonun iform, 

an effect of resolving this can be obtained more ra pidly.  

Further, even when an unexpected event, such as a c ase in 

which a certain vehicle is suddenly withdrawn to th e 

vehicle depot or a case in which there is a failure  

vehicle on the line, occurs, it is possible to cont inue 

the operation without performing adjustment of the 

timetable. 

Reference Signs List 

 [0167] 

 1 vehicular traffic system 

 10 operation management device 

 100 vehicle position acquisition unit 

 101 density calculation unit 

 102 departure determination unit 

 103 path determination unit 

 104 spacing adjustment unit 
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 105 operation mode determination unit 

 106 timetable information storage unit 

 107 service progress calculation unit 

 200 to 20n vehicle 

 3 (3a, 3b, 3c) track 
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Claims 

 

[Claim 1] 

 An operation management device that manages an 

operation of a plurality of vehicles traveling alon g a 

track, the operation management device comprising: 

 a vehicle position acquisition unit that acquires 

positions of the plurality of vehicles present on t he 

track; 

 a density calculation unit that calculates density  

of the plurality of vehicles traveling within a 

predetermined range on the track; and 

 a departure determination unit that adjusts a 

departure time of a predetermined target vehicle by  

changing a time to transmit a departure instruction  to the 

target vehicle on the basis of one or both of front  

direction density indicating density of vehicles tr aveling 

within a predetermined range in front in a travel 

direction of the target vehicle, and rear direction  

density indicating density of vehicles traveling wi thin a 

predetermined range at the rear in the travel direc tion of 

the target vehicle. 

[Claim 2] 

 The operation management device according to claim  1, 

 wherein the departure determination unit adjusts t he 
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departure time at a stop station of the target vehi cle on 

the basis of a magnitude relationship between the f ront 

direction density and a predetermined front directi on 

density threshold value. 

[Claim 3] 

 The operation management device according to claim  1 

or 2, 

 wherein the departure determination unit adjusts t he 

departure time at a stop station of the target vehi cle on 

the basis of a magnitude relationship between the r ear 

direction density and a predetermined rear directio n 

density threshold value. 

[Claim 4] 

 The operation management device according to any o ne 

of claims 1 to 3, 

 wherein the departure determination unit delays th e 

departure time at the stop station of the target ve hicle 

when a front and rear direction density difference that is 

a value obtained by subtracting the rear direction density 

from the front direction density is greater than a 

predetermined density difference threshold value. 

[Claim 5] 

 The operation management device according to any o ne 

of claims 1 to 4, 

 wherein the departure determination unit further 
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adjusts the departure time at the stop station of t he 

target vehicle on the basis of one or both of an in ter-

vehicle distance between the target vehicle and ano ther 

vehicle traveling in a nearest position in front in  a 

travel direction of the target vehicle and an inter -

vehicle distance between the target vehicle and ano ther 

vehicle traveling in a nearest position at the rear  in the 

travel direction. 

[Claim 6] 

 The operation management device according to any o ne 

of claims 1 to 5, 

 wherein the vehicle position acquisition unit 

further acquires a travel direction of the pluralit y of 

vehicles, and 

 the density calculation unit performs a correction  

to increase the front direction density when it is 

determined that there is a vehicle traveling in a 

direction opposite to the travel direction of the t arget 

vehicle, in front in the travel direction on the tr ack 

along which the target vehicle travels. 

[Claim 7] 

 The operation management device according to any o ne 

of claims 1 to 6, 

 wherein the departure determination unit further 

adjusts the departure time not to be a time earlier  than 
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an earliest departure time determined for each vehi cle and 

each station by referring to operation timetable 

information in which the earliest departure time ha s been 

recorded. 

[Claim 8] 

 The operation management device according to any o ne 

of claims 1 to 7, 

 wherein the departure determination unit further 

obtains permission of progress for a security devic e that 

performs control of the operation while securing sa fety 

for a path along which the target vehicle should pr ogress, 

the path being specified on the basis of path infor mation 

of the track, before transmitting the departure 

instruction to the target vehicle. 

[Claim 9] 

 A vehicular traffic system comprising: 

 the operation management device according to any o ne 

of claims 1 to 8; and 

 a passenger information system that receives 

identification information, position information, a nd path 

information of the target vehicle from the operatio n 

management device, calculates a scheduled arrival t ime for 

each station of the target vehicle, and displays th e 

calculated scheduled arrival time on a display scre en 

installed in each station. 
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[Claim 10] 

 A vehicle that travels along a track, comprising: 

 a vehicle position acquisition unit that acquires 

positions of a plurality of vehicles including an o wn 

vehicle present on the track; 

 a density calculation unit that calculates density  

of the plurality of vehicles traveling within a 

predetermined range on the track; and 

 a departure determination unit that adjusts a 

departure time at a stop station of the own vehicle  on the 

basis of one or both of front direction density ind icating 

density of other vehicles traveling within a predet ermined 

range in front in a travel direction of the own veh icle, 

and rear direction density indicating density of ot her 

vehicles traveling within a predetermined range at the 

rear in the travel direction of the own vehicle. 

[Claim 11] 

 An operation management method for managing an 

operation of a plurality of vehicles traveling alon g a 

track, the operation management method comprising t he 

steps of: 

 acquiring positions of the plurality of vehicles 

present on the track; 

 calculating front direction density indicating 

density of vehicles traveling within a predetermine d range 
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in front in a travel direction of a predetermined t arget 

vehicle, and rear direction density indicating dens ity of 

vehicles traveling within a predetermined range at the 

rear in the travel direction of the target vehicle;  and 

 adjusting a departure time at a stop station of th e 

target vehicle on the basis of one or both of the f ront 

direction density and the rear direction density. 

[Claim 12] 

 A program that causes a computer of an operation 

management device that manages an operation of a pl urality 

of vehicles traveling along a track to function as:  

 vehicle position acquisition means for acquiring 

positions of the plurality of vehicles present on t he 

track; 

 density calculation means for calculating density of 

the plurality of vehicles traveling within a predet ermined 

range on the track; and 

 time adjustment means for adjusting a departure ti me 

at a stop station of a predetermined target vehicle  on the 

basis of one or both of front direction density ind icating 

density of vehicles traveling within a predetermine d range 

in front in a travel direction of the target vehicl e, and 

rear direction density indicating density of vehicl es 

traveling within a predetermined range at the rear in the 

travel direction of the target vehicle. 


