DESCRI PTI ON

Title of I nvention
TARGET SPEED DETERM NATI ON DEVI CE, TARGET SPEED
DETERM NATI ON METHOD AND PROGRAM VEHI CLE CONTROL DEVI CE

AND VEHI CLE

Technical Field

[ 0001]

The present invention relates to a target speed
determ nati on device, a target speed determ nation nethod,
and a program that determine target speed of a vehicle
that perfornms acceleration or deceleration based on a
di fference between current speed and the target speed, a
vehicle control device that perfornms control based on the
target speed determ ned by the target speed determ nation
devi ce, and the vehicle.

Priority is clainmed on Japanese Patent Application
No. 2013-028355, filed February 15, 2013, the content of
whi ch is incorporated herein by reference.

Background Art

[ 0002]

In recent years, demand for energy saving of a
traffic system is increasing. PTL 1 discloses a speed

pattern generation schene for mnimzing power consunption



whil e satisfying various constraints. The speed pattern
refers to information in which OVOFF of a brake and
O\ OFF of power running are associated with tinmne.

Ctation List

Patent Literature

[ 0003]

[ PTL 1] Japanese Unexam ned Patent Application
Publ i cation No. 5-193502
Summary of | nvention
Techni cal Probl em

[ 0004]

Accel eration characteristics of a vehicle vary
according to the nunber of passengers of the vehicle or
weat her. Therefore, when the vehicle travels at a speed
pattern determ ned using the technol ogy disclosed in PTL 1,
the vehicle does not necessarily travel in the sane tine
I n each predeterm ned section.

An object of the present invention is to provide a
t ar get speed determ nation device, a target speed
determ nati on nmethod, a program a vehicle control device
capabl e of causing a vehicle to travel over the sane tine
in each section and reducing power consunption, and the
vehicl e.

Sol ution to Problem

[ 0005]



A first aspect of the present invention is a target
speed determ nation device that determ nes target speed of
a vehicle that perforns acceleration or decel erati on based
on a difference between current speed and the target speed.
The target speed determ nation device includes a power
consunption calculation unit, a target speed change unit,
an evaluation value calculation unit, and a target speed
determ nation unit. The power consunption calculation
unit sets the target speed in a plurality of sections of a
track. The power consunption calculation unit calcul ates
power consunption when the vehicle has traveled on the
track, based on the target speed. The target speed change
unit changes a conbination of the target speeds in the
plurality of sections set in the power consunption
cal culation unit. The evaluation value calculation unit
cal culates an evaluation value based on an evaluation
function for each conbination of the target speeds. The
eval uation function is a function of nultiplying the power
consunption cal cul at ed by t he power consunpti on
calculation unit by a predeterm ned weight. The target
speed determnation unit determnes a conbination of the
target speeds for which the evaluation value is mnimzed
to be a target speed in each section of the vehicle.

[ 0006]

Further, a second aspect of the present invention is



the target speed determ nation device of the first aspect
including a sensitivity calculation unit. The sensitivity
calculation unit calculates sensitivity indicating a size
of an amount of a change in the evaluation value wth
respect to an anmount of a change in the target speed for
the plurality of sections. The evaluation value is the
eval uation value calculated by the the evaluation value
calculation unit. The target speed change unit increases
or decreases each target speed of each section used for
previ ous cal cul ati on of the power consunption by the power
consunption cal culation unit according to a level of the
sensitivity of the section calculated by the sensitivity
cal culation unit.

[ 0007]

Further, a third aspect of the present invention is
the target speed determ nation device of the first aspect
or the second aspect including a penalty value cal cul ation
unit. The penalty value calculation unit calculates a
penal ty val ue. The penalty value indicates a degree of
di vergence from conditions to be satisfied by the vehicle
in traveling on the track. The evaluation function is a
function of taking a total sum of a value obtained by
mul tiplying the power consunption by a predeterm ned
wei ght and a value obtained by nmultiplying the penalty

value by a weight greater than the weight of the power



consunpti on.

[ 0008]

Further, a fourth aspect of the present invention is
the target speed determ nation device of any one of the
first to third aspects including a power consunption
cal culation unit, an evaluation value calculation unit, a
target charge rate change unit, and a target charge rate
determ nation wunit. The vehicle includes a secondary
battery. The vehicle controls charge and di scharge of the
secondary battery based on a difference between a current
charge rate and a target charge rate of the secondary
battery. The power consunption calculation unit sets the
target speed and the target charge rate in the plurality
of sections. The power consunption calculation wunit
cal cul ates power consunption when the vehicle has travel ed
on the track, based on the target speed and the target
charge rate. The evaluation value calculation unit
cal cul ates the evaluation value for each conbination of
the target speed and the target charge rate. The target
charge rate change unit changes a conbination of the
target charge rates in the plurality of sections set in
the power consunption calculation unit. The target charge
rate determnation unit determines a conbination of the
target charge rates for which the evaluation value is

mnimzed to be the target charge rate in each section of



t he vehicle.

[ 0009]

Further, a fifth aspect of the present invention is
a target speed determ nation nethod using a target speed
determ nation device that determnes target speed of a
vehicle that perforns acceleration or deceleration based
on a difference between current speed and the target speed.
A power consunption calculation unit sets the target speed
in a plurality of sections of a track. The power
consunption cal culation unit cal cul ates power consunption
when the vehicle has traveled on the track, based on the
target speed. A target speed change unit changes a
conbination of the target speeds in the plurality of
sections set in the power consunption calculation unit.
An evaluation value calculation wunit calculates an
eval uation value based on an evaluation function for each
conbi nati on of the target speeds. The evaluation function
is a function of multiplying the power consunption
cal cul ated by the power consunption calculation unit by a
predet erm ned wei ght. A target speed determ nation unit
determ nes a conbination of the target speeds for which
the evaluation value is mnimzed to be a target speed in
each section of the vehicle.

[ 0010]

Further, a sixth aspect of the present invention is



a program for causing a conputer to function as a power
consunption calculation unit, a target speed change unit,
an eval uation value calculation unit, and a target speed
determ nation wunit. The conputer is a conputer of a
target speed determ nation device that determ nes target
speed of a vehicle that perforns acceleration or
decel eration based on a difference between current speed
and the target speed. The power consunption cal culation
unit sets the target speed in a plurality of sections of a
track. The power consunption calculation unit calcul ates
power consunption when the vehicle has traveled on the
track, based on the target speed. The target speed change
unit changes a conbination of the target speeds in the
plurality of sections set in the power consunption
cal culation unit. The evaluation value calculation unit
cal culates an evaluation value based on an evaluation
function for each conbination of the target speeds. The
eval uation function is a function of nultiplying the power
consunption cal cul at ed by t he power consunpti on
calculation unit by a predeterm ned weight. The target
speed determnation unit determnes a conbination of the
target speeds for which the evaluation value is mnimzed
to be a target speed in each section of the vehicle.
[0011]

Further, a seventh aspect of the present invention



is a vehicle control device that controls accel eration of
the vehicle based on the target speed determ ned by the
target speed determ nation device of any one of the first
to fourth aspects.

[0012]

Further, an eighth aspect of the present invention
Is a vehicle that perforns acceleration or deceleration
based on a difference between the current speed and the
target speed determined by the target speed determ nation
device of any one of the first to fourth aspects.

Advant ageous Effects of Invention

[ 0013]

According to the above-descri bed aspect, the target
speed determ nation device calculates the target speed of
each section of the vehicle rather than a traveling
pattern of the vehicle. Accordingly, it is possible to
secure punctuality of traveling of the vehicle regardless
of a change in weather or the nunber of passengers.
Further, according to the above-described aspect, the
target speed determ nation device determ nes the target
speed of each section to be a target speed at which the
evaluation value obtained by mltiplying the power
consunption by a predetermned weight 1is mninzed
Accordingly, it is possible to reduce power consunption.

Bri ef Description of Draw ngs



[ 0014]

Fig. 1 is a schematic block diagram illustrating a
configuration of a vehicle 100 according to a first
enbodi nent of the present invention.

Fig. 2 is a schematic block diagram illustrating a
configuration of a target speed determ nation device 300
according to the first enbodi nent of the present invention

Fig. 3 is a diagram illustrating a change in an
eval uation value when only target speed of one of a
plurality of sections has been changed.

Fig. 4 is a flowhart illustrating an operation of
the target speed determ nation device 300 according to the
first enbodi nent of the present invention.

Fig. 5 is a schematic block diagram illustrating a
configuration of a vehicle 100 according to a second
enbodi nent of the present invention.

Fig. 6 is a schematic block diagram illustrating a
configuration of a target charge rate determ nati on device
400 according to the second enbodinent of the present
i nventi on.

Fig. 7 is a flowhart illustrating an operation of
the target charge rate determ nation device 400 according
to the second enbodi nent of the present invention.

Fig. 8 is a schematic block diagram illustrating a

configuration of a target speed determ nation device 300



according to a third enbodi nent of the present invention.

Fig. 9 is a flowhart illustrating an operation of
the target speed determ nation device 300 according to the
third enbodi nent of the present invention.

Fig. 10 is a schematic block diagram illustrating a
configuration according to a nodification exanple of the
third enbodi nent of the present invention.

Descri ption of Enbodi ments

[ 0015]
<<First enbodi nent>>

Hereinafter, a first enbodinent will be described in
detail with reference to the acconpanyi ng draw ngs.

A target speed determ nation device according to the
first enbodinent is a device that determ nes target speed
of a vehicle. A vehicle that travels based on the target
speed determ ned by the target speed determ nation device
sets the target speed for each section when a track is
divided into a plurality of sections (for exanple, a block
section). The vehicl e perforns accel eration or
decel eration (switching of a notch) based on a difference
between the current speed and the target speed.
Specifically, an Automatic Train OQOperation (ATO device
for a vehicle switches power running to ON when the
current speed is a predeterm ned value or nore |less than

the target speed. The ATO device sw tches power running



and a brake to OFF (coasting) when the difference between
the current speed and the target speed is equal to or
smaller than a predeterm ned val ue. The ATO device
switches the brake to ON when the current speed is a
predeterm ned val ue or nore higher than the target speed.

[ 0016]

Fig. 1 is a schematic block diagram illustrating a
configuration of a vehicle 100 according to a first
enbodi ment of the present invention.

The vehicle 100 includes a power collection unit 101,
an electric notor 102, an auxiliary device 103, a resistor
104, a security brake 105, a discharge control unit 106,
and an ATO device (vehicle control device) 200.

[0017]

The power collection unit 101 obtains electricity
from an overhead line provided in a track. The power
collection wunit 101 supplies the electricity to the
electric notor 102 and the auxiliary device 103. The
power collection unit 101 supplies regenerative power not
consunmed by the resistor 104 in regenerative power of the
el ectric notor 102 to the overhead |ine.

The electric nmotor 102 accelerates the vehicle 100
using the electricity supplied from the power collection
unit 101. The electric notor 102 decelerates the vehicle

100 by operating as a power generator. The electric notor



102 supplies the generated regenerative power to a Static
InVerter (SIV) and the discharge control wunit 106. The
electric notor 102 is connected to another device via a
Vari abl e Vol tage Vari abl e Frequency (VVVF) inverter.

The auxiliary device 103 is a device other than the
electric notor 102 nounted on the vehicle 100. The
auxiliary device 103 is operated by the power supplied
from the power collection unit 101. An exanple of the
auxiliary device 103 includes an air conditioner. Further,
the auxiliary device 103 is connected to another device
via the SIV.

[0018]

The resistor 104 consunes the regenerative power of
the electric notor 102. The resistor reduces a
corresponding voltage to be equal to or |ower than an
al | owabl e vol tage of the overhead |ine through consunption
of the regenerative power.

The security brake 105 is a mnechanical brake. The
security brake 105 is provided separately from a
regenerative brake by the electric notor 102. The
security brake 105 is driven when speed of the vehicle 100
has exceeded a speed limt. The security brake 105 is
driven to decelerate the vehicle 100.

When power generated by the regenerative brake of

the electric nmotor 102 is higher than the power consumed



by the auxiliary device 103, the discharge control unit
106 supplies the regenerative power of the electric notor
102 to the resistor 104.

[ 0019]

The ATO device 200 calculates the speed of the
vehicle 100 from the nunber of rotations of the electric
notor 102. The ATO device 200 controls a notch of the
el ectric notor 102 based on the cal cul ated speed. That is,
the ATO device 200 controls acceleration and decel eration
of the vehicle 100 based on the speed of the vehicle 100
cal culated from the nunber of rotations of the electric
not or 102.

The ATO device 200 includes a target speed storage
unit 201, a station-stop target speed storage unit 202, a
speed |limt storage unit 203, a target speed selection
unit 204, a speed calculation unit 205, a comand val ue
cal culation unit 206, and an accel eration and decel eration
command unit 207.

[ 0020]

The target speed storage unit 201 stores the target
speed in each section determned by the target speed
det erm nati on devi ce.

The station-stop target speed storage unit 202
stores the target speed for causing the vehicle 100 to

stop in a predetermned position of the station.



Specifically, the target speed outside a certain section
in front of the station is an allowable nmaxi num speed.
The target speed inside the certain section in front of
the station is set to nonotonically decrease wi th respect
to a distance. That is, the target speed decreases as the
vehicle is closer to the station. By setting the target
speed appropriately, the ATO device 200 can reliably stop
the vehicle 100 in a predeterm ned position of the station.
Further, logic until the vehicle stops at the station is
not limted thereto, and different |logic nmay be used
according to the ATO device 200.

The speed limt storage unit 203 stores the speed
limt in each section. For exanple, the speed limt is
set to be low for a section in which there is a gradient
or a curve in the track.

[ 0021]

The target speed selection unit 204 selects the
target speed having a snaller value anong the target speed
stored in the target speed storage unit 201 and the target
speed stored in the station-stop target speed storage unit
202 as the target speed for use in control of the vehicle
100.

The speed calculation unit 205 cal culates the speed
of the vehicle 100 based on the nunber of rotations of the

electric notor 102.



The conmmand value calculation wunit 206 applies
proportional control to a difference between the target
speed selected by the target speed selection unit 204 and
the speed calculated by the speed calculation unit 205
Accordingly, the command value <calculation wunit 206
cal cul ates a notch command val ue indicating OV OFF of the
brake and ON OFF of power running for controlling the
el ectric notor 102.

[ 0022]

The acceleration and deceleration comand unit 207
controls the vehicle 100 based on the speed cal cul ated by
the speed calculation unit 205 and the speed |imt stored
in the speed |imt storage unit 203. Specifically, when
the speed calculated by the speed calculation unit 205
exceeds the speed limt, the acceleration and decel eration
command unit 207 starts up the security brake 105. \When
the speed calculated by the speed calculation unit 205 is
within the speed Iimt, the acceleration and decel eration
command unit 207 outputs the notch comand val ue
cal culated by the conmand value calculation unit 206 to
the electric notor 102.

[ 0023]

The target speed determ nation device 300 that
determ nes the target speed used for traveling of the

vehi cl e 100 descri bed above will be descri bed.



Fig. 2 is a schematic block diagram illustrating a
configuration of the target speed determ nation device 300
according to the first enbodi nent.

[ 0024]

The target speed determ nation device 300 includes a
simulator unit 301, a power consunption calculation unit
302, a penalty value calculation unit 303, an eval uation
value calculation wunit 304, an evaluation information
recording unit 305, an evaluation information storage unit
306, a sensitivity calculation unit 307, a target speed
change unit 308, and a target speed determ nation unit 309.

[ 0025]

The sinmulator unit 301 sinulates traveling of the
vehicle 100 based on track data, vehicle data, and the
target speed of each section. The track data and the
vehicle data are previously input data. The target speed
of each section is data that is input from the target
speed change unit 308. Information such as a position of
a station, an inter-station traveling tine, a speed |limt
of each section, and a curve and a gradient of the track
Is included in the track data. Information such as a
conposition nunber, a vehicle weight, and riding
capacities is included in the vehicle data. Further, the
simulator unit 301 outputs the power consunption of the

vehicle 100, whether the vehicle 100 has arrived at the



station, coordinates of the vehicle 100, a notch pattern,
the speed of the vehicle 100 at each tinme as a result of
t he sinul ation.

[ 0026]

The power consunpti on cal cul ation unit 302
cal cul ates total power consunption required for traveling
on the track by the vehicle 100. The power consunption
cal cul ation unit 302 cal cul at es the total power
consunption based on the sinmulation result of the
simul ator unit 301.

The penalty value calculation unit 303 calcul ates
the penalty value. The penalty value 1is a value
i ndicating a degree of divergence between the simulation
result of the sinmulator unit 301 and conditions to be
satisfied by the vehicle 100 in traveling on the track.
The conditions to be satisfied by the vehicle 100 in
traveling on the track may include, for exanple, a jerk

limt, a station arrival tine, station arrival coordi nates,

or a speed limt. Further, the jerk limt indicates an
upper limt of a jerk value (a tenporal change rate of
acceleration; jerk) of the vehicle 100. A confortable

ride is known to being bad when the jerk value of the
vehicle 100 is higher. The penalty value cal cul ation unit
303 in the present enbodi nent cal cul ates the penalty val ue

for each of a confortable ride, the arrival tine, the



arrival coordinates, and the speed |limt of the vehicle
100. Further, in this enbodinent, the penalty value
calculation unit 303 calculates a square of an excess
width from a |imt value as the penalty value. The
enbodi ment of the present invention is not limted thereto
and, for exanple, the penalty value calculation unit 303
may calculate the penalty value through fourth power of
the excess width from the limt value. That is, the
penalty value calculation unit 303 calculates the penalty
value so that the penalty value increases when the excess
width is greater.

[ 0027]

The evaluation value calculation unit 304 cal cul ates
an evaluation value indicating a degree of appropriateness
of the target speed based on an evaluation function. The
evaluation function is a function for obtaining a total
sum of values that are obtained by nmultiplying the power
consunption cal cul at ed by t he power consunpti on
calculation unit 302 and the penalty value calcul ated by
the penalty value calculation unit 303 by predeterm ned
coefficients, respectively. In the evaluation function
the coefficient applied to the penalty value is
sufficiently greater than the coefficient applied to the
power consunption. For exanple, it is preferable for the

coefficient related to the penalty value to be a value



with which no overflow occurs. Accordi ngly, t he
evaluation value is great when the conditions to be
satisfied by the vehicle 100 in traveling on the track are
not sati sfi ed. The smaller evaluation value indicates
that the target speed is appropriate.

[ 0028]

Fig. 3 is a diagram illustrating a change in the
eval uation value when only the target speed of one of a
plurality of sections has been changed.

Fig. 3 shows an exanple in which a sinmulation result
indicating that the vehicle 100 does not arrive at the
station on tinme has been obtained when sinulation in which
the target speed of a certain section is equal to or |ess
than V1 has been perforned. In this case, the penalty
value calculation wunit 303 calculates, as the penalty
value, a value obtained by nultiplying a square of a
difference between a predetermned arrival tine and the
arrival time of the sinulation result by a predeterm ned
coefficient. Accordingly, the evaluation value increases
when the target speed is smaller than V1.

Furt her, FIG 3 shows an exanple in which a
simulation result indicating that the speed of the vehicle
100 exceeds the speed limt has been obtained when
simulation in which the target speed of a certain section

is equal to or higher than V2 has been perfornmed. 1In this



case, the penalty value calculation unit 303 cal cul ates,
as the penalty value, a value obtained by multiplying a
square of a difference between a predeterm ned speed |imt
and the speed of the simulation result by a predeterm ned
coefficient. Accordingly, the evaluation value increases
when the target speed is higher than V2.

Further, the coefficient by which the penalty value
is multiplied is sufficiently greater than the coefficient
applied to the power consunption, as described above.
Accordingly, the target speed determ nation device 300 can
specify the target speed at which the power consunption is
reduced while satisfying conditions to be satisfied by the
vehicle 100 in traveling on the track, by selecting the
target speed for which the evaluation value is snall.

[ 0029]

The evaluation information recording unit 305
records the evaluation value and the target speed of each
section in the evaluation information storage unit 306 in
association with each other. The evaluation value is an
evaluation value <calculated by the evaluation value
cal culation unit 304. The target speed of each section is
a target speed used for simulation by the sinulator unit
301.

The evaluation information storage unit 306 stores

the evaluation value calculated in the past and the target



speed of each section when the evaluation value has been
obt ai ned i n association with each other.

[ 0030]

The sensitivity calculation wunit 307 calculates
sensitivity indicating a size of an anmount of a change in
the evaluation value with respect to the anount of change
in the target speed for the plurality of sections of the
track. The sensitivity calculation unit 307 calcul ates
the sensitivity based on the evaluation value cal cul ated
by the evaluation value calculation unit 304 and the
target speed of each section. The sensitivity cal culation
unit 307 partially differentiates an equation having the
target speed of each section as an independent variable
and the evaluation value as a dependent variable, and
cal cul ates the sensitivity by exam ning a gradient thereof.

[ 0031]

The target speed change wunit 308 increases or
decreases the target speed of each section according to
the sensitivity of each section <calculated by the
sensitivity calculation unit 307. The target speed of
each section is the target speed for previous sinulation
by the sinmulator unit 301. Specifically, the target speed
change unit 308 increases a degree of change in the target
speed in the section in which the sensitivity is higher.

The target speed change unit 308 decreases the degree of



change in the target speed in the section in which the
sensitivity is |ower

[ 0032]

The target speed determination unit 309 determ nes
whet her a m ni nrum val ue of the evaluation value stored in
the evaluation information storage unit 306 has converged.
When the target speed determnation unit 309 determ nes
that the mnimum value of the evaluation value has
conver ged, the target speed determnation unit 309
determ nes the target speed of each section associated
with the m ninmum evaluation value to be the target speed
used for traveling of the vehicle 100.

[ 0033]

Next, an operation of the target speed determ nation

device 300 according to the first enbodiment wll be
descri bed.
Fig. 4 is a flowhart illustrating an operation of

the target speed determ nation device 300 according to the
first enbodi nent.

First, the simulator unit 301 of the target speed
determ nation device 300 sinulates traveling of the
vehicle 100 using an initial value of the target speed of
each section (step Sl1). Then, the power consunption
cal cul ation unit 302 cal cul ates power consunption when the

vehicle 100 has traveled along the track based on the



target speed (step S2). The power consunption cal cul ation
unit 302 calculates a total sum of power consunption
val ues at respective tinmes based on the sinulation result
of the sinmulator wunit 301 to calculate the power
consunpti on

[ 0034]

Further, the penalty value calculation wunit 303
calculates the penalty value based on the sinulation
result of the simulator unit 301 (step S3). The penalty
value calculation unit 303 calculates the penalty value
for each of the confortable ride, the arrival time, the
arrival coordinates, and the speed |imt of the vehicle
100. Specifically, when an anmount of a notch tine change
in the simulation result is larger than an anmount of notch
time change for obtaining a predeterm ned m ni mum
confortable ride, the penalty value calculation unit 303
cal cul ates a square of a difference between the anpunts as
the penalty value of the confortable ride. Further, when
the arrival time for the station in the sinulation result
is later than a predetermned arrival time, the penalty
value calculation wunit 303 calculates a square of a
difference between the arrival tinmes as the penalty val ue
of the arrival tine. Further, the penalty value
calculation unit 303 calculates a square of a difference

between the arrival coordinates for the station in the



simulation result and predeterm ned arrival coordi nates as
the penalty value of the arrival coordinates. Furt her,
when the speed of the vehicle 100 in the sinmulation result
is higher than a predeterm ned speed |imt, the penalty
value <calculation wunit 303 calculates a square of a
di fference between the speed and the speed limt as the
penal ty value of the speed |limt.

[ 0035]

Then, the -evaluation value calculation wunit 304
applies the power consunption calculated by the power
consunption calculation unit 302 and each penalty val ue
cal cul ated by the penalty value calculation unit 303 to a
predet er m ned evaluation function to calculate an
evaluation value (step S4). The evaluation function is a
function of obtaining a total sum of values obtained by
mul ti plying the power consunption and each penalty value
by a predeterm ned coefficient. As described above, the
coefficient of the penalty value is greater than the
coefficient of power consunption, and is a value wth
whi ch no overfl ow occurs.

[ 0036]

Then, the evaluation information recording unit 305
records a conbination of the evaluation value calcul ated
by the evaluation value calculation unit 304 and the

target speed used for the sinmulation by the simulator unit



301 on the evaluation information storage unit 306 in
association with each other (step S5). Then, the target
speed determ nation unit 309 determ nes whether a m ni num
val ue of the evaluation value has converged based on the
evaluation value stored in the evaluation information
storage unit 306 (step S6). In the present enbodi nent, an
interior point nethod is used as a convergence cal cul ation
schene. The present invention is not limted thereto, and
in other enbodinents, for exanple, when a deviation of a
predeterm ned nunber of |ast calcul ated eval uation val ues
is wthin a predetermined value, the target speed
determ nation unit 309 my determne that the m ninmum
val ue has conver ged.

[ 0037]

Wen the target speed determination wunit 309
determ nes that the mninmm value of the evaluation val ue
has not converged (step S6: NO) , the sensitivity
calculation wunit 307 <calculates sensitivity of the
evaluation value in each section (step S7). The
sensitivity calculation unit calculates sensitivity based
on the evaluation value and the target speed of each
section stored in the evaluation information storage unit
306. Specifically, the sensitivity calculation unit 307
performs parti al differentiation on a predeterm ned

function to calculate the sensitivity of each section.



The function is a function having the target speed of each
section as an independent variable and the evaluation
val ue as a dependent variable. Further, in the present
enbodi nent, an adjoint method is used as a sensitivity
cal cul ati on schene.

[ 0038]

Then, the target speed change unit 308 changes the
target speed of each section used for previous simnulation
by the sinmulator unit 301 (step S8). The target speed
change unit 308 changes the target speed based on the
sensitivity calculated by the sensitivity calculation unit
307. Specifically, the target speed change wunit 308
changes the value of the target speed of the section in
which the sensitivity is high to be relatively greater.
The target speed change unit 308 changes the value of the
target speed of the section in which the sensitivity is
low to be relatively smaller. In this enbodinment, a
quasi - Newton nethod is used as a nmethod of changing the
target speed.

Then, the process returns to step S1 to perform
simulation of traveling of the vehicle 100 using the
changed target speed.

[ 0039]

On t he ot her hand, when the target speed

determnation unit 309 determnes that the mninmum val ue

- 26 -



of the eval uation value has converged in step S6 (step S6:
YES), the target speed determnation unit 309 determ nes
the target speed to be used for traveling of the vehicle
100 (step 9S9). The target speed determ nation unit 309
determ nes the target speed associated with the m ninmum
evaluation value stored in the evaluation information
storage unit 306 to be the target speed used for traveling
of the vehicle 100.

[ 0040]

Accordingly, the target speed determ nation device
300 can obtain a conbination of target speeds for
maxi m zi ng energy saving while satisfying the conditions
to be satisfied by the vehicle 100 in traveling on the
track. Further, the target speed determ nation device 300
can secure punctuality of traveling regardl ess of a change
in weather or the nunber of passengers. This is because
the target speed determnation device 300 calculates
optimal target speed rather than an optinmal notch pattern
and causes the vehicle 100 to travel based on the target
speed.

[ 0041]
<<Second enbodi nent >>

Next, a second enbodinent of the present invention
wll be described in detail wth reference to the

acconpanyi ng draw ngs.
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A target charge rate determnation device that
calculates a target charge rate of a secondary battery
nmounted on a vehicle wll be described as the second
enbodi nent of the present invention. The target charge
rate determnation device according to the second
enbodi nent determ nes target speed of a vehicle 100 having
a configuration di fferent from the t ar get speed
determ nati on device 300 according to the first enbodi nent.

[ 0042]

Fig. 5 is a schematic block diagram illustrating a
configuration of a vehicle 100 according to the second
enbodi nent of the present invention. Here, the sane
conponents as those of the vehicle 100 according to the
first enbodinment wll be described wusing the sane
reference signs.

The vehicle 100 includes a DC-to-DC converter 107, a
secondary battery 108, a target charge rate storage unit
109, and a charge and di scharge power cal culation unit 110,
in addition to the configuration of the vehicle 100
according to the first enbodi nent.

The DC-to-DC converter 107 controls an anount of
power supplied to an electric notor 102, an auxiliary
device 103, and the secondary battery 108 by a power
collection unit 101.

The secondary battery 108 is <charged wth the
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el ectricity supplied by the power collection unit 101 and
el ectricity generated by the electric notor 102. The
secondary battery 108 discharges the charged electricity
and supplies the electricity to the electric notor 102 and
the auxiliary device 103.

The target charge rate storage unit 109 stores a
target charge rate of the secondary battery 108 in each
section of the track calculated by a target charge rate
det erm nati on devi ce.

The charge and discharge power calculation unit 110
applies proportional control to a difference between the
charge rate of the secondary battery 108 and the target
charge rate stored in the target charge rate storage unit
1009. Accordingly, the <charge and discharge power
calculation unit 110 calculates the power required for
charge and di scharge of the secondary battery 108.

[ 0043]

A discharge control wunit 106 of the vehicle 100
according to the second enbodi nent cal cul ates power to be
output to the DC-to-DC converter 107 and power to be
charged and discharged in the secondary battery 108. The
di scharge control unit 106 cal cul ates power to be output
to the DC-to-DC converter 107 and power to charged and
di scharged in the secondary battery 108 based on charge

and di scharge power cal culated by the charge and di scharge
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power calculation unit 110, a power |limt value of the DC
to-DC converter 107, and power required by the electric
not or 102 and the auxiliary device 103.

[ 0044]

Next, the target charge rate determ nation device
400 that determnes the target charge rate of the
secondary battery 108 used for traveling of the vehicle
100 descri bed above will be descri bed.

Fig. 6 is a schematic block diagram illustrating a
configuration of the target charge rate determ nation
device 400 according to the second enbodinent of the
present invention. Here, the sane processing units as
those of +the target speed determ nation device 300
according to the first enbodinent wll be described using
the same reference signs.

[ 0045]

The target charge rate determnation device 400
includes a sinulator wunit 301, a power consunption
calculation unit 302, a penalty value cal culation unit 303,
an evaluation value calculation unit 304, an evaluation
i nformation recording unit 305, an evaluation information
storage unit 306, a sensitivity calculation unit 307, a
target charge rate change unit 310, and a target charge
rate determ nation unit 311

[ 0046]
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The sinmulator unit 301 sinulates traveling of the
vehicle 100 based on track data, vehicle data, target
speed of each section, and a target charge rate of each
section. The track data, the vehicle data, and the target
speed of each section are previously input data. The
target charge rate of each section is a data that is input
fromthe target charge rate change unit 310. That is, in
the simulator unit 301 according to the second enbodi nent,
the traveling of the vehicle 100 is sinulated using the
sanme target speed.

[ 0047]

The power consunpti on cal cul ati on unit 302
cal cul ates total power consunption required for traveling
on the track by the vehicle 100 based on the sinulation
result of the sinulator unit 301.

The penalty value calculation unit 303 calcul ates
the penalty value. The penalty value 1is a value
i ndi cating the degree of divergence between the sinmulation
result of the sinmulator unit 301 and conditions to be
satisfied by the vehicle 100 in traveling on the track.
The penalty value calculation unit 303 according to the
second enbodinent also calculates penalty values for a
tenporal change in the charge rate, an operational range
of the charge rate, and a charge rate at the tinme of

station arrival, in addition to the penalty values



calculated by the penalty value calculation wunit 303
according to the first enbodinment. The penalty value for
the tenporal change in the charge rate is provided in
or der to prevent the secondary battery 108 from
deteriorating due to an excessive change in the charge
rate of the secondary battery 108. The penalty value for
the operational range of the charge rate is provided in
or der to prevent the secondary battery 108 from
deteriorating due to the charge rate of the secondary
battery 108 being out of the operational range. The
penalty value for the charge rate at the time of station
arrival is provided in order to hold the charge rate of
the secondary battery 108 at which the vehicle 100 can
continue to travel even after the vehicle 100 has arrived
at the station

[ 0048]

The eval uation value calculation unit 304 cal cul ates
an eval uation value indicating a degree of appropriateness
of the target charge rate based on an evaluation function
The evaluation function is a function for obtaining a
total sum of values that are obtained by multiplying the
power consunption calculated by the power consunption
calculation unit 302 and the penalty value cal cul ated by
the penalty value calculation unit 303 by predeterm ned

coefficients, respectively.



[ 0049]

The evaluation information recording unit 305
records the evaluation value calculated by the evaluation
value calculation unit 304 and the target charge rate of
each section used for simulation by the simulator unit 301
in the evaluation information storage wunit 306 in
associ ation with each other.

The evaluation information storage unit 306 stores
the evaluation value that has been calculated in the past
and the target charge rate of each section when the
eval uation value has been obtained in association wth
each ot her.

[ 0050]

The sensitivity calculation wunit 307 calculates
sensitivity indicating a size of an anobunt of a change in
the evaluation value with respect to the anount of change
in the target charge rate for the plurality of sections of
the track based on the evaluation value cal culated by the
evaluation value calculation wunit 304 and the target
charge rate of each section

[ 0051]

The target charge rate change unit 310 increases or
decreases the target charge rate of each section used for
previous sinulation by the sinulator unit 301 according to

the sensitivity of each section calculated by the



sensitivity calculation wunit 307. Specifically, the
target charge rate change unit 310 increases a degree of
change in the target charge rate in the section in which
the sensitivity is higher, and decreases the degree of
change in the target charge rate in the section in which
the sensitivity is |ower.

[ 0052]

The target <charge rate determination wunit 311
det erm nes whether a m ni mum val ue of the eval uation val ue
stored in the evaluation information storage unit 306 has
converged. When the target charge rate determ nation unit
311 determnes that the mninmum value of the evaluation
val ue has converged, the target charge rate determ nation
unit 311 determ nes the target charge rate of each section
associated with the mninum evaluation value to be the
target charge rate used for traveling of the vehicle 100.

[ 0053]

Next, an operation of the target <charge rate
determ nation device 400 according to the second
enbodi nent of the present invention will be descri bed.

Fig. 7 is a flowhart illustrating an operation of
the target charge rate determ nation device 400 according
to the second enbodi nent of the present invention.

First, the simulator unit 301 of the target charge

rate determ nation device 400 sinulates traveling of the



vehicle 100 wusing predetermned initial values of the
target speed of each section and the target charge rate of
each section (step Sl11). Then, the power consunption
calculation wunit 302 calculates a total sum of power
consunption values at respective tinmes from a sinulation
result of the simulator unit 301. Accordingly, the power
consunption calculation wunit 302 calculates the power
consunpti on when the vehicle 100 has travel ed on the track
based on the target speed (step S12).

[ 0054]

Further, the penalty value calculation wunit 303
calculates the penalty value based on the sinulation
result of the simulator unit 301 (step S13). The penalty
value calculation unit 303 calculates the penalty value
for each of the confortable ride, the arrival time, the
arrival coordinates, the speed |limt, the tenporal change
in the charge rate, the operational range of the charge
rate, and the charge rate at the tine of station arriva
of the vehicle 100. Then, the evaluation value
calculation wunit 304 applies the power consunption
cal cul ated by the power consunption calculation unit 302
and each penalty value calculated by the penalty value
calculation wunit 303 to a predetermned evaluation
function to calculate the evaluation value (step Sl14).

[ 0055]



Then, the evaluation information recording unit 305
records a conbination between the evaluation value
calculated by the evaluation value calculation unit 304
and the target charge rate used for sinulation by the
simulator unit 301 in the evaluation information storage
unit 306 in association with each other (step S15). Then,
the target charge rate determnation unit 311 determ nes
whet her the mninmm value of the evaluation value has
conver ged (step S16) . The t ar get char ge rate
determ nation unit 311 determ nes the convergence based on
the evaluation value stored in the evaluation information
storage unit 306.

[ 0056]

When the target charge rate determnation unit 311
determ nes that the mninmum value of the evaluation val ue
has not converged (step S16: NO, the sensitivity
calculation wunit 307 calculates sensitivity for the
evaluation value in each section (step S17). The
sensitivity cal cul ati on uni t 307 cal cul ates t he
sensitivity based on the evaluation value and the target
charge rate of each section stored in the evaluation
information storage unit 306. Speci fically, t he
sensitivity cal cul ati on unit 307 per forns parti al
differentiation on a predeterm ned function to calcul ate

the sensitivity for each section. The function is a



function having the target charge rate of each section as
an independent variable and the evaluation value as a
dependent vari abl e.

[ 0057]

Then, the target charge rate change unit 310 changes
the target charge rate of each section used for previous
simulation by the sinmulator wunit 301 based on the
sensitivity calculated by the sensitivity calculation unit
307 (step S18). Specifically, the target charge rate
change unit 310 changes the value of the target charge
rate in the section in which the sensitivity is high to be
relatively greater, and changes the value of the target
charge rate in the section in which the sensitivity is |ow
to be relatively smaller

Then, the process returns to step S11 to perform
simulation of traveling of the vehicle 100 using the
changed target charge rate.

[ 0058]

On the other hand, when the target charge rate
determ nation unit 311 determ nes that the mninum val ue
of the evaluation value has converged in step S16 (step
S16: YES), the target charge rate determnation unit 311
determ nes the target charge rate associated with the
m ni mum evaluation value stored in the evaluation

information storage unit 306 to be a target charge rate



used for traveling of the vehicle 100 (step S19).

[ 0059]

Accordingly, the target charge rate determ nation
device 400 can obtain a combination of the target charge
rate for maxim zing energy saving while satisfying the
conditions to be satisfied by the vehicle 100 in the
traveling of the track. In the second enbodinent, it is
possi ble to achieve a stable operation of the secondary
battery 108 regardl ess of a change caused by deterioration
of the secondary battery 108 since the target charge rate
is optim zed.

[ 0060]
<<Thi rd Enbodi nent >>

Next, a third enbodinment of the present invention
wll be described in detail wth reference to the
acconpanyi ng draw ngs.

A target speed determ nation device 300 according to
the third enbodinent of the present invention is a
conbi nation of the target speed determ nation device 300
according to the first enbodinment and the target charge
rate determ nation device 400 according to the second
enbodi ment . The target speed determ nation device 300
cal cul ates the target speed and the target charge rate of
each section for the wvehicle 100 having the sane

configuration as the vehicle 100 according to the second

- 38 -



enbodi ment .

Fig. 8 is a schematic block diagram illustrating a
configuration of the target speed determ nation device 300
according to the third enbodi nent of the present invention
The same processing units as those of the target speed
determ nati on device 300 according to the first enbodi nent
or the target <charge rate determnation device 400
according to the second enbodinent will be described using
the same reference signs.

[ 0061]

The target speed determ nation device 300 includes
the target charge rate change unit 310 and the target
charge rate determ nation unit 311 according to the second
enbodi nent, in addition to the configuration of the first
enbodi nent .

[ 0062]

In the third enbodinment, the sinulator wunit 301
simul ates traveling of the vehicle 100 based on the target
speed of each section input from the target speed change
unit 308 and the target charge rate of each section input
from the target <charge rate <change wunit 310. The
evaluation information recording unit 305 records the
eval uation value, the target speed of each section, and
the target charge rate of each section in the eval uation

information storage unit 306 in association wth one
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anot her. The evaluation value is the evaluation value
calcul ated by the evaluation value calculation unit 304.
The target speed of each section is the target speed used
for simulation by the sinmulator unit 301. The eval uation
i nformation storage unit 306 stores the evaluation value
calculated in the past, and the target speed and the
target charge rate of each section when the evaluation
val ue has been obtained in association with each other.
The sensitivity calculation wunit 307 <calculates the
sensitivity indicating a size of an anmount of a change in
the evaluation value with respect to an anount of a change
in the target charge rate for the target speeds and the
target charge rates of the plurality of sections of the
track. The sensitivity calculation unit 307 calcul ates
the sensitivity based on the evaluation value cal cul ated
by the evaluation value calculation unit 304, and the
target speed and the target charge rate of each section.

[ 0063]

Next, an operation of the target speed determ nation
devi ce 300 according to a third enbodi nent of the present
invention will be descri bed.

Fig. 9 is a flowhart illustrating the operation of
the target speed determ nation device 300 according to the
third enbodi nent of the present invention.

First, the simulator unit 301 of the target speed



determ nation device 300 sinmulates traveling of the
vehicle 100 using initial values of the target speed and
the target charge rate of each section (step S21). Then

the power consunption calculation unit 302 calculates a
total sum of power consunption values at respective tines
from a sinmulation result of the sinmulator wunit 301.
Accordingly, the power consunption calculation unit 302
cal culates the power consunption when the vehicle has
traveled on the track (step S22). That is, the power
consunption calculation wunit 302 calculates the power
consunpti on when the vehicle 100 has travel ed on the track
based on the target speed and the target charge rate.

[ 0064]

Further, the penalty value calculation wunit 303
cal cul ates the penalty value fromthe sinulation result of
the sinmulator unit 301 (step S23). The penalty value
cal culation unit 303 calculates the penalty value for each
of a confortable ride, an arrival tinme, arrival
coordinates, a speed |limt, a tenporal change in the
charge rate, an operational range of the charge rate, and
a charge rate at the tinme of station arrival of the
vehicle 100. Then, the evaluation value cal culation unit
304 applies the power consunption calculated by the power
consunption calculation unit 302 and each penalty value

cal cul ated by the penalty value calculation unit 303 to a
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predeterm ned evaluation function to calculate the
eval uation value (step S24).

[ 0065]

Then, the evaluation information recording unit 305
records a conbination between the evaluation value
calculated by the evaluation value calculation unit 304
and the target speed and the target charge rate used for
simulation by the sinmulator unit 301 in the evaluation
information storage unit 306 in association with each
ot her (step S25). Then, the target speed determn nation
unit 309 determnes whether the mninum value of the
eval uation value has converged based on the evaluation
value stored in the evaluation information storage unit
306 (step S26).

[ 0066]

Wen the target speed determination wunit 309
determ nes that the mninmum value of the evaluation val ue
has not converged (step S26: NO, the sensitivity
calculation wunit 307 calculates sensitivity for the
evaluation value with respect to the target speed and the
target charge rate of each section (step S27). The
sensitivity cal cul ati on uni t 307 cal cul ates t he
sensitivity based on the evaluation value, and the target
speed and the target charge rate of each section stored in

the evaluation information storage unit 306. Specifically,
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the sensitivity calculation unit 307 perforns partial
differentiation on a predeterm ned function to calcul ate
the sensitivity for the target speed and the target charge
rate of each section. The function is a function having
the target speed and the target charge rate of each
section as independent variables and the evaluation val ue
as a dependent vari abl e.

[ 0067]

Then, the target speed change unit 308 changes the
target speed of each section used for previous sinulation
by the sinmulator wunit 301 based on the sensitivity
calculated by the sensitivity calculation unit 307. The
target charge rate change unit 310 changes the target
charge rate of each section used for previous sinulation
by the sinmulator wunit 301 based on the sensitivity
calculated by the sensitivity calculation unit 307 (step
S28) .

Then, the target speed determ nation device 300
returns to step S21 to perform sinulation of traveling of
the vehicle 100 using the changed target speed and the
changed target charge rate.

[ 0068]

On the other hand, when the target speed
determ nation unit 309 determnes that the m ninum val ue

of the evaluation value has converged in step S26 (step
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S26: YES), the target speed determnation unit 309
determ nes the target speed used for traveling of the
vehicle 100. The target speed determnation unit 309
determ nes the target speed associated with the m nimm
evaluation value stored in the evaluation information
storage unit 306 to be a target speed used for traveling
of the vehicle 100. Further, the target <charge rate
determ nation unit 311 determnes the target charge rate
associ ated with the m ni nrum eval uation value stored in the
evaluation information storage unit 306 to be a target
charge rate used for traveling of the vehicle 100 (step
S29) .

[ 0069]

Accordingly, the target speed determ nation device
300 can obtain a conmbination of the target speed and the
target charge rate for maximzing energy saving while
satisfying the conditions to be satisfied by the vehicle
100 in the traveling of the track.

[ 0070]

Some of the enbodi nents have been descri bed above in
detail wth reference to the acconpanying draw ngs.
However, a specific configuration is not |[imted to above-
descri bed configuration. Various design nodifications or
the like of the specific configuration can be nmade w t hout

departing fromthe gist.
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[0071]

For exanple, the case in which in the vehicle 100
according to the third enbodi nent, the electric notor 102,
the auxiliary device 103, the resistor 104, and the
secondary battery 108 are connected to the power

collection unit 101 via the DCto-DC converter 107 has

been described, the present invention is not Ilimted
t hereto.
Fig. 10 is a schematic block diagramillustrating a

configuration according to a nodification exanple of the
third enbodi nent of the present invention.

In the vehicle 100, the secondary battery 108 is
connected to the power collection unit 101 via the DC-to-
DC converter 107, and the electric nmotor 102, the
auxiliary device 103, and the resistor 104 are directly
connected to the power collection unit 101, as shown in
Fig. 10.

[ 0072]

The target speed determ nation device 300, the
target charge rate determ nation device 400, and the ATO
device 200 described above include a conputer system
provi ded therein. Also, the operation of each processing
unit described above is recorded on a conputer-readable
non-transitory tangible recording mediumin the form of a

program The conputer reads and executes this program
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such that the process is perforned. Here, the conputer-
readabl e non-transitory tangible recording nedium refers
to a magnetic disk, a magnetic optical disc, a CD-ROM a
DVD-ROM a semnmi conductor nenory, or the Iike. Furt her,
this conputer program may be distributed to the conputer
by a conmunication line, and the conputer receiving the
program nmay execute the program

[ 0073]

Further, the program may be intended to realize sone
of the above-described functions. Further, the program
may be a program capable of realizing the above-described
functions through a conmbination with a program previously
recorded on a conputer system that is, a differentia
file (a differential program.

Industrial Applicability

[ 0074]

The target speed determ nation device calculates the
target speed of each section of the vehicle rather than
the traveling pattern of the vehicle. Accordingly, it is
possi ble to secure punctuality of traveling of the vehicle
regardless of a change in weather or the nunber of
passengers. Further, the target speed determ nation
devi ce determ nes the target speed of each section to be a
target speed at which the evaluation value obtained by

mul tiplying the power consunption by a predeterm ned
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weight s mnimzed. Accordingly, the target speed
determ nati on device can reduce power consunption.

Ref erence Signs Li st

[ 0075]

100: VEH CLE 101: POWER COLLECTION UNIT 102: ELECTRIC
MOTOR 103: AUXI LI ARY DEVICE 104: RESISTOR 105: SECURITY
BRAKE 106: DI SCHARGE CONTROL UNIT 107: DC TO DC CONVERTER
108: SECONDARY BATTERY 109: TARGET CHARGE RATE STORAGE
UNI T 110: CHARGE AND DI SCHARGE POANER CALCULATI ON UNI' T 200:
ATO DEVI CE 201: TARGET SPEED STORAGE UNI T 202: STATI O\
STOP TARGET SPEED STORAGE UNIT 203: SPEED LIMT STORAGE
UNI T 204: TARGET SPEED SELECTION UNIT 205: SPEED
CALCULATION UNI'T 206: COMVAND VALUE CALCULATION UNI'T 207:
ACCELERATI ON AND DECELERATION COMVAND UNIT 300: TARGET
SPEED DETERM NATI ON DEVI CE 301: SIMJULATOR UNIT 302: PONER
CONSUMPTI ON CALCULATI ON UNI'T 303: PENALTY VALUE
CALCULATION UNIT 304: EVALUATION VALUE CALCULATION UNIT
305: EVALUATI ON | NFORVATI ON RECORDI NG UNI' T 306: EVALUATI ON
| NFORMATI ON STORAGE UNI' T 307: SENSI TIVITY CALCULATION UNI'T
308: TARGET SPEED CHANGE UNIT 309: TARGET  SPEED
DETERM NATION UNIT 310: TARGET CHARGE RATE CHANGE UNIT

311: TARGET CHARGE RATE DETERM NATI ON UNI'T
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Cl ai ns
[Claim1]

A target speed determ nation device that detern nes
target speed of a vehicle that perfornms acceleration or
decel eration based on a difference between current speed
and the target speed, the target speed determ nation
devi ce conpri sing:

a power consunption calculation unit that sets the
target speed in a plurality of sections of a track, and
cal cul ates power consunption when the vehicle has travel ed
on the track, based on the target speed;

a target speed change  unit t hat changes a
conbination of the target speeds in the plurality of
sections set in the power consunption cal cul ation unit;

an evaluation value calculation unit that cal cul ates
an evaluation value based on an evaluation function of
mul ti plying the power consunption calculated by the power
consunption calculation unit by a predeterm ned weight,
for each conbination of the target speeds; and

a target speed determination unit that determ nes a
conbi nati on of the target speeds for which the eval uation
value is mnimzed to be a target speed in each section of
t he vehicle.

[Cai m2]

The target speed determi nation device according to



claim11, further conprising:

a sensitivity calculation wunit that calculates
sensitivity indicating a size of an anobunt of a change in
the evaluation value calculated by the evaluation value
calculation unit with respect to an amount of a change in
the target speed for the plurality of sections,

wherein the target speed change unit increases or
decreases each target speed of each section wused for
previ ous cal cul ati on of the power consunption by the power
consunption calculation unit according to a level of the
sensitivity of the section calculated by the sensitivity
cal culation unit.

[Clai m 3]

The target speed determ nation device according to
claiml or 2, further conprising:

a penalty value calculation unit that calculates a
penalty value indicating a degree of divergence from
conditions to be satisfied by the vehicle in traveling on
the track,

wherein the evaluation function is a function of
taking a total sum of a value obtained by nultiplying the
power consunption by a predeterm ned weight and a value
obtained by multiplying the penalty value by a weight
greater than the wei ght of the power consunption.

[ Cl ai m 4]



The target speed determ nation device according to
any one of clainms 1 to 3,

wherein the vehicle is a vehicle which includes a
secondary battery and controls charge and di scharge of the
secondary battery based on a difference between a current
charge rate and a target charge rate of the secondary
battery,

the power consunption calculation wunit sets the
target speed and the target charge rate in the plurality
of sections, and calculates power consunption when the
vehicle has traveled on the track, based on the target
speed and the target charge rate,

t he evaluation value calculation unit calculates the
eval uation value for each conbination of the target speed
and the target charge rate, and

the target speed determ nation device further
conpri ses:

a target charge rate change unit that changes a
conbi nation of the target charge rates in the plurality of
sections set in the power consunption calculation unit;
and

a target charge rate determnation unit t hat
determ nes a conbination of the target charge rates for
which the evaluation value is mnimzed to be the target

charge rate in each section of the vehicle.



[ Cl ai m 5]

A target speed determnation nethod using a target
speed determ nation device that determ nes target speed of
a vehicle that perforns acceleration or decel erati on based
on a difference between current speed and the target speed,
the target speed determ nation nethod conprising steps of:

causing a power consunption calculation unit to set
the target speed in a plurality of sections of a track,
and cal cul ate power consunption when the vehicle has
travel ed on the track, based on the target speed;

causing a target speed change wunit to change a
conbination of the target speeds in the plurality of
sections set in the power consunption cal culation unit;

causing an evaluation value calculation unit to
cal culate an evaluation value based on an evaluation
function of multiplying the power consunption calcul ated
by the power consunption calculation unit by a
predeterm ned weight, for each conbination of the target
speeds; and

causing a target speed determnation wunit to
determ ne a conbination of the target speeds for which the
evaluation value is mnimzed to be a target speed in each
section of the vehicle.

[ C ai m 6]

A program for causing a conputer of a target speed



determ nation device that determ nes target speed of a
vehicle that perforns acceleration or deceleration based
on a difference between current speed and the target speed
to function as:

a power consunption calculation unit that sets the
target speed in a plurality of sections of a track, and
cal cul ates power consunption when the vehicle has travel ed
on the track, based on the target speed;

a target speed change unit t hat changes a
conbination of the target speeds in the plurality of
sections set in the power consunption cal culation unit;

an evaluation value calculation unit that cal cul ates
an evaluation value based on an evaluation function of
mul ti plying the power consunption calculated by the power
consunption calculation unit by a predeterm ned weight,
for each conbination of the target speeds; and

a target speed determnation unit that determnes a
conmbi nation of the target speeds for which the eval uation
value is mnimzed to be a target speed in each section of
t he vehicle.

[Caim7]

A vehicle control device that controls accel eration
of the vehicle based on the target speed detern ned by the
target speed determ nation device according to claim 1.

[ Cl ai m 8]



A vehicle that perforns acceleration or deceleration
based on a difference between the current speed and the
target speed determned by the target speed determ nation

devi ce according to claiml.



