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(57)  Adriving support system includes: an operation
data recording unit; a power consumption amount calcu-
lation unit; a traveling time calculation unit; an evaluation
index comparison unit configured to set a reference
power consumption amount and a reference traveling
time that are comparison targets, for a power consump-
tion amount and a traveling time, and calculate a driving
evaluation of a driver during the operation of the train
based on a comparison result between the power con-
sumption amount and the reference power consumption

DRIVING ASSISTANCE SYSTEM AND DRIVING ASSISTANCE METHOD

amount and a comparison result between the traveling
time and the reference traveling time; a normal operation
inhibition condition extraction unit configured to extract,
based on data in the operation data recording unit, an
inhibition condition for an normal operation that occurs
during the operation of the train; and a comparative
operation data creation unit configured to calculate,
based on the inhibition condition, the reference power
consumption amount and the reference traveling time.
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Description
Technical Field

[0001] The present invention relates to a driving sup-
port system and a driving support method.

Background Art

[0002] In order to cope with environmental problems
and reduce operation costs, a railway operator faces a
challenge of reducing a power consumption amount
associated with a train operation. One method to reduce
the power consumption amount associated with the train
operation is to optimize a speed pattern of inter-station
traveling. There are variations in speed patterns of the
inter-station traveling due to drivers, which causes varia-
tions in a traveling time and the power consumption
amount. Therefore, it is necessary to reduce the power
consumption amount associated with the train operation
by reducing the variation in the speed pattern and per-
forming energy-saving driving in a traveling time in a
range in which punctuality can be observed.

[0003] In order to reduce the variation in the speed
pattern of the inter-station traveling aiming at energy-
saving driving, it is effective to adopt an automatic train
driving device for automating the driving, and to introduce
adriving support system that provides training on energy-
saving driving methods and advice on driving operations
on the premise of manual driving. With regard to the
introduction of the driving support system, a method on
the premise of the manual driving is effective in reducing
the variation of the speed pattern on the premise of the
manual driving until the automatic driving becomes main-
stream in the future because introduction cost is reduced
as compared with the adoption of the automatic train
driving device.

[0004] Inaddition,inadriving support system aiming at
energy-saving driving, it is a major issue whether a train
driver can maintain motivation for traveling in order to
advance the reduction in variations in the speed pattern.
For many drivers, there is considerable psychological
resistance as it involves modifying the driving methods
that the drivers are accustomed to. Therefore, in order to
fix an energy-saving driving method, it is necessary that
an energy-saving effect is visible to the driver and can be
actually perceived. As one of methods corresponding to
the problem, one example is the introduction of a driving
support system that displays on a driver cab screen a
power consumption amount and a traveling time asso-
ciated with inter-station traveling, as well as evaluation of
a driving skill. In this way, by checking a driving result and
an evaluation for the driver for each inter-station travel-
ing, it is possible to expect to maintain the motivation for
devising the driving method.

[0005] For example, Patent Literature 1 discloses a
configuration in which, in a driving simulator for training
on a driving method, a power consumption amount, a
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traveling time, and the like are scored and presented to a
driver as an evaluation result.

Citation List
Patent Literature

[0006] Patent Literature 1: JP2020-134757A

Summary of Invention
Technical Problem

[0007] The technique described in Patent Literature 1
is an evaluation method on the premise that there is no
influence of a preceding train. However, since a punctual
operation is important for railways, it is necessary to
evaluate the power consumption amount in considera-
tion of the traveling time, and depending on an operating
situation, the traveling at a target traveling time may not
be possible due to the influence of the preceding train.
For this reason, since points will be deducted for late
arrival due to the influence of the preceding train and
energy consumption associated with additional accelera-
tion and deceleration performed out of necessity, even
when the best driving is performed within the given con-
straints, the evaluation result may be poor. In this way,
when a situation in which it cannot be said that the driving
skill evaluation is appropriate occurs, itis not desirable for
the driver to maintain the motivation for devising the
driving method.

[0008] In view of the above, the invention provides a
driving support system and a driving support method
capable of appropriately evaluating a traveling time
and a power consumption amount and implementing
energy saving of a train operation even when there is a
condition for inhibiting a normal operation such as an
influence of a preceding train.

Solution to Problem

[0009] Adriving support system includes: an operation
data recording unit configured to record operation data
related to an operation record of a train; a power con-
sumption amount calculation unit configured to calculate,
based on the operation data recorded in the operation
data recording unit, a power consumption amount be-
tween stations during an operation of the train; a traveling
time calculation unit configured to calculate, based on the
operation data recorded in the operation data recording
unit, a traveling time between stations during the opera-
tion of the train; an evaluation index comparison unit
configured to set areference power consumption amount
and a reference traveling time that are comparison tar-
gets, for the power consumption amount and the travel-
ing time, and calculate a driving evaluation of a driver
during the operation of the train based on a comparison
result between the power consumption amount and the
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reference power consumption amount and a comparison
result between the traveling time and the reference tra-
veling time; a normal operation inhibition condition ex-
traction unit configured to extract, based on the operation
data recorded in the operation data recording unit, an
inhibition condition for an normal operation that occurs
during the operation of the train; and a comparative
operation data creation unit configured to calculate,
based on the inhibition condition, the reference power
consumption amount and the reference traveling time.

[0010] In addition, a driving support method includes:
calculating, based on operation data related to an opera-
tion record of a train, a power consumption amount and a
traveling time between stations during an operation of the
train; extracting, based on the operation data, an inhibi-
tion condition for a normal operation that occurs during
the operation of the train; calculating the reference power
consumption amount and the reference traveling time
based on the inhibition condition; and calculating a driv-
ing evaluation of a driver during the operation of the train
by comparing the power consumption amount and the
traveling time with the reference power consumption
amount and the reference traveling time, respectively.

Advantageous Effects of Invention

[0011] According to the invention, it is possible to pro-
vide a driving support system and a driving support
method capable of appropriately evaluating a traveling
time and a power consumption amount and implement-
ing energy saving of a train operation even when there is
a condition for inhibiting a normal operation.

Brief Description of Drawings
[0012]

[FIG. 1] FIG. 1 is a diagram showing a functional
configuration of a driving support system according
to an embodiment of the invention.

[FIG. 2] FIG. 2 is a diagram showing an example of a
normal operation inhibition condition and a main
influence operation inhibition factor.

[FIG. 3] FIG. 3 is a diagram showing an example of
the normal operation inhibition condition and the
main influence operation inhibition factor.
[FIG.4]FIG. 4 is adiagram showing an example of a
normal operation inhibition condition and a main
influence operation inhibition factor.

[FIG. 5] FIG. 5 is a diagram showing an example of
comparative operation data.

[FIG. 6] FIG. 6 is a diagram showing an example of
the comparative operation data.

[FIG.7]FIG. 7 is adiagram showing an example of an
evaluation result.

[FIG. 8] FIG. 8 is a diagram showing an example of
the evaluation result.

[FIG. 9] FIG. 9 is a diagram showing an example of
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the evaluation result.

[FIG. 10] FIG. 10 is a diagram showing a display
example of an evaluation result presentation unit.
[FIG. 11]FIG. 11 is adiagram showing an example of
an evaluation method.

[FIG.12]FIG. 12is adiagram showing an example of
the evaluation method.

[FIG. 13] FIG. 13 is a diagram showing a display
example of the evaluation result presentation unit.
[FIG. 14] FIG. 14 is a diagram showing a display
example of the evaluation result presentation unit.

Description of Embodiments

[0013] Hereinafter, an embodiment according to the
invention will be described with reference to the draw-
ings. The following description and drawings are exam-
ples for showing the invention, and are appropriately
omitted and simplified for clarity of the description. The
invention can be implemented in various other forms.
Unless otherwise specified, each element may be single
or plural.

[0014] Inorder to facilitate understanding of the inven-
tion, the position, size, shape, range, and the like of each
element shown in the drawings may not represent the
actual position, size, shape, range, and the like. There-
fore, the invention is not necessarily limited to the posi-
tions, sizes, shapes, ranges, and the like disclosed in the
drawings.

(Embodiment in Invention and Overall Configuration)

[0015] A driving support system according to the in-
vention is a system that performs an evaluation related to
a power consumption amount and a traveling time asso-
ciated with an inter-station traveling at the end of inter-
station traveling of a train and at subsequent timings, and
presents an evaluation result for a driver of the train.
[0016] Reference values of the power consumption
amount and the traveling time to be compared in the
evaluation are determined in consideration of a condition
that exists during the operation of the train and inhibits the
normal operation. In the following description of the driv-
ing support system, as the condition that inhibits the
normal operation of the train, a signal indication due to
an influence of a preceding train acquired from a signal
device, atemporary speed limit due to weather deteriora-
tion acquired from an operation managementdevice, and
obstacle risk acquired from an obstacle detection device
are exemplified, and a speed limit corresponding thereto
is indicated.

(FIG. 1)

[0017] The driving support system includes an opera-
tion data recording unit 101, a power consumption
amount calculation unit 102, a traveling time calculation
unit 103, an evaluation index comparison unit 104, an
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evaluation result presentation unit 105, a normal opera-
tion inhibition condition extraction unit 106, a compara-
tive operation data creation unit 107, a signal device 108,
an operation management device 109, and an obstacle
detection device 110.

[0018] The operation data recording unit 101 is a de-
vice that records operation data related to an operation
record of a train. A specific example of the device is a
driving condition recording device. The operation data
recording unit 101 records data in time series for atleasta
train position, a train speed, information related to power
consumption associated with an operation, information
related to a speed limit, and a factor inhibiting the normal
operation of the train. The operation data recording unit
101 is not limited to the driving condition recording de-
vice, and may be any device as long as the device can
record the information in time series.

[0019] The operation data recording unit 101 is con-
nected to the signal device 108, the operation manage-
ment device 109, and the obstacle detection device 110
as an acquisition source of the condition that inhibits the
normal operation. In FIG. 1, these devices are directly
connected to the operation data recording unit 101, but
may be indirectly connected via anotherdevice aslong as
necessary data can be received.

[0020] The signal device 108 is a device that manages
a speed limit to be kept by its own train according to a
track condition such as a curved line or a distance from a
preceding train. Although the signal device 108 accord-
ing to the embodiment is described as an on-board
device, the signal device 108 is generally provided se-
parately on the ground and on the vehicle. The operation
data recording unit 101 receives a signal indication 160
indicating a speed limit at a current train position from the
signal device 108 and constantly records the signal in-
dication 160. Information of the signal indication 160 is
notified to the driver of the train by a driver cab screen or
the like. The driver who recognizes the information of the
signal indication 160 controls the train speed to keep the
signal indication 160.

[0021] The operation management device 109 is a
ground device that controls the operation of each train
in a route, and transmits temporary speed limit informa-
tion corresponding to weather deterioration or the like.
The operation data recording unit 101 receives and re-
cords a temporary speed limit 161 from the operation
management device 109. The temporary speed limit 161
is defined by a target section and a speed limit value in
relation to the speed limit in the route. The information of
the temporary speed limit 161 is notified to the driver of
the train by the driver cab screen or the like. The driver
who recognizes the temporary speed limit 161 controls
the train speed to keep the temporary speed limit 161.
[0022] The obstacle detection device 110 is a device
that determines a risk of obstacles that impede the op-
eration of the own train. A sensor such as a cameraor a
radar for recognizing the outside world is provided, and a
type of the obstacle and the risk of operation hindrance
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due to the obstacle are determined according to a re-
cognition result of the outside world. The operation data
recording unit 101 receives and records an obstacle risk
speed limit 162 from the obstacle detection device 110.
The obstacle risk speed limit 162 is defined by a target
section and a speed limit value in relation to the speed
limit in the route. The information of the obstacle risk
speed limit 162 is notified to the driver of the train by the
driver cab screen or the like. The driver who recognizes
the obstacle risk speed limit 162 controls the train speed
to keep the obstacle risk speed limit 162.

[0023] The operation data recording unit 101 transmits
power consumption information 151, a train position 153,
and a train speed 154 to the power consumption amount
calculation unit 102 at the end of the inter-station traveling
and at subsequent timings. As an example of the power
consumption information 151, an input voltage and an
input current of each inverter in the train can be exem-
plified, and in this case, the power consumption amount
calculation unit 102 calculates power consumption of the
train for each instant by summing up products of the input
voltage and the input current for all inverters mounted on
the train, and calculates actual inter-station power con-
sumption amount 152 by integrating the power consump-
tion for each instant in a time range of the targeted inter-
station traveling. The train position 153 and the train
speed 154 in the power consumption amount calculation
unit 102 are used to determine the time range of the
targeted inter-station traveling. The time range of the
inter-station traveling is a time range from a time point
atwhich a speed of the train changes from zero to positive
at a departure station position between the targeted
stations to a time point at which the speed changes from
positive to zero at a stop station position. As described
above, the power consumption amount calculation unit
102 calculates, based on operation data recorded in the
operation data recording unit 101, the power consump-
tion amount 152 between stations during the operation of
the train. The actual inter-station power consumption
amount 152 calculated by the power consumption
amount calculation unit 102 is transmitted to the evalua-
tion index comparison unit 104.

[0024] In the calculation of the power consumption in
the power consumption amount calculation unit 102, only
a case in which the input current is positive, that is, only
power running excluding the regeneration may be the
target of the power consumption calculation. By doing so,
itis possible to exclude aninfluence of an on-rail state and
a braking or driving state of another train and set the
power consumption amount of the own train alone as an
evaluation target.

[0025] The operation datarecording unit 101 transmits
the train position 153 and the train speed 154 to the
traveling time calculation unit 103. The traveling time
calculation unit 103 calculates, as a traveling time 155,
using a position at a departure station of the targeted
inter-station traveling as the train position 153, a time
from a time point at which the speed changes from zero to
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positive to a time point at which the train position 153 is at
the stop station position and the speed changes from
positive to zero. As described above, the traveling time
calculation unit 103 calculates, based on the operation
data recorded in the operation data recording unit 101,
the traveling time 155 between stations during the opera-
tion of the train. The traveling time 155 calculated by the
traveling time calculation unit 103 is transmitted to the
evaluation index comparison unit 104.

[0026] The operation data recording unit 101 transmits
the train position 153 and additional speed limit informa-
tion 157 to the normal operation inhibition condition ex-
traction unit 106. The additional speed limit information
157 includes all contents of the signal indication 160, the
temporary speed limit 161, and the obstacle risk speed
limit 162 held by the operation data recording unit 101.
[0027] The normal operation inhibition condition ex-
traction unit 106 extracts, based on recorded operation
datainformation acquired from the operation data record-
ing unit 101, an inhibition condition 158 for the normal
operation occurring during the operation of the train. The
normal operation inhibition condition 158 and a main
influence operation inhibition factor 163 are generated.
In this way, the normal operation inhibition condition 158
is transmitted to the comparative operation data creation
unit 107 as information defined by a correspondence
relationship between a position and a speed in the route.
In addition, the main influence operation inhibition factor
163 is transmitted to the evaluation result presentation
unit 105 as information indicating a factor substantially
reflected in the normal operation inhibition condition 158
with low speed priority for a plurality of pieces of informa-
tion related to the speed limit included in the additional
speed limitinformation 157. A method for generating the
normal operation inhibition condition 158 and the main
influence operation inhibition factor 163 will be described
later with reference to FIGS. 2 to 4.

[0028] The comparative operation data creation unit
107 creates comparative operation data to be compared
with the latest driving record on the premise of the normal
operation inhibition condition 158 received from the nor-
mal operation inhibition condition extraction unit 106, and
generates an evaluation reference value 159 for evalu-
ating the driving record. The comparative operation data
is time-series driving data, and includes information on
speed, position, notch operation, and power consump-
tion associated therewith. A method for creating the
comparative operation data will be described later. In
addition, the evaluation reference value 159 is a power
consumption amount between stations serving as acom-
parison criterion (hereinafter, referred to as a reference
inter-station power consumption amount) and a traveling
time between stations serving as a comparison criterion
(hereinafter, referred to as a reference inter-station tra-
veling time), which are generated from the comparative
operation data based on the inhibition condition 158, and
is transmitted to the evaluation index comparison unit
104.
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[0029] The reference inter-station power consumption
amount is calculated by integrating the power consump-
tion included in the comparative operation data over the
inter-station traveling. The reference inter-station travel-
ing time is calculated by referring to position information
and speed information included in the comparative op-
eration data and as a time from the time point at which the
train is at the departure station position and the speed
changes from zero to positive to the time point at which
the train is at the stop station position and the speed
changes from positive to zero. The calculation method is
the same as the calculation method in the traveling time
calculation unit 103.

[0030] The evaluation index comparison unit 104 gen-
erates an evaluation result 156 by comparing the evalua-
tion reference value 159 received from the comparative
operation data creation unit 107, the actual inter-station
power consumption amount 152 received from the power
consumption amount calculation unit 102, and the actual
inter-station traveling time 155 received from the travel-
ing time calculation unit 103. Specifically, a reference
power consumption amount and a reference traveling
time included in the evaluation reference value 159 are
set for the power consumption amount 152 and the
traveling time 155, respectively, and the evaluation result
156, which is a driving evaluation for a driver during the
operation of the train, is calculated based on a compar-
ison result between the power consumption amount 152
and the reference power consumption amount and a
comparison result between the traveling time 155 and
the reference traveling time. The calculated evaluation
result 156 is transmitted to the evaluation result presen-
tation unit 105.

[0031] The evaluation result presentation unit 105 that
receives the comparison result that is the driving evalua-
tion calculated by the evaluation index comparison unit
104 presents information to the driver by displaying the
information via a visible display device such as a driver
cab screen of a vehicle information device. Details will be
described later with reference to FIGS. 7 to 9.

[0032] Installation locations of the power consumption
amount calculation unit 102, the traveling time calculation
unit 103, the evaluation index comparison unit 104, the
normal operation inhibition condition extraction unit 106,
and the comparative operation data creation unit 107,
which are the processing units described above, may be
installed in either a ground device or an on-board device,
and data is exchanged between the ground and the
vehicle as necessary. In particular, since the comparative
operation data creation unit 107 has many processes and
uses a database of past operation data, by processing on
a high-performance ground server, it is possible to re-
duce cost and make the on-board device more compact.
The evaluation result presentation unit 105 is implemen-
ted on the driver cab screen or the like on the vehicle, and
is assumed to be checked by the driver immediately after
the end of the inter-station traveling, and alternatively, the
evaluation result presentation unit 105 may be imple-
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mented in a tablet terminal carried by the driver or a
computer terminal used on the ground.

(FIGS. 2 to 4)

[0033] A method for generating the normal operation
inhibition condition 158 and the main influence operation
inhibition factor 163 in the normal operation inhibition
condition extraction unit 106 will be described. In com-
mon with FIGS. 2 to 4, left drawings each show a per-
manent speed limit known as route information and
speed limit information included in the additional speed
limit information 157, which is information about the in-
hibition condition 158 that is not included in the perma-
nent speed limit, in a relationship between the position
and the speed. In the embodiment, there are three types
of the additional speed limit information 157, that is, the
signal indication 160, the temporary speed limit 161, and
the obstacle risk speed limit 162, but in some cases, a
part or all of the speed limit information may not be
generated. In this case, the additional speed limit infor-
mation 157 includes only the generated speed limit in-
formation. Right drawings show the normal operation
inhibition condition 158 generated by the normal opera-
tion inhibition condition extraction unit 106 in a relation-
ship between the position and the speed. In addition, at
the bottom of the right drawings, the main influence
operation inhibition factor 163 is shown as the speed
limit information (of the main influence) that substantially
influences the generation of the normal operation inhibi-
tion condition 158.

[0034] FIG. 2shows anexampleinwhich the additional
speed limit information 157 includes only the signal in-
dication 160. The left drawing of FIG. 2 shows the per-
manent speed limit over the entire space between sta-
tions and the signal indication 160 present near an arrival
station. In this case, with respect to the permanent speed
limit and the signal indication 160, a speed pattern in the
right drawing, which gives priority to lower speeds, be-
comes the normal operation inhibition condition 158. At
this time, the main influence operation inhibition factor
163 is only the signal indication 160. That is, the addi-
tional speed limit information 157 is a speed limit set by
the signal indication 160 by the signal device 108.
[0035] FIG. 3 showsanexampleinwhich the additional
speed limit information 157 includes three types of in-
formation, thatis, the signal indication 160, the temporary
speed limit 161, and the obstacle risk speed limit 162. The
left drawing of FIG. 3 shows the permanent speed limit
over the entire space between stations and the three
types of speed limitinformation, and positions of the three
types of speed limits do not overlap. In this case, with
respect to the permanent speed limit and the three types
of speed limits, a speed patternin the right drawing, which
gives priority to lower speeds, becomes the normal op-
eration inhibition condition 158. At this time, the main
influence operation inhibition factor 163 includes all of the
three types of the signal indication 160, the temporary
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speed limit 161, and the obstacle risk speed limit 162.
That is, the additional speed limit information 157 is not
only the signal indication 160 by the signal device 108,
but also the temporary speed limit 161 set according to a
situation such as a deterioration in weather conditions, or
a speed limit set according to an obstacle existing in front
of the train.

[0036] FIG. 4 showsanexampleinwhich the additional
speed limit information 157 includes three types of the
signal indication 160, the temporary speed limit 161, and
the obstacle risk speed limit 162, but unlike FIG. 3, the
positions of the inhibition factors that influence the speed
limit partially overlap. The leftdrawing of FIG. 4 shows the
permanent speed limit over the entire space between
stations and three types of speed limit information.
Among the three types of speed limits, the positions of
the signal indication 160 and the temporary speed limit
161 overlap, and a section of the temporary speed limit
161 is included in a section of the signal indication 160.
That is, since the speed limit value is lower in the signal
indication 160 than that in the temporary speed limit 161,
the speed limit is set in accordance with the lower signal
indication 160. As a result, with respect to the permanent
speed limit and the three types of speed limits, a speed
pattern in the right drawing, which gives priority to lower
speeds, becomes the normal operation inhibition condi-
tion 158. The temporary speed limit 161 does not sub-
stantially affect the normal operation inhibition condition
158. Therefore, there are two types of the main influence
operation inhibition factors 163, that is, the signal indica-
tion 160 and the obstacle risk speed limit 162.

[0037] In consideration of the additional speed limit
that does not exist on the permanent speed limit de-
scribed above, the normal operation inhibition condition
extraction unit 106 functions to enable new speed limit
information, and therefore, the information is used to
search for an optimal traveling pattern in consideration
of energy saving.

[0038] Since the inhibition factor can be patterned in a
certain degree of variation and is limited to, forexample, a
section with a bridge or a section with a river, it is also
possible to search for the same condition in the past,
acquire data related to a day in the form of the same
speed limit, and set an optimal driving style in considera-
tion of the energy saving, the traveling time, and the
power consumption amount at that time as threshold
values for final determination.

(FIG. 5)

[0039] An example will be shown in which the com-
parative operation data creation unit 107 uses the fastest
patternin consideration of the normal operation inhibition
condition 158 as the comparative operation data. Undera
condition that there is the additional speed limitin addition
to the permanent speed limit, it is basically considered
that the train is to travel in such a way as to minimize a
delay. Therefore, the fastest pattern in consideration of
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the normal operation inhibition condition 158 is the best
traveling speed pattern, whereas if there are so many
speed limits, the speed has to be greatly reduced with
respect to the permanent speed limit, and thus becomes
slower than the target, so that the fastest pattern is
adopted as the most suitable comparative operation data
with the actual operation even if it is later than the time-
table. Thatis, the traveling time that is equal to or greater
than the traveling time defined by the timetable is adopted
as the comparative operation data. As described above,
the reference traveling time is, in the presence of the
inhibition condition 158, a time from a time point at which
the train departs from a departure station to an earliest
arrival time point at which the train can arrive at an arrival
station after an arrival time point on the timetable.

(FIG. 6)

[0040] FIG. 6 shows an example in which an energy-
saving traveling pattern (energy-saving pattern) is the
comparative operation data in the comparative operation
data creation unit 107. Since the fastest patternis applied
to the traveling speed pattern in consideration of the
normal operation inhibition condition 158 of FIG. 5, a
degree of freedom is not generated. However, when
the traveling time of the fastest pattern in consideration
of energy saving is shorter than the traveling time defined
by the timetable, since the train cannot travel earlier than
the timetable (since the traveling time shorter than the
traveling time defined by the timetable is not possible), it
is necessary to match the traveling time defined by the
timetable. In this case, the optimal traveling time in con-
sideration of energy saving can be made longer than the
traveling time of the fastest pattern. By utilizing this
margin, a degree of freedom is generated in the traveling
speed pattern. Thatis, after traveling for the traveling time
defined by the timetable, by lowering the maximum
speed or increasing coasting based on the calculated
fastest pattern, itis possible to generate an optimal speed
pattern that performs the inter-station traveling in an
energy-saving manner and within the traveling time de-
fined by the timetable. In such a case, an energy-saving
traveling pattern that is mathematically generated and
with which the train travels at the traveling time defined by
the timetable is adopted as the comparative operation
data.

[0041] There are many existing studies on mathema-
tically generating energy-saving patterns, such as meth-
ods using dynamic programming and hill-climbing meth-
ods, and these methods can be utilized.

(FIGS. 7 to 9)

[0042] A description will be given of a process in which
the evaluation index comparison unit 104 calculates a
reference power consumption amount based on an en-
ergy-saving pattern calculated using a past operation
data search and an operation simulation (operation data
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for energy-saving traveling) or an average pattern calcu-
lated using the past operation data search (operation
data for traveling with an average power consumption
amount), and compares the reference power consump-
tion amount with an actual value to calculate an evalua-
tion value.

[0043] First, two methods, that is, a method based on
the past operation data search and a method based on
the operation simulation, will be described for the opera-
tion data for energy-saving traveling.

(Method for Creating Comparative Operation Data
Using Past Operation Data Search)

[0044] The past operation data search is performed
using an operation data group accumulated in the past
between target stations. The accumulated operation
data is time-series driving data, and includes information
on speed, position, notch operation, power consumption,
and speed limitinformation. The speed limitinformationis
speed information with lower priority given to the signal
indication 160, the temporary speed limit 161, the ob-
staclerisk speed limit 162, and the permanent speed limit
(see FIGS. 2 to 4). The accumulation of the operation
data can be implemented by periodically acquiring data
from the operation data recording unit 101 which is a
driving condition recording device.

[0045] In the past operation data search, the search is
performed based on a relationship between the position
and the speed limit. Since the accumulated operation
data includes the information on the position and the
speed limit in time series, the relationship between the
position and the speed limit can be created. The normal
operation inhibition condition 158 described above is
defined by the relationship between the position and
the speed limit. Based on this, past operation data in
which the relationship between the position and the
speed limit matches the normal operation inhibition con-
dition 158 in a traveling record is searched and extracted.
[0046] From the extracted past operation data, opera-
tion data in which the inter-station traveling is performed
at the shortest traveling time within a range in which the
train does not arrive earlier than the timetable is extracted
again. The traveling time of the operation data is defined
as the reference inter-station traveling time. In addition,
among the re-extracted operation data, operation data
with which the most energy-saving traveling is performed
and operation data with which traveling is performed with
an average power consumption amount are searched,
and respective power amounts are defined as a refer-
ence inter-station power consumption amount (energy-
saving) and a reference inter-station power consumption
amount (average). When the power consumption
amount calculation unit 102 adopts power consumption
calculation that targets only running power, operation
data search for energy-saving power amount and aver-
age power amount is also performed here from the view-
point of a running power amount.
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[0047] When the number of pieces of re-extracted
operation data is small (for example, three pieces or less)
when the reference inter-station traveling time is deter-
mined, in order to re-extract a plurality of pieces of
operation data, the reference inter-station traveling time
may be set to the shortest traveling time by providing a
width of about 5 to 10 seconds to the traveling time within
a range in which the train does not arrive earlier than the
timetable.

[0048] Asdescribed above, the comparative operation
data creation unit 107 calculates the reference traveling
time and the reference power consumption amount by
extracting the operation data when the inhibition condi-
tion 158 exists from the past operation data recorded in
the operation data recording unit 101.

(Method for Creating Comparative Operation Data
Using Operation Simulation)

[0049] As the condition settings necessary for the op-
eration simulation, vehicle conditions (weight, traveling
resistance characteristics, traction force and braking
force and electric braking force characteristics), route
conditions (station kilometer, route gradient and curva-
ture, presence or absence of tunnels, speed limit), time-
table conditions (inter-station traveling time), and driving
method conditions are exemplified. Among these, the
conditions other than the speed limit are held in advance
in the comparative operation data creation unit 107.
Then, the normal operation inhibition condition 158 is
used as the condition of the speed limit.

[0050] In addition, since the weight included in the
vehicle conditions is affected by fluctuations in an occu-
pancy rate depending on a day of a week or a time zone,
by additionally acquiring and using an occupancy rate
value for the inter-station traveling to be simulated from
the operation data recording unit 101, it is possible to
perform the operation simulation with higher accuracy
from the viewpoint of the speed pattern or the power
consumption amount. In addition, since the traction force
characteristics included in the vehicle conditions are
affected by overhead wire voltage in electric railways,
by additionally acquiring and using an overhead wire
voltage value for the inter-station traveling to be simu-
lated from the operation data recording unit 101, it is
possible to perform the operation simulation with higher
accuracy from the viewpoint of the speed pattern or the
power consumption amount. In addition, since the elec-
tric braking force characteristics included in the vehicle
conditions are affected by overhead wire voltage in elec-
tricrailways, by additionally acquiring and using the over-
head wire voltage value for the inter-station traveling to
be simulated from the operation data recording unit 101, it
is possible to perform the operation simulation with high-
eraccuracy from the viewpoint of the power consumption
amount. In addition, the driving method condition is a
method for determining a traveling speed pattern during
inter-station traveling, and is a strategy for handling a
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notch. Depending on the driving method condition, the
traveling time and the power consumption amount
change.

[0051] In the operation simulation in the comparative
operation data creation, on the premise of the normal
operation inhibition condition 158, first, a traveling speed
pattern that enables traveling between stations in the
shortest time is generated. The fastest pattern is a speed
pattern in which the train travels by increasing the speed
within a range not exceeding the speed limit by utilizing a
maximum acceleration and a maximum deceleration
allowed in consideration of safety and ride comfort.
[0052] As described above with reference to FIG. 5,
the fastest pattern is set as the comparative operation
data if the traveling time in the case of traveling between
the stations in the fastest pattern is equal to or longer than
the traveling time defined by the timetable. When there is
the normal operation inhibition condition 158 in which the
speed has to be greatly reduced in response to the
permanent speed limit, as described above with refer-
ence to FIG. 6, even when the train travels at the highest
speed, the train cannot travel with a traveling time shorter
than the traveling time defined by the timetable, and the
fastest pattern is the comparative operation data.
[0053] Asthereference inter-station traveling time, the
longer one of the traveling time in the case of traveling
between stations in the fastest pattern and the traveling
time defined by the timetable is adopted. When the
reference inter-station traveling time is the traveling time
in the case of traveling between stations in the fastest
pattern, the reference inter-station power consumption
amountis defined as the inter-station power consumption
amount in the case of traveling in the fastest pattern. In
addition, when the reference inter-station traveling time is
the traveling time defined by the timetable, the reference
inter-station power consumption amountis defined as the
inter-station power consumption amount in the case of
traveling in the energy-saving pattern.

[0054] Here, the inter-station power consumption
amount can be calculated by integrating, over the in-
ter-station traveling, the power consumption for each
instant, which is estimated and obtained from a magni-
tude of a traction force and an electric braking force
required for traveling along the fastest pattern in con-
sideration of equipment efficiency and the like. When the
power consumption amount calculation unit 102 adopts
the power consumption calculation that targets only the
running power, an inter-station running power amount is
also calculated by integrating only positive power con-
sumption.

[0055] In the method according to the operation simu-
lation, since it is difficult to express the variation of the
traveling pattern in an actual operation, only the opera-
tion data for energy-saving traveling is generated as the
comparative operation data without generating the op-
eration data for traveling with the average power con-
sumption amount.

[0056] Asdescribed above, the comparative operation
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data creation unit 107 calculates the reference inter-
station traveling time and the reference inter-station
power consumption amount by the traveling simulation
on a computer including the inhibition condition, uses the
reference inter-station traveling time and the reference
inter-station power consumption amount as threshold
values to compare with actual values such as the actual
inter-station power consumption amount 152 and the
actual inter-station traveling time 155, and outputs the
evaluation reference value 159 to the evaluation index
comparison unit 104. Based on the above two methods,
the evaluation results of FIGS. 7 to 9 will be described.
[0057] Inthe energy-saving patterns of FIGS. 7 and 9,
the reference power consumption amount is a power
amount consumed in a case in which the train travels
between the stations in the reference traveling time and
travels with the lowest power consumption.

[0058] In the average pattern of FIG. 8, the reference
power consumption amount is an average power con-
sumption amount in a case in which the train travels
between stations in the reference traveling time. In order
to obtain an index for the purpose of energy saving, the
evaluation index comparison unit 104 calculates the
driving evaluation so that when the power consumption
amount 152 is less than the reference power consump-
tion amount, the evaluation is higher than when the power
consumption amount 152 is more than the reference
power consumption amount.

(Calculation of Evaluation Results)

[0059] The calculation of the evaluation result 156
generated by the evaluation index comparison unit 104
will be described. With respect to numerical values of the
evaluation result 156, first, numerical values of the tra-
veling time and the power consumption amount are
compared to calculate a difference. Hereinafter, as
shown in FIGS. 7 to 9, the evaluation result 156 includes
the calculated difference together with the numerical
value of each comparison target. The difference is a
value based on the evaluation reference value 159.
[0060] In FIG. 7, the reference inter-station traveling
time included in the evaluation reference value 159 (re-
sult obtained by the past operation data search, energy
saving) is compared with the actual inter-station traveling
time 155. The reference inter-station power consumption
amount included in the evaluation reference value 159
(result obtained by the past operation data search, en-
ergy saving) is compared with the actual inter-station
power consumption amount 152.

[0061] In FIG. 8, the reference inter-station traveling
time included in the evaluation reference value 159 (re-
sult obtained by the past operation data search, average)
is compared with the actual inter-station traveling time
155. The reference inter-station power consumption
amount included in the evaluation reference value 159
(result obtained by the past operation data search, aver-
age) is compared with the actual inter-station power

10

15

20

25

30

35

40

45

50

55

consumption amount 152.

[0062] In FIG. 9, the reference inter-station traveling
time included in the evaluation reference value 159 (re-
sult obtained by operation simulation) is compared with
the actual inter-station traveling time 155. The reference
inter-station power consumption amount included in the
evaluation reference value 159 (result obtained by op-
eration simulation) is compared with the actual inter-
station power consumption amount 152.

[0063] Subsequently, based on the comparison nu-
merical values of the traveling time and the power con-
sumption amount, scores are given so that the closer the
actual value is to an ideal value, the higher the score. As
the ideal value of the traveling time, either the result
obtained by the past operation data search or the result
obtained by the operation simulation among the refer-
ence inter-station traveling time included in the evalua-
tion reference value 159 is used.

[0064] Finally, the evaluation result (scoring result)
based on the comparison of the numerical values of
the traveling time and the power consumption amount
is compared with a predetermined score reference value,
and a pass and fail determination is performed which
determines as pass when the score is more than the
reference value. In addition, in relation to the power
consumption amount, an average value obtained by
the past operation data search among the reference
inter-station power consumption amount included in
the evaluation reference value 159 is compared with
the actual inter-station power consumption amount,
and the pass and fail determination is determined as
pass when the latter is smaller than the former.

[0065] The information of FIGS. 7 to 9 evaluated as
described above is displayed by the evaluation result
presentation unit 105 by displaying numerical values in
a table format or graphing the numerical values.

[0066] The evaluation result presentation unit 105
does not need to display all the information in FIGS. 7
to 9, and may extract and display only a part of the
information. In addition, the evaluation result presenta-
tion unit 105 displays, in a display device, contents of the
main influence operation inhibition factor 163 acquired
from the normal operation inhibition condition extraction
unit 106 (see FIGS. 10, 13, and 14). Accordingly, the
driver can recognize the operating conditions under
which the reference inter-station traveling time and re-
ference inter-station power consumption amount, which
are compared with their own driving records, are calcu-
lated, and can check validity of the result of the compara-
tive evaluation.

(FIG. 10)

[0067] FIG. 10 shows a driving record screen that is a
presentation example of the evaluation result 156 ob-
tained by comparing numerical values of the traveling
time and the power consumption amount and calculating
a difference and the main influence operation inhibition
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factor 163. As described above, the evaluation result
presentation unit 105 displays, in a graph, at least one
ofthe comparison result between the power consumption
amount 152 and the reference power consumption
amount and the comparison result between the traveling
time 155 and the reference traveling time that are com-
pared by the evaluation index comparison unit 104. The
evaluation result presentation unit 105 further displays
the presence or absence of the operation inhibition factor
regarding the inhibition condition 158 related to the driv-
ing evaluation.

(FIG. 1)

[0068] FIG. 11 shows an example of a method for
assigning scores related to the traveling time 155. As
shown in the graph of the example, a time range is
provided so that the driver has the highest score as the
traveling time is closer to the reference inter-station
traveling time, and the score decreases as away from
the range. As described above, the evaluation index
comparison unit 104 calculates the driving evaluation
so that the driving evaluation becomes higher as the
traveling time 155is closer to the reference traveling time.

(FIG. 12)

[0069] FIG. 12 shows an example of a method for
assigning scores related to the power consumption
amount 152. In the example, a time range is provided
so thatthe driver has the highest score near the reference
inter-station power consumption amount, and the score
decreases as the power amount is greater than the
range. As described above, the evaluation index com-
parison unit 104 calculates the driving evaluation so that
the driving evaluation becomes higher as the power
consumption amount 152 is closer to the reference power
consumption amount. As the ideal value of the power
consumption amount, either an energy-saving value ob-
tained by the result obtained by the past operation data
search or the result obtained by the operation simulation
among the reference inter-station power consumption
amount included in the evaluation reference value 159
is used.

(FIG. 13)

[0070] FIG. 13 is a presentation example of the eva-
luation result 156 in the evaluation result presentation
unit 105, and is a method in which, based on the compar-
ison numerical values of the traveling time and the power
consumption amount, scores are given so that the closer
the actual value is to the ideal value, the higher the score.
The evaluation result presentation unit 105 displays the
scores on a display device that can be viewed by the
driver, such as the driver cab screen of the vehicle
information device. In view of the display, the score of
the traveling time and the score of the power consump-
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tion amount may be individually displayed, or a value
obtained by adding the score of the traveling time and the
score of the power consumption amount after certain
weighting may be displayed. It is desirable that the eva-
luation result presentation unit 105 displays, in a display
device, contents of the main influence operation inhibi-
tion factor 163 acquired from the normal operation inhibi-
tion condition extraction unit 106.

(FIG. 14)

[0071] FIG. 14 is a presentation example of the eva-
luation result 156 in the evaluation result presentation
unit 105, in which the evaluation result (scoring result)
based on the comparison of the numerical values of the
traveling time and the power consumption amount is
compared with a predetermined score reference value,
and a pass and fail determination is displayed which
determines as pass when the score is more than the
reference value. FIG. 14 shows an example in which the
evaluation result 156 is pass. For example, as shown in
the drawing, "appropriate" may be displayed in relation to
the traveling time, and "ECO" may be displayed in rela-
tion to the power consumption amount.

[0072] Inthe invention described above, a driving sup-
port method includes: calculating, based on operation
data related to an operation record of a train, the power
consumption amount 152 and the traveling time 155
between stations during an operation of the train; extract-
ing, based on the operation data, the inhibition condition
158 for a normal operation that occurs during the opera-
tion of the train; calculating the reference power con-
sumption amount and the reference traveling time based
on the inhibition condition; and calculating the driving
evaluation 156 of a driver during the operation of the
train by comparing the power consumption amount 152
and the traveling time 155 with the reference power
consumption amount and the reference traveling time,
respectively. According to such a driving support method,
itis possible to provide a driving support system capable
of presenting an appropriate evaluation result according
to an operating situation.

[0073] According to the embodiment of the invention
described above, the following effects are obtained.

(1) A driving support system includes: the operation
data recording unit 101 configured to record opera-
tion data related to an operation record of a train; the
power consumption amount calculation unit 102
configured to calculate, based on the operation data
recorded in the operation data recording unit 101, the
power consumption amount 152 between stations
during an operation of the train; the traveling time
calculation unit 103 configured to calculate, based
on the operation data recorded in the operation data
recording unit 101, the traveling time 155 between
stations during the operation of the train; the evalua-
tion index comparison unit 104 configured to set a
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reference power consumption amount and a refer-
ence traveling time that are comparison targets, for
the power consumption amount 152 and the travel-
ing time 155, and calculate a driving evaluation 156
of adriver during the operation of the train basedon a
comparison result between the power consumption
amount 152 and the reference power consumption
amount and a comparison result between the travel-
ing time 155 and the reference traveling time. In
addition, the driving support system includes the
normal operation inhibition condition extraction unit
106 configured to extract, based on the operation
data recorded in the operation data recording unit
101, the inhibition condition 158 for a normal opera-
tion that occurs during the operation of the train; and
the comparative operation data creation unit 107
configured to calculate, based on the inhibition con-
dition 158, the reference power consumption
amount and the reference traveling time. In this
way, even when there is a condition to inhibit the
normal operation, it is possible to appropriately eval-
uate the traveling time and the power consumption
amount and implement energy saving of the train
operation.

(2) The driving support system includes the evalua-
tion result presentation unit 105 configured to pre-
sent, to the driver, the driving evaluation calculated
by the evaluation index comparison unit 104. In this
way, the driver can maintain motivation to devise the
driving method to save energy.

(3) The reference traveling time is, in presence of the
inhibition condition 158, a time from a time point at
which the train departs from a departure station to an
earliest arrival time point at which the train can arrive
at an arrival station after an arrival time point on a
timetable. In this way, it is possible to create a target
traveling time based on the inhibition condition 158.
(4) The evaluation index comparison unit 104 calcu-
lates the driving evaluation so that the driving eva-
luation is higher as the traveling time 155 is closer to
the reference traveling time. In this way, the evalua-
tion result 156 can be clarified.

(5) The reference power consumption amount is a
power amount consumed when the train travels
between the stations at the reference traveling time
and travels with lowest power consumption. In this
way, it is possible to create a reference of the power
amount when the train travels in the energy-saving
manner.

(6) The evaluation index comparison unit 104 calcu-
lates the driving evaluation so that the driving eva-
luationis higher as the power consumption amountis
closer to the reference power consumption amount.
In this way, the evaluation result 156 can be clarified.
(7) The reference power consumption amount is an
average power consumption amount when the train
travels between the stations at the reference travel-
ing time. In this way, it is possible to create a refer-
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ence of the power amount when the train travels in
the energy-saving manner.

(8) The evaluation index comparison unit 104 calcu-
lates the driving evaluation 156 so that the driving
evaluation is higher when the power consumption
amount 152 is less than the reference power con-
sumption amount than when the power consumption
amount is more than the reference power consump-
tion amount. In this way, it is possible to clarify the
evaluation of the energy-saving traveling of the train
based on the average power consumption amount.
(9) The comparative operation data creation unit 107
calculates the reference traveling time and the re-
ference power consumption amount by extracting
the operation data in a case in which the inhibition
condition 158 exists among past operation data re-
corded in the operation data recording unit 101. In
this way, even when there is a preceding train, it is
possible to create an optimal standard for the en-
ergy-saving traveling of the train.

(10) The comparative operation data creation unit
107 calculates the reference traveling time and the
reference power consumption amount by a traveling
simulation on a computer including the inhibition
condition 158. In this way, it is possible to create
an evaluation standard even when there is no past
operation data.

(11) The inhibition condition 158 is an additional
speed limit that does not exist in a permanent speed
limit. In this way, for example, it is possible to create a
standard for the energy-saving traveling of the train
when there is a preceding train.

(12) The additional speed limit is a speed limit set
according to a signal indication by the signal device
108. In this way, it is possible to create the inhibition
condition 158 including the speed limit information
when there is the preceding train.

(13) The additional speed limit is a speed limit set
according to a weather condition. In this way, it is
possible to create the inhibition condition 158 includ-
ing the speed limit information in case of bad weath-
er.

(14) The additional speed limit is a speed limit set
according to an obstacle existing in front of the train.
In this way, for example, it is possible to create the
inhibition condition 158 including speed limit infor-
mation in consideration of an external obstacle that
causes a risk to the traveling of the train.

(15) The evaluation result presentation unit 105
further displays the inhibition condition 158 related
to the driving evaluation. In this way, the driver can
clearly recognize the inhibition condition 158 and
maintain the motivation to devise the driving method
to save energy.

(16) The evaluation result presentation unit 105
further displays, in a graph, at least one of the com-
parison result of the power consumption amount 152
and the reference power consumption amount and
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the comparison result of the traveling time 155 and
the reference traveling time that are compared by the
evaluation index comparison unit 104. In this way,
the driver can recognize the traveling evaluation
result 156 of his or her own train.

(17) A driving support method includes: calculating,
based on operation data related to an operation
record of a train, the power consumption amount
152 and the traveling time 155 between stations
during an operation of the train; extracting, based
on the operation data, the inhibition condition 158 for
a normal operation that occurs during the operation
of the train; calculating a reference power consump-
tion amount and a reference traveling time based on
the inhibition condition 158; and calculating the driv-
ing evaluation 156 of a driver during the operation of
the train by comparing the power consumption
amount 152 and the traveling time 158 with the
reference power consumption amount and the re-
ference traveling time, respectively. In this way, even
when there is a condition to inhibit the normal opera-
tion, it is possible to appropriately evaluate the tra-
veling time and the power consumption amount and
implement energy saving of the train operation.

The invention is not limited to the embodiments

described above, and various modifications and other
configurations can be combined without departing from

the

gist of the invention. Further, the invention is not

limited to the invention including all configurations de-
scribed in the above embodiments, and includes a con-
figuration in which a part of the configurations is deleted.

Reference Signs List

[0075]

101:  operation data recording unit

102:  power consumption amount calculation unit

103:  traveling time calculation unit

104:  evaluation index comparison unit

105:  evaluation result presentation unit

106:  normal operation inhibition condition extraction
unit

107:  comparative operation data creation unit

108:  signal device

109:  operation management device

110:  obstacle detection device

151:  power consumption information

152:  actual inter-station power consumption amount

153:  train position

154:  train speed

155:  actual inter-station traveling time

156:  evaluation result

157:  additional speed limit information

158:  normal operation inhibition condition

159:  evaluation reference value

160:  signal indication
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161:
162:
163:
Clai

1.

22

temporary speed limit
obstacle risk speed limit
main influence operation inhibition factor

ms
A driving support system comprising:

an operation data recording unit configured to
record operation data related to an operation
record of a train;

a power consumption amount calculation unit
configured to calculate, based on the operation
data recorded in the operation data recording
unit, a power consumption amount between
stations during an operation of the train;

a traveling time calculation unit configured to
calculate, based on the operation data recorded
in the operation data recording unit, a traveling
time between stations during the operation of
the train;

an evaluation index comparison unit configured
to set a reference power consumption amount
and a reference traveling time that are compar-
ison targets, for the power consumption amount
and the traveling time, and calculate a driving
evaluation of a driver during the operation of the
train based on a comparison result between the
power consumption amount and the reference
power consumption amount and a comparison
result between the traveling time and the refer-
ence traveling time;

a normal operation inhibition condition extrac-
tion unit configured to extract, based on the
operation data recorded in the operation data
recording unit, an inhibition condition for an nor-
mal operation that occurs during the operation of
the train; and

a comparative operation data creation unit con-
figured to calculate, based on the inhibition con-
dition, the reference power consumption
amount and the reference traveling time.

The driving support system according to claim 1,
further comprising:

an evaluation result presentation unit configured to
present, to the driver, the driving evaluation calcu-
lated by the evaluation index comparison unit.

The driving support system according to claim 1 or 2,
wherein

the reference traveling time is, in presence of the
inhibition condition, a time from a time point at which
the train departs from a departure station to an ear-
liest arrival time point at which the train can arrive at
an arrival station after an arrival time point on a
timetable.
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The driving support system according to claim 3,
wherein

the evaluation index comparison unit calculates the
driving evaluation so that the driving evaluation is
higher as the traveling time is closer to the reference
traveling time.

The driving support system according to claim 1,
wherein

the reference power consumption amountis a power
amount consumed when the train travels between
the stations at the reference traveling time and tra-
vels with lowest power consumption.

The driving support system according to claim 5,
wherein

the evaluation index comparison unit calculates the
driving evaluation so that the driving evaluation is
higher as the power consumption amount s closer to
the reference power consumption amount.

The driving support system according to claim 1,
wherein

the reference power consumption amountis an aver-
age power consumption amount when the train tra-
vels between the stations at the reference traveling
time.

The driving support system according to claim 7,
wherein

the evaluation index comparison unit calculates the
driving evaluation so that the driving evaluation is
higher when the power consumption amount is less
than the reference power consumption amount than
when the power consumption amount is more than
the reference power consumption amount.

The driving support system according to claim 1,
wherein

the comparative operation data creation unit calcu-
lates the reference traveling time and the reference
power consumption amount by extracting the opera-
tion data in a case in which the inhibition condition
exists among past operation data recorded in the
operation data recording unit.

The driving support system according to claim 1,
wherein

the comparative operation data creation unit calcu-
lates the reference traveling time and the reference
power consumption amount by a traveling simulation
on a computer including the inhibition condition.

The driving support system according to claim 1,
wherein

the inhibition condition is an additional speed limit
that does not exist in a permanent speed limit.

15

20

25

30

35

40

45

50

55

13

EP 4 494 972 A1

12,

13.

14.

15.

16.

17.

24

The driving support system according to claim 11,
wherein

the additional speed limitis a speed limit set accord-
ing to a signal indication by a signal device.

The driving support system according to claim 11,
wherein

the additional speed limitis a speed limit set accord-
ing to a weather condition.

The driving support system according to claim 11,
wherein

the additional speed limit is a speed limit set accord-
ing to an obstacle existing in front of the train.

The driving support system according to claim 2,
wherein

the evaluation result presentation unit further dis-
plays the inhibition condition related to the driving
evaluation.

The driving support system according to claim 2,
wherein

the evaluation result presentation unit further dis-
plays, in a graph, at least one of the comparison
result of the power consumption amount and the
reference power consumption amount and the com-
parison result of the traveling time and the reference
traveling time that are compared by the evaluation
index comparison unit.

A driving support method comprising:

calculating, based on operation data related to
an operation record of a train, a power consump-
tion amount and a traveling time between sta-
tions during an operation of the train;
extracting, based on the operation data, an in-
hibition condition for a normal operation that
occurs during the operation of the train;
calculating the reference power consumption
amount and the reference traveling time based
on the inhibition condition; and

calculating a driving evaluation of a driver during
the operation of the train by comparing the
power consumption amount and the traveling
time with the reference power consumption
amount and the reference traveling time, re-
spectively.
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FIG. 3
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FIG. 4
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FIG. 5
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FIG. 6
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FIG.7
EVALUATION REFERENCE VALUE
(PAST OPERATION DATA SEARCH, A\iTL%AEL g['iﬁ\%é
ENERGY SAVING)
INTER-STATION
TRAVELING TIME [SEC] 155 158 +3
INTER-STATION POWER
CONSUMPTION AMOUNT 46 48 +2
[kWh]
FIG. 8
EVALUATION REFERENCE VALUE
(PAST OPERATION DATA SEARCH, A\ﬁ%@- gl'z’:NFgé
AVERAGE)
INTER-STATION
TRAVELING TIME [SEC] 195 158 +3
INTER-STATION POWER
CONSUMPTION AMOUNT 50 48 -2
[kWh]
FIG. 9
EVALUATION ACTUAL | DIFFE-
REFERENCE VALUE e | BEFE
(OPERATION SIMULATION)
INTER-STATION
TRAVELING TIME [SEC] 150 158 +8
INTER-STATION POWER
CONSUMPTION AMOUNT 44 48 +4
[kWh]
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FIG. 10
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FIG. 11

SCORE

A I

1 » INTER-STATION

REFERENCE INTER-STATION TRAVELING TIME
TRAVELING TIME

22



EP 4 494 972 A1

FIG. 12
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FIG. 13
DRIVING RECORD PRESENCE OR ABSENCE OF

EVALUATION SCREEN OPERATION INHIBITION FACTOR
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\ B OBSTACLE RISK
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EVALUATION RESULT

‘TRAVELING TIME: 80 POINTS
‘POWER CONSUMPTION AMOUNT: 85 POINTS
‘OVERALL EVALUATION: 165 POINTS
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FIG. 14
DRIVING RECORD PRESENCE OR ABSENCE OF
EVALUATION SCREEN OPERATION INHIBITION FACTOR
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EVALUATION RESULT

‘TRAVELING TIME: "APPROPRIATE"
‘POWER CONSUMPTION AMOUNT: "ECO"
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