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THEREFOR

(57) The objective of the present invention is to min- times according to trouble types, and operational delay

imize the sum of delay times of trains managed in a train
operation management system and the number of oper-
ation cancellations of the trains when an operational trou-
ble occurs. A method for selecting an alternative operat-
ing route for a train of the present invention includes the
step of preparing beforehand all travelable routes from
a current location to a destination place of trains, travel
times totravelthe travelable routes, trouble-caused delay

times forinter-train troubles. When an operational trouble
of a train occurs, a sum of a travel time, a trouble-caused
delay time, and an operational delay time is obtained for
each of combinations of the travelable routes for all trains
in operation, and a combination of the travelable routes
forwhichthe sumis smallestis extracted as an alternative
operating route for the train.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a method for
selecting an alternative operating route for a train and a
system therefor.

BACKGROUND OF THE INVENTION

[0002] In conventional train operation management,
when an operational trouble occurs on a route from a
current location to a destination station of a train (here-
inafter referred to as an "operating route"), an alternative
operating route may be selected depending on the type
and operation of the train, and the train may be operated
using the alternative operating route for an early arrival
at the destination station.

[0003] The operating route of a train can be changed
manually. Document 1 discloses a method in which the
train itself proposes an operating route to realize the ap-
propriate operation management.

DOCUMENTS ON RELATED ARTS
PATENT DOCUMENTS

[0004] Document 1: JP 2011-020578

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] Changing an operating route of a single train
without considering other trains may cause an occupa-
tion of the same operating route or the same station by
the train and other trains at the same time. In such a
situation, the train which has changed the operating route
may obstruct the operations of other trains to cause a
delay arrival of other trains at their destinations.

[0006] The present invention has been made in view
of the above problem. The objective of the present in-
vention is to minimize the sum of delay times of trains
managed in a train operation management system and
the number of operation cancellations of the trains (here-
inafter referred to as "operational risks") when an oper-
ational trouble occurs.

MEANS FOR SOLVING THE PROBLEM

[0007] To solve the above problem, a method for se-
lecting an alternative operating route for a train includes
the step of preparing beforehand all travelable routes
from a current location to a destination place of trains,
travel times to travel the travelable routes, trouble-
caused delay times according to trouble types, and op-
erational delay times for inter-train troubles. When an
operational trouble of a train occurs, a sum of a travel
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time, a trouble-caused delay time, and an operational
delay time is obtained for each of combinations of the
travelable routes for all trains in operation, and a combi-
nation of the travelable routes for which the sum is small-
est is extracted as an alternative operating route for the
train.

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0008] The method for selecting an alternative operat-
ing route for a train and the system therefor of the present
invention can provide the optimum operating routes from
the whole train operation in the system and also can pro-
vide an operation to fit the user’s needs.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

Figure 1 is a schematic block diagram showing an
overall configuration of a train operation manage-
ment system;

Figure 2 is a block diagram of an alternative train
operating route selecting function 11;

Figure 3 shows information stored in a travelable
route information database 11E;

Figure 4 shows information stored in a train operation
information database 11F; and

Figure 5 is a process flowchart for changing an op-
erating route.

DESCRIPTION OF EMBODIMENTS

[0010] In the following, an embodiment of the present
invention will be described with reference to drawings.
[0011] Figure 1 is a schematic block diagram showing
an overall configuration of a train operation management
system according to an embodiment of the present in-
vention.

[0012] Thetrainoperation managementsystem shown
in figure 1 includes a railway network and a control sys-
tem for controlling the railway network. The railway net-
work includes, for example, stations (station A, station
B, station C and station D), paths R (R1 to R7) switched
by point switches P (P1 to P6), railway signals SG (SG1
to SG3), and trains T (T1 and T2).

[0013] The control system includes an automatic path
controller 1, a CTC device 2, and networks NW1 and
NW2, and configures train paths, controlling the signals
SG and point switches P.

[0014] The automatic path controller 1 and the CTC
device 2 are connected via the network NW1. The CTC
device 2, the signals SG1 to SG3 and the point switches
P1 to P6 are connected via the network NW2. The auto-
matic path controller 1 can control the signals SG1 to
SG3 and the point switches P1 to P6 via the network
NW1, CTC device 2 and network NW2. The trains T1
and T2 run along the paths R1 to R7 following the direc-
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tions given by the signals SG1 to SG3.

[0015] The automatic path controller 1, for configuring
train paths, includes an alternative train operating route
selecting function 11, a train path control function 12, an
operating route management function 13, an implemen-
tation scheduling function 14 and a trouble detection
function 15.

[0016] Of these functions, the control implementation
scheduling function 14 stores a train via-point table TB1
and data required for train operation in a storage device.
The train via-point table TB1 includes a departure station
101, paths to be followed 102 (hereinafter referred to as
a"traveling route"), and a destination station 103 for each
of the trains 100 to be controlled by the system.

[0017] In the case of the railway network in figure 1,
the train via-point table TB1 stores operating schedules
for two trains. Train T1 is scheduled to follow a route of
travelling station A, path R2, station B, path R3, path R4,
path R7, and station D in this order. Train T2 is scheduled
to follow a route of travelling station A, path R5, path R6,
station C, path R7, and station D in this order. In figure
1, these scheduled routes are denoted as W1 and W2.
The control implementation scheduling function 14 is as-
sumed to be inputted beforehand from an external device
or an external medium before train control is started.
[0018] The operating route management function 13
manages additions, changes and references for the con-
trol implementation scheduling function 14.

[0019] The train path control function 12 reads the
paths for each of the trains via the operating route man-
agement function 13, controls the field equipment such
as the signals SG1 to SG3 and the point switches P1 to
P6 via the CTC device 2, and enables each of the trains
to be operated according to a control implementation
schedule.

[0020] The trouble detection function 15 detects an in-
tersystem operational trouble F based on a signal which
is obtained from the CTC device 2 and indicates the field
equipment condition. It is also able to detect an opera-
tional trouble based on information manually inputted
from the automatic path controller or another device.
[0021] In the case shown in figure 1, the operational
trouble F has occurred in the station C and accordingly
the operation of trains to pass the station C has become
impossible. This operational trouble is detected by the
trouble detection function 15. Upon detection of the op-
erational trouble, the trouble detection function 15 reports
the occurrence and type of the operational trouble to the
alternative train operating route selecting function 11.
[0022] Upon receiving the report on the operational
trouble, the alternative train operating route selecting
function 11 changes the traveling route stored in the con-
trol implementation scheduling function 14 via the oper-
ating route management function 13, based on the types
of the operational trouble. Since the operational trouble
F occurredin the station C makes itimpossible to operate
the train T2 to pass the station C, it is necessary to guide
the train T2 to an alternative route leading to the station D.
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[0023] A specific method of changing the traveling
route will be described later. Although an example case
of changing the traveling route will be described in the
present embodiment, other data used in operating trains
may be changed.

[0024] Based on the control implementation schedul-
ing function 14 changed by the alternative train operating
route selecting function 11, the train path control function
12 moves the trains T1 and T2 in accordance with the
train via-point table TB1.

[0025] Figure 2 is a block diagram of the alternative
train operating route selecting function 11. The alterna-
tive train operating route selecting function 11 shown in
figure 2 includes an alternative train operating route
searching function 11A, an operating route evaluation
function 11B, an operating route selecting function 11C,
an operating route changing function 11D, a travelable
route information database 11E, and a train operation
information database 11F.

[0026] The travelable route information database 11E
includes a table which can store information on the
traveling routes from the present location of each train
to its destination station. Figure 3 shows an example of
the information stored in the table.

[0027] The train operation information database 11F
includes tables which can store the routes, train delay
times caused by operational troubles, train delay times
caused by inter-train operational troubles, and computa-
tion results of the alternative train operating route search-
ing function 11A and the operating route evaluation func-
tion 11B. Figure 4 shows an example of the information
stored in the table.

[0028] The alternative train operating route searching
function 11A searches for routes leading to the destina-
tion (hereinafter referred to as "alternative operating
routes") based on the currentlocation of the train and the
destination station in the implementation scheduling
function 14, and stores the alternative operating routes
in the train operation information database 11F.

[0029] The operating route evaluation function 11B
computes operational risks for each of the alternative op-
erating routes, which are stored in the train operation
information database 11F, for each of the trains, and
stores the computed operational risks in the train oper-
ation information database 11F.

[0030] Furthermore, the operating route selecting
function 11C selects an operating route which minimizes
the operational risks of the whole system based on the
operational risks computed for each of the alternative
operating routes for each of the trains. The operating
route changing function 11D switches to the selected op-
erating route via the operating route management func-
tion 13.

[0031] Figure 3 shows an example of information
stored in the travelable route information database 11E.
The travelable route information database 11E includes
a route information table 11E-1 which stores the trave-
lable route information in association with the route num-



5 EP 2 873 586 A1 6

bers 104. The travelable route information includes de-
parture paths or stations from which the train departs
(hereinafter referred to as "departure points") 105, arrival
paths or stations at which the train arrives (hereinafter
referred to as "arrival points") 106, and routes and sta-
tions by which the train passes (hereinafter referred to
as "via points") 107. The via points 107 store the paths
or stations travelable and available in operation from the
departure points 105 to arrival points 106.

[0032] Detail of the travelable route information asso-
ciated with the route number 104 in the route information
table 11E-1 will be omitted. The route numbers 104 in
the 1000s cover all routes from the station A as a depar-
ture point to the station D as an arrival point. The route
numbers 104 in the 1100s cover all routes from the path
R5 as a departure point to the station D as an arrival
point. The route numbers 104 in the 1200s cover all
routes from the station B as a departure point to the sta-
tion D as an arrival point.

[0033] The travelable route information database 11E
can be defined according to clients’ operations and is
inputted beforehand. The information to be stored in this
table may be prepared by computation using a computer
based on the connections between stations and between
paths.

[0034] Figure 4 shows an example of information
stored in the train operation information database 11F.
[0035] The train operation information database 11F
includes a route travel time table 11F-1 for storing the
travel times for the trains to travel each of the routes, a
trouble-caused delay time table 11F-2 for storing the de-
lay times of the trains caused according to the types of
the operational troubles, an operational delay time table
11F-3 for storing average delay times caused by opera-
tional troubles between trains, an alternative operating
route table 11F-4 for storing the alternative train operat-
ing routes, and an inter-train operational risk table 11F-
5 for storing the operational risks according to combina-
tions of the alternative train operating routes for each of
the trains.

[0036] The route travel time table 11F-1, trouble-
caused delay time table 11F-2, and operational delay
time table 11F-3 are stored manually, but may be stored
automatically based on the past data.

[0037] The alternative operating route table 11F-4 and
the inter-train operational risk table 11F-5 store the com-
putation results of the alternative operating route search-
ing function 11A and the operating route evaluation func-
tion 11B. The computing methods will be described later.
[0038] These tables included in the train operation in-
formation database 11F will be described below.
[0039] The route travel time table 11F-1, which stores
the travel times for the trains to travel each of the routes,
stores travel times 108 for the trains to travel all the avail-
able routes stored in the travelable route information ta-
ble 11E-1 in figure 3, associated with the route numbers
104. Therefore, information stored in the travelable route
information table 11E-1 and the route travel time table
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11F-1 can be retrieved as inter-related information. Much
of information stored in the foregoing tables is associated
with the route numbers 104 and can be used as inter-
related information, though explanation of the detail is
omitted.

[0040] The information stored in the route travel time
table 11F-1 can be interpreted, considering the relation-
ship between information associated by the route num-
bers 104. For example, itis known that, of the routes from
the station A as the departure point to the station D as
the arrival point, the route 1001 including via points R5,
R6 and R7 requires a travel time of 60 minutes for a train
to pass through the route 1001. It is also known that the
route 1002 from the same departure point to the same
arrival point as the route 1001 requires a travel time of
55 minutes.

[0041] The trouble-caused delay time table 11F-2,
which stores the delay times of the trains caused accord-
ing to the types of the operational troubles, stores the
relationships between the trouble types 109 and the de-
lay times 110. For example, when trouble type 109 is an
equipment trouble, the delay time 110 including the time
required for recovery before resumption of the train op-
eration is 60 minutes, and when the trouble type is an
accident, the delay time is 80 minutes.

[0042] The operational delay time table 11F-3, which
stores average delay times caused by operational trou-
bles between trains, stores the relationships between the
inter-train trouble types 111 and the delay times 112. The
operational delay time table 11F-3 stores, for example,
an average delay time caused when plural trains use the
same route in the same time period. In this case, the
average delay time includes a sum of times to consult
and determine an inter-train operation procedure for re-
covery.

[0043] The alternative operating route table 11F-4,
which stores alternative train operating routes, stores the
alternative operating routes for each of the trains. That
is, the alternative operating route table 11F-4 stores the
relationships between the trains 100 and the routes 104.
In this case, the trains 100 in the operational delay time
table 11F-3 correspond to the trains 100 in the train via-
point table TB1 of the control implementation scheduling
function, and the routes 104 correspond to the routes
104 in the travelable route information database 11E.
[0044] According to this table, in the case of the train
T1, for example, the routes 1201 and 1202 stored as
travelable route information can be used as alternative
operating routes out of the routes 104 stored in the trave-
lable route information table 11E-1 infigure 3. In the case
of the train T2, the routes 1101, 1102, 1103 and 1104
stored as travelable route information can be used as
alternative operating routes out of the routes stored in
the travelable route information table 11E-1.

[0045] The inter-train operational risk table 11F-5,
which stores the operational risks according to combina-
tions of the alternative train operating routes for each of
the trains, is constructed as follows. The inter-train op-
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erational risk table 11F-5 basically includes information
obtained from the corresponding columns of other tables.
The reference characters for the table 11F-5 in figure 4
indicate the corresponding columns in other tables. How-
ever, note that the column indicated by the reference
character 104T1 denotes the routes only for train T1 out
of the routes stored in the column indicated by the route
number 104 and the column indicated by the reference
character 104T2 denotes the routes only for train T2 out
of the routes stored in the column indicated by the route
number 104.

[0046] To constructthe inter-train operationalrisk table
11F-5, combinations of the alternative operating routes
for each of the trains are determined. To do this, first, all
the alternative operating routes (routes 1201 and 1202
in the present example) for train T1 stored in the alter-
native operating route table 11F-4 are entered, as base
information, in the train route 104T1.

[0047] In case A based on the alternative operating
route 1201 of the entered alternative operating routes,
all the alternative operating routes usable by train T2
(routes 1101, 1102, 1103 and 1104 in the present exam-
ple) are entered. In case B based on the alternative op-
erating route 1202, all the alternative operating routes
usable by train T2 (routes 1101, 1102, 1103 and 1104 in
the present example) are entered.

[0048] The items laterally arranged in the inter-train
operational risk table 11F-5 include travel time 108 and
trouble-caused delay time 110 for the trains T1 and T2
(100). In addition, the operational delay time 112 and the
total time 113 are included in the table 11F-5 according
to the combinations between trains T1 and T2.

[0049] It is known from the inter-train operational risk
table 11F-5 thus prepared that, for example, when the
alternative operating route 1101 is selected for the train
T2in the case A based on the alternative operating route
1201 for the train T1, the travel time 108 and the trouble-
caused delay time 110 for the train T1, the travel time
108 and the trouble-caused delay time 110 for the train
T2, the operational delay time 112 according to the com-
bination between the trains T1 and T2, and the total time
113 are 70 minutes, 60 minutes, 40 minutes, 60 minutes,
0 minute, and 230 minutes, respectively.

[0050] Similarly, when the alternative operating route
1102 is selected for the train T2 in the case A based on
the alternative operating route 1201, the above time val-
ues are 70 minutes, 60 minutes, 45 minutes, 0 minute,
20 minutes and 195 minutes, respectively.

[0051] When the alternative operating route 1103 or
1104 is selected for the train T2 in the case A based on
the alternative operating route 1201, the total time is 210
minutes. Therefore, it is known that the alternative oper-
ating route 1102 for the train T2 makes the total time
shortest when the alternative operating route 1201 is
used for the train T1.

[0052] In case B based on the alternative operating
route 1202 for the train T1, the table can be interpreted
similarly. In this case, the alternative operating route
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1102 for the train T2 makes the total time shortest
[0053] In the table, though all the possible route com-
binations are entered with respect to the train T1, all the
possible route combinations may be entered with respect
to the train T2 alternatively.

[0054] Figure 5 is a detailed process flowchart per-
formed by the alternative train operating route selecting
function 11 to change an operating route inputted to the
control implementation scheduling function 14.

[0055] In the process flowchart, first in step S1, the
alternative operating route searching function 11A
searches for alternative operating routes for all the trains
managed in the train operation management system 1.
[0056] Alternative operating routes are routes (via
points 107) whose departure point 105 is a station or path
R the train currently passes through and whose arrival
point 106 is a destination station stored in the control
implementation scheduling function 14. All such alterna-
tive operating routes are extracted by searching the
travelable route information database 11E.

[0057] Forexample, in a case where the train T1 stops
at the illustrated location (the station B) and is scheduled
to head for the station D in the railway network in figure
1 when an operational trouble F occurs, the alternative
operating route for the train T1 is the route 1201 (B, R1),
except for the initially scheduled route W1 (B, R3, R7),
i.e. the route 1202 in the travelable route information da-
tabase 11E. In this case, the routes 1201 and 1202 are
extracted as alternative operating routes from the trave-
lable route information database 11E.

[0058] Inacase where the train T2 travels the illustrat-
ed location (path R5) and is scheduled to head for the
station D in the railway network in figure 1 when an op-
erational trouble F occurs, the alternative operating
routes for the train T2 are the route 1102 (R5, R4, R7),
route 1103 (R5, A, R2, B, R1) and route 1104 (R5, A, R2,
B, R3, R4, R7), except for the initially scheduled route
W2 (R5, R6, R7), i.e. the route 1101 in the travelable
route information database 11E. In this case, the routes
1101, 1102, 1103 and 1104 are extracted as alternative
operating routes from the travelable route information da-
tabase 11E. The routes 1103 and 1104 are routes for the
train to once return to the departure station and then
change the route.

[0059] In step S1, the travelable route information da-
tabase 11E is searched as described above, the extract-
ed routes are set as the alternative operating routes for
the respective trains, and the route numbers for the re-
spective trains are entered along with the train numbers
in the route 104 columns and the train 100 columns in
the alternative operating route table 11F-4.

[0060] Next, in step S2, the operational risks are com-
puted by the operating route evaluation function 11B
based on the alternative operating route table 11F-4 stor-
ing the extracted alternative operating routes, the route
travel time table 11F-1, the trouble-caused delay time
table 11F-2, and the operational delay time table 11F-3.
[0061] The operational risks thus computed are en-
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tered in the inter-train operational risk table 11F-5 that
can be used in the manner as described in the foregoing.
In the following, a procedure for producing the table and
interpretation of the table will be described.

[0062] The operational risks are computed not for a
single train but for all the combinations of the possible
alternative operating routes between all the trains in the
system.

[0063] This computation includes all the combinations,
if a train (e.g. train T1) is assumed to use an alternative
operating route (e.g. route 1201), between the alternative
operating route for the train (train T1) and the alternative
operating routes (e.g. routes 1101, 1102, 1103, and
1104) for other trains (e.g. train T2). This computation
also includes all the combinations when the alternative
operating route for the train (train T1) is changed to other
(e.g. route 1202).

[0064] In the present embodiment, the operational
risks are represented by the total travel time of all the
trains in the system. In this case, the travel time required
to pass the alternative operating route, the time required
to pass the place of the trouble, and the time required to
eliminate the inter-train operational trouble are computed
for each of the trains in the system, and the computed
values are totalized for all the trains in the system.
[0065] The inter-train operational risk table 11F-5
stores the total travel time of all the trains in the system
as the total 113 which is a sum of the travel time 108 and
the trouble-caused delay time 110 of the train T1 (100),
the travel time 108 and the trouble-caused delay time
110 of the train T2 (100), and the operational delay time
112 according to the combination of the routes for the
trains T1 and T2.

[0066] The travel time 108 for each of the trains
traveling an alternative operating route is determined by
searching for the travel time 108 based on the route
number 104 of the alternative operating route in the route
travel time table 11F-1.

[0067] Thetimerequired topassanoperationaltrouble
location (trouble-caused delay time) 110 is determined
by searching the trouble-caused delay time table 11F-2
based on the operational trouble type 109 (e.g. equip-
ment failure or accident). In the example shown in figure
4, the trouble-caused delay time is estimated to be 60
minutes in the case of an equipment failure and 80 min-
utes in the case of an accident.

[0068] Lastly, the operational delay time 112 is deter-
mined. For this, the time required to eliminate the inter-
train operational trouble is determined by searching for
routes from the current location of the train as the depar-
ture point to the via points in the alternative operating
routes as the arrival points from the travelable route in-
formation 11E, and by obtaining the time required to trav-
el the routes from the route travel time table 11F-1 based
on the route number. The time required to travel routes
is also obtained for the via points in the alternative oper-
ating routes for other trains by the same computation
method. In this way, the time required to reach each of
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the via points are determined. If two trains are to reach
the same via point at the same time, the delay time ac-
cording to the operational trouble is obtained by search-
ing the operational delay time table 11F-4.

[0069] The respective computation results are record-
ed in the total travel time table 11F-5.

[0070] Next, in step S3, the operating route selecting
function 11C selects an alternative operating route
whose operational risks are smallest in the total travel
time table 11F-5. When the operational risks are repre-
sented by the total travel time of all the trains in the sys-
tem, a combination of the alternative operating routes
with the smallest total travel time is selected.

[0071] Inthe example shown in figure 4, the total travel
time is smallest with a combination of the train T1 using
the route 1202 and the train T2 using the route 1102.
This route combination leads the train T1 currently at the
station B to travel the route W1 via R3, R4, R7, and D as
initially planned, and leads the train T2 currently on the
route R5 to travel the changed route via R4, R7, and D.
[0072] In step S4, the operating route changing func-
tion 11D changes the route for each of the trains stored
in the train via-point table 14-1 via the operating route
management function 13 so that the route changes to
the selected combination of the alternative operating
routes.

[0073] In this way, even when an operational trouble
occurs, operating routes are automatically changed to
operating routes that minimize the operational risks for
the trains managed in the train operation management
system.

[0074] Though operating routes are automatically
changed in the present embodiment, operating routes
may be changed after an inquiry to the user via an inter-
face such as a display or a mouse.

EXPLANATION OF REFERENCE CHARACTERS
[0075]

1 ... automatic path controller

2 ... CTC device

NW1, NW2 ... networks

11 ... alternative train operating route selecting func-
tion

12 ... train path control function

13 ... operating route management function

14 ... control implementation schedule

15 ... trouble detection function

11A ... alternative operating route searching function
11B ... operating route evaluation function

11C ... operating route selecting function

11D ... operating route changing function

11E ... travelable route information

1E-1 ... route information table

11F ... train operation information
11F-1 ... route travel time table
11F-2 ... trouble-caused delay time table
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11F-3 ... operational delay time table
11F-4 ... alternative operating route table
11F-5 ... inter-train operational risk table
TB1 ... train via-point table

TR1, TR2 ... trains to be controlled

SG1 to SG3 ... signals to be controlled

P1 to P6 ... point switches to be controlled
AtoD ... stations

R1to R7 ... paths

F ... operational trouble

Claims

A method for selecting an alternative operating route
for a train, comprising the steps of:

preparing beforehand route data including
travelable routes for trains and train operation
data including operational risks associated with
operational troubles;

searching for alternative operating routes for a
current operating route for a train from the route
data;

determining the operational risks based on the
train operation data;

selecting an alternative operating route for the
current operating route for the train based on
the operational risks; and

changing the current operating route for the train
to the selected alternative operating route for
the train.

The method for selecting an alternative operating
route for a train according to claim 1,

wherein the route data includes a departure place,
a destination place, and at least one via point of the
trains; and

wherein, in selecting the alternative operating route,
a travelable route is obtained based on a current
location and the destination place of the train from
the route data.

The method for selecting an alternative operating
route for a train according to claim 1,

wherein the train operation data includes values in-
dicating the operational risks associated with the op-
erational troubles for a single train and for a plurality
of trains; and

wherein the operational risks are prepared for oper-
ational risks caused by changing a route for the train
for combinations of the travelable routes for each of
the trains.

The method for selecting an alternative operating
route for a train according to claim 3,

wherein operational risks are obtained between
trains in a train path by simulating future locations of
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the trains based on current locations of the trains,
the route data, and the train operation data.

The method for selecting an alternative operating
route for a train according to one of claims 3 and 4,
wherein a route with a smallest operational risk is
selected based on the operational risks determined
for each of the combinations of the travelable routes.

The method for selecting an alternative operating
route for a train according to claim 5,

wherein the selected alternative operating route is
proposed to a user and, after an approval of the pro-
posal by the user, train operation is changed to
change the current operating route to the selected
alternative operating route.

A method for selecting an alternative operating route
for a train, comprising the step of:

preparing beforehand all travelable routes from
a currentlocation to a destination place of trains,
travel times to travel the travelable routes, trou-
ble-caused delay times according to trouble
types, and operational delay times for inter-train
troubles;

wherein, when an operational trouble of a train
occurs, a sum of a travel time, a trouble-caused
delay time, and an operational delay time is ob-
tained for each of combinations of the travelable
routes for all trains in operation, and a combina-
tion of the travelable routes for which the sum
is smallest is extracted as an alternative oper-
ating route for the train.

8. A system for selecting an alternative operating route

for a train, comprising:

route data including travelable routes for trains;
train operation data including operational risks
associated with operational troubles;

a route searching function for searching for al-
ternative operating routes for a current operating
route for a train;

a risk computing function for computing opera-
tional risks;

a route selecting function for selecting an alter-
native operating route based on the operational
risks; and

a route changing function for changing the op-
erating route for the train.

The system for selecting an alternative operating
route for a train according to claim 8,

wherein the route data includes a departure place,
a destination place, and at least one via point of the
trains; and

wherein the route searching function obtains a trave-
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lable route based on a current location and the des-
tination place of the train from the route data.

The system for selecting an alternative operating
route for a train according to claim 8,

wherein the train operation data includes values in-
dicating the operational risks associated with the op-
erational troubles for a single train and for a plurality
of trains; and

wherein the risk computing function computes the
operational risks caused by changing a route for the
train for combinations of the travelable routes for
each of the trains.

The system for selecting an alternative operating
route for a train according to claim 10,

wherein the risk computing function computes oper-
ational risks between trains in a train path by simu-
lating future locations of the trains based on current
train locations of the trains, the route data, and the
train operation data.

The system for selecting an alternative operating
route for a train according to one of claims 10 and 11,
wherein the route selecting function selects a route
with a smallest operational risk based on operational
risks computed for each of the combinations of the
travelable routes.

The system for selecting an alternative operating
route for a train according to claim 12,

wherein the route changing function proposes the
selected alternative operating route to a user and,
after an approval of the proposal by the user, chang-
es train operation to change the current operating
route to the selected alternative operating route.

A system for selecting an alternative operating route
for a train, comprising:

afirst storage unitfor storing all travelable routes
from a current location to a destination place of
trains;

a second storage unit for storing travel times to
travel the travelable routes, trouble-caused de-
lay times according to trouble types, and oper-
ational delay times for inter-train troubles;

an operational trouble detection function for de-
tecting occurrence of an operational trouble of
a train;

a function for computing a sum of a travel time,
atrouble-caused delay time, and an operational
delay time for each of combinations of the trave-
lable routes for all trains in operation when the
operational trouble is detected;

a selection function for selecting a combination
of the travelable routes for which the sum is
smallest; and
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a function for presenting the selected combina-
tion as an alternative operating route for the
train.
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FIG. 5
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