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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optimal train
running-pattern calculating apparatus and the system
including the same for calculating an optimal running-
pattern for a train to run with small energy consumption
and riding comfort while satisfying conditions such as a
running distance, a running time, and a restricted
speed.

2. Description of the Related Art

Thus far, a standard running-pattern for a train to
run with small energy consumption and riding comfort
while satisfying conditions such as a running distance, a
running time, and a restricted speed has been created
manually by connecting curves on paper in accordance
with a running technique obtained through the experi-
ences of motormen. When a train deviates from a run-
ning schedule, a schedule restoration running operation
is performed. In this event, since there is no reference
pattern, the motorman should perform a schedule resto-
ration running operation through his perception and
experience. It is very difficult to optimize the running-
pattern of a train mathematically due to its strong non-
linearity and discontinuity. So far, studies with respect to
the optimal running techniques of trains as disclosed in
the following papers have been conducted.

[1] "A Predictive Fuzzy Control for Automatic Train
Operation”, by Yasunobu et. al., published on
"ISCIE Systems and Control" of Japanese maga-
zine, pp 605-613, No. 10, Vol 28, 1984.

[2] "Laboratory Development of New Train Control
System by Radio”, by Inage et. al., published on
"RTRI Report”, pp. 48- 55, No. 1, Vol. 5, January
1991.

[3] "A Method for Calculating the Energy Consumed
in Train Operation and Its Application for a Study on
Energy Saving in the Shinkansen Accommodation
Train Service", by Yasukawa, published on "Trans.
of IEEE of Japan”, pp 769-776, No. 9, Vol. 106-B,
September 1986.

It is not known whether or not the running technique
which is obtained through the experience of a motor-
man is optimal from the standpoints of riding comfort
and energy consumption. In addition, manual creation
of a standard running-pattern takes a long time and is
very troublesome. Moreover, the running schedule of
trains becomes tight year by year. The number of appli-
cants for motormen decreases, and so does the number
of skilled motormen. Thus, in the schedule restoration
running operation based on the skill of a motorman, it is
not assured whether or not the motorman can stop the
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train at a predetermined position and run the train within
a restricted speed. Furthermore, the schedule restora-
tion ratio is not constant.

Reference is also made to EP-A-0 467 377, which
is an intermediate document, i.e. having earlier claimed
priority dates but published between the claimed priority
and filing dates of the present application. This applica-
tion discloses a method of producing an optimum train
running plan based on input data from a rolling stock
characteristic data file (including drive force and decel-
eration characteristics) and a line condition data file,
and keyboard-inputted data indicating the type of train,
individual station identifiers, start time and estimated
time of arrival. A target speed is then calculated for each
of several territories into which the journey is subdi-
vided, from which the total journey time and consumed
energy are calculated. By reducing the target speed in
the territory having the maximum partial derivative inter-
actively, the calculated journey time is adjusted until it
comes within an allowable tolerance of the scheduled
time. The determined optimal running plan is transmit-
ted from a ground system to a receiver system on the
train which displayed the plan on a cathode ray tube.

Summary of the Invention

An object of the present invention is to provide an
optimal train running-pattern calculating apparatus and
a system of the same for easily, quickly, and securely
obtaining an optimal running-pattern of a train which
can run with riding comfort and small energy consump-
tion in conformity with a restricted speed, predeter-
mined stop positions and a running schedule.

According to the invention there is provided an opti-
mal train running-pattern calculating apparatus, com-
prising:

input means for inputting line data and car data;
backward curve calculating means for outputting
backward curves consisting of backward brake
curves, each formed by a running curve represent-
ing a train in brake-on state and calculated back-
ward from a respective point on a predetermined
limit speeds curve representing the upper limit
speeds along the line, where an upper limit speed
has decreased, and backward power curves each
formed by a running curve representing the train in
power-on state and calculated backward from a
respective point on said limit speeds curve, where
an upper limit speed increases;

parameter initializing means for setting notch
switching parameters and said upper limit speeds,
said notch switching parameters consisting of a
brake-on parameter, a power-off parameter, a
brake-off parameter and a power-on parameter,
respectively defining, in a simulation of the running
of the train, speeds, expressed as a percentage of
the upper limit speed, for which, when the speed of
the train increases, the brake is to be turned on and
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the power is to be turned off, and, when the speed
of the train decreases, the brake is to be turned off
and the power is to be turned on;

running simulation means for simulating the run-
ning of the train by using the data received from the
input means, backward curves received from the
backward curve calculating means, and the notch
switching parameters and the upper limit speeds
received from the parameter initializing means, in
order to calculate the optimal running-pattern for
said train, wherein the train runs without exceeding
the upper limit speeds in a predetermined running
distance, wherein, during the running simulation,
when the simulated running curve of the train inter-
sects with a backward power or brake curve, the
running curve follows this backward power or brake
curve, and, wherein from a point where the upper
limit speed increases and a backward brake curve
intersects with the increased upper limit speed, a
backward neutral curve is obtained, the running-
pattern being created along these curves;
evaluation function setting means for setting evalu-
ation functions with respect to energy consumption
and riding comfort in accordance with the various
data received from said input means; and

time fitting means for causing upper limit speed
adjusting means to adjust the upper limit speed and
causing said running simulation means to recalcu-
late said running-pattern when the running time cal-
culated by said running simulation means is outside
a predetermined allowable range for the running
time.

According to a preferred embodiment, an optimal
running-pattern calculating system is provided with
such an optimal running-pattern calculating apparatus
and comprises a database and/or a storage medium for
storing line data, car data, and operation condition data,
a running-pattern calculating unit for calculating a run-
ning-pattern for a train to run in a predetermined section
in a predetermined running time in accordance with said
line data, said car data, and said operation condition
data received from said database and/or storage
medium, and an interface for outputting a running-pat-
tern calculating command to said running-pattern calcu-
lating unit and for displaying the running-pattern being
obtained.

The optimal running-pattern calculating system
may also comprise a communication system for output-
ting data of the position and speed of a preceding train
and operation management data to said running-pat-
tern calculating unit, wherein said database and/or stor-
age medium, said running-pattern calculating unit, and
said interface are mounted on said train.

Thus, a running-pattern for a train to run with small
energy consumption and riding comfort while satisfying
a predetermined running distance, a predetermined
running time, and a restricted speed can be easily and
quickly created.
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In addition, automatic train operation tracking a tar-
get running-pattern can be realized. Thus, the train can
run in a predetermined running time with riding comfort.

These and other objects, features and advantages
of the present invention will become more apparent in
light of the following detailed description of preferred
embodiments thereof, given by way of example and
illustrated in the accompanying drawings, in which

Fig. 1 is a block diagram showing an optimal run-
ning-pattern calculating apparatus of a first embod-
iment in accordance with the present invention.
Fig. 2 is a graph showing a running-pattern
obtained by a running simulation means;

Fig. 3 is a graph showing a running-pattern
obtained by a time fitting means;

Fig. 4 is a graph showing a running-pattern
obtained by a pattern optimizing means;

Fig. 5 is a graph showing a running-pattern
obtained by a running simulation means of an sec-
ond embodiment in accordance with the present
invention;

Fig. 6 is a graph showing a running-pattern
obtained by a time fitting means of the second
embodiment;

Fig. 7 is a graph showing a running-pattern
obtained by a pattern optimizing means of the sec-
ond embodiment;

Fig. 8 is a graph showing a running-pattern
obtained by using notch switching parameters in
the case where line resistances is not considered;
Figs. 9 (a) to (d) are graphs showing running condi-
tions in accordance with the notch switching param-
eters;

Fig. 10 is a block diagram showing an optimal run-
ning-pattern calculating system of a third embodi-
ment in accordance with the present invention;

Fig. 11 is a schematic diagram showing an opera-
tion screen of an interface;

Fig. 12 is a schematic diagram showing a running-
pattern condition inputting sub-window of the inter-
face;

Fig. 13 is a schematic diagram showing a running-
pattern reading sub-window of the interface; and
Fig. 14 is a block diagram showing another example
of the optimal running-pattern calculating system.

DESCRIPTION OF PREFERRED EMBODIMENTS

First embodiment

Now, with reference to the accompanying drawings,
a first embodiment in accordance with the present
invention will be described. Figs. 1 to 4 show the first
embodiment in accordance with the present invention.
Fig. 1 is a block diagram showing an optimal running-
pattern calculating apparatus of the first embodiment in
accordance with the present invention.

In Fig. 1, the optimal running-pattern calculating
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apparatus comprises an input means 1 which inputs line
data, car data, and so forth, an evaluation function set-
ting means 2 which sets evaluation functions with
respect to energy consumption and riding comfort in
accordance with data being input form the input means
1, a running simulation means 3 which simulates the
running of a train and which calculates a running-pat-
tern for the train to run in a predetermined running dis-
tance in a restricted speed, a time fitting means 5 which
adjusts a running time of the running-pattern calculated
by the running simulation means 3, and a pattern opti-
mizing means 7 which adjusts notch switching parame-
ters so that the evaluation functions of the running-
pattern adjusted by the time adjusting means 5 become
minimal.

The running simulation means 3 is connected to a
parameter initializing means 10 and a backward curve
calculating means 4. The time fitting means 5 is con-
nected to an upper limit speed adjusting means 6. The
pattern optimizing means 7 is connected to a parameter
adjusting means 8. The pattern optimizing means 7 is
also connected to an output means 9 which outputs a
running-pattern obtained by the pattern optimizing
means 7.

Next, the operation of this embodiment will be
described.

On the input means 1, using an electronic pen, a
touch sensor, or the like, the user inputs line data and
car data. The line data includes for example a running
distance between each station, a predetermined run-
ning time thereof, a restricted speed thereof, and line
conditions (curves and grades). The car data includes
for example a train composition, car weight, passenger
capacity, and traction characteristics. The evaluation
function setting means 2 obtains a formula for calculat-
ing energy consumption of the train in accelerating
phase in accordance with the car data such as car
weight. In addition, the evaluation function setting
means 2 obtains as an index of riding disconfort a for-
mula with respect to the number of notch switching
times. The evaluation function setting means 2 uses
these formulas as evaluation functions. When neces-
sary, a weight changing means 2a changes the weights
of the evaluation functions obtained by the evaluation
function setting means 2. There are some notches cor-
responding to discrete tractions in each of accelerating
phase and decelerating phase. One of the notches of
each phase is used for calculating a running pattern. So
the number of notch switching times represents the
number of times of the notch switching between power-
on state (accelerating phase), neutral state (inertial run-
ning phase), and brake-on state (decelerating phase).
As the number of notch switching times increases, the
riding comfort degrades. In addition, when a notch is
switched, the more the traction varies, the more the rid-
ing comfort degrades.

Next, the operation of the running simulation means
3 will be described. The running simulation means 3
simulates the running of a train in accordance with the
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line data and the car data obtained by the input means
1, the backward curves obtained by the backward curve
calculating means 4, the initial values and the upper
limit speeds of the notch switching parameters which
are set by the parameter initializing means 10. The
backward curves obtained by the backward curve calcu-
lating means consist of backward brake curves and
backward power curves. As shown in Fig. 2, backward
brake curves 12 are obtained as running curves of a
train in brake-on state calculated backward from a point
where an upper limit speed 14 decreases and from an
end point b. On the other hand, a backward power curve
13 is obtained as a running curve of a train in power-on
state calculated from a point ¢ where an upper limit
speed increases.

The notch switching parameters are defined based
on notch switching between power-on, neutral, and
brake-on states. The notch switching parameters con-
sist of brake-on parameter, power-off parameter, brake-
off parameter, and power-on parameter in the ordinary
order of value. Each of the notch switching parameters
has an individual value for example 100 %, 90 %, 80 %,
or 70 % to an upper limit speed.

As shown in Fig. 9, in the condition where the
brake-on parameter is set to 100 %, the power-off
parameter to 90 %, the brake-off parameter to 80 %,
and the power-on parameter to 70 %, when the speed
of the train increases to 100 % of the upper limit speed
in neutral state (N), the brake is turned on (see Fig. 9
(a)). When the speed of the train increases to 90 % of
the upper limit speed in power-on state (P), the power is
turned off (see Fig. 9 (b)). In this case, when the line
resistance is positive, the train is decelerated in the neu-
tral state (N). On the other hand, when the line resist-
ance is negative, the train is accelerated in the neutral
state (N). When the speed of the train decreases to 80
% of the upper limit speed in the brake-on state (B), the
brake is turned off (see Fig. 9 (c)). In this case, when the
line resistance is positive, the train is decelerated in the
neutral state (N). On the other hand, when the line
resistance is negative, the train is accelerated in the
neutral state (N). When the speed decreases to 70 % of
the upper limit speed in the neutral state (N), the power
is turned on (see Fig. 9 (d)).

The parameter initializing means 10 sets the initial
values of the notch switching parameters. In other
words, the parameter initializing means 10 sets individ-
ual values of the notch switching parameters. These
individual values are represented with percentage to an
upper limit speed of the train.

As an initial values of an upper limit speed which is
input to the running simulation means 3, a restricted
speed is used. The restricted speed is an absolutely
restricted speed predetermined for each portion in
accordance with the line condition and so forth. Thus,
the restricted speed is a restricted value of the running
speed of the train. On the other hand, an upper limit
speed is an expedient upper limit speed for use in
obtaining an optimal running-pattern. The restricted
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speed is the maximum value of the upper limit speed.

The running simulation means 3 simulates the run-
ning of the train so that it can run at speeds which do not
exceed a predetermined upper limit speed for a prede-
termined running distance. In simulating the running of
a train, when a running curve intersects with a backward
brake curve 12 or a backward power curve 13 as shown
in Fig. 2, the resultant running curve is drawn the-
realong. Thus, when the upper limit speed increases in
a forward position, by turning on the power early, the
train can be effectively accelerated. On the other hand,
when the upper limit speed decreases in a forward posi-
tion, the train can run at a speed which does not exceed
the restricted speed and securely stops a predeter-
mined position.

In the running simulation, when the running speed
of the train increases to the brake-on speed, the brake
is turned on. When the running speed of the train
increases to the power-off speed, the power is turned
off. When the running speed of the train decreases to
the brake-off speed, the brake is turned off. When the
running speed of the train decreases to the power-on
speed, the power is turned on. Thus, the train can run at
a speed in conformity with the restricted speed. In addi-
tion, the train can be prevented from stopping before
reaching a predetermined stop position. In this manner,
a running-pattern 11 as shown in Fig. 2 can be
obtained. In Fig. 2, the energy consumption is 6.3; the
number of notch switching times is 6; and the time error
is -17.5 sec.

When the running time of the running-pattern
obtained by the running simulation means 3 has a mar-
gin, the time fitting means 5 adjusts the running time.

In other words, when the running time of the run-
ning-pattern obtained by the running simulation means
3 has a margin (17.5 sec.) (see Fig. 2), the upper limit
speed adjusting means 6 adjusts the upper limit speed
of the train in accordance with the running time error. A
signal of the time adjusting means 5 is input to the run-
ning simulation means 3. The running simulation means
3 repeats the running simulation. The running simula-
tion is performed in such a way that the train can run at
as close to the upper limit speed as possible. Thus,
when the upper limit speed is decreased, the maximum
running speed decreases and the running time is pro-
longed. The upper speed adjusting means 6 adjusts the
upper limit speed by decreasing the upper limit speed of
the convex portion as shown in Fig. 2. Adjusting of the
upper limit speed and the running simulation are
repeated until the running time error comes in the allow-
able range. In this manner, a running-pattern 21 as
shown in Fig. 3 is obtained. In Fig. 3, reference numeral
22 is a backward brake curve. Reference numerals 24
and 25 are an upper limit speed which has not been
adjusted and an upper limit speed which has been
adjusted, respectively. In Fig. 3, the energy consump-
tionis 3.5; the number of notch switching times is 8; and
the time error is 0.1 sec.

When the four notch switching parameters are set
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to individual values such as 100 %, 90 %, 80 %, and 70
%, after the running time has been adjusted a running-
pattern is uniquely fixed, as shown in Fig. 3. Thus, the
pattern optimizing means 7 selects the notch switching
parameters as parameters to optimize the running-pat-
tern. Then, the notch switching parameters are
adjusted. A signal of the pattern optimizing means 7 is
input to the running simulation means 3. The running
simulation means 3 repeats the running simulation and
the time fitting means 5 repeatedly adjusts the running
time. In this manner, the individual values of the notch
switching parameters where the values of the evaluation
functions are minimized are obtained.

The parameter adjusting means 8 adjusts the notch
switching parameters in accordance with a rule based
on situations of the notch switching and evaluation func-
tions varying or by using an Al (Artificial Intelligence)
system. In addition, while observing the running pattern
and the values of evaluation functions displayed on a
display of the pattern optimizing means 7, the user can
manually adjust the notch switching parameters. As the
number of switching times of notches caused by notch
switching criteria speeds which are products of the
upper limit speed and the notch switching parameters,
other than backward curves decreases, the riding com-
fort is improved. In addition, since the wasteful acceler-
ating is decreased, a running-pattern 31 of the train
which decreases energy consumption is obtained (see
Fig. 4). The resultant running-pattern is displayed on a
running-pattern display unit.

In Fig. 4, reference numeral 32 is a backward curve.
Reference numerals 34 and 35 are an upper limit speed
which has not been adjusted and an upper limit speed
which has been adjusted, respectively. In Fig. 4, the
energy consumption is 2.5; the number of notch switch-
ing times is 2; and the time error is 0.1 sec.

Thus, a running-pattern for a train to run with small
energy consumption and riding comfort in conformity
with a predetermined running distance, a predeter-
mined running time, and a restricted speed can be eas-
ily, quickly, and securely obtained. When a shorter
running time is specified, a running-pattern for a sched-
ule restoration running operation can be obtained. In
addition, since a shortest running time can be obtained,
the apparatus in accordance with the present invention
can be used when a train schedule is revised or when a
new line schedule is created. Moreover, provided that a
optimal running-pattern has been input to an automatic
train operation system as a target running-pattern,
when a train is controlled to track this pattern, it can run
with small energy consumption and riding comfort in
conformity with the designated running distance, the
designated running time, and the designated restricted
speed.

Second Embodiment

Next, with reference to Figs. 5 to 8, a second
embodiment in accordance with the present invention
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will be described.

The second embodiment shown in Figs. 5 to 8 is
the same as the first embodiment shown in Figs. 1 to 4
except for the notch switching parameters which are
input to the running simulation means.

On the input means 1, using an electronic pen, a
touch sensor, or the like, the user inputs line data and
car data. The line data includes for example a running
distance between each station, a predetermined run-
ning time thereof, a restricted speed thereof, and line
conditions (curves and grades). The car data includes
for example a train composition, car weight, passenger
capacity, and traction characteristics. The evaluation
function setting means 2 obtains a formula for calculat-
ing energy consumption of the train in accelerating
phase in accordance with the car data such as car
weight. In addition, the evaluation function setting
means 2 obtains as an index of riding discomfort a for-
mula with respect to the number of notch switching
times. The evaluation function setting means 2 uses
these formulas as evaluation functions. When neces-
sary, a weight changing means 2a changes the weight
of the evaluation functions obtained by the evaluation
function setting means 2. The number of notch switch-
ing times represents the number of times of the notch
switching between power-on state, neutral state, and
brake-on state. As the number of notch switching times
increases, the riding comfort degrades. In addition,
when a notch is switched, the more the traction varies,
the more the riding comfort degrades.

The running simulation means 3 simulates the run-
ning of a train in accordance with the line data and the
car data obtained by the input means 1, the backward
curves obtained by the backward curve calculating
means 4, the initial values and the upper limit speeds of
the notch switching parameters which are set by the
parameter initializing means 10. The backward curves
obtained by the backward curve calculating means 4
consist of backward brake curves and backward power
curves. As shown in Fig. 5, backward brake curves 102
are obtained as running curves of a train in brake-on
state calculated backward from a point where an upper
limit speed 104 decreases and from an end point b. On
the other hand, a backward power curve 103 is obtained
as a running curve of a train in power-on state calcu-
lated backward from a point ¢ where an upper limit
speed increases.

The parameter initializing means 10 sets the initial
values of the notch switching parameters. The notch
switching parameters are set as criteria of whether the
brake and/or power are turned on and/or off. Thus, the
notch switching parameters consist of brake-on param-
eter, power-off parameter, brake-off parameter, and
power-on parameter. Each parameter has an individual
value constant between a station and the next station.
The individual value is represented with percentage (%)
to an upper limit speed. The value of the brake-on
parameter is larger than the value of the power-on
parameter. The values of the power-off parameter and
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the brake-off parameter are larger than the value of the
power-on parameter and smaller than the value of the
brake-on parameter.

In this embodiment, the power-off parameter and
the brake-off parameter have two individual values in
accordance with the cases whether the line resistance
is positive or negative. The value of line resistance var-
ies from point to point depending on the resistance of
grade, the resistance of curve, and the resistance of
running. With respect to the power-off parameter and
the brake-off parameter, one of the two values is
selected for each parameter depending on the value of
the line resistance at the point the train is running.

The restricted speed is an absolutely restricted
speed predetermined for each portion in accordance
with the line condition and so forth. Thus, the restricted
speed is a restricted value of the running speed of the
train. On the other hand, an upper limit speed is an
expedient upper limit speed for use in obtaining an opti-
mal running-pattern. The restricted speed is the maxi-
mum value of the upper limit speed.

The running simulation means 3 simulates the run-
ning of the train so that it can run at speeds which do not
exceed a predetermined upper limit speed for a prede-
termined running distance. In simulating the running of
a train, when a running curve intersects with a backward
brake curve 102 or a backward power curve 103 as
shown in Fig. 5, the resultant running curve is drawn
therealong. Thus, when the upper limit speed increases
in a forward position, by turning on the power early, the
train can be effectively accelerated. On the other hand,
when the upper limit speed decreases in a forward posi-
tion, the train can run at a speed which does not exceed
the restricted speed and securely stop in a predeter-
mined position. In addition, during simulation of the run-
ning-pattern, the individual value of each notch
switching parameter is multiplied by the upper limit
speed of the section in which the train is running. Thus,
the brake-on speed, the power-off speed, the brake-off
speed, and the power-on speed which are notch switch-
ing criteria speeds for switching notches are obtained in
advance.

With respect to the power-off speed and the brake-
off speed, two individual values for each speed in
accordance with the cases whether the line resistance
is positive or negative are obtained in advance. When
the running speed of the train increases to the brake-on
speed, the brake is turned on. When the running speed
of the train decreases to the power-on speed, the power
is turned on. At a point where the line resistance is pos-
itive (namely, the speed of the train in the neutral state
decreases), the power-off speed or the brake-off speed
in accordance with the individual value for the positive
line resistance is selected. At a point where the line
resistance is negative (namely, the speed of the train in
the neutral state increases), the power-off speed or the
brake-off speed in accordance with the individual value
for the negative line resistance is selected. When the
speed of the train increases to the power-off speed, the
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power is burned off. When the speed of the train
decreases to the brake-off speed, the brake is turned
off. Thus, the train can run in conformity with the
restricted speed. In addition, the train can be prevented
from stopping before reaching a predetermined stop
position.

In this manner, a running-pattern 101 as shown in
Fig. 5 can be obtained. In the figure, the value of the
brake-on parameter is set to 100 %. The value of the
power-on parameter is set to 45 %. Both the values in
accordance with the positive and negative line resist-
ances of the power-off parameter and the brake-off
parameter are set to 99 %. All these values are initial
values. In the figure, the energy consumption is 1156;
the number of notch switching times is 15; and the run-
ning time error is -5.616 sec.

When the running time of the running-pattern
obtained by the running simulation means 3 has a mar-
gin (5.616 sec. in Fig. 5), the time fiting means 5
adjusts the running time.

The time fitting means 5 determines the running
time error of the running-pattern obtained by the run-
ning simulation means 3. The upper limit speed adjust-
ing means 6 adjusts the upper limit speed in
accordance with the error and outputs a new upper limit
speed to the running simulation means 3. The running
simulation means 3 repeatedly simulates the running
simulation. Adjusting of the upper limit speed and the
running simulation are repeated until the running time
error comes in the allowable range.

The upper limit speed adjusting means 6 increases
or decreases the upper limit speed at the convex portion
shown in Fig. 5 in the range below the restricted speed
in accordance with the running time error which is posi-
tive or negative, respectively. Thus, the upper limit
speed adjusting means 6 obtains a new upper limit
speed. Since the individual values of the notch switch-
ing parameters have been fixed, when the upper limit
speed is decreased, the maximum running speed is
decreased and thereby the running time is prolonged.
On the other hand, when the upper limit speed is
increased, the maximum running speed is increased
and thereby the running time is shortened.

In this manner, a running-pattern 121 as shown in
Fig. 6 can be obtained. In the figure, reference numeral
122 is a backward brake curve. Reference numeral 123
is a backward power curve. Reference numeral 124 is
an upper limit speed which has not been adjusted (this
speed is equal to the restricted speed). Reference
numeral 125 is an upper limit speed which has been
adjusted. In this figure, the energy consumption is 705;
the number of notch switching times is 15; and the run-
ning time error is -0.099 sec.

When an individual value of each notch switching
parameter is set, a running-pattern obtained by the time
fitting means 5 is uniquely fixed. Thus, the pattern opti-
mizing means 7 adjusts the notch switching parameters
S0 as to optimize the running-pattern.

The pattern optimizing means 7 determines situa-
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tions of the notch switching and the evaluation functions
varying of the running-pattern adjusted by the time fit-
ting means 5. Thus, the parameter adjusting means 8
adjusts the notch switching parameters so that the val-
ues of the evaluation functions are decreased. New
notch switching parameters are sent to the running sim-
ulation means 3. The running simulation means 3
repeatedly simulates the running simulation. The
adjusting of the notch switching parameters, the running
simulation, and, when necessary, the adjusting of the
upper limit speed are repeated until the values of the
evaluation functions become minimal.

The parameter adjusting means 8 adjusts the notch
switching parameters in accordance with a rule based
on situations of the notch switching and evaluation func-
tions varying or by using an Al (Artificial Intelligence)
system so as to the values of the evaluation functions
decrease. In addition, while observing the running-pat-
tern and the values of the evaluation functions obtained,
the user can manually adjust the notch switching
parameters. As the number of switching times of
notches caused by notch switching criteria speeds other
than backward curves decreases, the riding comfort is
improved. In addition, since the wasteful accelerating is
decreased, energy consumption is also decreased.

Some of the notch switching parameters are
selected to be adjusted at the same time. With respect
to the power-off parameter and the brake-off parameter,
two individual values in accordance with the cases
where the line resistance is positive or negative are
independently adjusted. Thus, in the case where the
brake or power is turned off in a particular point between
two stations where the line resistance is positive and in
another point where the line resistance is negative, an
optimal running-pattern 131 suitable to the condition of
the line resistance can be obtained as shown in Fig. 7.
In the figure, reference numeral 132 is a backward
brake curve. Reference numeral 133 is a backward
power curve. Reference numerals 134 and 135 are an
upper limit speed which has not been adjusted and an
upper limit speed which has been adjusted, respec-
tively. The individual value of the brake-on parameter is
100 %. The individual value of the power-on parameter
is 45 %. The individual value of the power-off parameter
in the case where the line resistance is positive is 98 %.
The individual value of the power-off parameter in the
case where line resistance is negative is 91 %. The indi-
vidual value of the brake-off parameter is 99 % regard-
less of whether the line resistance is positive or
negative. In this figure, the energy consumption is 896;
the number of notch switching times is 5; and the run-
ning time error is 0.138 sec.

As opposed to the case shown in Fig. 7, when each
of the power-off parameter and the brake-off parameter
has one value, the parameters cannot be optimized
enough and thereby a running-pattern 141 as shown in
Fig. 8 is obtained. In Fig. 8, reference numeral 142 is a
backward brake curve. Reference numeral 143 is a
backward power curve. Reference numerals 144 and
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145 are an upper limit speed which has not been
adjusted and an upper limit speed which has been
adjusted, respectively. The individual value of the brake-
on parameter is 100 %. The individual value of the
power-on parameter is 45 %. The individual value of the
power-off parameter is 93 %. The individual value of the
brake-off parameter is 99 %. In this figure, the energy
consumption is 905; the number of notch switching
times is 7; and the running time error is -0.057 sec. As a
result when the line condition is considered in the notch
switching parameters (as shown in Fig. 7), the number
of times where an unnecessary brake operation is used
is reduced in comparison with the case where the line
condition is not considered (as shown in Fig. 8), and the
energy consumption is reduced by 1 %.

Thus, a running-pattern for a train to run with small
energy consumption and riding comfort in conformity
with a predetermined running distance, a predeter-
mined running time, and a restricted speed can be eas-
ily, quickly, and securely obtained. When a shorter
running time is specified, a running-pattern for a sched-
ule restoration running operation can be obtained. In
addition, since a shortest running time can be obtained,
the apparatus in accordance with the present invention
can be used when a train schedule is revised or when a
new line schedule is created. Moreover, provided that
an optimal running-pattern has been input to an auto-
matic train operation system as a target running-pat-
tern, when a train is controlled to track this pattern, it
can run with small energy consumption and riding com-
fort in conformity with the designated running distance,
the designated running time, and the designated
restricted speed.

Third Embodiment

Next, with reference to Figs. 10 to 14, a third
embodiment in accordance with the present invention
will be described. The third embodiment is an optimal
running-pattern calculating system which is provided
with the optimal running-pattern calculating apparatus
of the first embodiment or the second embodiment.

Fig. 10 is a block diagram showing a stationary opti-
mal running-pattern calculating system. As shown in
Fig. 10, the optimal running-pattern calculating system
comprises a database 202, an interface 201, a running-
pattern calculating unit 203 (which has been described
in the first and second embodiments), a storing unit
204, and an output unit 205.

The database 202 stores operation condition data
(for example train numbers and running schedules), line
data (for example, station names, the distance between
each station, grades, curves, branches, and restricted
speeds), and car data (for example, the weight and
length of each car, the composition of each train, the
acceleration and deceleration of each train, the formu-
las of grade resistance, curve resistance, and running
resistance for each weather condition, passenger
capacity and the crowdedness of each time zone). The
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running-pattern calculating unit 203 uses these data to
calculate a running-pattern. These data can be refer-
enced when necessary. A storage medium such as an
IC card can be used instead of the database 202.

By using the interface 201, the user can easily per-
form the following operation through an operation
screen such as shown in Fig. 11 with an input device
such as a mouse and/or a keyboard:

(a) input the section, time, and weather for calculat-
ing a running-pattern, the type of a running-pattern
(normal/fast/slow/fastest and deviation of running
time), conditions of the running-pattern, and so
forth,

(b) select the automatic/manual adjustment mode,
change the initial values of the notch switching
parameters in the automatic adjustment mode, and
set the notch switching parameters in the manual
adjustment mode,

(c) command the calculation of a running-pattern,
(d) display a running-pattern calculated and results
of notch switching parameters adjusted,

(e) output a running-pattern calculated and change
the destination of the output of the running-pattern
calculated, and

(f) as an auxiliary function, change data of the data-
base (such as revising the running schedule,
changing/adding models of cars).

Four types of running-patterns according to running
times (standard/fast/slow/fastest) are available. The
deviation of each running time can be selected when
necessary.

As described in the first and second embodiments,
the running-pattern calculating unit 203 calculates a
running-pattern for a train to run with riding comfort and
small energy consumption in a predetermined running
time in an section designated by the interface 201 in
accordance with data being read from the database
202.

The storing unit 204 stores the running-pattern cal-
culated by the running-pattern calculating unit 203. The
output unit 205 outputs the running-pattern which is cal-
culated by the running-pattern calculating unit 203 or
stored in the storing unit to an ATO system 213 on the
train through a storage medium such as an IC card or a
communication system 212.

Next, the operation of this embodiment will be
described.

First, through the interface 201, the user designates
a section for calculating a running-pattern. With the
mouse and/or the keyboard, for example, the user
inputs data of a line name, an operation type, and a run-
ning section, data of a running section and a train
number, or data of a running section and a departure
time. Thus, the user designates a running-pattern for a
train to run at what time and in what section.

After the section for calculating the running-pattern
has been designated through the interface 201, items of
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operation condition data and train data which have not
been input through the interface 201 are read from the
database 202 and displayed.

Through the interface 201, the user can also
change the car type, weather condition, the type of the
running-pattern of standard/fast/slow/fastest, and the
conditions of the running-pattern and the initial values of
the notch switching parameters.

The type of the running-pattern can be changed to
standard/fast/slow/fastest so as to select a target run-
ning-pattern in accordance with the deviation from the
running schedule. In addition to the selection of stand-
ard/fast/ slow/fastest, through the interface 201, the
user can designate the length of time to be changed or
the ratio of the time to the running time.

To input the conditions of a running-pattern through
the interface 201, when the user selects a pattern con-
dition button on the interface 201, a condition inputting
sub-window as shown in Fig. 12 is open. In this window,
the user can change a margin to a restricted speed,
notches for the power/brake for use in creating a run-
ning-pattern, a tracking margin in a pattern tracking
operation, and a time fitting accuracy from their default
values.

In Fig. 12, the margin to the restricted speed is a
speed difference to be provided between a running
speed and a restricted speed so as to tolerate a small
amount of deviation from the running-pattern in the pat-
tern tracking operation. As the margin, the value of the
speed difference or percentage to the restricted speed
is input.

For the power and the brake for use in creating a
running-pattern, one notch for the power and two
notches for the brake which are a stop type and a decel-
eration type are chosen. The deceleration type brake is
used to prevent the running speed from exceeding an
upper limit speed. It is necessary to designate a lower
brake notch as the deceleration type brake notch than
the stop type brake notch so as to prevent the riding
comfortableness from degrading. In Fig. 12, one power
notch with a number "4" is shown to be used in creating
a running-pattern. On the other hand, two brake
notches with numbers "2" and "5" are shown to be used
in creating a running-pattern.

The tracking margin defines a margin of running-
pattern which offsets an outer disturbance in a pattern
tracking operation. When the ftracking margin is
increased, the time for which a weak brake is used to
improve the riding comfort at the last of the stop brake
(just before the train stops) is prolonged. Then, if the
running of a real train largely deviates from the running-
pattern due to an outer disturbance in the pattern track-
ing operation, the margin which offsets the deviation
becomes large.

The time fitting accuracy defines the accuracy of a
running time with the size of permissible error or per-
centage to the running time.

The initial values of the notch switching parameters
for the brake-on (deceleration brake start) speed and
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the power-on speed can be designated by raising/lower-
ing the bars for these parameters on the interface 201 or
by inputting these values therefrom.

After the conditions of the running-pattern have
been set, by selecting the calculation button on the
interface 201, the user commands the calculation of the
running-pattern.

When the calculation of the running-pattern is com-
manded through the interface 201, the running-pattern
calculating unit 203 reads required data from the data-
base 202 and calculates the running-pattern in the
nearly same manner as that of the first embodiment
shown in Fig. 1.

In other words, as shown in Fig. 1, the running sim-
ulation means 3 simulates the running of a train by
using various data received from the input means 1,
backward curves, one set of notch switching parame-
ters, and upper limit speeds and calculates a running-
pattern for the train to run for a predetermined running
distance at a speed below a restricted speed.

The initial value of a upper limit value is a value
where a margin designated through the interface 201 is
subtracted from a restricted speed. The resultant value
is input from the parameter initializing means 10 to the
running simulation means 3. From points where the
upper limit speed increases, backward power curves
are obtained. From points where the upper limit speed
decreases and at the end point, backward brake curves
are obtained. These curves are input from the backward
curve calculating means 4 to the running simulation
means 3. During the running simulation, when the run-
ning curve intersects with a backward curve, the run-
ning-pattern is drawn along this curve. When
necessary, from points where the upper limit speed
increases and from points where backward brake
curves intersect with the upper limit speed, backward
neutral curves are obtained. Along these curves, a run-
ning-pattern is created. In this case, since unnecessary
switching of notches is not performed, a running-pattern
for a train to run with riding comfort can be obtained. In
addition, since the number of adjusting times of notch
switching parameters is decreased, the running-pattern
can be more effectively calculated.

The notch switching parameters which consist of
four parameters of power-on/off and brake-on/off are
criteria for switching notches. The individual value of
each parameter is represented with percentage to an
upper limit value. The individual value is uniquely
defined between a station and the next station. The
power-off parameter and the brake-off parameter have
two values in accordance with the cases where the
speed of the train increases or decreases in the neutral
state, respectively. The notches are switched in accord-
ance with notch switching criteria speeds which are
obtained by multiplying the upper limit speed at a point
the train is running by the individual values of notch
switching parameters.

Before the running curve intersects with a back-
ward brake curve, when the speed thereof increases to
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the brake-on speed and the brake notch is turned on, a
brake with a weak notch is used so as to not degrade
the riding comfort. In addition, for a particular time just
before the stop position on a backward brake curve
starting from the end point, the weak notch is used so
that when the train stops, the riding comfort thereof is
not degraded. In addition, when a real train deviates
from a running-pattern in the pattern tracking operation,
the switching to the weak brake provides a margin
which offsets the deviation.

When the running time obtained in the running sim-
ulation means 3 (see Fig. 1) differs from that desig-
nated, the time fitting means 5 adjusts the upper limit
speed. Thereafter, the running simulation means 3
recalculates the running-pattern. These operations are
repeated so that the simulated running time fits that
designated.

When the running time fits the predetermined run-
ning time, the pattern optimizing means 7 adjusts the
notch switching parameters in accordance with the line
data and the car data so that the values of the evalua-
tion functions with respect to the energy consumption
and riding comfortableness become minimal. The run-
ning simulation means 3 repeatedly calculates the run-
ning-pattern. These operations are repeated until an
optimal running-pattern for the train to run with small
energy consumption and riding comfort and in conform-
ity with the restricted conditions such as running dis-
tance, running time, and restricted limit can be obtained.
Thus, the optimal running-pattern can be quickly and
securely calculated.

As described above, each notch switching parame-
ter has an individual value constant between a station
and the next station as criteria for switching the notches.
In comparison with the case where a section between
two stations is divided into several portions and abso-
lute values of speeds at which the notches are switched
are defined for each portion, when the values of the
parameters are represented with percentage (%) to an
upper limit speed, the parameters can be effectively
adjusted and thereby a running-pattern can be opti-
mized.

In the case where the notch switching parameters
are manually adjusted, the user switches the adjust-
ment mode from the automatic mode to the manual
mode through the interface 201. Thereafter, the user
designates the values of the notch switching parame-
ters and commands the running-pattern calculating unit
203 to calculate the running-pattern. Alternatively, the
user designates notch switching points on a run curve
display area (Fig. 11) of the interface 201 and com-
mands the running-pattern calculating unit to calculate
a running-pattern. Thus, the running-pattern is calcu-
lated.

Whenever the running time is fit the predetermined
running time, the running-pattern obtained is displayed
on the screen of the interface 201 as a run curve along
with a restricted speed, grades and curves of line, and
so forth. In addition, the result of the notch switching
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parameters adjusted is also displayed on the screen of
the interface 201.

When necessary, the running-pattern is repeatedly
calculated. When the user selects the output button on
the operation screen of the interface 201, the resultant
data is output to the ATO system 213 on the train
through the storing unit 204, the output unit 205, and a
storage medium such as an IC card or the communica-
tion system 212. In this case, the running-pattern data
consists of a running section, a running distance, a run-
ning time, a running-pattern type (stand-
ard/fast/slow/fastest), a weather condition, positions of
notch switching points, a time, a speed, notches for use,
and run curve data (a position, a time, a speed, and out-
put/effective torques of driving/braking units). When
necessary, the running-pattern stored in the storing unit
204 can be displayed on and read by a command
through the running-pattern reading sub-window of the
interface 201 (see Fig. 13).

The destination of the output of the running-pattern
data can be changed from the storing unit to the output
unit or vice versa. In addition, the running-pattern stored
in the storing unit 204 can be read and output to the IC
card or the communication system 212. The running-
pattern data stored in the storage medium such as an
IC card is output from a card read unit disposed in the
ATO system 213 of the train. This data is used as a tar-
get running-pattern.

When the running schedule is revised or the car
type is changed or added, data stored in the database
202 can be modified through the interface 201.

Next, referring to Fig. 14, an optimal running-pat-
tern calculating system mounted on a train is shown. In
Fig. 14, the optimal running-pattern calculating system
which is mounted on a train 210 comprises an interface
201, a database 202, a running-pattern calculating unit
203, a storing unit 204, and an output unit 205. The run-
ning-pattern calculating unit 203 is connected to a com-
munication system 223. Through the communication
system 223, the position and speed of a preceding train
225 can be obtained. In addition, running schedule
change data and temporarily restricted speed data can
be received from an operation management system
224. Moreover, the position and speed of the train 210
can be sent to a following train and the operation man-
agement system 224.

The database 202 stores line data such as station
names, the distance between each station, grades,
curves, branches, and restricted speeds. In addition, a
storage medium such as an IC card 209 stores opera-
tion condition data (for example, train numbers and
operation schedules) and car data (for example, the
weight and length of each car, the composition of each
train, acceleration, and deceleration thereof, a grade
resistance formula, a curve resistance formula, a run-
ning resistance formula according to each weather con-
dition, passenger capacity, the crowdedness of each
time zone, and so forth. These data can be referenced
when necessary.
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Through the interface 201, the user can perform the
following operations:

(a) input the weather, the deviation from the running
schedule, and the conditions of the running-pattern,
(b) change the initial values of the notch switching
parameters, and

(¢) command the calculation and recalculation of
the running-pattern.

In addition, through the interface 201 the user
can perform the following operations in accordance
with signals from the running-pattern calculating
unit 203:

(d) display the running-pattern calculated and the
result of the adjustment of the notch switching
parameters.

Moreover, through the interface 201 the user
can preform the following operations:

(e) output the running-pattern calculated to the out-
put unit 205, and

() change the data of the database (namely,
change the line data).

The running-pattern calculating unit 203 calculates
a target running-pattern for the next section between
next two stations in accordance with the data being read
from the database 202 and the storage medium such as
the IC card while the train is running or stopping at a sta-
tion. When the operating condition or the line condition
is changed, the running-pattern calculating means 203
calculates a running-pattern for the section from the
present position to the next station by using a running
simulation of the train in accordance with the data being
read from the database 202 and the storage medium
such as the IC card.

The storing unit 204 stores the running-pattern cal-
culated by the running-pattern calculating unit 203. The
output unit 205 outputs the running-pattern which calcu-
lated by the running-pattern calculating unit 203 and
stored in the storing unit 204 to a tracking control unit.

Next, the operation of this embodiment will be
described.

To obtain a running-pattern of the train for the next
section between next two stations while the train is run-
ning or stopping, the motorman inputs the current
weather condition and deviation from the running
schedule when necessary. In addition, like the embodi-
ment shown in Fig. 10, the motorman can change the
conditions with respect to the running-pattern and the
initial values of the notch switching parameters through
the interface 201. After the required conditions have
been set, the motorman commands the running-pattern
calculating unit 203 to calculate the running-pattern.

When the running of the train largely deviates from
the target running-pattern in the tracking operation or
when the train extremely approaches the preceding
train 225, a running-pattern is recalculated by using the
distance to the preceding train 225 automatically or in
the judgement of the motorman. When the line condi-
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tion is changed such as raining, the running-pattern is
recalculated by using information received from sensors
automatically or in the judgement of the motorman.
When a temporarily restricted speed takes place due to
a particular reason or when the running schedule is dis-
ordered due to an accident or the like, the running-pat-
tern is recalculated automatically. When the motorman
issues a command of a recalculation, the command is
sent from the interface 201 to the running-pattern calcu-
lating unit 203. When a command of a recalculation is
automatically issued, the command is sent from the
tracking control unit or the communication system 223
to the running-pattern calculating unit 203.

When receiving the command of the calculation of
the running-pattern from the interface 201, the running-
pattern calculating unit 203 reads required data from
the database 202 and the storage medium such as the
IC card 209. With these data, the running-pattern calcu-
lating unit 203 calculates a running-pattern for the next
section between next two stations. When receiving the
command of the recalculation of the running-pattern,
the running-pattern calculating unit 203 calculates a
running-pattern in accordance with data being read
from the database 202 and the storage medium such as
the IC card 209 and data received from the communica-
tion system 223 and the monitor unit 208 so that the
train does not approach the preceding train 225 and so
that the conventional running schedule can be restored
or so that the train can run in a temporary running time
received from the operation management system 224
through the communication system 223.

Whenever the running time is fit the predetermined
running time, the running-pattern obtained by the run-
ning-pattern calculating unit 203 is displayed on the
screen of the interface 201 as a run curve along with a
restricted speed, grades and curves of line, and so
forth. In addition, the result of the notch switching
parameters adjusted is also displayed on the screen of
the interface 201.

If necessary, the running-pattern is repeatedly cal-
culated. The data of the resultant running-pattern is out-
put from the running-pattern calculating unit 203 to the
storing unit 204. In this case, the running-pattern data
consists of a running section, a running distance, a run-
ning time, a running-pattern type (stand-
ard/fast/slow/fastest), a weather condition, positions of
notch switching points, a time, a speed, notches for use,
and run curve data (a position, a time, a speed, and out-
put/effective torques of driving/braking units). When
necessary, the output unit 205 receives the data of the
running-pattern from the storing unit 204 and then out-
puts the data to the tracking control unit 207. The track-
ing control unit 207 controls the running of the train in
accordance with the running-pattern.

As an auxiliary function, the data of the database
202 can be modified through the interface 201 in the
case that the line condition is changed.

In addition, the optimal running-pattern calculating
system can be used properly as the stationary system
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and the on-board system. In other words, in the pattern
tracking operation, a target running-pattern which has
been calculated by the stationary optimal running-pat-
tern calculating system (Fig. 10) is usually read from the
storage medium. Only the recalculation of the running-
pattern is performed by the on-board optimal running-
pattern calculating system (see Fig. 14).

As described above, according to the optimal run-
ning-pattern calculating system of this embodiment, a
running-pattern for a train to run with small energy con-
sumption and riding comfortableness in conformity with
a designated schedule can be easily, quickly, and
securely obtained. In addition, a train which runs in a
designated running time with riding comfort can be
automatically operated to track a target running-pattern.

Although the present invention has been shown
and described with respect to a best mode embodiment
thereof, it should be understood by those skilled in the
art that the foregoing and various other changes, omis-
sions, and additions in the form and detail thereof may
be made therein without departing from the scope of the
present invention as defined by the claims.

Claims

1. An optimal train running-pattern calculating appara-
tus, comprising:

input means (1) for inputting line data and car
data;

backward curve calculating means (4) for out-
putting backward curves consisting of back-
ward brake curves (12, 102), each formed by a
running curve representing a train in brake-on-
state and calculated backward from a respec-
tive point (a, b) on a predetermined limit
speeds curve (14, 104) representing the upper
limit speeds along the line, where an upper limit
speed (14, 104) has decreased, and backward
power curves (13, 103), each formed by a run-
ning curve representing the train in power-on
state and calculated backward from a respec-
tive point (c) on said limit speeds curve, where
an upper limit speed increases;

parameter initializing means (10) for setting
notch switching parameters and said upper
limit speeds, said notch switching parameters
consisting of a brake-on parameter, a power-off
parameter, a brake-off parameter and a power-
on parameter, respectively defining, in a simu-
lation of the running of the ftrain, speeds,
expressed as a percentage of the upper limit
speed, for which, when the speed of the train
increases, the brake is to be turned on and the
power is to be turned off, and, when the speed
of the train decreases, the brake is to be turned
off and the power is to be turned on;

running simulation means (3) for simulating the
running of the train by using the data received
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from the input means, backward curves
received from the backward curve calculating
means, and the notch switching parameters
and the upper limit speeds received from the
parameter initializing means, in order to calcu-
late the optimal running-pattern for said train,
wherein the train runs without exceeding the
upper limit speeds in a predetermined running
distance, wherein, during the running simula-
tion, when the simulated running curve of the
train intersects with a backward power or brake
curve, the running curve follows this backward
power or brake curve, and, wherein from a
point where the upper limit speed increases
and a backward brake curve intersects with the
increased upper limit speed, a backward neu-
tral curve is obtained, the running-pattern
being created along these curves;

evaluation function setting means (2) for setting
evaluation functions with respect to energy
consumption and riding comfort in accordance
with the various data received from said input
means; and

time fitting means (5) for causing upper limit
speed adjusting means (6) to adjust the upper
limit speeds and causing said running simula-
tion means (3) to recalculate said running-pat-
tern when the running time calculated by said
running simulation means is outside a prede-
termined allowable range for the running time.

The optimal running-pattern calculating apparatus
as set forth in claim 1,

wherein said evaluation function setting
means (2) includes weight changing means (2a) for
setting and changing the weight of the evaluation
items with respect to energy consumption and rid-
ing comfort.

The optimal pattern calculating apparatus as set
forth in ¢claim 1,

wherein the notch switching parameters
being input to said running simulation means have
a plurality of individual values to upper limit speed,
and

wherein some elements of said notch
switching parameters have a plurality of individual
values in accordance with a line resistance.

The optimal pattern calculating apparatus as set
forth in claim 3,

wherein said notch switching parameters
consists of four parameters of brake-on parameter,
power-on parameter, brake-off parameter, and
power-off parameter, the power-off and brake-off
parameters having two individual values in accord-
ance with the cases whether the line resistance is
positive or negative, respectively.
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An optimal running-pattern calculating system, pro-
vided with the optimal running-pattern calculating
apparatus according to one of the claims 1 to 5,
comprising:

a database (202) and/or a storage medium for
storing line data, car data, and operation condi-
tion data;

a running-pattern calculating unit (203) for cal-
culating a running-pattern for a train to run in a
predetermined section in a predetermined run-
ning time in accordance with said line data,
said car data, and said operation condition data
received from said database and/or storage
medium; and

an interface (201) for outputting a running-pat-
tern calculating command to said running-pat-
tern calculating unit and for displaying the
running-pattern being obtained.

The optimal running-pattern calculating system as
set forth in claim 5, further comprising:

an output unit (205) for outputting the running-
pattern obtained by said running-pattern calcu-
lating unit to an external communication sys-
tem (212).

The optimal running-pattern calculating system as
set forth in claim 6, further comprising:

a storing unit (204) for temporarily storing the
running-pattern obtained by said running-pat-
tern calculating unit and for outputting the run-
ning-pattern to said output unit.

The optimal running-pattern calculating system as
set forth in claim 5, comprising:

a communication system (223) for outputting
data of the position and speed of a preceding
train and operation management data to said
running-pattern calculating unit,

wherein said database and/or storage
medium, said running-pattern calculating unit, and
said interface are mounted on said train (210).

The optimal running-pattern calculating system as
set forth in claim 8, further comprising:

an output unit (205) for outputting the running-
pattern obtained by said running-pattern calcu-
lating unit to the outside through a storing unit
(204).

Patentanspriiche

1.

Optimal-Zugfahrprofil-Berechnungsvorrichtung,
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welche aufweist:

eine Eingabeeinrichtung (1) zum Eingeben von
Streckendaten und Wagendaten;

eine Kurvenrlickberechnungseinrichtung (4)
zum Ausgeben rlckberechneter Kurven,
bestehend aus rtickberechneten Bremskurven
(12, 102), die jeweils von einer Fahrkurve, die
einen Zug im Bremse-Ein-Zustand darstellt,
gebildet und von einem entsprechenden Punkt
(a, b) aus auf einer die oberen Grenzgeschwin-
digkeiten entlang der Strecke darstellenden
vorgegebenen Grenzgeschwindigkeitenkurve
(14, 104), zurickberechnet werden, an wel-
chem eine obere Grenzgeschwindigkeit abge-
sunken ist, und aus rlckberechneten
Energiekurven (13, 103), die jeweils von einer
Fahrkurve gebildet werden, die den Zug im
Energie-Ein-Zustand darstellt und von einem
entsprechenden Punkt (c) aus auf der Grenz-
geschwindigkeitenkurve, an welchem eine
obere Grenzgeschwindigkeit ansteigt, riickbe-
rechnet werden;

eine Parameterinitialisierungseinrichtung (10)
zum Setzen von Stufenschaltparametern und
der oberen Grenzgeschwindigkeiten, wobei die
Stufenschaltparameter aus einem Bremse-Ein-
Parameter, einem Energie-Aus-Parameter,
einem Bremse-Aus-Parameter und einem
Energie-Ein-Parameter bestehen, die jeweils in
einer Simulation der Fahrt des Zuges
Geschwindigkeiten, ausgedrickt als Prozent-
satz der oberen Grenzgeschwindigkeit, definie-
ren, bei welchen, wenn die Geschwindigkeit
des Zuges zunimmt, die Bremse einzuschalten
und die Energie auszuschalten ist, und, wenn
die Geschwindigkeit des Zuges abnimmt die
Bremse auszuschalten und die Energie einzu-
schalten ist;

eine Fahrsimulationseinrichtung (3) zum Simu-
lieren der Fahrt des Zuges unter Verwendung
der von der Eingabeeinrichtung erhaltenen
Daten, der von der Kurvenrlckberechnungs-
einrichtung erhaltenen riickberechneten Kur-
ven, und der Stufenschaltparameter und den
von der Parameterinitialisierungseinrichtung
erhaltenen oberen Grenzgeschwindigkeiten,
um das optimale Fahrprofil far den Zug zu
berechnen, wobei der Zug ohne Uberschrei-
tung der oberen Grenzgeschwindigkeiten auf
einer vorgegebenen Fahrstrecke fahrt, wobei
wahrend der Fahrsimulation dann, wenn die
simulierte Fahrkurve des Zuges eine rlckbe-
rechnete Energie- oder Bremskurve schneidet,
die Fahrkurve dieser riickberechneten Energie-
oder Bremskurve folgt, und wobei von einem
Punkt an, an welchem die obere Grenzge-
schwindigkeit ansteigt und eine rtckberech-
nete Bremskurve die erhdhte obere
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Grenzgeschwindigkeit schneidet, eine ruckbe-
rechnete Neutral-Kurve erhalten wird, und das
Fahrprofil entlang dieser Kurven erzeugt wird.
eine Auswertungsfunktions-Einstelleinrichtung
(2) zum Einstellen von Auswertungsfunktionen
bezlglich des Energieverbrauchs und des
Fahrkomforts in Ubereinstimmung mit den von
der Eingabeeinrichtung erhaltenen verschiede-
nen Daten; und

eine Zeit-Anpassungseinrichtung (5), um die
Einrichtung (6) fur die Einstellung der oberen
Grenzgeschwindigkeit zu veranlassen, die
obere Grenzgeschwindigkeiten anzupassen,
und die Fahrsimulationseinrichtung (3) zu einer
Neuberechnung des Fahrprofils zu veranlas-
sen, wenn die von der Fahrsimulationseinrich-
tung berechnete Fahrzeit auBerhalb eines
vorgegebenen zuldssigen Bereiches fir die
Fahrzeit liegt.

nach
Anspruch 1,

wobei die Auswertungsfunktions-Einstellein-
richtung (2) eine Gewichtanderungs-Einrichtung
(2a) zum Setzen und Andern des Gewichtes der
Auswertungspunkte bezogen auf den Energiever-
brauch und den Fahrkomfort enthalt.
Optimal-Profil-Berechnungsvorrichtung nach
Anspruch 1,

wobei die Stufenschaltparameter, welche in
die Fahrsimulationseinrichtung eingegeben wer-
den, eine Vielzahl individueller Werte bezogen auf
die obere Grenzgeschwindigkeit aufweisen, und

wobei einige Elemente der Stufenschaltpa-
rameter eine Vielzahl individueller Werte in Abhén-
gigkeit von einem Streckenwiderstand aufweisen.
Optimal-Profil-Berechnungsvorrichtung nach
Anspruch 3,

wobei die Stufenschaltparameter aus vier
Parametern, einem Bremse-Ein-Parameter, Ener-
gie-Ein-Parameter, Bremse-Aus-Parameter und
Energie-Aus-Parameter bestehen, wovon der Ener-
gie-Aus- und der Bremse-Aus-Parameter zwei indi-
viduelle Werte abhangig von den Fallen aufweisen,
ob der Streckenwiderstand positiv oder negativ ist.

Optimal-Fahrprofil-Berechnungssystem, das mit
der Optimal-Fahrprofil-Berechnungsvorrichtung
nach einem der Anspriiche 1 bis 5 ausgestattet ist,
und aufweist:

eine Datenbasis (202) und/oder ein Speicher-
medium zum Speichern von Streckendaten,
Wagendaten, Betriebsbedingungsdaten;

eine Fahrprofil-Berechnungseinheit (203) zum
Berechnen eines Fahrprofils fir die Fahrt eines
Zug in einem vorgegebenen Abschnitt in einer
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6. Optimal-Fahrprofil-Berechnungssystem

vorgegebenen Fahrzeit in Abhé&ngigkeit von
den von der Datenbasis und/oder dem Spei-
chermedium erhaltenen Streckendaten, den
Wagendaten und den Betriebsbedingungsda-
ten; und

eine Schnittstelle (201) zum Ausgeben eines
Fahrprofil-Berechnungsbefehls an die Fahrpro-
fil-Berechnungseinheit und zum Anzeigen des
erhaltenen Fahrprofils.

nach
Anspruch 5, welches ferner aufweist:

eine Ausgabeeinheit (205) zum Ausgeben des

von der Fahrprofil-Berechnungseinheit erhalte-

nen Fahrprofils an ein externes Kommunikati-

onssystem (212).
Optimal-Fahrprofil-Berechnungssystem nach
Anspruch 6, welches ferner aufweist:

eine Speichereinheit (204) zum kurzzeitigen

Speichern des von der Fahrprofil-Berech-

nungseinheit erhaltenen Fahrprofils und zum

Ausgeben des Fahrprofils an die Ausgabeein-

heit.
Optimal-Fahrprofil-Berechnungssystem nach
Anspruch 5, welches ferner aufweist:

ein Kommunikationssystem (223) zum Ausge-
ben von Daten der Position und Geschwindig-
keit eines vorausfahrenden Zuges und von
Betriebsmanagementdaten an die Fahrprofil-
Berechnungseinheit,

wobei die Datenbasis und/oder das Spei-
chermedium, die Fahrprofil-Berechnungseinheit
und die Schnittstelle in dem Zug (210) eingebaut
sind.
Optimal-Fahrprofil-Berechnungssystem nach
Anspruch 8, welches ferner aufweist:

eine Ausgabeeinrichtung (205) zum Ausgeben
des von der Fahrprofil-Berechnungseinheit
erhaltenen Fahrprofils nach auBen Uber eine
Speichereinheit (204).

Revendications

Dispositif de calcul de configuration de déplace-
ment optimale de train comprenant :

- unmoyen d'entrée (1) pour entrer des données
de ligne et des données de véhicule;

- un moyen de calcul de courbe vers l'arriére (4)
pour la génération de courbes vers l'arriére
comprenant des courbes de freinage vers
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larriere (12, 102) formées chacune d'une
courbe de déplacement représentant un train
dans une état d'activation de freinage et calcu-
Iées vers l'arriére a partir d'un point respectif
(a, b) sur une courbe prédéterminée de vites-
ses limites (14, 104) représentant les vitesses
limites supérieures sur la ligne ou une vitesse
limite supérieure (14, 104) a diminué, et des
courbes de puissance vers l'arriere (13, 103)
formées chacune d'une courbe de déplace-
ment représentant un train dans un état d'acti-
vation de puissance et calculées vers l'arriére a
partir d'un point respectif (c) sur ladite courbe
de vitesses limites ol une vitesse limite supé-
rieure augmente;

un moyen d'initialisation de paramétre (10)
pour établir des paramétres de commutation
de phase et lesdites vitesses limites supérieu-
res, lesdits paramétres de commutation de
phase comprenant respectivement un paramé-
tre d'activation de freinage, un paramétre de
coupure de puissance, un paramétre de cou-
pure de freinage et un paramétre d'activation
de puissance définissant, lors d'une simulation
du déplacement du train, des vitesses expri-
mées sous la forme d'un pourcentage de la
vitesse limite supérieure, pour lesquelles, lors-
que la vitesse du train augmente, les freins doi-
vent &tre activés et la puissance doit étre
coupée, et lorsque la vitesse du train diminue,
les freins doivent étre coupés et la puissance
doit étre activée;

un moyen de simulation de déplacement (3)
pour simuler le déplacement du train a l'aide
des données regues du moyen d'entrée, des
courbes vers |'arriére regues du moyen de cal-
cul de courbes vers l'arriére, et des paramétres
de commutation de phase et des vitesses limi-
tes supérieures regus du moyen d'initialisation
de parametre de fagon a calculer la configura-
tion de déplacement optimale pour ledit train, le
train se déplagant sans dépasser les vitesses
limites supérieures sur une distance de dépla-
cement prédéterminée, moyen dans lequel,
lors de la simulation de déplacement, lorsque
la courbe de déplacement simulée du train
coupe une courbe de puissance ou de freinage
vers l'arriére, la courbe de déplacement suit
cette courbe de puissance ou de freinage vers
l'arriere, et dans lequel, a partir d'un point ou la
vitesse limite supérieure augmente et une
courbe de freinage vers l'arriere coupe la
vitesse limite supérieure accrue, on obtient une
courbe neutre vers l'arriére, la configuration de
déplacement étant créée le long de ces cour-
bes;

un moyen d'établissement de fonction d'éva-
luation (2) pour établir des fonctions d'évalua-
tion concernant la consommation d'énergie et
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le confort de marche selon les diverses don-
nées regues dudit moyen d'entrée; et

- un moyen de calage dans le temps (5) pour
amener le moyen de réglage de vitesse limite
supérieure (6) a régler les vitesses limites
supérieures et amenant ledit moyen de simula-
tion de déplacement (3) a recalculer ladite con-
figuration de déplacement lorsque le temps de
déplacement calculé par ledit moyen de simu-
lation de déplacement sort d'un intervalle
admissible prédéterminé pour le temps de
déplacement.

2. Dispositif de calcul de configuration de déplace-

ment optimale de train selon la revendication 1,
dans lequel ledit moyen d'établissement de fonc-
tions d'évaluation (2) comprend un moyen de modi-
fication de pondération (2a) pour établir et modifier
la pondération des éléments d'évaluation en ce qui
concerne la consommation d'énergie et le confort
de marche.

Dispositif de calcul de configuration optimale selon
la revendication 1, dans lequel les parametres de
commutation de phase entrés dans ledit moyen de
simulation de déplacement présentent une pluralité
de valeurs individuelles vers la vitesse limite supé-
rieure et dans lequel certains éléments desdits
parametres de commutation de phase ont une plu-
ralité de valeurs individuelles selon une résistance
de ligne.

Dispositif de calcul de configuration optimale selon
la revendication 3, dans lequel lesdites paramétres
de commutation de phase comprennent quatre
parametres dont un paramétre d'activation de frei-
nage, un paramétre d'activation de puissance, un
parametre de coupure de freinage et un paramétre
de coupure de puissance, les paramétre de cou-
pure de puissance et de coupure de freinages pré-
sentant deux valeurs individuelles selon les cas ou
la résistance de ligne est respectivement positive
ou négative.

Systéme de calcul de configuration de déplace-
ment optimale, muni du dispositif de calcul de con-
figuration de déplacement optimal selon lune
quelconque des revendications 14 5, comprenant :

- une base de données (202) et/ou un support
de stockage pour le stockage des données de
ligne, des données de véhicule et des données
de conditions de fonctionnement ;

- une unité de calcul de configuration de dépla-
cement (203) pour le calcul d'une configuration
de déplacement pour un train se déplagant
dans une section prédéterminée entre un
temps de déplacement prédéterminé selon les-
dites données de ligne, lesdites données de
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véhicule et lesdites données de conditions de
fonctionnement regues de ladite base de don-
nées et/ou dudit support de stockage ; et

- une interface (204) pour générer une com-
mande de calcul de configuration de déplace-
ment vers ladite wunité de calcul de
configuration de déplacement et pour afficher
la configuration de déplacement obtenue.

Systéme de calcul de configuration de déplace-
ment optimale selon la revendication 5, compre-
nant, de plus, une unité de sortie (205) pour fournir
la configuration de déplacement obtenue a l'aide de
ladite unité de calcul de configuration de déplace-
ment 4 un systéme externe de communication
(212).

Systéme de calcul de configuration de déplace-
ment optimale selon la revendication 6, compre-
nant, de plus, une unité de stockage (204) pour le
stockage temporaire de la configuration de dépla-
cement obtenue a l'aide de ladite unité de calcul de
configuration de déplacement et pour fournir la con-
figuration de déplacement a ladite unité de sortie.

Systéme de calcul de configuration de déplace-
ment optimale selon la revendication 5, comprenant
un systéme de communication (223) pour générer
des données sur la position et la vitesse d'un train
précédent et des données de gestion de fonction-
nement vers ladite unité de calcul de configuration
de déplacement, dans lequel ladite base de don-
nées et/ou ledit support de stockage, ladite unité de
calcul de configuration de déplacement et ladite
interface sont montées dans ledit train (210).

Systéme de calcul de configuration de déplace-
ment optimale selon la revendication 8, compre-
nant, de plus, une unité de sortie (205) pour fournir
la configuration de déplacement obtenue a l'aide de
ladite unité de calcul de configuration de déplace-
ment vers I'extérieur via une unité de stockage
(204).
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