1 {DESCRIPTION) {Title of Invention} ROAD TRAFFI C FLOW SI MULATI ON
APPARATUS, ROAD TRAFFI C FLOW SI MULATI ON PROGRAM AND ROAD TRAFFI C FLOW

SI MULATI ON METHOD {Techni cal Field) {0001} The present invention
relates to a road traffic flow sinulation apparatus, a road traffic flow
simul ation progran1 and a road traffic*f|ow simulation method. { Backgr ound
Art} {003@% ri ous nethods have been proposed as a prediction nethod
(road tr C@Ifﬁngglnulation) regarding a traffic novenent of vehicles by
conput er sinul ati on. For exanple, Patent Literature 1 discloses a
traf fic {@adidict iodn Ipveaitéerindn apparatus predicting a traffic flowin such a
manner that a travel plan for a driver provided with information about the
pr edi ct 8ALr ARREFE I 6WOIS SEMEAREd Oblaged AeR TiIRe ROADS ITRAFIFGW Piléi cted in a
road network range generated by traffic environnent data based on an OD
traf ficsvebunebar reachapr edaperminmedregetricomriand straflfking cenwbomwrent dat a,
and the experience of the driver for each predeterm ned section. The CD
trafficwalupeckn Fhepredeterm ned section is corrected based on the
travel plan and further the corrected OD traffic volune is used to predict

t he trafbb%1

The present invention relates to a rocad traffic flow
simulation apparatus, a road traffic flow simulation program,
and a road traffic flow simulation method.

{Background Art}

{00C2}

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
i ntroduced (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 elect5ic vehi cl e and an acconpanyi ng

i ncrease in power consunption. Thus, a“design for infrastructure

devel opnent (an optimal nunber of charging stations and arrangenent

t her eof /“&d a capacity expansion of the electric power systen) is
required. %Citation List} {Patent Literature) {0004) {PTL 1) The
Publ i catli’8R3df Japanese Patent No. 4506663 {Summary of |nvention}

{Techni cal Probl en} {0005)
In recent years, electric vehicles have started to be

introduced (sold to the general public). BAn 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 staticns and arrangement
thereof, and & 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}

{0C05}

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 toocl for infrastructure design invelving the



However, current road traffic flow sinulations do not include sinulating
chargi ng process of electric vehicles, but include sinmulating only the
chargi ng process of gasoline vehicles. Thus, the current sinulations not

i ncluding the charging process of electric vehicles cannot be used, as is,
as an evaluation tool for infrastructufe design involving the 3
introduction of electric vehicles. For this reason, there is no effective
way to GVAIGSLEERE Al PARCyref VRBigeSPgn Cont BRtSfBRATRPr aSEF Gt Lfe

desi gn such as an optimal arrangenent of charging stations and a capacity
expansi o eff fekédtvel vagower eyypdtens. tTherveliiding pii dheedgdan on net hod of
desk study, and thus it is after the infrastructure is introduced that the

confir mabneents reradendsatorvhetrer debegedesi:gh eententpitsmedl i d or not.
{0006) In view of the above circunstances, the present invention has

been made, aRdrantoBirecha0hithespreIent bﬂ&eﬁtb@@abﬁt@oe&b@%BQQnaoﬁoad
traffic flow'sinmulation apparatus, a road traffic flow sinulation program

and a r8§§ m&f 6 blow. @Itg}ﬁgatlsﬂm {f@tbgdngy@%e ng?oﬁégyiemsmaargl ng

process 0 ect |c veht &l 6s ionto I n order
to solve_t r obl the oad traffic flow_sinulation apparatus, the
r oad trSFfEES? nuﬁagrkﬁuﬁrééréﬁl éﬁﬁrtﬁgerégérégﬁfPFtuglO%BS|nulatlon
nmet hod of the present i nvention adopt the follow ng solg g 0008)

Speci f i éaFFgduasfobbatr APei eopfdwrstntiPat PoR2afparatds EOFdI kg%t o a first

aspect of the present invention is a road traffic flow sinmulation apparatus
si mul at dagigunapngent is valid or not.

{C006}

In view of the above circumstances, the present invenition
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.

{Soluticon to Problem}
{0007}

In order to sclve 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 nodels sinulating vehicles in a road network nodel sinulating a
road network including a plurality of roads and intersections connecting
roads, the road traffic flow sinulation apparatus conprising: a setting
means for setting a ratio of the nunber of electric vehicle nodels
simulating electric vehicles using a rémaining capacity of power charged in
storage batteries thereof as an attribute value to a total nunber of the
vehi cl e VRbder s, nasehsl Fims lehdnAuNBaR CoESchar i A§26t AETYA T Foders i or
charging the storage batteries of the electric vehicle nodels and

i nst al | atlivodapesict bomsatheetwbyrkaivalodiayi enpheans iter ofakealdst ifRgl t he
remai ni ng capacity of the storage battery of the electric vehicle node
runni ngianetrbecroadsnevwaektindel-padssekraet rondmeans ffior fdelecting from the
charging station nodels a charging station nodel for charging the storage

batterys¢pnraspendipgat-arhihecsheettiagvehi ket rmgdehekbn sWibeh s ttahye abased
on the remai ning capacity of the storage battery cal cul ated by the

cal cul at,of oMBaNs LS, 1,655 1 Bancacpr edet gLt ned hpesholdnyakugyqand a

runni ng si mul ati on neans for sinu ing running of the electric vehicle
nodel required to charge the storage battery up to the charai tatijon
model seFEGtEAChY FRE Sal BELIBn Al 1 { 0B0BFPEc1 Y REcSPHRg Ta RS above
configuration, the setting neans sets the ratio of the_nunber of %I ctric
vehi cl el Ho8BPEa98 LAFRAFatFng BFEELr PE FBhREFELPUERNY2A Fermdl fi 1§ *Eapaci ty
of power charged in storage batteries thereof as an attribute value to a
total nuwbeerobithbevehhttéenndekds, asswekllasst heenumb®erofoichar gi ng
station nodels for charging the storage batteries of the electric vehicle

nodel s andrghstabtation posktkonsrt haeeofing the sTheagal taltdatirorsmedns
calcul ates the remaining capacity of the storage battery of the electric

vehi cl e; ppdel o FRNENGeRN-1 Benhgadsnehwor ksandek tsbAubakiifg cilke road network
including a plurality of roads and intersections connecting roads. The

sel ecti o). peans sel.ects: Lheacharahooestathon adel.f ohecharging dhe storage

battery corresponding to the electric vehicle np in which the "val ue
based on_ the.remaLnjng capacity, of .the sto e ?at er. I t%ﬁxﬁﬁ t he
caIcmzﬁ?%ﬁFh%%n%%iéhgeiggfﬂ%ﬁ %d%F85¥t8%n$ﬁ%de ﬁFe§ﬁ§I§%£§%£§
Further, the running sinulation neans siqulatei t he runnin%t%f the electric
vehi cl e Wil d r @quiredr ¢@9 chak §er kndoseér ageSBatter¢upefd™ & char gi ng
station nodel selected by the selection neans. As descri bed above,
t he corfémpriatnronican tatcohareivtesterdbhi ngdedpaéi O ash e Sdridde
battery of the electric vehicle nodel as an attribute value thereof to
cause trhed®l etér i chaedich et iedetotageunatpety therebaogidng osttat itdre sel ect ed
to charge the storage battery, thus allow ng the charging process of the
el ect rigi dedit b evd 19 Hee shoabat ed. which a value based on the remaining

capacity of the storage battery calculated by the calculation

means is less than a predetermined thresheold 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



6 0010} In the first aspect, if the value based on the tine required
for charging is equal to or greater than a predeterm ned value in the
chargi ng station nodel selected by the selection neans, it is preferred

t hat anot her charging station nodel is newy selected fromthe charging
station nodels. {0011} The above configuration can sinulate the
action of a driver for charging an electric vehicle, and thus can nore
accur at €1y EiahiIEE & 495 Tear§itig 5o cE8S %f tREE BT iISCRASHI Y €1 {0012}

In the first aspect, the nunber of waiting spaces for arranging the

el ectri ®arehi cllenwsdelis waiiang foort tehideg g ersodeds Mt e Idharyithg stati on
nodel . When the nunber of the electric vehicle nodels waiting for charging
i s greatverl chan tshe ctunbeninofert ke waiet iviad isiac esdal s,hescharigi g sthat i on
nodel, the electric vehicle nodels preferably are stopped on an adj acent

road mogehwne0QE3l-hargi ngAeeeRrdidig rRicihe rabove seenfigumat ihrddie el ectric
vehi cl e nodel s waiting for chargi ng exceeding the nunber of waiting spaces

in the gharging.station mdel ate posicioneddin anadiacent Jiad, model

Thus, the configuration can sinu

positions thereof.

The calculatien 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.



7 traffic congestion caused by the electric vehicle nodels waiting for
charging and can nore accurately sinulate the chargi ng process of the

el ectric vehicles. {0014) In the first aspect, the selection neans
preferably selects, as the charging station nodel to be selected, a
charging station nodel nearest froma Eurrent position of the electric
vehi cl e nodel, a charging station nodel in a range reachable wth the

remai ni 1§0¢&Pacity of the storage battery and requiring the shortest detour
to a destination; or a charging station nodel in a range reachable wth the
remai ni ng capacithy &fi rishie astercage iBatther yaang haviedg ohhéhicowaste power sal es
unit price. 100151 The above configuration can sinmulate the action of
a driverekon rebargirnghangehectisi equeli cbepragdebhes chmnnere accurately
sinmul ate the charging process of the electric vehicle. {0016} In the

first agpeekietihencal cuhald an BaNsnRrefagakikteahclales sthe amunty of
power consunmed by the storage battery based on at |east any one of a

runni ngcgpeed; obeiRE Blapll! 6 cvalli e rpdely caRcaccekekal ion/idage eration
l'anp Ti g g

speed, a |am ting state, an n air conditioner operating state of the
el ectric vehiol ¢ model and)3 LeTRELAUEEANYnE LRAYANAYAMe s set in the

road nefWwsrR “Holi&
models.
{0C11}

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.

{0C13}

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



{0017} According to the above configuration, the anount of power
consuned by the storage battery of the electric vehicle is cal cul ated based
on the devices that actually consune power in the electric vehicle, and

t hus the anobunt of power consuned by the storage battery can be nore
accurately cal cul ated. {0018} In“the first aspect, an anount of power
charged in the storage battery is preferably cal cul ated. (0019) The
above coARILGHECACPOACERACHDLARH CChEYakbane L6F LEoRker cRoRdEMBP Y =t he char gi ng
station nodel. (00201 In the first aspect, the CO2 em ssion anount
of a gawelitnegvéhirckbamgdek sinnukati ngra gasokienelvekiladaitse Fiéf erably

cal cul at ed based on a preset first setting value and a travel distance of
the gasehizrgivighbebecsrdelr, tardctibhetCi? enhssilen.amunt of the electric
vehicle nodel is defined as O (zero) or cal cul ated based on a second
setting vahye preset as a value smaller than the CO2 em ssion anmount of the
gasol i ne vehicle nodel and the anobunt of power consuned by the storage

battery of the electtic.velicle mgel sc(002LhaThe AboKe c@ntkay ation can

gquantitatively eval uate t

selects, as the charging station model to be selected, a
charging station model nearest from a current position of the
clectric 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.

{0015}

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



amount of 002 emtted by a vehicle including an electric vehicle. {0022)

In the first aspect, econom c benefits caused by constructing the charging
stations are preferably cal cul ated based on at | east one of a difference in
total travel tine of the entire vehicle nodels and a difference in 002

em ssion amount thereof in a different®nunber or arrangement of the

chargi ng station nodels. {0023} The above configuration can
quant i t &eitvéhy tégaFgate "Ehe *8KoRBREe -benefits caused by constructing the
chargi ng stations. (0024} In the first aspect, noise of running

vehi cl e$0087pref erably cal cul ated based on a runni ng speed of a gasoline
vehi cl e nodel simulating a gasoline vehicle and a running speed of the
el ectric vehnekerandel tof @825kbove coflie gabeveocconthgurabiuon ©dnpower
gquantitatively evaluate the magni tude of noise caused by running of a

vehi cl eco£Q0R6Y py thel Brbbeghi et raspeetlr, tacdspkay imeaas ipnef esabl y
displays a relation between the tine required for the electric vehicle
model  to travel b pmuasShar thaggReknt <t @ na+dgstAEL0R ARG N ower 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.
{0020}

In the first aspect, the CO; 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
CO, 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 CO; emission amount of the
gasoline vehicle model and the amount of power consumed Dby the
storage battery of the electric vehicle model.

{0621}

The above configuration can quantitatively evaluate the



10 nunber of the charging station nodels or the arrangenent positions

t hereof. (0027) The above configuration can easily obtain an index
for infrastructure facilities, that is, an index for determ ning the nunber
of charging stations or the arrangenent position thereof. {0028) In

the first aspect, the display neans préferably displays a relation between
t he nunber of the charging station nodels and an anount of power required
to be sapphrédofoCPhesrehardi iy st atGlorc o derstuer A F7elatdont bet ween t he
nunber of the charging station nodels and an insufficient anount of power
to be supplicéd.to the charging station nodels. {0029} The above
configuration can easily obtain an index for infrastructure facilities,
that isfpanzindex for the anmbunt of power required according to the nunber
of charging stations. 10030} A road traffic flow sinmulation program

according tora sREORd aPLEheOf, t BEoRERSENEhBY @Ak @AuESgapoad traffic
flow sinmulation programfor use in a road traffic flow sinmulation apparatus

si ' atLod.gunnk g ol debigle: fpdel 5. shau! atLng, ¥ebiehes Laiauiaadanet work
g a“road ne rk’including a plurality of roads and
intersegggggsogogge éggg one of a difference in total travel time of
the entire vehicle models and a difference in CO; emission
amount thereof in a different number or arrangement of the
charging station models.
{0023}

The above configuration can gquantitatively 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.
{0026}
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 peoint to a destination and the



11 roads, the road traffic flow sinulation program causing a conputer to
function as: a setting neans for setting a ratio of the nunber of electric
vehi cl e nodels sinulating electric vehicles using a renai ni ng capacity of
power charged in storage batteries thereof as an attribute value to a total
nunber of the vehicle nodel s, as wel| d5 the nunber of charging station
nodel s for char the storage batteries of the electric vehlcle nodel s
and insP@WPﬁﬁi@ §|€Péﬁ§lﬂﬁeﬁééﬁlo§ FEredEatt o Redhs PG EAcul at i ng t he
remai ni ng capaC|ty of the storage battery of the electric vehicle node
runni ngrosithensodéemetwor k nodel ; a sel ection neans for selecting fromthe
charging station nodels a charging station nodel for charging the storage
battery {gorresponding to the electric vehicle nodel in which a val ue based
on the remai ning capacity of the storage battery cal cul ated by the

cal culation FBangybgel %ﬁf&ea@a@l@he@%ecemsaqg bhieshole valdes; fand a
runnlng simul ati on neans for sinulating running of the electric vehicle

model ﬂ‘_r.“rr% rtu%t%E%r ¢ EE £3EQr a%atEa%OB UBnB%xt fiﬁ%rc@%rt%lﬂﬂﬁrﬁh@gtl on

nodel e Se ec i'on " freans The above configuration

calculat s the, remai.ni aci of the storage batter an
attributé® vﬁP@?e6fOFh8ggF Bgléaééﬁpgﬁ Oﬁoég %fgangﬁgg%ihgn)%gégﬁ(:

vehi cl e nodel to run up to the charging station selected to charge the
storageth®yepattery, and thus can sinulate the charging process of the

el ectric vehicle. {0032} A road traffic flow sinulation nethod
accordi hgd¢8la third aspect of the present invention is a road traffic flow
simul ation method for sinulating running of vehicle nodels sinulating
vehicles in anread mekwer kspedel, sheuldtipigyvameead meterdelilne! uding a
plurality of roads and intersections connecting roads, the road traffic

flow si gykatkon Fethod:¢eRPHESLBEN &nkl hSinosire p £0f hsetdiangy img attiax iaf t he
nunber of electric vehicle nodels sinmulating electric vehicles using a

remai ni ngogapachLy 0f .paver eharged, | nosiarage datkerd e her aof @s an

attributé value to a tot the vehicle nodels, as well as the

nmb f h tati del s f f th
ol aotri G GEN ERcohBlerS ARACTASL AFI &t PN JpaSrt Fons Lher et efpﬂ*ﬂseiﬁi?ﬁ% step

of calculating the remaining capacity of the staora atter
el ectrikh QeﬁhéFélﬁﬁdéFaF&ﬁﬁlWQdSAStﬁédrﬁédlﬁéP%éﬁqﬁﬁg: &&ﬁu? step of

selecting fromthe charging station nodels a charging statlon nodel for
char gi ngovhe spobageubnt tefy teoihes gbrdigig ot ¢ Led o8 &G99 vehi cl e nodel in
whi ch a val ue based on the remaining capacity of the storage battery
cal cul ated2by the second step is less than a predeterm ned threshold val ue;
and a fourth step of sinulating running of the electric vehicle nodel
required to ghargeolrbecsheiadeatidn can easily obtain an index for
infrastructure facilities, that is, an index for the amount of
power required according to the number of charging staticns.
{0030}
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 f£low 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



battery up to the charging station nodel selected by the third step. {0033}
The above configuration cal cul ates the renmaining capacity of the storage
battery, which is an attribute value of the electric vehicle nodel, to
cause the electric vehicle nodel to run up to the charging station sel ected
to charge the storage battery, and thus! can sinmulate the charging process
of the electric vehicle. (Advantageous Effects of |nvention) {0034}

The pres@mds ndmst irer chas adh 1ex ddlove FE Mef R Lo P IEITRENateng te Schar gi ng
process of the electric vehicle. {Brief Description of Draw ngs} {00351
{Fig. ltomputer Ficg.fubdtlilustsat es s&tschgnmateiao sc ki geratingn aofr a¥ain
conponents of an electrical systemof a road traffic flow sinulation

appar at ¥ aceondinmG t @racfierst jenbediinenrt rokiclke spresent. nignedrtdtan.c { Fi g.
21 Fig. 2 is a schematic viewillustrating a configuration of a road

net wor k yapdel; f-0r, i pad t&%Rfhﬁl%bOWéib%HE@tanp%%%Qr@h@ng@,hﬁﬁ first

enbodi nent of the present 1 nvention. {Fig
storage batteries thereof as an attrlbute 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 reguired 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 moedel to

run up to the charging station selected to charge the storage



14 Fig. 3is a flowhart illustrating a process flow of a road
traffic flow sinmulation programaccording to the first enbodi nent of the

present invention. {Fig. 4) Fig. 4 is a schematic view illustrating
a difference in nodel to be selected according to the first enbodi nent of
the present invention. {Fig. 5} 1Fig. 5 is a schematic view when a

charging required EV nodel according to the first enbodi nent of the present
i nvent i datits ray opped thmsa ceinnie iwkileliei §hgnchaFadent PresdSio®él FEFi g. 6)

Fig. 6 is a graph illustrating an exanple of Q K characteristics according
to the kiestrénboditent.of the present invention. {Fig. 7A} Fig. 7A
is agraph illustrating a QK characteristic in a sunny weat her accordi ng

to the fpopgpienbodi nent of the present invention.

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



{Fig. 7B) Fig. 7B is a graph illustrating a QK characteristic in a
rai ny weat her according to the first enbodi nent of the present invention.

{Fig. 70) 15 Fig. 70 is a graph illustrating a QK characteristic in
a snowy weat her according to the first enbodi nent of the present invention.
{Fig. 8A} Fig. 8Ais a graph illeustrating a relation between the

total travel time of an electric vehicle nodel and the nunber of charging
st at | onbatdelrs, uphitohthe aheesiht ebehinedmpgethectegd et B C&of Low:
simul ati on according to the first enbodi nent of the present invention.
{Fig. 8%3kp. Fig. 813 is a graph illustrating a relation between the
total travel tinme of an electric vehicle nodel and the arrangenent position
of chargingzstation nodels, which is a result obtained by the road traffic
flow simulation according to the first enbodinent of the present invention.
{Fig. 9} 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 Inventicn}

{0034}

The present invention has an excellent effect of
simulating the charging process of the electric vehicle.
{Brief Description of Drawings})

{0035}
{Fig. 1}

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. 2}
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}



Fig. 9 is a schematic view illustrating divided areas of a road network
nodel and a power transm ssion and distribution systemaccording to a

second enbodi nent of the present invention. {Fig. 10) Fig. 10 is a
graph illustrating an exanple of a tinme variation of |oad power set as
anot her |oad for each divided area acédrding to the second enbodi nent of
the present invention. 16 (Fig. 111 Fig. 11 is a graph illustrating

a rel ation b&tgeed theat frevahdriheé anstinetondchaP§e oRel P8 PAdPcate a
chargi ng process of an electric vehicle nodel according to the second
enmbodi meptidot ruli€ipr €dent sinvéation. p¢Fyganlaapording Figthe#2Airsta graph
illustrating a tinme variation of |oad, nore specifically, a tinme variation

of | oadehghaereRtdbyi ded %&@@e@@cghdbﬂgibﬁ.the second enbodi ment of the
present invention. (Fig. 12B) Fig. 12Bis a graph illustrating a tine

variatiggi f hgad, nore specifically, a tinme variation of |oad of the
entire city sinulated by the road network nodel according to the second

enbodi ment ot ;the present invention ., jijustrating a difference in
model to be selected according to the first embodiment of the
present invention.
{Fig. b}

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. ©}

Fig. 6 is a graph illustrating an example of Q-K
characteristics according to the first embodiment of the
present invention.

{Fig. TA}

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. 7C})



(Fig. 13A Fig. 13Ais a graph illustrating a relation between the
required total power supply and the nunber of charging station nodels,
which is a result obtained by the road traffic flow sinulation according to
t he second enbodi nent of the present invention. (Fig. 13S1 Fig. 13E
is a graph illustrating a relation bethdeen the power shortage percentage
and the nunber of charging station nodels, which is a result obtained by
the road traffbe Ffows 2795pADI adioRlasEord AgRthd FhareetBhRdSenbodinént ~ of

the present invention. {Fig. 14A) Fig. 14Ais a schematic view
i1l ustratbryg whetpesi ttonrofingoisetbvaluaskoamboihmeAtt 8fdéser PBESENThI rd
nodi fi cation of the present invention. {Fig. 14B} Fig. 14Bis a

graph ikhuyskrabhng a variation in the amount of noise to the tinme in the
human auditory to describe the third nodification of the present invention.

{Fig. BA}

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 cobtained by the
road traffic flow simulation according to the first embodiment
of the present invention.

{Fig. 8B}

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, 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.



{Description of Enbodi nents} {0036) Now, an enbodi nent of a road
traffic flow sinmulation apparatus, a road traffic flow sinulation program
and a road traffic flow sinulation method according to the present
invention will be described with reference to the acconpanyi ng draw ngs.
{0037) (First enbodi nent) Now, al¥irst enbodi ment of the present
invention wll be described with reference to Fig. 1. {0038) Fig. 1
i | lustratési-alsdhematic configuration of main conponents of an electrical
systemof a road traffic flow sinulation apparatus 10 according to the
first enbodi ment. afl ii8at heapheséntsitmuénticon. 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. 12ZA}

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 lcad of the
entire city simulated by the road network model according to
the second embodiment of the present invention.

{Fig. 134}

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. 13B}

Fig. 13B is a graph illustrating a relation between the

power shortage percentage and the number of charging statiocn

models, which is a result obtained by the road traffic flow



The road traffic flow sinmulation apparatus 10 according to the first

enbodi nent executes a road traffic flow sinulation for sinulating running
of vehicle nodels simulating vehicles in a road network nodel (al so see
Fig. 2) simulating a road network |nclud|ng a plurality of roads and

i ntersections connecting roads. 0039) ! Not e that the vehicle nodel
according to the first enbodi ment includes an el ectric vehicle nodel

si nul at isAguan télac eeice rddkidclte. tRet 62k ER&CdiRel e OfolthGwFPRg Sent
description, the term"vehicle" includes both a gasoline vehicle and an

el ect ri dnwehitdlee.. (0040) Note also that the term "road" has no
limtation on the nunber of traffic |anes and the nunber of right/left turn
| anes, amdfunuhgr 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 gagkingzl ok. 4 schemgt 1Eh%1\é§ih'1qll%:sttrBQ1tn%r mh'@@ﬁﬂlltl’i%nvefﬂ cle"
|ncludes not or cycl es, ordlnary vehicles (including taxis), buses, trucks

and the Like, g 1%%@1%% gk'ﬂeto descrw%%n@h%kﬁmdt%%dﬁ%ﬁ@aﬁﬂﬁ@?ﬁ?C

vehi cl e" i Rcl Gdés any es having a chargeabl e storage battery, such as
nntorcycb ordlnaré vehlcles (|nclud|ng taX|s) buses, and 19 trucks
driven By€eP&EEFRE pONER A8 el | as gasoline-el ectric hybrid vehi cl es

(hybrid vehicles of the above various vehicles).
{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



(0041} The road traffic flow sinmulation apparatus 10 includes a CPU
(Central Processing Unit) 12 for controlling the entire operation of the
road traffic flow sinulation apparatus 10; a ROM (Read Only Menory) 14 for
prelimnarily storing various prograns, and various paraneters; a RAM
(Random Access Menory) 16 for use in a work area or the |ike when the CPU
12 execytes variouys prograns; and an HOD (Hard Disk Drive) 18 as a storage
means f e%ﬁHFFﬁHHVdfPT Kfograms such as a road traffic flow sinulation
program described later in detail and various types of information. {0042}
The road trafficc Fass tdiahiiist if9 vaFpdrards oro amaiérs dd ddeL = Bher at i on
i nput unit 20 which includes a keyboard, a nouse, and the |ike to receive
an i nputtcofthearfiiowsd: epécatinens; eaedurege adirsplday il 2L Wt ch di spl ays an
i mage for pronpting an input of various types of information required for
road tr afitiud sftliow SiomulsativQr: iar irmge rfqoro fdivepliayjienghadesid tssirofl atheng oad
traffic flow sinmulation, and other various inages; an external interface 24
whi ch i sepornect ¢ 10 R ExenRdlk deviae SUeh asea mrg.nter wAndanother
conputer to send and receive various types of information to 20 and from
the exterpal dawie,. and g.6ead unih gl itar, readipgd ey mation stored in a
portabl e storage ne ium 26. e that the portable storage nedi um 26

i ncl udes a n%%ngtic disk,n atCD (Compact Disc), an optical disk such as a
DVD (Di gf t&l" *Vérsatl §°B0SE)-"4n“PE“CI'nt egrated Circuit) card, a nenmory
card, and others. {0043) The CPU 12, the ROM 14, the RAM 16, the HDD
18, the{Qﬁéﬁétion input unit 20, the imge display unit 22, the external
interface 24, and the read unit 28 are electrically connected to each ot her
t hrough a sydpém bhet30heTheslclllke MORPY 11 2 ccmr dagceds tthe ROVIS4, the RAM
16, and the HOD 18; can grasp an operation state on the operation input
unit 20gmbandidiespl aycvadeausni rages ron tved idiegecdiesplsaynwiri tikP;arcan send
and receive various types of information to and fromthe external device

t hroughet Becexteraak cigt erface 24scapdacannr end kpfopwakigon fromthe
portabl e storage nmedi um 26 through the read unit 28. {0044) Not e t hat
the conbLOUEaLEoBRoT kB EOAd-LEALLE i 19/d04 Al 0N ARPATAIUS 10 -
illustrated I ig. I's just an exanple thereof, and ot’her configurations
may be gsgg iuch t.hat alla%ge-cagﬁciﬁr sem conduct or nmenory device may be
used i nSteadlsf *PHeFiob 18 Taffd 'thé“road traffic flow simulation program

may be stored in the portable storage nedi um 26.
{0040}

Note also that the term "road” has no limitaticn 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 naticnal 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



21 {0045) Fig. 2 is a schematic view of a road network nodel 40 for

road traffic flow sinmulation according to the first enbodi nent. {0046)

In the road network nmodel 40, a link 42 which is a road nodel sinmulating a

m ni mrum section of a road delimted bﬁégntersections is connected to a node
44 simulating an intersection. Note that the road network nodel 40 may

i mul at i.Sti d k - exi st ent d net ..-1.0047
The. narbERCE (7 APFCPPARAEC "ThG BrESEns Br ADEGndE Baa LR TROMEAr of

right/left turn lanes, and the like are set to each link 42. The presence
or absehtBréfl VRSE&IFAt i(BHPeECavEraFrtiré SfghlP ABAEF IPAUPECi ng a vehicle
traffic signal is set to each node 44. An altitude can be set to each
| i nk 42vahdceaeh-node 44. Thus, a road gradient sinmulated by the link 42
can be determned froman altitude difference between the adjacent |ink 42
and node0441}ln addition, a different altitude can be set in the m ddle of
the link 42. {0048) The traffic signal nodel changes fromblue to
yel low, fromryel bowat erkedicapdolr eamhedrtenbhpairacaspnedenennideed 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 variocus

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 HDD (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 informatiocon.

{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 variocus

operations; an image display unit 22 which displays an image

for prompting an input of variocus 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



22 tinme interval. Wen the traffic signal nodel is blue, the vehicle nodel
is permtted to nove froma link 42 to another link 42 through the node 44
in which the traffic signal nodel is installed, while when the traffic
signal nodel is red, the vehicle nodel_is prohibited fromnoving froma
link 42 to another link 42 through thé2¢ode 44 in which the traffic signal
nodel is ipstalled. 100491 Further, in the raoad.network nodel 40
accor di ig'4 d 4He Fis S IEHhedi eV C%H AR §i g ast &6itdn 7%0({\&% f@as(ﬂﬁlﬂ ating a
charging station for charging a storage battery of an electric vehjcle
model cam Isemgtisnged cadicadents FORIE S Hik 42 I oesm 26.  Npkeaddpti on,
weat her conditions (sunny, rainy, or snowy), the tenperature (hereinafter
r ef er r ed Heo ras tatltesisde raige  tredieratdfr éncludes i meopertiiod iatul &t éd f or
road traffic flow sinmulation, and the like are set in the road network

model 4QCco@R%L) Disc), Hie cgltactani eiivehiselcedy nwdel Dvas (heyireriai ni ng char ge
capacity of the storage battery as an attribute val ue thereof. Meanwhil e,

the gaseldngvaki ¢ie Sodel, Siomyltddig A gasaline tyehigle doegennaty have the
remai ni ng capacity of the storage battery as an attribute val ue thereof.

{0052} Egr%gdgkho%{h%g%.nunber of simultaneously chargeable

{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 HDD 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 therecof, and other configurations may be used such
that a large-capacity semiconductor memory device may be used
instead of the HDD 18, and the road traffic flow simulation

program may be stored in the portable storage medium 26.



23 electric vehicle nodels (nunber of charging stands), the nunber of

wai ting spaces for arranging the electric vehicle nodels 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 nodel 46.
(00531 Note that in the first eﬁﬁodinent, t he road network nodel 40
may be prelimnarily created and stored, for exanple, in the HDD 18. {00541
Now, thé®Fdad traffic flow simulation according to the first enbodi nent

wi |l be described. {0055} ~Fig. 3is a flowhart iIIustratin% a
process fl owFét.a’r dadat paberetirowisivmalati sa2pr BgELAT KotBeeexéEut-€@d by
the CPU 12. The road traffic flow sinmulation programis prelimnarily
stored irnzd predétier finedsiegiienioh theoH@Dni8roNohe fhattwhen an operator

i nputs an execution instruction through the operation input unit 20, the
road trapbbeifkaw. sinmulation programstarts execution. 10056} First, in
step 100, the road network nodel 40 is set. Specifically, the link 42
is conn@gbgg}to the node 44; the traffic lanes and right/left turn |anes of
the link 42 are set; the time intervals in which the traffic signal node

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
iink 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 tc yellow,

from yellow to red, and from red to blue in a predetermined



24 changes colors are set; and various val ues about the road network nodel
40 are set. The settings of the road network nodel 40 further

i ncl ude the nunber of charging station nodels 46, installation positions
thereof, and a value related to each ¢ ﬁrging station nodel 46. The
settings of the road network nodel 40 rther include a ratio of the nunber

of electric vehicle nodels to . the taqtal nunber of .vehi.cl e . nodel s. 100571
Furt her , "% thi '€ 5t%dp, @hﬁaigﬁsnifFﬁFlgnaﬂﬁaaéhBOFSEd1Fr§%PF¢ Fﬁgw

sinul ati on programare set. Exanples of the ending condjtions include a

si mul at i GHUISdC iABH ismd e dh TAshtt WS alqX el il ddel ' 6t & 'tleset
vehicl e nodel reaches the destination, and other events. 10058} Then, in
step 102 irtkhe X afiimchghmddel ricgld ri4 idal iwedsh the tradded f9icHd y, madwet
starting place and destination (0-D information) of each vehicle nodel and
t he st arits tiime aaresetwhiFy them tihe wharige capaclt ynaafel hies statagedattery

is set as an attribute value of each electric vehicle nodel. 10059}
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.

{0C49}

Purther, 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 sSnowy),
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 cf simultaneocusly chargeable



Note that various settings perforned in steps 100 and 102 include nuneri cal
val ues i nputted by an operator through the operation input unit 20. Note
also that in steps 100 and 102, 25 the various settings may be perfornmed
in such a manner that the road network del 40 prelimnarily storing the
various settings are read fromthe HDO' 8. {0060) Then, in step 104,

t he behavi or of vehi.cle nodels, nanmely, the runnin f each hi cl e nodel
is si et T VERCK 15 SBEEd e (g RE ! 1?ﬁ?@ﬁ@&ﬁggﬁ%Fﬁgsﬁdaﬁ%ﬁétwork nodel

40. Note that the predetermined tine interval is a tine interval for road
traffic FIBRSIHulELtdm anParsy BEditfRerent d oM thé AdtGalV i S nt er val .
{0061) The vehicle nodel running state is calculated fromthe

weat her meoiedist iven tdety tfort lvdargad anetwor kheodell 40 untife padmsercfof vehicl e
nodel s running on each link 42 (traffic congestion situation), and the

i ke. Awryaretrfied poaewn (heriehe adhle dray: fhe rused cas: sa "gpeei:f ise leal culidt i on
met hod. When the traffic signal of the traffic signal nodel is red, the

runni ng.9f; e vehi cle medels srstonped satattihe sicgral 4e@nd the stop time
of each vehicle nodel is calculated froma queuing nodel sinulating the
state iqowgggh a plurality of vehicle nodels are continuously stopped.
{00621 Here, in the first enbodi nent, the remaining capacity of the

Storage et gr (hgnel AT LRL, KL Sl 0uge, Y SIS P YRR PHIALY
40 may be preliminarily created and stored, for example, in
the HDD 18.

{0054}

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 HDD 18. Note that
when an operator inputs an execution instruction through the
operation input unit 20, the road traffic flow simulation
program starts execution.

{0056}

First, in step 100, the road network model 40 is set.

Specifically, the link 42 is connected te 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



26 calculated with the sinulation of the running of the vehicle nodel.
{0063} An exanpl e of the nmethod of calculating the remaining storage
battery capacity includes a nodel expression shown in the follow ng

expression (1). Current-tine renpy ning storage battery capacity =
previ ous-time remai ni ng storage battery” capacity - per-unittinme storage
battery consunptiaon ... (1) 100641 , The ." previous-tinme renaining

st or age Og’zﬂncgé?ﬁ/ C@iﬁ&éi taﬁ'(@ iS5 Cex fPEs Si8d OUP) Vitd UFiTe a:bgr"fgti g rsota(rﬁrjfri age
battery capacity when the behavior of the vehicle nodel is calcul ated
previ ousIgEwqdoesHel 40 arphéetper-unit-time storage battery consunption”
is calculated, for exanple, by any one of the consunption cal cul ation
model s 1 to 3He steediingst be fblel owiang nEabloe k1 rnoNetle 40h &t rithe o dasustd on
calculation nodels 1 to 3 are just exanples, and thus, as long as a term

rel at ed the thepeunnifnghspeed gofs thite el eeldele vehi chetaideltiics: used, anot her
consunption cal cul ati on nodel not using part of the other terns contained

in the cORSUNRLIOR nealeyl atign mdehs Leid 30k A LoRsWlimeal cul ation
nmodel newy adding a different termmay be used. {Table 1}

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.

{0057}

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.

{0058}

Then, in step 102, the vehicle model is initialized.
Specifically, the starting place and destination (O-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.
{0059}

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,



27 consunption cal culation nodel 1 per-unit-time storage battery
consunption = A X running speed + B x lanp lighting state + C x air
conditioner operating state + D x outside air tenperature + E x gradient +
F(Ato Fis a fixed paraneter) consunpiion cal cul ati on nodel 2
per-unit-time storage battery consunpti®n = A x running speed + B x

accel erati on/ decel eratian speed + C x |. | ighting,state + D x.air

condi t i &ﬁ?eer Vegeratt vg ttare ey ?eo@testifg’gp%ﬁdr eﬁﬁg:tl]ataufn EF ?h%rtadi ent +
G Ato Gis a fixed paranmeter) consunption cal cul ation de

per - uni tt18 HReask GRAYE Trafosey donSURPLIGH 2 Hun &LiognR Eu?’ﬁn
speed, accel erati on/ decel eration speed, lanp lighting state,air conditioner
oper at i g tstiass, aowt giede! dinont éfmpetdturld,.and gr adi ent)

| 3,
iVig tous

{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 continucusly stopped.

{0062}

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



{0066} Each fixed paraneter in the consunption calculation nodels 1
and 2 is used as a weight to each term 10067) The lanp lighting
state is a value based on the nunber of lighting | anps of the electric
vehicle different depending on the tine period sinulated by the road
traffic flow sinulation. The air condi4% oner operating state is a val ue
based on the difference between _the tenperature of the air con?{tioner of
the el eCeric®lgdRrcle tondPEne BulEitderart FefpsFabird plrel i nNarity et as a
setting val ue of the road network nodel 90. When the |lamp of the

el ectri so@eRi.cl e nodel is off, the lanp lighting state is a value of 0
(zero). When the air conditioner of the electric vehicle nodel is off, the
ai r condiotic@ner operating state is a value of 0 (zero). {0068} 28

The consunption cal culation nodels 1 to 3 calculate the storage battery
consunpti on agcekdimpdet @1t RBcOouksHda aiff cherperat uge thEhe amedsdmanhy t he
storage battery consunption cal cul ati on expression includes the outside air
t emper a IS . e nt of .di rge Qrage hatderlh
changesgggggﬁgi%g@%ﬁE hgg?ggﬁgyaﬁﬁgéaeggo%9?B6%q]%Qﬁéﬁ%ther, t he
consunp%%onfcilcuLati%n gpdehsnz gnd 3 calculate the storage battery
consunp on*& éSV&Pﬁg t8 the gccélération/deceleration speed of the

el ectric vehicle. Wen the electric vehicle ag%elerates,.%he_§torage
battery is dFEEREPGEEIMGhEEESWAER St KECEREEL PRC “FENi (PE°Gedel érates, the
storage battery is charged. In view of this, in the consunption cal cul ati on
nodel s Rrando8s-whma rheaghépor pEoveREchetivsdel capesridrated Fromithe
previous tine to the current tine, the sign of the

accel erattmenkdeceber Akt orrgpeedsiuspsent 0 .podilti ve; when the electric
vehi cl e nodel decelerates fromthe previous tine to the current tine, the
sign of {thesaccel erati on/ decel eration speed is set to negative; and when
the electric vehicle nodel does not accelerate or decelerate fromthe
previous F'”?h&o"%PQVQHﬁEe@EmE'g%ma&ﬂ%n%‘%@o@%g@h%attery capacity" in
accel eration/deceteration speed is set to O (zéro).

expression (1) is the remaining storage battery capacity when
the behavicor of the vehicle model is calculated previously.
{0065}

The "per-unit-time storage battery consumption™ 1is
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}



As descri bed above, the road traffic flow sinmulation according to the first
enbodi nent cal cul ates the storage 29 battery consunption of an electric
vehi cl e nodel based on the devices and the |ike consum ng power in an
actual electric vehicle, and thus canr#rpre accurately simulate the storage
battery consunption. {0070} The in step 106, a determnation is

1 L cof ad 1
made as rt-6-whet-her—t-he-preset—endi-ngconditi-ons—are—sat+st+ed_or-not—Hhf a

positive determ nati re T §mr%étdélm‘€h%t @€€e§§LWWe§OP6u§P%§Ur1I4A while ifl a

negat i ve HBtEHRHRAL | oﬁurﬂnsl%(ﬁ@ee‘flh*e rocese hifes PPoSEfEp M08 106071}
I'n step| 08U [EREr gf TP HECEESTt PUGtePAi nat O i's “nBAES H¥ d whet her t/he
st or age| Baftery of t heSHI Gt FE Vehicl9eambdet § & r@qE?rPr:Jd“t4'51 Be*Efar ged or
not . The char gi FA¥CELdity deternination deternmines that the stqgrage
battery| of the el eCtrpﬁr—\LehILeh:Emdérmi&:lralgS vequd medoheubet thrargéd xwhen t he
val ue bpsedswpttibe rlenmimingg ssted age bakteele capaci/tiycebd il iatedpéad st ap
104 is | eskctimanca predetlenp heghthreshekd vab ueaif00F2¢itioner The val e
based ohmt¢del rZemai ni ngpastaoriagesbatd er ¥ eapacs tde ias ratvapers tobtearn&d= by
di vidi ng the remai ni ngrstienage Batd ery Gcapaei fixdoy partémétedhar ge capacifty,
that is| a maxi mum charge, Gapachlys Q¥ 106, s a0 RatLet Yon A SREELILS
char gi ngEHeTERSiPy det erMnahh 0By d &, Made. by 1Ne GRALEL DO NRELSEEY,

calculation lamp lighting state, air conditioner operating state,
model 3 . . . }

outside air temperature, and gradient)
{0066}

Each fixed parameter in the consumption calculation
models 1 and 2 1is used as a weight to each term.
{0067}

The lamp lighting state is a value based on the number of
lighting lamps of the electric vehicle different depending on
the time periocd 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 reoad network model
40.

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 medel is off, the air
conditioner coperating state is a value of 0 (zero).

{0068}



30 determnation nodels 1 to 3 listed in the followng Table 2. {Table 2}
chargi ng necessity determ nation nodel 1 remaining storage battery
capacity/ full charge capacity < threshold A (for exanple, A =10% charging

necessity determ nati on nodel 2 renai g storage battery capacity/ ful
charge capacity < threshold A (for exgﬁgle, A = 30% and remai ni ng storage

. < , . . , N
battery Capacllhtey contsru%l\;{)%lio%l Scta 3 att% oq]e?ntold%‘itsl an 5 fSU%:la 1REPLLen
al | owance
storage battery consumption according tc 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 previcus time to the
current time, the sign of the acceleration/deceleration speed
is set to positive; when the eleciric 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



chargi ng necessity determ nation nodel 3 remaining storage battery

capacity/ full charge capacity < threshold A (for exanple, A = 50%and find
avai l abl e charging station during travel {0073} In the road traffic
flow sinulation according to the first_ enbodinent, the CPU 12 randonmy sets
t he chargi ng necessity determ nation dels 1 to 3 to each electric vehicle

nodel , and a chargi ng necessity determ nation .nodel set to each electric
vehi cl e%ﬁﬂ;&@r ¥ §Og’s§é‘g“ﬁt&05‘erofforaﬁ & 1&rdrgiong er}?elg:gses imtofe&eib rsr%%néDtrﬁ ot(r?;l.e
However, the present invention is not limted to this, and_instead of

r andon YeyérEisngrchd hehdrdien § mecas$ict Yodéter Fat iE6 Wdd&'€F 4§ 3 to each
el ectric vehicle nodel by the CPU 12, an operator may individually set the
char gi ngehecéssi ay:ddetesnicrat now enedelug aLetly 3 irwligdch tdleecttcirédeehi cl e
nodel . Further, any one or two of the charging necessity determ nation

nmodel s bat@edymaynkerpsadrand anot her chargi ng necessity determ nation
nodel nmay be used. As described above, the charging necessity determ nation
31 nodeligpygho 3 simulate the action of a driver for charging an electric
vehicl e, and thus can nore accurately sinulate the charging process of the

electric veh&%%%} in step 106, a determination is made as to whethexr
the preset ending conditions are satisfied or not. TIf a
positive determination is made, the process moves to step 114,
while if a negative determination is made, the process moves
to step 108.
{0071}

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



{0074) Then, in step 110, based on the results of the charging
necessity determ nation executed in step 108, a determnation is nade as to
whet her there is an electric vehicle nodel required for charging
(hereinafter referred to as a "charging required EV nodel") or not. If a
positive determnation is nmade, the proctess noves to step 112, while if a

negative determ nation is nmade, the process returns.to step,104. {00751
Then, i FSEFWES S Mn%tdison é@tg g SE6° §1”m}lth§t ir}rs?&ltoﬁ’em@hgtag)ﬁr?g “or ocess
of a charging required EV nodel is perforned. The sinul ation setting

for the {cd#drlgi ’g process includes selecting a charging station nodel for
charging the storage battery corresponding to the charging required EV
nmodel andndeging r@cass ot e tindigihbeseharg pgtstad i cpacfi®O76jull

Speci fi cdsethoids:tobnsel ect i ag:eChapgtng st ahirephendled (ifnel egtensied,e@t i gn
nodel s Imb@:=B 1isted in the=fadiowi ng Table 3. 32 selection nodel 1

remaining storage battery capacity/ full
charging necessity |charge capacity < threshold A {(for example, A
determination = 30%) and remaining storage battery capacity
model 2 < travel distance to destination x fuel
consumption + allowance

h . " remaining storage battery capacity/ full
charging necessity charge capacity < threshold A (for example, A

determination = 50%) and find available charging station
model 3 .

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 1is
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



sel ect charging station nodel nearest fromcurrent position of charging
requi red EV nodel selection nodel 2 select charging station nodel in range
reachable with remai ning storage battery capacity and requiring shortest
detour to destination selection nodel 3 select charging station nodel in
range reachable with remaining storagé”battery capacity and havi ng | onest
power sales unit price {0077) Fig. 4 1s a schematic, view

i |1 ust r 866G Sart &earplsé Mo 24 SdithEePERéETbEF WEef LddFectPdn “HEdEr "F &hd

sel ection nodel 2. In Fig. 4, selection nodel 1 corresponds to a case
of sel ectlieng rélwarvging lst akingn thodelcaA, nar¢ selcedrited Ymsdal 12 t€othEsponds to
a case of selecting charging station nodel B. In conparison with selection
nodel 2chselécti promedel o has alshortier viehdvdle .di stance to reach the
charging station nodel 46, but has a |onger travel distance fromthe
current (position to the destination (travel route A). In contrast to this,
in conparison with selection nodel 1, selection nodel 2 has a | onger travel

distance {0 hegeh Lhe char9hog Bhablovmpdel AQulbl!l Jasd sharand ravel
istance fromthe current position to the destination, that is, a shorter
det our 58%%%s'k§aé%EeE%%%%t§%h 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.
{0075}
Then, in step 112, simulation setting for simulating the
charging process of a charging reguired 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.
{0C76}
Specific methods of selecting a charging station model
include selection medels 1 to 3 listed in the following Table
3.

{Table 3}



Al'ternaf Lyely,; i thout bel FigdcinFbemis the L éohfiiflabPoRetn Wich t he
12 randonly séts the sel ectizwiipberstipn 613k er Each "eRar B | dGGFted

charging required EV nodelzeddiabheryianyeppenodng tamrabet hetselyect i on nu

descri bpd above, the sel gcddannaedels 1 to 3 sinulate the action of a

in step ddlctaomewctiedvel| route,
exanple|l of Fig. 4) is setig as

The power sales unit price in selection nodel 3 is a power

sales unit price set as a setting value of each charging station nodel.

33

In the road traffic flow simulation according to the first

enbodi ment, the CPU 12 randomy sets the selection nodels 1 to 3 to each
charging required EV nodel, and a sel ion nodel set to each charging

requi r ed-EV..nppdel--i s used to--perf-or-m-a-char-gi ng-neecessity—-determnation

-G

an operator may i ndéadeduwakbhyr$eic sherseh esddeaninodets= 1 to 3 to
ey Be delCaRt anotherisel ecd iorumedel smy-thetusetour to  As

orchargimgan efectrd hicle —and, Thus, Gan. aore accurately
e the charging prOQ%é%EégggfggnF%%égggﬁif<}§t%%§é Q{éiﬁﬁ%-@ inTgﬁ
avi o) P' ales ki

he sel'ected chargi ng station nodel 4

CPU
EV

each
del s

n,

16 to

. . . . . L
e-destinati-on. Wien- t-he-si-p-atten—set ting—ef—the-echa

ot

n step 104, as
{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 meodel 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 moedel 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 & setting value of each charging

station model.

of—t-he—-ehargtng—process
is conpleted, the process returns to step 104. {0081) |
descri bed above, the running of the



vehicle nodel is sinulated, and at the sanme tinme, when there 39 is a
charging required EV nodel, the running of the charging required EV nodel
is sinmulated through the travel route set in step 112 up to the charging
station nodel 46. {00821 Here, in step 109, the charging required EV
nodel reaches the charging station model sel ected in step 112. However, if
the charging station nodel is congested, that is, if the charging station
model ha Oggérging requi red EV nodel s exceedi ng the nunber of

si mul t aneousl y chargeabl e EV nodels and thus the tinme to wait for charging
occurs, a chakgithg srat 6aafdvendArvdetBRARRALT0RCCS TRadE WMelthEr t he
reached charging required EV nodel is to be noved to a different charging
st at i onfowdél esbodatnentQ088r CPU 12Whendamigl setlbased orlehéd ivine required
for charging is equal to or greater than a predeterm ned value in the

char gi ngogtati ontaodek 96288l egheding stepildd, EWvhecclkar, giangt st ation
novenment determ nation determnes to newy sel ect another charging station

model 9631800841 model Ae$PEEl ELERCRARILAH S ERIHAR AP YETRBL et @ Risal | on

is made by novenent determ nation nodels 1°and 2 listed in the follow ng

Tabl e 4to{gggk8r%}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 reguired EV model.
Further, any cne or two of the selection models 1 to 3 may he
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.

{0080}

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 1is
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



35 novenent determ nation distance to charging station nodel Y is in range
reachable with remaining storage battery capacity and paraneter P x nunber
of waiting vehicle nodels nodel | at charging station nodel X nunber of
si mul t aneously char geabl e vehicle rmde$ at charging station nodel X >
threshold Q distance to charging station nodel Y is in range reachable

w th remaini n%&stqrage battery capacity mpvenent .and t{ a\ﬁel | stance to
char gi ng Stfatq ﬁgﬁﬂ’@elre@%lifé% drmiinat§ion 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.
{0082}

Here, in step 104, the charging reguired 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 reqguired 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 reguired EV model is to be moved to a different
charging station model or not.

{0083}

When a value based on the time reguired for charging is
equal to or greater than a predetermined value in the charging
station model 46 selected in step 112, the charging station
movement determination determines to newly select another
charging station model 46.

{0084}

A specific charging station movement determination is
made by movement determination models 1 and 2 listed in the
following Table 4.

{Table 4}



paraneter P x nunber of waiting vehicle nodels at nodel 2 charging station
nodel X/ nunmber of simnultaneously chargeabl e vehicle nodels at charging
station nodel X - paraneter R {0085} I n movenent determ nation
nodels 1 and 2, charging station rmdel3%< is the charging station nodel 46
selected in step 112, that is, the char‘gi ng station rmdel 46 reached by the

char gi ng-+egui-red--EV--rpdel; a..d chargi-ng—statt+on—nodel S—& ucw.%é
|on

sel ected charging stat| &nrd& NG Tt R&ftt e r??é?\ﬁ/lcﬁajrig‘%%

model Y| isvsedect ed by| fRECEHPGe s el ectIBA ABART S 24
nmovenent gdet e Mnakihon| ABAEEREaRE D ﬁ‘éﬂf“&ﬁﬁ{[%? BitsgnY Ogﬁéﬁgl ng
time of |@aghlcharging 8fuited By fbdelon ng time s
cal cul afed based on t hpSHI¥¥ErEnEE" Y)e?%éé’ﬁaﬁi?e % QQE g%/ of the
storage|battery of thel ChArgig SFBRLTT SFEY fodet (}P A charge
capacity thereof. Spec éﬁlﬁ&ldq&, thnchaovement tdet @r mavetli 8ninodelr@nteand 2, a
quotient is obtained byrdiatiatilegwt hie mumbedngf s waiddengpavedi ¢l @pagy tivhe
nunber opficsemantt aneous] yn¢ harsgeabties wehiecltescatrehar gitagist atddsd Yodel X,
and t he| dab¢ineintatiisnmu| papdnieg@rby x number of waiting vehicle medels at
model 2 charging station model X/number of simultanecusly
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.

{0C8¢6}

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 bkased 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 gquotient is obtained by dividing the number of waiting
vehicles by the number of simultaneously chargeable vehicles

at charging station medel X, and the guotient is multiplied by



36 parameter P to produce the tine required for charging in the charging
station nodel 46. {0087) I n novenent determ nation nodel 2,
paranmeter Ris a value indicating a congestion degree of the charging
requi red EV nodel s at charging station del X. For exanple, paraneter Ris
determ ned so as to increase in value -according to the nunber of charging
required EV nodels waiting for charging at charging statiaon madel . X In
ot her méWdFmFﬁgrn§r§otWéoﬁﬁﬁﬁthﬁftgﬁ&réﬁﬁﬁlFE&h#F%ﬁ "F648 WAt ng f or
charging at charging station nodel X, the larger the value of paraneter P,
and t he c§macliag sieiahuaosielt ¥é.ri ght side of inequality of novenent
determ nation nodel 2. Thus, the charging station novenent determ nation is
i kely t{o088tierm ne that the charging required EV nodel is required to nove
to the new charging station nodel Y. 10088} In the road traffic flow
simul ati on ageordivegehe tae oiiistk rembodioment 2, t he rGRdtk2 rarndord yaSetes
novenment determ nation nodels 1 and 2 to each chargi ng required EV nodel
and a myyerent et ar pbRdklen APERL et o0 t%c&,h%%ﬁwgnqerqt@qwerae@xﬁv model
is used to performa charging necessity determ nation. Alternatively,
wi t hout i lLimted to the i guratign i i damy
sets nDWgﬁggg 85t8%%Fﬁépﬁogﬁﬁ%§§Fs%%d%%d%Z tgoﬁg%%gghgggsﬁgr%ééﬁggeg EV 37
nodel , an aqperat or gay i ndi vidual ly set .novenent dete%pinatioqlgpdels 1 and
e e

Y

2 to each ERAFGTAGSFeqhi PEd BV REAER SCFdrt Her 1Cafy “SFE 019 v értent
determ nation nodels 1 and 2 may be used and anot her novenent determ nation
nodel naymberusédchargingagegederihEy aB6¢as Movdrdwt et &ATvEH 1% thodel s
1to 3 sinulate the action of a driver for charging an electric vehicle,
and t husheapingr etacc¢unamebylsiXnul Bt ecther chargdi nghprocesstbfe pHabelectric
vehi cl e. (0089)

of charging reguired EV models waiting for charging at

charging station model ¥, 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 reguired to move to the new

charging station model Y.

{088}

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

regquired 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 reguired EV



Now, a case of occurrence of a charging required EN nodel waiting for
charging at a charging station nodel 46 will be described. 10090} I n
the road traffic flow simulation according to the first enbodi ment, when
charging required EN nodel s exceedi ng the nunmber of sinultaneously

char geabl e vehicle nodels are | ocated At the chargi ng station nodel 46,

that is, when the charging station nodel. .is congested, .the char, inq wai t
time of "@%Har &i“né’pﬁé&%PFe&aENl-r‘?@déflld\}déiltliyn&efto URIFYIG S AT & ed by
a queui ng nodel . 10091} When the nunber of charging required EN
nodel s waideilsg If 6ndcRaitgi Bgcat chiRe 9char gieny L3est Eonwodel- 4648%E8Eds t he
nunber of waiting spaces set as the setting value of the charging station
nmodel 46nyt lb@er oddmbrafbing Hetwrsiimaltdtinomodd8 s st epst tZheaghdegivsgd equi r ed

EV nodel on a link 42 which is an adjacent road nodel. {0092) Fig. 5
is a schemtingthkeewnwhencaRangicRg et bed Moerodelys har &ssidopped on the
adj acent link 42. In an exanple of Fig. 5, the nunber of

si mul taneoushy. ghargeable vehicl amdels (he pumben of «eRrng ng tof ands)
and the nunber of waiting spaces of the charging station nodel 46 are

three, and all the charging_stands. it es .ar i ed by
charginélpggﬁfﬁeagﬁvaﬁﬁ SPSP%TﬁugFl§%gfg%ﬁgC&%&%ﬁ%@d%éveﬁﬁ eggﬁéxceeding

t he nunmber .of waiting spaces are | ocated on the adjace i nk 42.
ve%icae, and %hug can more accurately s%muq%%e Q%e charging

process of the electric vehicle.

{0089}

Now, a case of occurrence of a charging required EV model
waiting for charging at a charging station model 46 will be
described.

{0080}

In the road traffic flow simulation according to the
first embodiment, when charging reguired EV 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 EV model waiting for charging is
calculated by a gueuing model.

{0081}

When the number of charging reguired EV 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



{0093) The link 42 has two traffic |anes. The charging required EV
nodel s are located on a traffic lane at the side of the charging station
nodel 46, while vehicle nodels are running on other traffic |lanes (free
flow. The free flow extends to the viginity of the rear end of EVs of the
charging required EV nodels | ocated ot he 1ink 42. Wen a vehicle node
reaches the vicinity of the rear end of the EVs, the EV.is required to nove
to the 6LREF A8FaCBATIEPEf FrEUP&RE. 1V mOde$h8§,aal6P§t§20Vhfﬁ kP42 on
whi ch the charging required EV nodels are |located and a place adjacent to

t he pl agélacentongest 8g¢o@iith decel erating vehicle nodels, |eading to a high
density state of vehicle nodels simulating traffic 39 congestion. (0094}
The sped@06f2it he vehicle nodel running on the link 42 sinulating traffic
congestion is calculated by QK characteristics indicated by a QK curve

illustrated iFAgKi 8. 18. 2 schemkihecQuke@hanaet ehbstiics irkdiudate a@vrel ation
between traffic flowrate Q (the nunber of vehicles/tine) and density K

(the nugbge,of ayenkeLestlinh, AREELY: LA ghataaveristics. 1n addition,
gradient a of a l'ine nnecting the origin and a point on the QK curve

ndicat oe ruon! g SHEG CAMALTE), (Q0Rheper oS desertbedabove, (he

road Fraffic PIS ding to't bodi ment causes t he
Char g1 nePSEAPPBRCHBHBIC46 T6oB0ST OEGRel IO -na Tad 4eonT I HE 42 CHds can
sinmulate traffic congestion caused by electric vehicle nodels waiting for
char gi ngheandrbruscéananbisJacparaseby $NRUCREE RS & dioRg H16cedd of the
el ectric vehicle. {0096}

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 4Z2.

{0093}

The 1ink 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 reguired 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



In addition, the road traffic flow sinulation according to the first
enbodi nent switches the QK characteristics according to the weat her

condition prelimnarily set as a setting value. 40 Figs. 7TAto 70
illustrate exanples of QK characteristjics different according to the
weat her condition. Fig. 7A i|lustrates & Q K characteristic in a sunny
weather. Fig. 7B illustrates a QK characteristic in a rainy weather. Fig.

70 il uStPASES 87O K characteristic in a snow weat her.

illustrated in Figs. 7Ato 70, the link capacity, which is a maxi mum val ue
of traf flil®%low rate Q decreases in the order of sunny, rainy, and snow.
This indicates that the running speed of a vehicle nodel increases in the
order of sunmhe saicry, cdndhsnowynicle@0ddhel runniNet et Héte WeatkhdiZ
conditions in the road traffic flow sinulation nay be fixed as a preset

setti ng svahuetasqdeserirhed abovetr ieh aswealhhen seeadidti gnr-xswi t chi ng
paraneter nmay be preset and weat her conditions may be swtched based on the

par anet ef,, Not-@ it Lhe parametent g swikt cheatnen, endidd ans MRy, be set
on a per-hour or per-day basis, or ‘may be randomly set. (0098} As
describ%d above, the road traffic flow simulation according to the first
enbodi ment repeats the process fromstep 104 to step 112 until the ending

conditions are satisfied. {0099} Then, .if deternmination i.s nmade in ste
106 t hat theT%e Q- charac er%s ics indicate a réTg%lon between P

traffic flow rate QO (the number of vehicles/time) and density
K (the number of vehicles/km), namely, road characteristics.
In addition, gradient o of a line connecting the origin and a
point on the Q-K curve indicates running speed V (km/time).
{0085}

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.

{CC96}

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.



41 ending conditions are satisfied, the road traffic flow sinulation noves
to step 114 as descri bed above. (0100) In step 114, the road traffic
flow simulation outputs sinulation results and ends the program For
exanple, the sinulation results are considered to be outputted in such a
manner that the tinme (hereinafter refetted to as "travel time") required
for each vehicle nodel to reach a destination froma st rthg_gLacg and the

travel distardd€Seqdi réd ort dad Wélm @@ ods Yo 4dacHd StndtT on

fromthe starting place are cal cul ated; and the calculation_results are

di spl ayed fde mrgr aptewrdithe Hd ke coreridsmegadditssitay @At 22, stored as
data in the HDD 18, printed on a recording paper by a printer connected via
t he ext @rnalstimitiers ace-24,crofr ddtediiske.c {011l kunny weNdtreet-hat igpedBfi c
exanples of the calculated travel tine include a total travel time of all

gasol i ng jvehitgl.e JWdels k. amavenags diiaveln W mepsr «wasoldmne wehi.clie nodel ,
a total travel tine of all electric vehicle nodels, an average travel tine

per el eqtni.¢yehica) & mpdelor A alal; driavel t By aldagasol ine vehicle
nodel s and el ectric vehicle nodels, and an average travel tinme per gasoline
vehi cl e model, and \el ectric, vehicle mdel. and the like {9102, 42

which is a maximum value of traffic flow rate @, 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.

{087}

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



Note al so that specific exanples of the calculated travel distance include
a total travel distance of all gasoline vehicle nodels, an average trave
di stance per gasoline vehicle nodel, a total travel distance of al

el ectric vehicle nodels, an average travel distance per electric vehicle
nmodel, a total travel distance of all %Yhsoline vehicle nodels and electric
vehi cl e nodel s, an average travel distance per gasoline vehicle nodel and
el ect ri @VERI%|IE@NTBddlonsard @ e Qiisdded,01dm1 road traffiither .4 n the road
traffic flow sinmulation according to the first enbodi nent, paraneters are
changed simwd sdtiepwiree efsashi ot egudi 4 ket delse rideicdo agfovel.ectric vehicle
nodel s included in vehicle nodels set in step 100, or at |east one of the
nunber qfolciiar gi ng station nodels 46 and the arrangenment position of the
charging station nodels 46 set in step 100 are different. Then, an optinma

number  of Ch@%QEQ%pﬁh@MLQQh@DQ%E% 46,5 rarsl-ang et rPosittiican dihgneof , and the
| i ke can be derived by simulating the running of electric vehicle nodels a

plurali%&n&ﬁa&&%ﬁSresuits F%ﬁ.%&&ﬂpkﬁmpgﬁ%gﬁxﬁéep .ge%%%ﬁBQEogth%he ratio

of the electric¢ vehicl'é nodél's Ts chang rom 0% t %in steps of 10%

a plurality of .areas fqr arrangi ng.the charging statiqgn nodels 46 are
preset éﬁaxéﬁélﬁﬁnﬁgﬁu - Sc Ay dg§fg?¥%ﬂﬁﬁb551?qﬁ§%é%q§?%ﬂr%ﬁé§ufi n the
area is changed in a stepwi se 43 fashion; the charging station nodels 46
are evefEy & &Rgéd the tR&Car@gT sivrd tadnté g schdryiany st'@ti%n nodel s 46
are arranged on higher traffic volunme roads; or charging station nodels 46
are arranged)i megropert ifor tedhhechriaflify mogsllume, feddula destimRtgon 8A and
813 illustrate an exanple of a result obtained by changing the paraneters
in a stepwinse kashicong {£0%:0%) and the KirgvelAdistargreaphedudinest riati ng a

rel ati on between the total travel tinme of an electric vehicle nodel and the

nunber gfce6hakgh BgeShabkan tipdel:s 146 rebtrigned by drhe read e afdd.cc fipw
simulation. The total travel tinme is a tinme required for an electric

vehi cl e odel Lo reach,a.dest ihatign (Lama start bag.placedn an exanpl e

of Fig. I's ‘'understood that an increase in the nunber of charging
station _nod

odel s 46 _f Cto Dd thy red he t |
i e, TROSP PEoEar b8 HeFE ni et That "0 6F hiFe Ribor O Kol ual 1y 22

i nstal |l ed chargin% stations may cause excessjve capital investnentqj 0106}
Fig. 8BSFergdgrapRafrl dst FRE MYta 1fel Ao PetiRedn TGO RIRREI®Yime of

an electric vehicle nodel and the arrangenent position of charging station
nodel s #d6robnaehedobypethedr vad thaf feixd efirew sinhdrdiden.24n @n mpl e of
Fig. 813,

like.

{0101}

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}



it can be determned that an arrangenent of charging stations 44 according
to traffic flowis nore effective in conparison with an even arrangenent
and a concentrated arrangenent. {0107} Thus, an index for
determning infrastructure facilities,, that is, the nunber of charging
stations or arrangenent positions ther&of can be easily obtained based on

the results of road traffic sinmulation by.the graphs il.lustratjng . a
rel ati on bet Wo&F PHE JAT 5R&Fel G &P &7 led( c?a\}gﬁﬁc 1LeOfrrt%%ealvee%nd t he
nunber of charging station nodels or arrangenent positions thereof.

Not e t h&tisticgse SACANGIEBB &dadi $payPed 96if ‘PRES rege 'di ISR MGt 22, but
the relation between the total travel time of an electric vehicle nodel and
t he nunbehioflechadgilsg stativenagodélrsver arlsisgeremepeSiailens t hereof is
not limted to the graphs of Figs. 8A and 813. For exanple, the relation

may be dicspkayedodala tabutan femrcQn dtihe anrege fdisddl @& aurtirti 2¥.eHiQIG8}
As descri bed above, the road traffic flow sinulation according to the first

enbodi Meplie38t S ahhevkatie ofrathe punhenof peleclikie vehiaig Jmdelsidlo the
total nunber of vehicle nodels, the nunber of charging station nodels for

charging the st ‘Efr%%lb{%ﬁts%%fc@c otfh%lg' %%%Fvil%n\éeme%i%l@%deﬂ@ AN

installation position ereof”in'ste hen, in step 108, the road

traffic flo i mul at.i on cal cyl ates the renminin 4
elec ric veﬁlcae models, an averadge tra%%l é%stance per

gasoline vehicle model and electric vehicle model, and the
like.

{0103}

Further, in the rocad 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



capacity of the storage battery of the electric vehicle nodel running on
the road network nodel 40. Then, in step 112, the road traffic flow

sinmul ation selects the charging station nodel 46 for charging the storage
battery corresponding to the charging required EV nodel in which the val ue
based on the cal cul ated renai ni ng capa%?ty of the storage battery is |ess
than a predeterm ned threshol d val ue. Thus, the road traffic, fl ow

si mul at i 'GP dGEGr g A6 THET IS SR RIFERt 4Caf i RIS o SEHYiHY
process of the electric vehicle. {0109} (Second enbodi nent Now, the
second dfisodinfent Tofret alnpegs exft dhavierticors WAt o rb @ s i45e P X ©10110)

Note that the configuration of a road traffic flow sinulation apparatus 10
and a r eadanetwok midele 46 radddrding Wwe thedsecend a@rbodinemttdistathe sane
as the configuration of the road traffic flow sinulation apparatus 10 and
the roacopetiwonls model: 4@ aeeond RY I tdienf ivsteremhodifent ddlwsirated in
Figs. 1 and 2, and thus the description thereof will be omtted. {0111) The
process (fligw,of a road traffic flow simulation programaccording to the
second enbodinent is the sane as the

Figs. 8A and 8B illustrate an example of a result
ocbtained 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. 8B,

it can be determined that an arrangement of charging stations



46 process flow of the road traffic flow sinulation programaccording to

the first enbodinent illustrated in Fig. 3, and thus with reference to Fig.
3, the road traffic flow sinulation programaccording to the second
enbodi mrent will be described. {0112) In the road traffic flow

sinmul ati on according to the second entfodi nent, in step 100 as the setting
of the road network nodel 40, not only various settings as describe% in the
first efsod@end are t46t fikut 18Fsd 5t 8 Fosd HRETwWI K 1 ro GENPAG 58 d i ded
into a plurality of areas and the amobunt of power that can be supplied to

t he chaggi syest arirengrpéslt 464 ¢ sencientehé cgr 8452 EGTEDF - For
exanple, as illustrated in Fig. 9, the road network nodel 40 is divided
into ardadofidavi ng power transm ssion and distribution fromdifferent
substations (areas A and B in an exanple of Fig. 9). Thus, the road traffic

f1 ow sinul atirensacear dihagxt @ct-hecsecand : apbodirment: rsictulrat €2 cd Jpavers,
transm ssion and distribution systemas illustrated in Fig. 9, and presets

a certaip,yvalue ag.a,0RrLIIR-0eneratian «¢apaghty oM fefreaeh power plant
(power plants A to Cin an eéxanple of Fig. 9) and a maxi fum capacity (MWA)

o5 208 B 00yl 2RO B, o2, SSC1 Anlaed Baver, el Lo Ahnging w
storage hattery of (40e elestriq vehl che mdel,as L hiugthaed b . 10
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. BA and 8B. 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



An exanpl e of the | oad power pattern illustrated in Fig. 10 indicates that
the I oad power is large in the norning and in the evening, while the |oad
power is small at night. Note that the |load pattern is not limted to this,
but may be changed, for exanple, accorf'ng to the set weat her condition.
{0114} For exanple, the load for”charging the storage battery of the
electric vehicle nodel is cal culated corres ondin%rto charqig&}atégl

char gi ng3t34toh © fc h&gist§ Tat Se &6t Hde Hraviirg S e ricd et &% % and
charging at an office building or a shopping center. Specifically,
the el edtyindngelircltéenggeld instyeirekmpaiciarded TBea f bl Séﬁaréz%a*ﬁ%i ty of
a charge value at the charging station (hereinafter referred to as "fast
char gi ng'dad Nearfvtid & 1oehangiulg tdatona sedrme tand hehahgingg nat sa@tgfori ce
bui l di ng or a shopping center are considered to charging at a destination
of the eleeririg el ¢hertpdel +hEhusorassumang criyatcceaes pirateda ahe
charger, charging is perfornmed nore slowy than fast charging until the
storage battgry 1 ghakgeet o Rchulih charge ¢apacity (esei naf tefe referred
to as "nornmal charging”). Note that the charging station nodel 46 may be
provi de it | arge- capacit taQr, tery far t I Ly. stard ng
power i%agkﬁqgﬁgﬁgf%gaﬁﬁé%ét§%§%§8§§?$g?3%§fS%ﬁgggfé%gﬁg%%ﬁiéjbeeg%%e nodel
and the anmount of power .receiyed frama commercial electric power systemto
the stofige BaPPery Raj BecAEaLad. (COPTs) Thus, in the road

net wor k nodel 40 according to the second enbodi nent, a charger node

si mul ati ng aT&N&r géhef spagoiaal fdisarfdiony Siavdatanged Weroheian® ith% pl ace
that can be a destination, such as a hone, an office building, and a

shoppi ngicent empoThecanouan ofimpdwere ¢hies winsticdm gperaasss dimdlis assuned
to be different between fast charging by the charging station nodel and

nor mal ehakgirng byntBececharger. In other word, the power consunption is set
| arger for fast charging than for normal charging. {0116} Fig. 11 is
a graph;ipklhdstrating the charging process of an electric vehicle nodel by a
rel ati on between the tine and the anount of charge power. FromFig. 11, the
magni tu f t.h power charged in the electric vehicle nodel is
known. $§8§?n?nggﬁgggﬁ%2?§the road traffic flow sinulation according to the

second enbodj.nment  stores tgﬁg?&%ﬁ.char ge%l% r each electri %v.ehl %Iiellrmdel

and the amountvof “ERarge°p RO RA 0P e HoD g Tt
be described.

{0110}

Note that the configuration of a recad 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



In the process of outputting the sinulation results in step 114 of the road
traffic flow sinmulation according to the 49 second enbodi nent, the | oad
power pattern for each area is cal cul ated based on the area charging for
each electric vehicle nodel and the anpunt of charge power stored, and for
exanpl e, a graph indicating the tine vatiation of the load illustrated in
Figs. 12A and 1 IS out utted. {01 rap

i1l ustr&PNGSE %%ﬁ@ 9§r| i SR26f Féi% €I5&8Wpéﬁﬁglﬁiﬁpg ﬁfoﬁ "each di vi ded

area. The | oad power attern for each area i s calculated hy the sumof a

| oad pOREECHALDSK i CofthanSEHEE EBREIEBENEadR 14pEa24RE énpgﬁgerﬁ f 8" %har gi ng
the storage battery of the electric vehicle nodel. This nakes it possible

t o knowtauvawmiiahi orfefretibe tnsﬁﬁﬁLcBenth&nw@ﬁﬁ,@ﬁaﬁéQQrfépwa substation for
each time of each area and the renmai ning anount of power at the substation
as illustmatedion brggriRrAaccordinbbanwhhke sekiogd ERBoiddmangr aphil be
illustrating a tinme variation of |oad (load power pattern) of an entire
city sipukatedepy the road network nodel 40. The | oad power pattern
of the entire city is calculated by the total sumof the | oad power
patterni E ?}each area. This makes it possible to know a variation of the

i nsufficrée anount of power at a power plant for each tine of the entire

city and the_remining anmount . of omer at .the po i.llustrated in
Fig. 1213. {6?13%‘35609id tra%& PW FHEH LEird E‘t&F&&é gr%i ésheof a
plurality of electric vehicle nDdeIs are sinul taneously char at chargi ng
st at i onShBEBFAscABCdABRhe [NkELePhéOfhasgithg w8} tReE Ke @ng' due to

| ack of power dependi ng on the anount of power applied to the area, and

t hus t heetwadkt mafieic4fl oncsi nullat vemiacsosditig nige Else desesridashbisdi ment
may cal cul ate the nunber of times the chargi ng cannot be performed due to

| ack of tpewer randetnbedtiingRtr atkosther @of. 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



{01201 Fig. 13Ais a graph illustrating a relation between the

requi red total anount of power supply and the nunmber of charging station
nodel s 46 obtained by the road traffic flow sinulation. The required
total amount of power supply is a total_anount of power required to supply
power to the charging station nodel 46 hen a char geabl e nunber of electric
vehi cl e nodel s are sinultaneously charged at the chargi ng _station npdel 46.
The reqiited IotAt ERURE dhepoiectsdsphelislealedcat &F By t47& Hr6duct of

t he nunber of charging station nodels 46 and the power supplied to each
char gi ng rsttatd .ok Onodel  46. It is understood froman exanple of Fig.
13A that the required total power supply increases in proportion to the
nunber of changiengrstiat iodn ciedelcs Apowell2hk tetn i1luskirg.te3Br ¢'ig.gr aph
illustrating a relation between the power shortage percentage and the
nunber afy gharding sStaki-onnrodel:s 46wabt aisned By tihe theachdriraffd Grfd ow
sinmul ati on. The power shortage percentage is an insufficient anmount of
power tqg._b u i to chargi S i.0n .. 146, +M0or; eciybiegally, a
R A e

pr edet erm_ned. nunber, of days (one week i.n an_ ex |l e of Fig.,6 13B). For
exanple}ghbo%gﬁ gﬁ@?t&&éqﬁépcgﬁtgﬁ ﬁ&mééﬁﬁ &Sa%ggfhaﬁuéhggaiéﬁathe st or age
battery of the electric vehicle nodel fails once every five tipes due to

| ack of CpeRgrRd, for expRPEpg. 2f$3rdiRg howehesREMt 4§68 hérc &t dye ‘fétr eases
in the order of broken line A one-dot chain line B, and solid line C
Speci fi ¢&RLY¥} line A indicates that the nunmber of charging station nodels
46 i ncreases due to a shortage of the required total power supply in the
area, and anrchceeaselin the aveheroaf chiamulihgnebes sy cotagregiliag: tedctafi ¢
vehicle nodels |l eads to an increase in the frequency of power shortage.
Meanwhi tge kiBetEikndepates hbakit he purben aekdchangiergposiatiprdandel s 46

i ncreases due to an increase in the required total power supply in the
area, a ort I S [ an i ey, ' y Jaunber  of
ol mil ¢ anca0aT o Rir 6 heCEPaRer FERran e S e M0 TSsT Fram the Y ebul TS of

Fig. 13§h g?e%%&%Qgggﬁgglgt %%%u%harging 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 mecdel 46 may be
provided with a large-capacity storage battery for temporarily

storing power in and charging the storage battery of the



52 charging stations can be studied based on the anpbunt of power that can
be supplied to the charging stations. (0123) As descri bed above, an
index for infrastructure facilities, that is, the anount of power required
according to the nunber of charging stations can be easily obtained by a
graph illustrating a rel ation bet ween 4%he nunber of chargi ng station nodel s
46 and the required total anmpunt of power supply or a graph illustrating a
rel ati off L56ie€n VERE CAGNBEF e8f 2BRat§PngTSHEL 8h ROUEKs T#6°4NE %t Hé “Bower
short age percent age. Note that Figs. 13A and 13B are displayed on the
i mge dicsphaycdrilt e22ctbit phecrekasien bet wbenstheaganbert L6f Ye Rargidig
station nodels 46 and the required total anount of power supply or the

rel ati onzhet:weeradt he nunber of charging station nodels 46 and the power
shortage percentage are not limted to the graphs like Figs. 13A and 1313.
For exanphegithe relation may be displayed in a tabular formon the inmage
display unit 22. {C) 124} (Mdification 1) Transition from gasoline

vehi cles to elgetrig vehi ches hs expeehedotopeduee 008 emsshan amount
(ton). Thus, the'road traffic tlow simulation according to nodification 1
quantitatiyvely gvalyates the amount 9L P eRlhbedny vehelRy 3
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 steres the area charged for
each electric vehicle model and the amount of charge power in
the RAM 16 or the HDD 18.

{0117}
In the process of outputting the simulation results in

step 114 of the road traffic flow simulation according to the



including electric vehicles. {0125) In step 114 of the road traffic
flow simulation according to nodification 1, the CO2 em ssion anount of an
el ectric vehicle nodel is set to O (zero) and the CO2 em ssion anmount of a
gasoline vehicle nodel is calculated based on the travel distance of the
gasol i ne vehicl e nodel . The CO2 ‘¥ ssion anount of the gasoline
vehi cl e nodel is calcul ated based on the follomﬁnq_exp[essions (2) and (3).
Fuel corsifptd gbedimaidl, dingt dedl Poairer age Fud T Samt i0rE2 .1° (2)

C®2 em ssion anmount - fuel consunmption x constant ... (3) {0126) The
aver age daleluledrsuipticsh cof tire agasoldime adetd dlog woddl Sl @xpriession (2) is
preset (for exanple, 30 kniL). The constant in expression (3) is preset as

a setti Rg:vallue rfele Icalreultatd rgchhe G2 emssd grvarouwito fadmarhe farel
consunpti on. Thus, the CO2 em ssion anobunt of the gasoline vehicle

nodel i $.6al oW ated hased on dhe oy eset sietd g ivaliuey a dite tsavel

di stance of the gasoline vehicle nodel. Then, the road traffic flow

si ml at ;91 AGGoNdING f - pdi figation thoulPul s faicexanpl e, the relation

betweenthe ratio o he "nunber electric vehicle nodels to the total
nunber of %%qicle nodel s and the CO2 em ssi on anpbunt, and other rel ations.
59 {01

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 powver
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. 12B.

{0119}



{0127) Note that the description of nodification 1 has been focused
on setting the 002 em ssion anount of the electric vehicle nodel to O
(zero), but the present invention is not limted to this. For exanple,
thermal power plants emit 002 to generate power to be consumed by the
storage battery of the electric vehi cI%¥ nodel , and thus the electric
vehi cl e nodel al so be considered to emt 002 (0128) ecifically, the
002 en135|onfaﬁﬁﬁﬁﬁ ofNEhe L8Peét PraIGehPELEThBaeP i & EéPEGEéngOGased on
foll owi ng expression (4). 002 em ssion ambunt - storage battery
consunpeilentxiconshanile. modedp are simhéteonstany chaegpressi 6RaCA) NG
preset as a setting value for calculating the 002 em ssion anmount fromthe

st or age shattenymednasgnpti and the Corsetantel shsetyiag mayahoé Per making the
002 em ssion anmount of the electric vehicle nodel |ess than the 002

en ssi opeafBLALaokukhegaaeki ne F%Ob%' eecprdaling 0429he amounds odescri bed
above, the 002 em ssion anobunt of the electric vehicle nodel nay be

cal cul apefiohased 0nqt s ABSLANL PERSCLAS Ankabladl oroaking il | ess (he

002 em Ssion a nt of 't he gasoline vehicle nodel and the storage battery

n I,
co sunpt Oulatégn according to the second embodiment may calculate

the number of times the charging cannot be performed due to
lack of power and the time ratic thereof.
{0120}

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 reqguired total amount of power supply is a total
amount of power regquired 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 1is
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}



(0130) (Modification 2) The road traffic flow sinulation according to

nodi fication 2 can set initial investnment costs (for exanple, 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 sinmul ati'on according to nodification 2
cal cul ates econom c benefits obtained by Qonstructin%Ach rging stations.
{01311 Figbl é 38 iYs @starards itetisdds e dedl calatiing' 3@3&& "c Wénefits
obt ai ned by constructing charging stations together with the effects.

{ Tabl e Boweal chlcatizge metitedgage and the number of charging station

models 46 cobtained 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). TFor 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. 13B, 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 simultanecusly 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 reguired
total power supply in the area, and power shortage hardly
occurs against an increase in the number of simultaneously
charging electric vehicle models.

{0122}

from the results of Fig. 13B, an arrangement of actual



Ef fects Economi c benefits 1 =(reduction anmount in total travel tine of al
gasoline vehicle nodels and electric vehicle nodels)x unit price per hour)
Travel tinme reduction enables free use of time Economi c benefits 2 = (CO2
reducti on anmount ton)x(unit price per ton) CO2 reduction suppresses
envi ronnment al | oad Note that the anount of reduction in total travel
time is a difference in total travel time of all gasoline vehicle nodels
and el eGSTE WhiSHE 1ebdelcS T ea SHICHECe P SRENHEr TO° SMMCage EntPosfe -
charging station nodels, that is, all vehicle nodels. The CO2 reduction
anount ttdvt saa dief fserrgdced rroCORceminsgicdmcamd@itl v -a di ff erent nunber or
arrangenent of 56 charging station nodels.

{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 reguired total amount of power
supply or a graph illustrating a relation between the nunmber
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 13B. For example,
the relation may be displayed in a tabular form on the image
display unit 22.

{0124}

{(Modification 1)

Transition from gasoline vehicles to electric vehicles 1is
expected to reduce CO; emission amount (ton). Thus, the road
traffic flow simulation according to modification 1

quantitatively evaluates the amount of CO; emitted by vehicles



{O) 132) Further, the road traffic flow sinulation according to

nodi fication 2 cal cul ates cost effectiveness benefits several years after
construction of the charging stations using any one of calculation nodels 1
and 2 illustrated in Table 6. {Table 6)_ Cal cul ation nodel 1 Cost
effectiveness benefits after X number years = (econom c benefits 1 +
econom ¢ benefits 2)x X nunber of years -(initial investnment costs +
facility6perdtiong le68td cf gePXCl@fber of years) Cal cul ati on nodel 2 Cost

ef fectiveness benefits after X nunber of years = function f(X nunber of
years, i di0tliZal} i nvestment costs,facility operating costs, econom c benefits

1, econom c benefits 2)
In step 114 of the rcad traffic flow simulation according

to modification 1, the CO, emission amount of an electric
vehicle model is set to 0 (zero) and the CC; emission amount
of a gasoline vehicle model is calculated based on the travel
distance of the gasoline vehicle model.

The CO, emission amount of the gascline vehicle model is
calculated based on the following expressicns (2) and (3).

Fuel consumption = travel distance x average fuel
consumption ... {2)

CO, emission amount = fuel consumption x constant ... (3)
{0126}

The average fuel consumption of the gascline vehicile
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 CO, emission amount from the fuel consumption.

Thus, the CO, emission amount of the gascline 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 CO, emission amount, and

other relztions.



Cal cul ation nodel 2 is a calcul ati on expression for providing the
evaluation with a degree of freedom Note that the road traffic flow
simul ation according to nodification 2 may cal cul ate cost effectiveness
benefits after X nunber of years usingsonly one of econom c benefits 1 and
econom ¢ benefits 2. 10133} Wher’t he cost effectiveness benefits are
cal cul ated by cal culation nodel 1 or calculation nodel 2 in step 114, for
exanpl e { Cd 2griaph of cost effectiveness benefits with the horizontal axis
representing the X nunber of years and the vertical axis representing the
cost effecti Wenesghanouhe deteriXtiomber obdjddrs tiiondilsplegy&¢edn the i mage
display unit 22 or the like. {0134) (Mdification 3) Modi fication 3

cal cul atresulsher amouRk tahgnehse cof, amvebicheamodet.of the ASectkustrated in
Table 7, the anount of noise of a vehicle nodel is cal culated using one of

cal cul atl.an ARdgl-3ch ard o2 é%%%@’ , 0B khe nuRRicR@ rspeed «of :@rgasolidte vehicle
nodel and the running speed of an electric vehicle nodel. {Table 7)
limited to this. For example, thermal power plants emit CO; 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 CO;.
{0128}

Specifically, the €O, emission amount of the electric
vehicle model is calculated based on following expression (4).

CO, emission amount = storage battery consumption x
constant ... (4}

The constant in expression (4) is preset as a setting
value for calculating the CO; emission amount from the storage
battery consumption. The constant is set as a value for
making the CO, emission amount of the electric vehicle model

less than the €0, emission amount of the gasoline vehicle

model .

{0129}

As described above, the CO; emission amount of the
electric vehicle model may be calculated based on the constant
preset as a value for making it less the CO, emission amount
of the gascline vehicle model and the storage battery

consumpltion.



Cal cul ation nodel 1 Noise anobunt of one gasoline vehicle nodel = f function
f(running speed of gasoline vehicle nodel) dt Noise anbunt of one electric
vehi cl e nodel = f function g(running speed of electric vehicle nodel) dt

Noi se ampbunt in entire city = E noi se gnount of one gasoline vehicle nodel
+ E noi se anount of one electric vehicl®e nodel Cal culation nodel 2 Noise
anount in_entire city - function h(running speed of each gasoline vehicle
nodel,rdﬁﬁﬁﬁd speed of each electric vehicle nodel)

(Modification 2)

The road traffic flew simulation according to
modification 2 can set initial investment costs (for example,
planning + site 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.

{0131}
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 gascline Travel time reduction
vehicle models and electric vehicle enaples free use of time
models) x unit price per hour)
Economic benefits 2 = {C0O, reduction CO, reduction suppresses
amount ton) x (unit price peér ton) environmental load

Note that the amount of reduction in total travel time is
a difference in total travel time of all gascline vehicle
models and electric vehicle models in a different number or
arrangement of charging station models, that is, all vehicle
models. The CO, reduction amount teon is a difference in CO:

emission amount in a different number or arrangement of



{0135} In general, noise of a gasoline vehicle is |arge and noi se of
an electric vehicle is small. Thus, the anbunt of noise in the entire city
is reduced by dissem nating electric vehicles. I n cal cul ati on node
1, function f (running speed of gasollne vehicle nodel) is defined as a
function to have a positive characteri®®tic and use the runni ng speed of a
58 gasollne vehi cl e nodel as_a variable to obtain the anmount of noise, and
functi oG ZEriAnPhE spBed8F 16 ectric vehicle nodel) is defined as a
function to have a positive characteristic and use the running speed of an
el ectri ¢OvéRiicl e nodel as a variable to obtain the amount of noise. In

cal cul ation nodel 1, if the running speed of a gasoline vehicle nodel is
the sane as Fhathet, ahhel ectdi treéliicl élnmpdeliputheianvantosfiing $@ of the
electric vehicle nodel is calculated so as to reduce the noise of the

el ectri goweliiekeimpdel calpuaddeti ebstdefifgcanvenkbpi besktfal st iseeeand
integral f indicates that integration is perfornmed in the range froma

Start'nQeBEQCQi%@racgﬁ§£kﬁélheﬂ ofr one Eﬁ@kghﬁ ”E@@Elons usihusanyt he
amount of noise in the road network nodel ?hat is, the anmount of noise

in the entir ggﬁgu §£ﬁ%|§%§ gygﬁgnglgglpgﬁﬁgggbognthquo%nt of noi se

of each gasol'i ne ve € sumo anount of noi se of each
el ectri nDdeI. {0136) Meanwhi | e, cal cul ation nodel 2 is a
calcula??@ﬁ 8x6?ession for providing the evaluation with a degree of
freedom_-10137) \When_ t he amount of noise_is calcu

cal cul ati on nodel 1 |clscakéatatiomerdbbnrins sfepr A Hufogr exanpres a
graph widdi afiethoni 7omtcahoaxt seerepiigsent + neranome capend higcs 2) * X

model 1 number of years - (initial investment costs +
facility operating costs for X number of years)

Cost effectiveness benefits after X number of years =
Calculation function £ (X number of years, initial investment
model 2 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.

{0133}

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



59 vertical axis representing the amount of noise at each tinme point is

di spl ayed on the inmage display unit 22 or the like. {0138) I n
addi tion, noise nay not be treated as a total anobunt of noise in the entire
city, but as illustrated in Fig. 14A,E§pe anount of noi se may be eval uated

at a preset eval uation point A In this case, the distance between
each vehi cl e nodel and evaluation point Ais calculated to obtain the
amount 6f*ndi$€ due to the vehicle nodels, which is added to the anount of
noi se of all vehicle nodels around, and then the anmpbunt of noise at

eval uatifdr3gdint A is calcul ated, for exanple, using the follow ng
expression (5). {0139} The anpunt of noise at evaluation point A =
functi onMedéfanaicngnspeéed of each vehicle nodel, acceleration/deceleration
speed of each vehicle nodel, distance between the vehicle nodel and

eval uati on pebat fAcadndnt BMekiculebks the aAsuhkl ust natied iof B g. 14B, tine
variables are used to sinulate variations in the anount of noise (ease of
heari ngyseupd)l gveei;tine in the human auditory such that the sound far away
is audi ble at night, (due to a difference in tenperature of the

atmospher e), nbut; 0Ly, 028EDY,S9URd o §, audiblg duti By daytimes 60
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}
Noise amount of one gasoline vehicle model = f
function f {(running speed of gasoline vehicle model)
dt
Calculati Noise amount of one electric vehicle model = |
arcuiation function g {(running speed of electric vehicle model)
model 1
at
Noise amount in entire city = Z noise amount of one
gasoline vehicle model + £ noise amount of one
electric vehicle model
Calculati Noise amcunt in entire city = function h (running
midgi ; +on 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



{0140} In the foregoing description, the present invention has been
described with reference to the above each enbodi nent, but the technical
scope of the present invention is not limted to the scope described in the
above each enbodi nent. Various nodifications or inprovenents can be nmade to
t he above each enbodi nent w thout departing fron1the scope of the present

invention, and an enbadi nent .to which th ti.o i_nprovenents are
made i s &I 1?ﬁcﬁ5§é&? TOHE Lt EShA §Fl$§86e %ﬁglpreggnﬁnﬁnvghtﬁﬁn
{0141} The above each enbodlnent has been descri bed sym ng that the
el ect ri ENERI cPENBYBLTREE &n @GLIVRBG SPEECuS T RdPEAEiTg v ﬁ%@cti&nm ni ng
capacity of the storage battery, but the present invention is not limted
to thismogied )t e deddnrdt wor k Fodelt 1400 ey haee aapoatitiivibut e val ue
indicating the remaining capacity of the storage battery of the electric

vehi cl e chiedelctand sthe semauBengheapacintiygofspiehel sttorage leatttreéry may be
calcul ated as the attribute value of the road network nodel 40. {Reference

Signs Livehk c(@142helOakoadvhiatbie flowpsznul ahlonrappar atiusciz<OPUTAO0 road
net wor k node
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 nocise of the electric vehicle
model. In addition, dt is an infinitesimal time and integral
J 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 1s, 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.

{0137}
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



421 i nk 44 node 46 charging station nodel 62 {CLAIMS} {Caiml} A
road traffic flow sinmulation apparatus simnulating running of vehicle nodels
sinmulating vehicles in a road network nodel sinulating a road network
including a plurality of roads and intgrsections connecting roads, the road
traffic flow sinulation apparatus conptising: a setting neans for

setting a ratio of the nunber of electric vehicle nodels sinmul at.i
electricygﬁﬁﬁ?§ix§%ﬁﬁrﬁf@f%&ﬁﬂﬁlﬁ@h& 'aﬁﬂE??ﬁ'éﬁ’ﬁ%ﬁéﬁ @hafﬁgﬁlﬁﬁﬁé or age
batteries thereof as an attribute value to a total nunber of the vehicle
model s, P& eldS &5 IHE MfGniser tHE dREES rg SSHa o ifodel &% &rhecﬂﬂﬁﬁng t he
storage batteries of the electric vehicle nodels and installation positions
thereof ;{01381 a cal cul ati on neans for calculating the remaining capacity
of the storage battery of the electric vehicle nodel running on the road
net wor k nodelin additica,Seleck anyvireans Heor: realtect iaxg o rematthenchertgi ng
station nodels a charging station nodel for charging the storage battery

correspeFdirRg 0 ithe 1@l @elcrire vehicl @umdel iinushich el vial ue dhasedh on the
remai ni ng capacity of the storage battery cal cul ated by the cal cul ation

means i $plessfhan & pledet GLm ned thneshald Malue rand 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 amcunt of
neoise of all vehicle models around, and then the amcunt 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 atmoesphere), but only nearby sound is audible during

daytime.



a running sinmulation nmeans for simulating running of the electric vehicle
nodel required to charge the storage battery 63 up to the charging station
nodel sel ected by the selection neans. {C aim 2) The road traffic
flow sinul ati on apparatus according to I aiml, wherein if a value based on
the tine reqwred for charging is equa? to or greater than a predeterm ned
val ue |r¥ chargl ng station nodel selected by the selection neans,

anot her coh di ng station nodel is newy selected fromthe charging station
nodel s. {d ai m 3} The road traffic flow simulati on a paratug} accordi ng

to any one of “cltéﬁerrsfofeé?ﬁ’c}“@‘ dpssreirtion, Lo @LARNeT 1oF Wait aces

for arranging the electric vehicle nodels waiting for chargl ng is set in
t he chakgicng dseatiidechvddaln, raf¢rence tghdhe FEAMMBBECofertpsligicadtri c
vehi cl e nodels waiting for charging is greater than the nunber of the
wai ti ngospaces iteching cellasgiopg stfattihen predelnt tiheealtecty iicc veli cl e nodel s
are stopped on an adjacent road nodel. {C aim4)

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 medel 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



The road traffic flow sinulation apparatus according to any one of clains 1
to 3, wherein the selection neans selects, as the charging station nodel to
be sel ected, a charging station nodel nearest froma current position of
the electric vehicle nodel, a charginqastation nodel in a range reachabl e
64 with the remaining capacity of the é&orage battery and requiring the
shortest, detour. to a destination; or a charging station nodel in a range
reachabl’é wi th'¥he remai ni ng capacity of the storage battery and having the
| owest power sales unit price. {daimb5} The road traffic fl ow

si mul at i*dn apPp@atatus according to any one of claims 1 to 4, wherein the

cal cul ati on neans cal cul ates the anount of power consunmed by the storage
bat t ery 4sasechangatg | eastianynemel of a running speed of the electric
vehi cl e nodel ; an accel eration/decel eration speed, a |lanp lighting state,
and an air conditioner operating state of the electric vehicle nodel; and a
tenperature and a road gradient set in the road network nodel. {C ai m 6}
The road traffic flow sinmulation apparatus according to any one of clains 1
to 5, wherein an anount of power charged in the storage battery is
calculated. {Caim7} The road traffic flow sinulation apparatus
according to any one of clains 1 to 6, wherein the CO2 em ssion anount of a
gasol i ne vehicle nodel sinulating a gasoline vehicle is cal cul ated based on
a preset first setting value and a travel distance of the gasoline vehicle
nodel , and the CO2 em ssion anmount of the electric vehicle nodel is defined
as 0 (zero) or



65 cal cul ated based on a second setting value preset as a value smaller
than the CO2 em ssion anpunt of the gasoline vehicle nodel and the anopunt
of power consuned by the storage battery of the electric vehicle nodel

{C ai m 8) The road traffic flo i mul ati on apparatus according to
any one of clains 1 to 7, wherein econom c benefits caused by constructing
t he char%jﬁgygtations are cal cul ated based on at |east one of a difference
in total“ti " time of the entire vehicle nodels and a difference in CO2
em ssion ampunt thereof in a different nunber or arrangenment of the

char gi nd st ¢4 nodel s. {d ai m 9) The road traffic flow sinmulation
apparatus according to any one of clains 1 to 8, wherein noise of running
vehicl es is éakecalatedBased low alrudntagnspeedretus §aselliatd gehi cl e nodel
simul ati ng a gasoline vehicle and a running speed of the electric vehicle
nmodel . {Ghaimyl0f vehicl®hecread thiabfibcihbowesinmllat iion sappacat us
according to any one of clains 1 to 9, wherein a display neans displays a

rel ati opebebweenotibe kime1bequyr ed bet hhewekect hi-g uaghicle pedell ity travel
froma starting point to a destination and the nunber of the charging

station,podel§0L A [ARYeIRAL 1 BAS LLARSERREEQbaastb b didBdl bratric
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 steorage 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 regquired to charge the storage battery



The road traffic flow sinulation apparatus according to any one of clains 1
to 10, wherein a display neans displays a relation between the nunber of
the charging station nodels and an anount of power required to be supplied
to the charging station nodels; or a relation between the nunber of the
chargi ng station nDdeIs and an insufficient anount of power to be supplied
to the char in |on C aim r raf f | ow

si nul at i"&n % 3%F 59189e5?ﬁ§é LogﬁdF #lec 8 é Q%Ea%ﬁgﬁcggpgratus
simul ati ng runni ng of vehicle nodels S|nulat|ng vehlcles in a road network
model si¥fdi&ti ng a road network including a plurality of roads and

i ntersections connecting roads, the road traffic flow sinulation program
causi ng {&leampdtier to function as: a setting neans for setting a
rati o of the nunber of electric vehicle nodels sinulating electric vehicles
usi ng a remairhiengoedpaciktyief fpowesichargedni apptiorage batpedies tteer eof as
an attribute value to a total nunber of the vehicle nodels, as well as the

nunber efiaghangi necskahi on ADYEhsf BEsehanai RYct Renst orage rbat treri es of the
electric vehicle nodels and installation positions thereof; a

cal cul a f [ cul r ni,n i t I, e
Ehggggga Fecg nGal ey gFeBQeﬁQ%r emahnk grea@%@rhxn@h bhe vt arag

battery o Ic vehic nodel runnlng on the road network node

67 ectlon ans _for I r r S [Mely nDdeIs a
char gi n§"8 PP 6R HBdal T op e RAP§Eng tREEFoPa tt“%a%?és%g%ﬂé%%o%d. ng to
the electric vehjcle nodel in mhlch value Eased on. the renalnlng capacity

of the sPBFhge BBFF§FQQC§F€EPQPe@OS§ Ré BEFENI AFLGHTREaNS s s than a
predet erm ned threshold val ue; and a running sinulation neans for
sinulat?hgrgmﬁﬁiﬁgab£0ﬂh@0dﬁéétric vehicle nodel required to charge the
storage battery up to the charging station nodel selected by the selection
nmeans. {Claim 13} A road traffic flow sinmulation nethod for

simul ating running of vehicle nodels sinmulating vehicles in a road network
nmodel si mul athagraafoadanet Workolnelikdilagianpkppakbty sok dooads rand o

intersections connecting roads, the road traffic flow simulation nmethod
CO”pf'Séﬁgione 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 rcad traffic flow simulation apparatus according to
any one of claims 1 teo 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



a first step of setting a ratio of the nunber of electric vehicle nodels
simulating electric vehicles using a remai ni ng capacity of power charged in
storage batteries thereof as an attribute value to a total nunber of the
vehi cl e nodels, as well as the nunber { chargi ng station nodels for
charging the storage batteries of the electric vehicle nodels and

i nstall at.i_on positions.thereo secaond ste f cal c ting the
renalnlngtghp C|tﬁfqﬂinﬁﬁg §F%?§@é”bég?gf§55$‘tﬁ@'eﬁbgtrléfvecfcle nodel

running on 68 the road network node a.third step Iectlng from
the char§idg St4t it PSS s& éﬁ&@gﬁ ng}ostaatqe&ﬁlﬁﬁ&élonf oro r%\

storage battery corresponding to the electric vehicle nodel in mhlch a
val ue badediom tieslederai i mgreapaciapadilea ke tot ¢hage epatitdmp calr@iidted by
the second step is |l ess than a predeterm ned threshold val ue; and a
fourth stfephef ssiomalgat bag tewynizngl ofavtiley elhectioive stelicelee mededs naquired to
charge the storage battery up to the charging station nodel selected by the
third stepce.
{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
sett in the rcad network model.
{Ciaim 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 CO; emission amount of a
gasoline vehicle model simulating a gascline vehicle is
calculated based on a preset first setting value and a travel

distance of the gasoline vehicle model, and the CO; emission

amount of the electric vehicle model is defined as 0 (zero) or
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calculated based on a second setting value preset as a value
smaller than the CO, emission amount of the gascline 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 CO; emission amount thereof

in a different number or arrangement of the charging station

models.

{Claim 9)
The road traffic flow simulation apparatus acceording 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 mecdel.

{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.
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{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 chérging
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;
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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 rcoad network including a plurality
of roads and intersections connecting rcads, the road traffic
flow simulaticon 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
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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.



