
1 {DESCRIPTION) {Title of Invention} ROAD TRAFFIC FLOW SIMULATION
APPARATUS, ROAD TRAFFIC FLOW SIMULATION PROGRAM, AND ROAD TRAFFIC FLOW
SIMULATION METHOD {Technical Field) {0001}       The present invention
relates to a road traffic flow simulation apparatus, a road traffic flow
simulation program, and a road traffic flow simulation method. {Background
Art} {0002)       Various methods have been proposed as a prediction method
(road traffic flow simulation) regarding a traffic movement of vehicles by
computer simulation.        For example, Patent Literature 1 discloses a
traffic condition prediction apparatus predicting a traffic flow in such a
manner that a travel plan for a driver provided with information about the
predicted traffic flow is created based on the traffic flow predicted in a
road network range generated by traffic environment data based on an OD
traffic volume for each predetermined section and traffic environment data,
and the experience of the driver for each predetermined section. The OD
traffic volume in the predetermined section is corrected based on the
travel plan and further the corrected OD traffic volume is used to predict
the traffic  



2 flow. {0003)       In recent years, electric vehicles have started to be
introduced (sold to the general public). An increase in penetration rate of
the electric vehicles will lead to the need of a charging station for
charging a storage battery of an electric vehicle and an accompanying
increase in power consumption. Thus, a design for infrastructure
development (an optimal number of charging stations and arrangement
thereof, and a capacity expansion of the electric power system) is
required. {Citation List} {Patent Literature) {0004) {PTL 1)      The
Publication of Japanese Patent No. 4506663 {Summary of Invention}
{Technical Problem} {0005) 



However, current road traffic flow simulations do not include simulating
charging process of electric vehicles, but include simulating only the
charging process of gasoline vehicles. Thus, the current simulations not
including the charging process of electric vehicles cannot be used, as is,
as an evaluation tool for infrastructure design involving the  3
introduction of electric vehicles. For this reason, there is no effective
way to evaluate the validity of the design content for infrastructure
design such as an optimal arrangement of charging stations and a capacity
expansion of electric power systems. There is no prior evaluation method of
desk study, and thus it is after the infrastructure is introduced that the
confirmation is made as to whether the design content is valid or not.
{0006)       In view of the above circumstances, the present invention has
been made, and an object of the present invention is to provide a road
traffic flow simulation apparatus, a road traffic flow simulation program,
and a road traffic flow simulation method capable of simulating charging
process of electric vehicles. {Solution to Problem} {0007)        In order
to solve the above problem, the road traffic flow simulation apparatus, the
road traffic flow simulation program, and the road traffic flow simulation
method of the present invention adopt the following solutions. {0008)
Specifically, a road traffic flow simulation apparatus according to a first
aspect of the present invention is a road traffic flow simulation apparatus
simulating running of 



4  vehicle models simulating vehicles in a road network model simulating a
road network including a plurality of roads and intersections connecting
roads, the road traffic flow simulation apparatus comprising: a setting
means for setting a ratio of the number of electric vehicle models
simulating electric vehicles using a remaining capacity of power charged in
storage batteries thereof as an attribute value to a total number of the
vehicle models, as well as the number of charging station models for
charging the storage batteries of the electric vehicle models and
installation positions thereof; a calculation means for calculating the
remaining capacity of the storage battery of the electric vehicle model
running on the road network model; a selection means for selecting from the
charging station models a charging station model for charging the storage
battery corresponding to the electric vehicle model in which a value based
on the remaining capacity of the storage battery calculated by the
calculation means is less than a predetermined threshold value; and a
running simulation means for simulating running of the electric vehicle
model required to charge the storage battery up to the charging station
model selected by the selection means. {0009}       According to the above
configuration, the setting means sets the ratio of the number of electric
vehicle models  5  simulating electric vehicles using a remaining capacity
of power charged in storage batteries thereof as an attribute value to a
total number of the vehicle models, as well as the number of charging
station models for charging the storage batteries of the electric vehicle
models and installation positions thereof.       The calculation means
calculates the remaining capacity of the storage battery of the electric
vehicle model running on the road network model simulating the road network
including a plurality of roads and intersections connecting roads. The
selection means selects the charging station model for charging the storage
battery corresponding to the electric vehicle model in which the value
based on the remaining capacity of the storage battery calculated by the
calculation means is less than a predetermined threshold value.
Further, the running simulation means simulates the running of the electric
vehicle model required to charge the storage battery up to the charging
station model selected by the selection means.       As described above,
the configuration can calculate the remaining capacity of the storage
battery of the electric vehicle model as an attribute value thereof to
cause the electric vehicle model to run up to the charging station selected
to charge the storage battery, thus allowing the charging process of the
electric vehicle to be simulated. 



6 0010}        In the first aspect, if the value based on the time required
for charging is equal to or greater than a predetermined value in the
charging station model selected by the selection means, it is preferred
that another charging station model is newly selected from the charging
station models. {0011}        The above configuration can simulate the
action of a driver for charging an electric vehicle, and thus can more
accurately simulate the charging process of the electric vehicle. {0012}
In the first aspect, the number of waiting spaces for arranging the
electric vehicle models waiting for charging is set in the charging station
model. When the number of the electric vehicle models waiting for charging
is greater than the number of the waiting spaces in the charging station
model, the electric vehicle models preferably are stopped on an adjacent
road model. {0013}       According to the above configuration, the electric
vehicle models waiting for charging exceeding the number of waiting spaces
in the charging station model are positioned in an adjacent road model.
Thus, the configuration can simulate  



7 traffic congestion caused by the electric vehicle models waiting for
charging and can more accurately simulate the charging process of the
electric vehicles. {0014)       In the first aspect, the selection means
preferably selects, as the charging station model to be selected, a
charging station model nearest from a current position of the electric
vehicle model, a charging station model in a range reachable with the
remaining capacity of the storage battery and requiring the shortest detour
to a destination; or a charging station model in a range reachable with the
remaining capacity of the storage battery and having the lowest power sales
unit price. 100151       The above configuration can simulate the action of
a driver for charging an electric vehicle, and thus can more accurately
simulate the charging process of the electric vehicle. {0016}       In the
first aspect, the calculation means preferably calculates the amount of
power consumed by the storage battery based on at least any one of a
running speed of the electric vehicle model; an acceleration/deceleration
speed, a lamp lighting state, and an air conditioner operating state of the
electric vehicle model; and a temperature and a road gradient  8 set in the
road network model. 



{0017}       According to the above configuration, the amount of power
consumed by the storage battery of the electric vehicle is calculated based
on the devices that actually consume power in the electric vehicle, and
thus the amount of power consumed by the storage battery can be more
accurately calculated. {0018}       In the first aspect, an amount of power
charged in the storage battery is preferably calculated. (0019)       The
above configuration can obtain the amount of power consumed by the charging
station model. (00201        In the first aspect, the CO2 emission amount
of a gasoline vehicle model simulating a gasoline vehicle is preferably
calculated based on a preset first setting value and a travel distance of
the gasoline vehicle model, and the CO2 emission amount of the electric
vehicle model is defined as 0 (zero) or calculated based on a second
setting value preset as a value smaller than the CO2 emission amount of the
gasoline vehicle model and the amount of power consumed by the storage
battery of the electric vehicle model. {002l} The above configuration can
quantitatively evaluate the  



amount of 002 emitted by a vehicle including an electric vehicle. {0022)
In the first aspect, economic benefits caused by constructing the charging
stations are preferably calculated based on at least one of a difference in
total travel time of the entire vehicle models and a difference in 002
emission amount thereof in a different number or arrangement of the
charging station models. {0023}        The above configuration can
quantitatively evaluate the economic benefits caused by constructing the
charging stations. (0024}        In the first aspect, noise of running
vehicles is preferably calculated based on a running speed of a gasoline
vehicle model simulating a gasoline vehicle and a running speed of the
electric vehicle model. {0025}       The above configuration can
quantitatively evaluate the magnitude of noise caused by running of a
vehicle. {00261       In the first aspect, a display means preferably
displays a relation between the time required for the electric vehicle
model to travel from a starting point to a destination and the 



10 number of the charging station models or the arrangement positions
thereof. (0027)       The above configuration can easily obtain an index
for infrastructure facilities, that is, an index for determining the number
of charging stations or the arrangement position thereof. {0028)        In
the first aspect, the display means preferably displays a relation between
the number of the charging station models and an amount of power required
to be supplied to the charging station models; or a relation between the
number of the charging station models and an insufficient amount of power
to be supplied to the charging station models. {0029}       The above
configuration can easily obtain an index for infrastructure facilities,
that is, an index for the amount of power required according to the number
of charging stations. 10030}       A road traffic flow simulation program
according to a second aspect of the present invention is a road traffic
flow simulation program for use in a road traffic flow simulation apparatus
simulating running of vehicle models simulating vehicles in a road network
model simulating a road network including a plurality of roads and
intersections connecting  



11 roads, the road traffic flow simulation program causing a computer to
function as: a setting means for setting a ratio of the number of electric
vehicle models simulating electric vehicles using a remaining capacity of
power charged in storage batteries thereof as an attribute value to a total
number of the vehicle models, as well as the number of charging station
models for charging the storage batteries of the electric vehicle models
and installation positions thereof; a calculation means for calculating the
remaining capacity of the storage battery of the electric vehicle model
running on the road network model; a selection means for selecting from the
charging station models a charging station model for charging the storage
battery corresponding to the electric vehicle model in which a value based
on the remaining capacity of the storage battery calculated by the
calculation means is less than a predetermined threshold value; and a
running simulation means for simulating running of the electric vehicle
model required to charge the storage battery up to the charging station
model selected by the selection means. {0031}       The above configuration
calculates the remaining capacity of the storage battery, which is an
attribute value of the electric vehicle model, to cause the electric
vehicle model to run up to the charging station selected to charge the
storage  12 battery, and thus can simulate the charging process of the
electric vehicle. {0032}        A road traffic flow simulation method
according to a third aspect of the present invention is a road traffic flow
simulation method for simulating running of vehicle models simulating
vehicles in a road network model simulating a road network including a
plurality of roads and intersections connecting roads, the road traffic
flow simulation method comprising: a first step of setting a ratio of the
number of electric vehicle models simulating electric vehicles using a
remaining capacity of power charged in storage batteries thereof as an
attribute value to a total number of the vehicle models, as well as the
number of charging station models for charging the storage batteries of the
electric vehicle models and installation positions thereof; a second step
of calculating the remaining capacity of the storage battery of the
electric vehicle model running on the road network model; a third step of
selecting from the charging station models a charging station model for
charging the storage battery corresponding to the electric vehicle model in
which a value based on the remaining capacity of the storage battery
calculated by the second step is less than a predetermined threshold value;
and a fourth step of simulating running of the electric vehicle model
required to charge the storage  13 



battery up to the charging station model selected by the third step. {0033}
The above configuration calculates the remaining capacity of the storage
battery, which is an attribute value of the electric vehicle model, to
cause the electric vehicle model to run up to the charging station selected
to charge the storage battery, and thus can simulate the charging process
of the electric vehicle. (Advantageous Effects of Invention) {0034}
The present invention has an excellent effect of simulating the charging
process of the electric vehicle. {Brief Description of Drawings} {00351
{Fig. 11        Fig. 1 illustrates a schematic configuration of main
components of an electrical system of a road traffic flow simulation
apparatus according to a first embodiment of the present invention. {Fig.
21       Fig. 2 is a schematic view illustrating a configuration of a road
network model for road traffic flow simulation according to the first
embodiment of the present invention. {Fig. 3} 



14        Fig. 3 is a flowchart illustrating a process flow of a road
traffic flow simulation program according to the first embodiment of the
present invention. {Fig. 4)        Fig. 4 is a schematic view illustrating
a difference in model to be selected according to the first embodiment of
the present invention. {Fig. 5}        Fig. 5 is a schematic view when a
charging required EV model according to the first embodiment of the present
invention is stopped on a link which is an adjacent road model. {Fig. 6)
Fig. 6 is a graph illustrating an example of Q-K characteristics according
to the first embodiment of the present invention. {Fig. 7A}       Fig. 7A
is a graph illustrating a Q-K characteristic in a sunny weather according
to the first embodiment of the present invention. 



{Fig. 7B)       Fig. 7B is a graph illustrating a Q-K characteristic in a
rainy weather according to the first embodiment of the present invention.
{Fig. 70)  15       Fig. 70 is a graph illustrating a Q-K characteristic in
a snowy weather according to the first embodiment of the present invention.
{Fig. 8A}        Fig. 8A is a graph illustrating a relation between the
total travel time of an electric vehicle model and the number of charging
station models, which is a result obtained by the road traffic flow
simulation according to the first embodiment of the present invention.
{Fig. 813}        Fig. 813 is a graph illustrating a relation between the
total travel time of an electric vehicle model and the arrangement position
of charging station models, which is a result obtained by the road traffic
flow simulation according to the first embodiment of the present invention.
{Fig. 9} 



Fig. 9 is a schematic view illustrating divided areas of a road network
model and a power transmission and distribution system according to a
second embodiment of the present invention. {Fig. 10)       Fig. 10 is a
graph illustrating an example of a time variation of load power set as
another load for each divided area according to the second embodiment of
the present invention.  16 (Fig. 111       Fig. 11 is a graph illustrating
a relation between the time and the amount of charge power to indicate a
charging process of an electric vehicle model according to the second
embodiment of the present invention. (Fig. 12A}       Fig. 12A is a graph
illustrating a time variation of load, more specifically, a time variation
of load for each divided area according to the second embodiment of the
present invention. (Fig. 12B)       Fig. 12B is a graph illustrating a time
variation of load, more specifically, a time variation of load of the
entire city simulated by the road network model according to the second
embodiment of the present invention. 



(Fig. 13A)        Fig. 13A is a graph illustrating a relation between the
required total power supply and the number of charging station models,
which is a result obtained by the road traffic flow simulation according to
the second embodiment of the present invention. (Fig. 13S1       Fig. 13E
is a graph illustrating a relation between the power shortage percentage
and the number of charging station models, which is a result obtained by
the road traffic flow  17 simulation according to the second embodiment of
the present invention. {Fig. 14A)        Fig. 14A is a schematic view
illustrating the position of noise evaluation point A to describe a third
modification of the present invention. {Fig. 14B}        Fig. 14B is a
graph illustrating a variation in the amount of noise to the time in the
human auditory to describe the third modification of the present invention.



{Description of Embodiments} {0036)       Now, an embodiment of a road
traffic flow simulation apparatus, a road traffic flow simulation program,
and a road traffic flow simulation method according to the present
invention will be described with reference to the accompanying drawings.
{0037) (First embodiment)       Now, a first embodiment of the present
invention will be described with reference to Fig. 1. {0038)       Fig. 1
illustrates a schematic configuration of main components of an electrical
system of a road traffic flow simulation apparatus 10 according to the
first embodiment of  18 the present invention. 



The road traffic flow simulation apparatus 10 according to the first
embodiment executes a road traffic flow simulation for simulating running
of vehicle models simulating vehicles in a road network model (also see
Fig. 2) simulating a road network including a plurality of roads and
intersections connecting roads. 0039)       Note that the vehicle model
according to the first embodiment includes an electric vehicle model
simulating an electric vehicle. Note also that in the following
description, the term "vehicle" includes both a gasoline vehicle and an
electric vehicle. (0040)        Note also that the term "road" has no
limitation on the number of traffic lanes and the number of right/left turn
lanes, and further includes any road on which a vehicle can run, such as a
paved road, an unpaved road, a national road, a prefectural road, a private
road, and a parking lot.       Of the vehicle, the term "gasoline vehicle"
includes motorcycles, ordinary vehicles (including taxis), buses, trucks
and the like, driven by gasoline.       Meanwhile, the term "electric
vehicle" includes any vehicles having a chargeable storage battery, such as
motorcycles, ordinary vehicles (including taxis), buses, and  19  trucks
driven by electric power as well as gasoline-electric hybrid vehicles
(hybrid vehicles of the above various vehicles). 



(0041}       The road traffic flow simulation apparatus 10 includes a CPU
(Central Processing Unit) 12 for controlling the entire operation of the
road traffic flow simulation apparatus 10; a ROM (Read Only Memory) 14 for
preliminarily storing various programs and various parameters; a RAM
(Random Access Memory) 16 for use in a work area or the like when the CPU
12 executes various programs; and an HOD (Hard Disk Drive) 18 as a storage
means for storing various programs such as a road traffic flow simulation
program described later in detail and various types of information. {0042}
The road traffic flow simulation apparatus 10 further includes an operation
input unit 20 which includes a keyboard, a mouse, and the like to receive
an input of various operations; an image display unit 22 which displays an
image for prompting an input of various types of information required for
road traffic flow simulation, an image for displaying results of the road
traffic flow simulation, and other various images; an external interface 24
which is connected to an external device such as a printer and another
computer to send and receive various types of information to  20 and from
the external device; and a read unit 28 for reading information stored in a
portable storage medium 26. Note that the portable storage medium 26
includes a magnetic disk, a CD (Compact Disc), an optical disk such as a
DVD (Digital Versatile Disc), an IC (Integrated Circuit) card, a memory
card, and others. {0043)        The CPU 12, the ROM 14, the RAM 16, the HDD
18, the operation input unit 20, the image display unit 22, the external
interface 24, and the read unit 28 are electrically connected to each other
through a system bus 30. Thus, the CPU 12 can access the ROM 14, the RAM
16, and the HOD 18; can grasp an operation state on the operation input
unit 20; can display various images on the image display unit 22; can send
and receive various types of information to and from the external device
through the external interface 24; and can read information from the
portable storage medium 26 through the read unit 28. {0044)       Note that
the configuration of the road traffic flow simulation apparatus 10
illustrated in Fig. 1 is just an example thereof, and other configurations
may be used such that a large-capacity semiconductor memory device may be
used instead of the HOD 18, and the road traffic flow simulation program
may be stored in the portable storage medium 26. 



21 {0045)        Fig. 2 is a schematic view of a road network model 40 for
road traffic flow simulation according to the first embodiment. {0046)
In the road network model 40, a link 42 which is a road model simulating a
minimum section of a road delimited by intersections is connected to a node
44 simulating an intersection. Note that the road network model 40 may
simulate an existing road network or a non-existent road network. {0047}
The number of traffic lanes, the presence or absence and the number of
right/left turn lanes, and the like are set to each link 42. The presence
or absence of installation of a traffic signal model simulating a vehicle
traffic signal is set to each node 44.       An altitude can be set to each
link 42 and each node 44. Thus, a road gradient simulated by the link 42
can be determined from an altitude difference between the adjacent link 42
and node 44. In addition, a different altitude can be set in the middle of
the link 42. {0048)       The traffic signal model changes from blue to
yellow, from yellow to red, and from red to blue in a predetermined 



22 time interval. When the traffic signal model is blue, the vehicle model
is permitted to move from a link 42 to another link 42 through the node 44
in which the traffic signal model is installed, while when the traffic
signal model is red, the vehicle model is prohibited from moving from a
link 42 to another link 42 through the node 44 in which the traffic signal
model is installed. 100491       Further, in the road network model 40
according to the first embodiment, a charging station model 46 simulating a
charging station for charging a storage battery of an electric vehicle
model can be arranged adjacent to the link 42. (0050)        In addition,
weather conditions (sunny, rainy, or snowy), the temperature (hereinafter
referred to as "outside air temperature"), the time period simulated for
road traffic flow simulation, and the like are set in the road network
model 40. (0051)       The electric vehicle model has the remaining charge
capacity of the storage battery as an attribute value thereof. Meanwhile,
the gasoline vehicle model simulating a gasoline vehicle does not have the
remaining capacity of the storage battery as an attribute value thereof.
{0052} In addition, the number of simultaneously chargeable  



23 electric vehicle models (number of charging stands), the number of
waiting spaces for arranging the electric vehicle models waiting for
charging, and the sales unit price of electric power (hereinafter referred
to as "power sales unit price") are set to each charging station model 46.
(00531       Note that in the first embodiment, the road network model 40
may be preliminarily created and stored, for example, in the HDD 18. {00541
Now, the road traffic flow simulation according to the first embodiment
will be described. {0055}        Fig. 3 is a flowchart illustrating a
process flow of a road traffic flow simulation program to be executed by
the CPU 12. The road traffic flow simulation program is preliminarily
stored in a predetermined region of the HOD 18. Note that when an operator
inputs an execution instruction through the operation input unit 20, the
road traffic flow simulation program starts execution. 10056} First, in
step 100, the road network model 40 is set.       Specifically, the link 42
is connected to the node 44; the traffic lanes and right/left turn lanes of
the link 42 are set; the time intervals in which the traffic signal model 



24 changes colors are set; and various values about the road network model
40 are set.        The settings of the road network model 40 further
include the number of charging station models 46, installation positions
thereof, and a value related to each charging station model 46.       The
settings of the road network model 40 further include a ratio of the number
of electric vehicle models to the total number of vehicle models. 100571
Further, in this step, conditions for ending the road traffic flow
simulation program are set. Examples of the ending conditions include a
simulation execution time, an event when all vehicle models or a preset
vehicle model reaches the destination, and other events. 10058} Then, in
step 102, the vehicle model is initialized.        Specifically, the
starting place and destination (0-D information) of each vehicle model and
the start time are set. Further, the charge capacity of the storage battery
is set as an attribute value of each electric vehicle model. 10059} 



Note that various settings performed in steps 100 and 102 include numerical
values inputted by an operator through the operation input unit 20. Note
also that in steps 100 and 102,  25 the various settings may be performed
in such a manner that the road network model 40 preliminarily storing the
various settings are read from the HDD 18. {0060)       Then, in step 104,
the behavior of vehicle models, namely, the running of each vehicle model
is simulated for each predetermined time interval on the road network model
40. Note that the predetermined time interval is a time interval for road
traffic flow simulation and may be different from the actual time interval.
{0061)        The vehicle model running state is calculated from the
weather condition set to the road network model 40, the number of vehicle
models running on each link 42 (traffic congestion situation), and the
like. Any method known in the art may be used as a specific calculation
method. When the traffic signal of the traffic signal model is red, the
running of the vehicle models is stopped at the signal, and the stop time
of each vehicle model is calculated from a queuing model simulating the
state in which a plurality of vehicle models are continuously stopped.
{00621       Here, in the first embodiment, the remaining capacity of the
storage battery (hereinafter referred to as "remaining storage battery
capacity") of the electric vehicle model is 



26 calculated with the simulation of the running of the vehicle model.
{0063}       An example of the method of calculating the remaining storage
battery capacity includes a model expression shown in the following
expression (1).       Current-time remaining storage battery capacity =
previous-time remaining storage battery capacity - per-unittime storage
battery consumption ... (1) 100641        The "previous-time remaining
storage battery capacity" in expression (1) is the remaining storage
battery capacity when the behavior of the vehicle model is calculated
previously. {00651        The "per-unit-time storage battery consumption"
is calculated, for example, by any one of the consumption calculation
models 1 to 3 listed in the following Table 1. Note that the consumption
calculation models 1 to 3 are just examples, and thus, as long as a term
related to the running speed of the electric vehicle model is used, another
consumption calculation model not using part of the other terms contained
in the consumption calculation models 1 to 3 or a consumption calculation
model newly adding a different term may be used. {Table 1}  



27 consumption calculation model 1 per-unit-time storage battery
consumption = A x running speed + B x lamp lighting state + C x air
conditioner operating state + D x outside air temperature + E x gradient +
F(A to F is a fixed parameter) consumption calculation model 2
per-unit-time storage battery consumption = A x running speed + B x
acceleration/deceleration speed + C x lamp lighting state + D x air
conditioner operating state + E x outside air temperature + F x gradient +
G(A to G is a fixed parameter) consumption calculation model 3
per-unit-time storage battery consumption = function f(running
speed,acceleration/deceleration speed, lamp lighting state,air conditioner
operating state, outside air temperature,and gradient)  



{0066}        Each fixed parameter in the consumption calculation models 1
and 2 is used as a weight to each term. 10067)       The lamp lighting
state is a value based on the number of lighting lamps of the electric
vehicle different depending on the time period simulated by the road
traffic flow simulation. The air conditioner operating state is a value
based on the difference between the temperature of the air conditioner of
the electric vehicle and the outside air temperature preliminarily set as a
setting value of the road network model 90.       When the lamp of the
electric vehicle model is off, the lamp lighting state is a value of 0
(zero). When the air conditioner of the electric vehicle model is off, the
air conditioner operating state is a value of 0 (zero). {0068}  28
The consumption calculation models 1 to 3 calculate the storage battery
consumption according to the outside air temperature. The reason why the
storage battery consumption calculation expression includes the outside air
temperature is that the amount of discharge from the storage battery
changes depending on the temperature. {0069}        Further, the
consumption calculation models 2 and 3 calculate the storage battery
consumption according to the acceleration/deceleration speed of the
electric vehicle. When the electric vehicle accelerates, the storage
battery is discharged, while when the electric vehicle decelerates, the
storage battery is charged. In view of this, in the consumption calculation
models 2 and 3, when the electric vehicle model accelerates from the
previous time to the current time, the sign of the
acceleration/deceleration speed is set to positive; when the electric
vehicle model decelerates from the previous time to the current time, the
sign of the acceleration/deceleration speed is set to negative; and when
the electric vehicle model does not accelerate or decelerate from the
previous time to the current time, the sign of the
acceleration/deceleration speed is set to 0 (zero). 



As described above, the road traffic flow simulation according to the first
embodiment calculates the storage  29 battery consumption of an electric
vehicle model based on the devices and the like consuming power in an
actual electric vehicle, and thus can more accurately simulate the storage
battery consumption. {0070}       Then, in step 106, a determination is
made as to whether the preset ending conditions are satisfied or not. If a
positive determination is made, the process moves to step 114, while if a
negative determination is made, the process moves to step 108. 10071}
In step 108, a charging necessity determination is made as to whether the
storage battery of the electric vehicle model is required to be charged or
not.       The charging necessity determination determines that the storage
battery of the electric vehicle model is required to be charged when the
value based on the remaining storage battery capacity calculated in step
104 is less than a predetermined threshold value. {0072}       The value
based on the remaining storage battery capacity is a value obtained by
dividing the remaining storage battery capacity by a full charge capacity,
that is, a maximum charge capacity of the storage battery. A specific
charging necessity determination is made by the charging necessity 



30 determination models 1 to 3 listed in the following Table 2. {Table 2}
charging necessity determination model 1 remaining storage battery
capacity/ full charge capacity < threshold A (for example, A =10%) charging
necessity determination model 2 remaining storage battery capacity/ full
charge capacity < threshold A (for example, A = 30%)and remaining storage
battery capacity < travel distance to destination x fuel consumption +
allowance 



charging necessity determination model 3 remaining storage battery
capacity/ full charge capacity < threshold A (for example, A = 50%)and find
available charging station during travel  {0073}        In the road traffic
flow simulation according to the first embodiment, the CPU 12 randomly sets
the charging necessity determination models 1 to 3 to each electric vehicle
model, and a charging necessity determination model set to each electric
vehicle model is used to perform a charging necessity determination.
However, the present invention is not limited to this, and instead of
randomly setting the charging necessity determination models 1 to 3 to each
electric vehicle model by the CPU 12, an operator may individually set the
charging necessity determination models 1 to 3 to each electric vehicle
model. Further, any one or two of the charging necessity determination
models 1 to 3 may be used and another charging necessity determination
model may be used. As described above, the charging necessity determination
31 models 1 to 3 simulate the action of a driver for charging an electric
vehicle, and thus can more accurately simulate the charging process of the
electric vehicle. 



{0074)        Then, in step 110, based on the results of the charging
necessity determination executed in step 108, a determination is made as to
whether there is an electric vehicle model required for charging
(hereinafter referred to as a "charging required EV model") or not. If a
positive determination is made, the process moves to step 112, while if a
negative determination is made, the process returns to step 104. {00751
Then, in step 112, simulation setting for simulating the charging process
of a charging required EV model is performed.       The simulation setting
for the charging process includes selecting a charging station model for
charging the storage battery corresponding to the charging required EV
model and deriving a route up to the charging station. {0076)
Specific methods of selecting a charging station model include selection
models 1 to 3 listed in the following Table 3.  32 selection model 1 



select charging station model nearest from current position of charging
required EV model selection model 2 select charging station model in range
reachable with remaining storage battery capacity and requiring shortest
detour to destination selection model 3 select charging station model in
range reachable with remaining storage battery capacity and having lowest
power sales unit price  {0077)       Fig. 4 is a schematic view
illustrating an example of a difference between selection model 1 and
selection model 2.       In Fig. 4, selection model 1 corresponds to a case
of selecting charging station model A, and selection model 2 corresponds to
a case of selecting charging station model B. In comparison with selection
model 2, selection model 1 has a shorter travel distance to reach the
charging station model 46, but has a longer travel distance from the
current position to the destination (travel route A). In contrast to this,
in comparison with selection model 1, selection model 2 has a longer travel
distance to reach the charging station model 46, but has a shorter travel
distance from the current position to the destination, that is, a shorter
detour route (travel route B). 



{0078)       The power sales unit price in selection model 3 is a power
sales unit price set as a setting value of each charging station model.  33
{0079}        In the road traffic flow simulation according to the first
embodiment, the CPU 12 randomly sets the selection models 1 to 3 to each
charging required EV model, and a selection model set to each charging
required EV model is used to perform a charging necessity determination.
Alternatively, without being limited to the configuration in which the CPU
12 randomly sets the selection models 1 to 3 to each charging required EV
model, an operator may individually set the selection models 1 to 3 to each
charging required EV model. Further, any one or two of the selection models
1 to 3 may be used and another selection model may be used.       As
described above, the selection models 1 to 3 simulate the action of a
driver for charging an electric vehicle, and thus can more accurately
simulate the charging process of the electric vehicle. {00801       Then,
in step 112, a new travel route (travel route A or travel route B in an
example of Fig. 4) is set to pass the selected charging station model 46 to
reach the destination. When the simulation setting of the charging process
is completed, the process returns to step 104. {0081) In step 104, as
described above, the running of the 



vehicle model is simulated, and at the same time, when there  39 is a
charging required EV model, the running of the charging required EV model
is simulated through the travel route set in step 112 up to the charging
station model 46. {00821       Here, in step 109, the charging required EV
model reaches the charging station model selected in step 112. However, if
the charging station model is congested, that is, if the charging station
model has charging required EV models exceeding the number of
simultaneously chargeable EV models and thus the time to wait for charging
occurs, a charging station movement determination is made whether the
reached charging required EV model is to be moved to a different charging
station model or not. (0083)       When a value based on the time required
for charging is equal to or greater than a predetermined value in the
charging station model 96 selected in step 112, the charging station
movement determination determines to newly select another charging station
model 96. {00841       A specific charging station movement determination
is made by movement determination models 1 and 2 listed in the following
Table 4. {Table 9} 



35 movement determination distance to charging station model Y is in range
reachable with remaining storage battery capacity and parameter P x number
of waiting vehicle models model I at charging station model X/number of
simultaneously chargeable vehicle models at charging station model X >
threshold Q  distance to charging station model Y is in range reachable
with remaining storage battery capacity movement and travel distance to
charging station model Y < determination 



parameter P x number of waiting vehicle models at model 2 charging station
model X/number of simultaneously chargeable vehicle models at charging
station model  X - parameter R  {0085}       In movement determination
models 1 and 2, charging station model X is the charging station model 46
selected in step 112, that is, the charging station model 46 reached by the
charging required EV model, and charging station model Y is a newly
selected charging station model 46. Note that the new charging station
model Y is selected by the above selection models 1 to 3. {0086}       In
movement determination models 1 and 2, parameter P is an average charging
time of each charging required EV model, and the average charging time is
calculated based on the difference between a remaining capacity of the
storage battery of the charging required EV model and a full charge
capacity thereof. Specifically, in movement determination models 1 and 2, a
quotient is obtained by dividing the number of waiting vehicles by the
number of simultaneously chargeable vehicles at charging station model X,
and the quotient is multiplied by  



36 parameter P to produce the time required for charging in the charging
station model 46. {0087)        In movement determination model 2,
parameter R is a value indicating a congestion degree of the charging
required EV models at charging station model X. For example, parameter R is
determined so as to increase in value according to the number of charging
required EV models waiting for charging at charging station model X. In
other word, the more the number of charging required EV models waiting for
charging at charging station model X, the larger the value of parameter P,
and the smaller the value on the right side of inequality of movement
determination model 2. Thus, the charging station movement determination is
likely to determine that the charging required EV model is required to move
to the new charging station model Y. 10088}        In the road traffic flow
simulation according to the first embodiment, the CPU 12 randomly sets
movement determination models 1 and 2 to each charging required EV model,
and a movement determination model set to each charging required EV model
is used to perform a charging necessity determination. Alternatively,
without being limited to the configuration in which the CPU 12 randomly
sets movement determination models 1 and 2 to each charging required EV  37
model, an operator may individually set movement determination models 1 and
2 to each charging required EV model. Further, any one of movement
determination models 1 and 2 may be used and another movement determination
model may be used.       As described above, movement determination models
1 to 3 simulate the action of a driver for charging an electric vehicle,
and thus can more accurately simulate the charging process of the electric
vehicle. (0089) 



Now, a case of occurrence of a charging required EN model waiting for
charging at a charging station model 46 will be described. 10090}        In
the road traffic flow simulation according to the first embodiment, when
charging required EN models exceeding the number of simultaneously
chargeable vehicle models are located at the charging station model 46,
that is, when the charging station model is congested, the charging wait
time of a charging required EN model waiting for charging is calculated by
a queuing model. 10091}       When the number of charging required EN
models waiting for charging at the charging station model 46 exceeds the
number of waiting spaces set as the setting value of the charging station
model 46, the road traffic flow simulation  38  stops the charging required
EV model on a link 42 which is an adjacent road model. {0092)        Fig. 5
is a schematic view when charging required EV models are stopped on the
adjacent link 42.       In an example of Fig. 5, the number of
simultaneously chargeable vehicle models (the number of charging stands)
and the number of waiting spaces of the charging station model 46 are
three, and all the charging stands and waiting spaces are occupied by
charging required EV models. Thus, charging required EV models exceeding
the number of waiting spaces are located on the adjacent link 42. 



{0093)       The link 42 has two traffic lanes. The charging required EV
models are located on a traffic lane at the side of the charging station
model 46, while vehicle models are running on other traffic lanes (free
flow). The free flow extends to the vicinity of the rear end of EVs of the
charging required EV models located on the link 42. When a vehicle model
reaches the vicinity of the rear end of the EVs, the EV is required to move
to the other adjacent traffic lane.       Thus, a place of the link 42 on
which the charging required EV models are located and a place adjacent to
the place are congested with decelerating vehicle models, leading to a high
density state of vehicle models simulating traffic  39 congestion. (0094}
The speed of the vehicle model running on the link 42 simulating traffic
congestion is calculated by Q-K characteristics indicated by a Q-K curve
illustrated in Fig. 6.       The Q-K characteristics indicate a relation
between traffic flow rate Q (the number of vehicles/time) and density K
(the number of vehicles/km), namely, road characteristics. In addition,
gradient a of a line connecting the origin and a point on the Q-K curve
indicates running speed V (km/time). {0095)       As described above, the
road traffic flow simulation according to the first embodiment causes the
charging required EV models exceeding the number of waiting spaces of the
charging station model 46 to be located on the adjacent link 42, thus can
simulate traffic congestion caused by electric vehicle models waiting for
charging, and thus can more accurately simulate the charging process of the
electric vehicle. {0096} 



In addition, the road traffic flow simulation according to the first
embodiment switches the Q-K characteristics according to the weather
condition preliminarily set as a setting value.  40        Figs. 7A to 70
illustrate examples of Q-K characteristics different according to the
weather condition. Fig. 7A illustrates a Q-K characteristic in a sunny
weather. Fig. 7B illustrates a Q-K characteristic in a rainy weather. Fig.
70 illustrates a Q-K characteristic in a snowy weather.       As
illustrated in Figs. 7A to 70, the link capacity, which is a maximum value
of traffic flow rate Q, decreases in the order of sunny, rainy, and snowy.
This indicates that the running speed of a vehicle model increases in the
order of sunny, rainy, and snowy. {0097}        Note that weather
conditions in the road traffic flow simulation may be fixed as a preset
setting value as described above, or a weather condition switching
parameter may be preset and weather conditions may be switched based on the
parameter. Note that the parameter to switch weather conditions may be set
on a per-hour or per-day basis, or may be randomly set. (0098}       As
described above, the road traffic flow simulation according to the first
embodiment repeats the process from step 104 to step 112 until the ending
conditions are satisfied. {0099} Then, if a determination is made in step
106 that the 



41 ending conditions are satisfied, the road traffic flow simulation moves
to step 114 as described above. (0100)        In step 114, the road traffic
flow simulation outputs simulation results and ends the program. For
example, the simulation results are considered to be outputted in such a
manner that the time (hereinafter referred to as "travel time") required
for each vehicle model to reach a destination from a starting place and the
travel distance required for each vehicle model to reach the destination
from the starting place are calculated; and the calculation results are
displayed as a graph or the like on the image display unit 22, stored as
data in the HDD 18, printed on a recording paper by a printer connected via
the external interface 24, or the like. {01011       Note that specific
examples of the calculated travel time include a total travel time of all
gasoline vehicle models, an average travel time per gasoline vehicle model,
a total travel time of all electric vehicle models, an average travel time
per electric vehicle model, a total travel time of all gasoline vehicle
models and electric vehicle models, and an average travel time per gasoline
vehicle model and electric vehicle model, and the like. {0102)  42 



Note also that specific examples of the calculated travel distance include
a total travel distance of all gasoline vehicle models, an average travel
distance per gasoline vehicle model, a total travel distance of all
electric vehicle models, an average travel distance per electric vehicle
model, a total travel distance of all gasoline vehicle models and electric
vehicle models, an average travel distance per gasoline vehicle model and
electric vehicle model, and the like. {01031        Further, in the road
traffic flow simulation according to the first embodiment, parameters are
changed in a stepwise fashion such that the ratio of electric vehicle
models included in vehicle models set in step 100, or at least one of the
number of charging station models 46 and the arrangement position of the
charging station models 46 set in step 100 are different. Then, an optimal
number of charging station models 46, arrangement position thereof, and the
like can be derived by simulating the running of electric vehicle models a
plurality of times.       For example of the stepwise changing, the ratio
of the electric vehicle models is changed from 0% to 100% in steps of 10%;
a plurality of areas for arranging the charging station models 46 are
preset and the number of charging station models 46 to be arranged in the
area is changed in a stepwise  43 fashion; the charging station models 46
are evenly arranged in the area; more number of charging station models 46
are arranged on higher traffic volume roads; or charging station models 46
are arranged in proportion to the traffic volume. {0104}       Figs. 8A and
813 illustrate an example of a result obtained by changing the parameters
in a stepwise fashion. {0105)        Fig. 8A is a graph illustrating a
relation between the total travel time of an electric vehicle model and the
number of charging station models 46 obtained by the road traffic flow
simulation. The total travel time is a time required for an electric
vehicle model to reach a destination from a starting place. In an example
of Fig. 8A, it is understood that an increase in the number of charging
station models 46 from C to D does not greatly reduce the total travel
time. Thus, it can be determined that D or more number of actually
installed charging stations may cause excessive capital investment. {0106}
Fig. 8B is a graph illustrating a relation between the total travel time of
an electric vehicle model and the arrangement position of charging station
models 46 obtained by the road traffic flow simulation. In an example of
Fig. 813, 



it can be determined that an arrangement of charging stations  44 according
to traffic flow is more effective in comparison with an even arrangement
and a concentrated arrangement. {0107}        Thus, an index for
determining infrastructure facilities, that is, the number of charging
stations or arrangement positions thereof can be easily obtained based on
the results of road traffic simulation by the graphs illustrating a
relation between the total travel time of an electric vehicle model and the
number of charging station models or arrangement positions thereof.
Note that Figs. 8A and 8B are displayed on the image display unit 22, but
the relation between the total travel time of an electric vehicle model and
the number of charging station models or arrangement positions thereof is
not limited to the graphs of Figs. 8A and 813. For example, the relation
may be displayed in a tabular form on the image display unit 22. {0108}
As described above, the road traffic flow simulation according to the first
embodiment sets the ratio of the number of electric vehicle models to the
total number of vehicle models, the number of charging station models for
charging the storage battery of the electric vehicle model and an
installation position thereof in step 100. Then, in step 108, the road
traffic flow simulation calculates the remaining  45 



capacity of the storage battery of the electric vehicle model running on
the road network model 40. Then, in step 112, the road traffic flow
simulation selects the charging station model 46 for charging the storage
battery corresponding to the charging required EV model in which the value
based on the calculated remaining capacity of the storage battery is less
than a predetermined threshold value.       Thus, the road traffic flow
simulation according to the first embodiment can simulate the charging
process of the electric vehicle. {0109} (Second embodiment)       Now, the
second embodiment of the present invention will be described. 10110)
Note that the configuration of a road traffic flow simulation apparatus 10
and a road network model 40 according to the second embodiment is the same
as the configuration of the road traffic flow simulation apparatus 10 and
the road network model 40 according to the first embodiment illustrated in
Figs. 1 and 2, and thus the description thereof will be omitted. {0111) The
process flow of a road traffic flow simulation program according to the
second embodiment is the same as the  



46 process flow of the road traffic flow simulation program according to
the first embodiment illustrated in Fig. 3, and thus with reference to Fig.
3, the road traffic flow simulation program according to the second
embodiment will be described. {0112)       In the road traffic flow
simulation according to the second embodiment, in step 100 as the setting
of the road network model 40, not only various settings as described in the
first embodiment are set, but also the road network model 40 is divided
into a plurality of areas and the amount of power that can be supplied to
the charging station model 46 is set in the areas. {0113}        For
example, as illustrated in Fig. 9, the road network model 40 is divided
into areas having power transmission and distribution from different
substations (areas A and B in an example of Fig. 9). Thus, the road traffic
flow simulation according to the second embodiment simulates a power
transmission and distribution system as illustrated in Fig. 9, and presets
a certain value as a maximum generation capacity (MVA) for each power plant
(power plants A to C in an example of Fig. 9) and a maximum capacity (MVA)
as each substation. In addition, a certain load power pattern changing with
time is preset as a load power other than the load for charging the  47
storage battery of the electric vehicle model as illustrated in Fig. 10. 



An example of the load power pattern illustrated in Fig. 10 indicates that
the load power is large in the morning and in the evening, while the load
power is small at night. Note that the load pattern is not limited to this,
but may be changed, for example, according to the set weather condition.
{0114}        For example, the load for charging the storage battery of the
electric vehicle model is calculated corresponding to charging at a
charging station, charging at each home having an electric vehicle, and
charging at an office building or a shopping center.        Specifically,
the electric vehicle model is quickly charged to a full charge capacity of
a charge value at the charging station (hereinafter referred to as "fast
charging"). Meanwhile, charging at a home and charging at an office
building or a shopping center are considered to charging at a destination
of the electric vehicle model. Thus, assuming that each place has a
charger, charging is performed more slowly than fast charging until the
storage battery is charged to a full charge capacity (hereinafter referred
to as "normal charging"). Note that the charging station model 46 may be
provided with a large-capacity storage battery for temporarily storing
power in and charging the storage battery of the  48 electric vehicle model
and the amount of power received from a commercial electric power system to
the storage battery may be calculated. (0115)       Thus, in the road
network model 40 according to the second embodiment, a charger model
simulating a charger for normal charging is arranged beforehand in a place
that can be a destination, such as a home, an office building, and a
shopping center. The amount of power consumption per unit time is assumed
to be different between fast charging by the charging station model and
normal charging by the charger. In other word, the power consumption is set
larger for fast charging than for normal charging. {0116}        Fig. 11 is
a graph illustrating the charging process of an electric vehicle model by a
relation between the time and the amount of charge power. From Fig. 11, the
magnitude of the amount of power charged in the electric vehicle model is
known. Thus, in step 104, the road traffic flow simulation according to the
second embodiment stores the area charged for each electric vehicle model
and the amount of charge power in the RAM 16 or the HOD 18. {0117) 



In the process of outputting the simulation results in step 114 of the road
traffic flow simulation according to the  49 second embodiment, the load
power pattern for each area is calculated based on the area charging for
each electric vehicle model and the amount of charge power stored, and for
example, a graph indicating the time variation of the load illustrated in
Figs. 12A and 12B is outputted. {0118)        Fig. 12A is a graph
illustrating a time variation of load (load power pattern) for each divided
area. The load power pattern for each area is calculated by the sum of a
load power pattern of another load for each area and a pattern for charging
the storage battery of the electric vehicle model. This makes it possible
to know a variation of the insufficient amount of power at a substation for
each time of each area and the remaining amount of power at the substation
as illustrated in Fig. 12A.       Meanwhile, Fig. 12B is a graph
illustrating a time variation of load (load power pattern) of an entire
city simulated by the road network model 40.       The load power pattern
of the entire city is calculated by the total sum of the load power
patterns for each area. This makes it possible to know a variation of the
insufficient amount of power at a power plant for each time of the entire
city and the remaining amount of power at the power plant as illustrated in
Fig. 1213. {0119) 50        Further, when the storage batteries of a
plurality of electric vehicle models are simultaneously charged at charging
station models 46 and the like, the charging may not be performed due to
lack of power depending on the amount of power applied to the area, and
thus the road traffic flow simulation according to the second embodiment
may calculate the number of times the charging cannot be performed due to
lack of power and the time ratio thereof. 



{01201       Fig. 13A is a graph illustrating a relation between the
required total amount of power supply and the number of charging station
models 46 obtained by the road traffic flow simulation.       The required
total amount of power supply is a total amount of power required to supply
power to the charging station model 46 when a chargeable number of electric
vehicle models are simultaneously charged at the charging station model 46.
The required total amount of power supply is calculated by the product of
the number of charging station models 46 and the power supplied to each
charging station model 46.        It is understood from an example of Fig.
13A that the required total power supply increases in proportion to the
number of charging station models 46. (0121} 51       Fig. 13B is a graph
illustrating a relation between the power shortage percentage and the
number of charging station models 46 obtained by the road traffic flow
simulation. The power shortage percentage is an insufficient amount of
power to be supplied to the charging station model 46, more specifically, a
ratio of the time when a power shortage occurs of the total time for a
predetermined number of days (one week in an example of Fig. 13B). For
example, "power shortage percentage is 20%" means that charging the storage
battery of the electric vehicle model fails once every five times due to
lack of power.        In Fig. 133, the power shortage percentage decreases
in the order of broken line A, one-dot chain line B, and solid line C.
Specifically, line A indicates that the number of charging station models
46 increases due to a shortage of the required total power supply in the
area, and an increase in the number of simultaneously charging electric
vehicle models leads to an increase in the frequency of power shortage.
Meanwhile, line C indicates that the number of charging station models 46
increases due to an increase in the required total power supply in the
area, and power shortage hardly occurs against an increase in the number of
simultaneously charging electric vehicle models. 101221 From the results of
Fig. 133, an arrangement of actual 



52 charging stations can be studied based on the amount of power that can
be supplied to the charging stations. (0123)       As described above, an
index for infrastructure facilities, that is, the amount of power required
according to the number of charging stations can be easily obtained by a
graph illustrating a relation between the number of charging station models
46 and the required total amount of power supply or a graph illustrating a
relation between the number of charging station models 46 and the power
shortage percentage.       Note that Figs. 13A and 13B are displayed on the
image display unit 22, but the relation between the number of charging
station models 46 and the required total amount of power supply or the
relation between the number of charging station models 46 and the power
shortage percentage are not limited to the graphs like Figs. 13A and 1313.
For example, the relation may be displayed in a tabular form on the image
display unit 22. {C)124} (Modification 1)       Transition from gasoline
vehicles to electric vehicles is expected to reduce CO2 emission amount
(ton). Thus, the road traffic flow simulation according to modification 1
quantitatively evaluates the amount of CO2 emitted by vehicles  53 



including electric vehicles. {0125)        In step 114 of the road traffic
flow simulation according to modification 1, the CO2 emission amount of an
electric vehicle model is set to 0 (zero) and the CO2 emission amount of a
gasoline vehicle model is calculated based on the travel distance of the
gasoline vehicle model.       The CO2 emission amount of the gasoline
vehicle model is calculated based on the following expressions (2) and (3).
Fuel consumption = travel distance x average fuel consumption ... (2)
CO2 emission amount - fuel consumption x constant ... (3) {0126)       The
average fuel consumption of the gasoline vehicle model in expression (2) is
preset (for example, 30 km/L). The constant in expression (3) is preset as
a setting value for calculating the CO2 emission amount from the fuel
consumption.        Thus, the CO2 emission amount of the gasoline vehicle
model is calculated based on the preset setting value and the travel
distance of the gasoline vehicle model.        Then, the road traffic flow
simulation according to modification 1 outputs, for example, the relation
between the ratio of the number of electric vehicle models to the total
number of vehicle models and the CO2 emission amount, and other relations.
59 



{0127)       Note that the description of modification 1 has been focused
on setting the 002 emission amount of the electric vehicle model to 0
(zero), but the present invention is not limited to this. For example,
thermal power plants emit 002 to generate power to be consumed by the
storage battery of the electric vehicle model, and thus the electric
vehicle model may also be considered to emit 002. (0128) Specifically, the
002 emission amount of the electric vehicle model is calculated based on
following expression (4).       002 emission amount - storage battery
consumption x constant ... (4)       The constant in expression (4) is
preset as a setting value for calculating the 002 emission amount from the
storage battery consumption. The constant is set as a value for making the
002 emission amount of the electric vehicle model less than the 002
emission amount of the gasoline vehicle model. {0129}       As described
above, the 002 emission amount of the electric vehicle model may be
calculated based on the constant preset as a value for making it less the
002 emission amount of the gasoline vehicle model and the storage battery
consumption.  55 



(0130) (Modification 2) The road traffic flow simulation according to
modification 2 can set initial investment costs (for example, planningsite
purchase + designing + material purchase + field work) for constructing a
charging station and facility operating costs per year of the charging
station. The road traffic flow simulation according to modification 2
calculates economic benefits obtained by constructing charging stations.
{01311       Table 5 illustrates methods of calculating economic benefits
obtained by constructing charging stations together with the effects.
{Table 5} Calculation methods 



Effects Economic benefits 1 =(reduction amount in total travel time of all
gasoline vehicle models and electric vehicle models)x unit price per hour)
Travel time reduction enables free use of time Economic benefits 2 = (CO2
reduction amount ton)x(unit price per ton) CO2 reduction suppresses
environmental load        Note that the amount of reduction in total travel
time is a difference in total travel time of all gasoline vehicle models
and electric vehicle models in a different number or arrangement of
charging station models, that is, all vehicle models. The CO2 reduction
amount ton is a difference in CO2 emission amount in a different number or
arrangement of  56 charging station models. 



{C)132)        Further, the road traffic flow simulation according to
modification 2 calculates cost effectiveness benefits several years after
construction of the charging stations using any one of calculation models 1
and 2 illustrated in Table 6. {Table 6) Calculation model 1 Cost
effectiveness benefits after X number of years = (economic benefits 1 +
economic benefits 2)x X number of years -(initial investment costs +
facility operating costs for X number of years) Calculation model 2 Cost
effectiveness benefits after X number of years = function f(X number of
years,initial investment costs,facility operating costs,economic benefits
1, economic benefits 2)  



Calculation model 2 is a calculation expression for providing the
evaluation with a degree of freedom.        Note that the road traffic flow
simulation according to modification 2 may calculate cost effectiveness
benefits after X number of years using only one of economic benefits 1 and
economic benefits 2. 10133}       When the cost effectiveness benefits are
calculated by calculation model 1 or calculation model 2 in step 114, for
example, a graph of cost effectiveness benefits with the horizontal axis
representing the X number of years and the vertical axis representing the
cost effectiveness amount after X number of years is displayed on the image
display unit 22 or  the like. {0134) (Modification 3)       Modification 3
calculates the amount of noise of a vehicle model.       As illustrated in
Table 7, the amount of noise of a vehicle model is calculated using one of
calculation models 1 and 2 based on the running speed of a gasoline vehicle
model and the running speed of an electric vehicle model. {Table 7) 



Calculation model 1 Noise amount of one gasoline vehicle model = f function
f(running speed of gasoline vehicle model) dt Noise amount of one electric
vehicle model = f function g(running speed of electric vehicle model) dt
Noise amount in entire city = E noise amount of one gasoline vehicle model
+ E noise amount of one electric vehicle model Calculation model 2 Noise
amount in entire city - function h(running speed of each gasoline vehicle
model,running speed of each electric vehicle model)  



{0135}       In general, noise of a gasoline vehicle is large and noise of
an electric vehicle is small. Thus, the amount of noise in the entire city
is reduced by disseminating electric vehicles.       In calculation model
1, function f (running speed of gasoline vehicle model) is defined as a
function to have a positive characteristic and use the running speed of a
58 gasoline vehicle model as a variable to obtain the amount of noise, and
function g (running speed of electric vehicle model) is defined as a
function to have a positive characteristic and use the running speed of an
electric vehicle model as a variable to obtain the amount of noise. In
calculation model 1, if the running speed of a gasoline vehicle model is
the same as that of an electric vehicle model, the amount of noise of the
electric vehicle model is calculated so as to reduce the noise of the
electric vehicle model. In addition, dt is an infinitesimal time and
integral f indicates that integration is performed in the range from a
starting place to a destination of one vehicle model.       Thus, the
amount of noise in the road network model 40, that is, the amount of noise
in the entire city is calculated by summing the sum of the amount of noise
of each gasoline vehicle model and the sum of the amount of noise of each
electric vehicle model. {0136)       Meanwhile, calculation model 2 is a
calculation expression for providing the evaluation with a degree of
freedom. 10137)        When the amount of noise is calculated by
calculation model 1 or calculation model 2 in step 114, for example, a
graph with the horizontal axis representing time and the 



59 vertical axis representing the amount of noise at each time point is
displayed on the image display unit 22 or the like. {0138)        In
addition, noise may not be treated as a total amount of noise in the entire
city, but as illustrated in Fig. 14A, the amount of noise may be evaluated
at a preset evaluation point A.        In this case, the distance between
each vehicle model and evaluation point A is calculated to obtain the
amount of noise due to the vehicle models, which is added to the amount of
noise of all vehicle models around, and then the amount of noise at
evaluation point A is calculated, for example, using the following
expression (5). {0139}       The amount of noise at evaluation point A =
function F (running speed of each vehicle model,  acceleration/deceleration
speed of each vehicle model, distance between the vehicle model and
evaluation point A, and time)... (5)       As illustrated in Fig. 14B, time
variables are used to simulate variations in the amount of noise (ease of
hearing sound) over time in the human auditory such that the sound far away
is audible at night, (due to a difference in temperature of the
atmosphere), but only nearby sound is audible during daytime.  60 



{0140}        In the foregoing description, the present invention has been
described with reference to the above each embodiment, but the technical
scope of the present invention is not limited to the scope described in the
above each embodiment. Various modifications or improvements can be made to
the above each embodiment without departing from the scope of the present
invention, and an embodiment to which the modifications or improvements are
made is also included in the technical scope of the present invention.
{0141}       The above each embodiment has been described assuming that the
electric vehicle model has an attribute value indicating the remaining
capacity of the storage battery, but the present invention is not limited
to this, and the road network model 40 may have an attribute value
indicating the remaining capacity of the storage battery of the electric
vehicle model and the remaining capacity of the storage battery may be
calculated as the attribute value of the road network model 40. {Reference
Signs List} {0142} 10 road traffic flow simulation apparatus 12 CPU 40 road
network model  



42link 44 node 46 charging station model  62 {CLAIMS} {Claim l}       A
road traffic flow simulation apparatus simulating running of vehicle models
simulating vehicles in a road network model simulating a road network
including a plurality of roads and intersections connecting roads, the road
traffic flow simulation apparatus comprising:       a setting means for
setting a ratio of the number of electric vehicle models simulating
electric vehicles using a remaining capacity of power charged in storage
batteries thereof as an attribute value to a total number of the vehicle
models, as well as the number of charging station models for charging the
storage batteries of the electric vehicle models and installation positions
thereof;       a calculation means for calculating the remaining capacity
of the storage battery of the electric vehicle model running on the road
network model;        a selection means for selecting from the charging
station models a charging station model for charging the storage battery
corresponding to the electric vehicle model in which a value based on the
remaining capacity of the storage battery calculated by the calculation
means is less than a predetermined threshold value; and 



a running simulation means for simulating running of the electric vehicle
model required to charge the storage battery  63 up to the charging station
model selected by the selection means. {Claim 2)       The road traffic
flow simulation apparatus according to claim 1, wherein if a value based on
the time required for charging is equal to or greater than a predetermined
value in the charging station model selected by the selection means,
another charging station model is newly selected from the charging station
models. {Claim 3}      The road traffic flow simulation apparatus according
to any one of claims 1 and 2, wherein       the number of waiting spaces
for arranging the electric vehicle models waiting for charging is set in
the charging station model, and       when the number of the electric
vehicle models waiting for charging is greater than the number of the
waiting spaces in the charging station model, the electric vehicle models
are stopped on an adjacent road model. {Claim 4) 



The road traffic flow simulation apparatus according to any one of claims 1
to 3, wherein the selection means selects, as the charging station model to
be selected, a charging station model nearest from a current position of
the electric vehicle model, a charging station model in a range reachable
64 with the remaining capacity of the storage battery and requiring the
shortest detour to a destination; or a charging station model in a range
reachable with the remaining capacity of the storage battery and having the
lowest power sales unit price. {Claim 5}       The road traffic flow
simulation apparatus according to any one of claims 1 to 4, wherein the
calculation means calculates the amount of power consumed by the storage
battery based on at least any one of a running speed of the electric
vehicle model; an acceleration/deceleration speed, a lamp lighting state,
and an air conditioner operating state of the electric vehicle model; and a
temperature and a road gradient set in the road network model. {Claim 6}
The road traffic flow simulation apparatus according to any one of claims 1
to 5, wherein an amount of power charged in the storage battery is
calculated. {Claim 7}       The road traffic flow simulation apparatus
according to any one of claims 1 to 6, wherein the CO2 emission amount of a
gasoline vehicle model simulating a gasoline vehicle is calculated based on
a preset first setting value and a travel distance of the gasoline vehicle
model, and the CO2 emission amount of the electric vehicle model is defined
as 0 (zero) or  



65  calculated based on a second setting value preset as a value smaller
than the CO2 emission amount of the gasoline vehicle model and the amount
of power consumed by the storage battery of the electric vehicle model.
{Claim 8)        The road traffic flow simulation apparatus according to
any one of claims 1 to 7, wherein economic benefits caused by constructing
the charging stations are calculated based on at least one of a difference
in total travel time of the entire vehicle models and a difference in CO2
emission amount thereof in a different number or arrangement of the
charging station models. {Claim 9)        The road traffic flow simulation
apparatus according to any one of claims 1 to 8, wherein noise of running
vehicles is calculated based on a running speed of a gasoline vehicle model
simulating a gasoline vehicle and a running speed of the electric vehicle
model. {Claim 10)       The road traffic flow simulation apparatus
according to any one of claims 1 to 9, wherein a display means displays a
relation between the time required for the electric vehicle model to travel
from a starting point to a destination and the number of the charging
station models or arrangement positions thereof.  66 (Claim 11) 



The road traffic flow simulation apparatus according to any one of claims 1
to 10, wherein a display means displays a relation between the number of
the charging station models and an amount of power required to be supplied
to the charging station models; or a relation between the number of the
charging station models and an insufficient amount of power to be supplied
to the charging station models. {Claim 12}       A road traffic flow
simulation program for use in a road traffic flow simulation apparatus
simulating running of vehicle models simulating vehicles in a road network
model simulating a road network including a plurality of roads and
intersections connecting roads, the road traffic flow simulation program
causing a computer to function as:        a setting means for setting a
ratio of the number of electric vehicle models simulating electric vehicles
using a remaining capacity of power charged in storage batteries thereof as
an attribute value to a total number of the vehicle models, as well as the
number of charging station models for charging the storage batteries of the
electric vehicle models and installation positions thereof;       a
calculation means for calculating the remaining capacity of the storage
battery of the electric vehicle model running on the road network model;
67       a selection means for selecting from the charging station models a
charging station model for charging the storage battery corresponding to
the electric vehicle model in which a value based on the remaining capacity
of the storage battery calculated by the calculation means is less than a
predetermined threshold value; and       a running simulation means for
simulating running of the electric vehicle model required to charge the
storage battery up to the charging station model selected by the selection
means. {Claim 13}       A road traffic flow simulation method for
simulating running of vehicle models simulating vehicles in a road network
model simulating a road network including a plurality of roads and
intersections connecting roads, the road traffic flow simulation method
comprising: 



a first step of setting a ratio of the number of electric vehicle models
simulating electric vehicles using a remaining capacity of power charged in
storage batteries thereof as an attribute value to a total number of the
vehicle models, as well as the number of charging station models for
charging the storage batteries of the electric vehicle models and
installation positions thereof;       a second step of calculating the
remaining capacity of the storage battery of the electric vehicle model
running on  68 the road network model;       a third step of selecting from
the charging station models a charging station model for charging the
storage battery corresponding to the electric vehicle model in which a
value based on the remaining capacity of the storage battery calculated by
the second step is less than a predetermined threshold value; and       a
fourth step of simulating running of the electric vehicle model required to
charge the storage battery up to the charging station model selected by the
third step. 










