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

{Techni cal Field} {00011 The present invention relates to a traffic
flow sinulation apparatus, a traffic fllow simul ati on program and a traffic
flow sinmulation method. {Background Art} {0002) Vari ous net hods are

proposed%ﬂi%@{]eﬁ]c lon techniques (traffic flow sinulations) related to
road nov (travel ) of autonobiles based on computer sinulation.

{Title of Invention}

TRAFFIC FLOW SIMULATION APPARATUS, TRAFFIC FLOW SIMULATION
PROGRAM, AND TRAFFIC FLOW SIMULATION METHOCD

{Technical Field}

{0001}

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

{Background Art}
{0002}

Various methods are proposed as prediction techniques
(traffic flow simulations) related to road movement (travel)
of automobiles based on computer simulation.

{0C03}

For example, PTL 1 describes a traffic condition
prediction apparatus (traffic flow simulator) that creates a
travel plan of a driver who has received infermation of a
traffic flow, which is predicted in a rcad network range
generated by traffic environment data based on an OD traffic
volume and traffic environment data of each predetermined
section, based on the predicted traffic flow and experience of
the driver in each predetermined section. The traffic
condition prediction apparatus adjusts the OD traffic volume

of a predetermined section based on the travel plan and



{00031 For exanple, PTL 1 describes a traffic condition prediction
apparatus (traffic flow sinulator) that creates a travel plan of a driver
who has received information of a traffic flow, which is predicted in a
road network range generated by traffi c envi ronnment data based on an 0D
traffic volume and traffic environment “data of each predeterm ned section,

based on.the predicted traffic f] ind experience of the driver, in each
predet e rﬂzﬁprséﬁﬁsoﬁ‘%%ﬁ jﬂ‘%‘@ﬂ gj%cgﬁ(ﬁjffixlocn Vﬁ)(ralél |ect(3‘|oor“l)t}aepot)&adrta?Luhsé adj ust s
the OD traffic volume of a predeterm ned section based on the travel plan
and 2 fidaHere €'t he adjusted OD traffic volume to predict the traffic

flow {Ctation List} {Patent Literature) {0004) {PTL 1) The
Publ i cat{iCort adficJapgarsdse Patent No. 4506663 {Sunmary of | nvention}

{Patent Literature}
{00043
{PTL 1}
The Publication of Japanese Patent No. 4506663
{Summary of Invention}
{Technical Problem])

{00C5}

The transportation that constitutes the traffic flow
includes not only automobiles, but also public transportation,
such as trains and busses, and electric vehicles as next-
generation transport means. Therefore, upon the
implementation of new public transportation, it is desirable
to be able to predict changes in the traffic flow and the
traffic demand or effects of the implementation of the public
transportation.

However, the conventional traffic flow simulator as

described in PTL 1 cannot simulate the travel of the public

transportation.
{0006}

The present invention has been made in view of the
circumstances, and an object of the present invention is to

provide a traffic flow simulation apparatus, a traffic flow



{Techni cal Problen) {0005) The transportation that constitutes the
traffic flow includes not only autonobiles, but also public transportation,
such as trains and busses, and electric vehicles as next-generation
transport neans. Therefore, upon the inplenentation of new public
transportation, it is desirable to be able to predict changes in the

traffic flo nd the traffic demand or..effects of the inpl t ati.on of the
. . a agfe f A h »

public tsflﬁﬁgﬁo At o g e aqﬁg\ﬁe{}‘erra,ﬁtlﬁe f?éjﬁ“ilesnltrffuolnagﬁl?w?anﬁl c Ii“owcJQL
sinmul ator as described in PTL 1 cannot sinulate the travel of the public
t r ansporddt K dy008)e ipactTiid fries &t Yuw drita o Hd < bedh Tide ' Yi ew of
the circunstances, and an object of the present invention is to provide a
trafficfidwsitmarsticon adprar atrus;hea tredifiicc flow 3 sinmul ati on program
and a traffic flow sinulation nmethod that can predict the inpact of the
entire tisanspdrtratidcorPrardlaadi ng public transportation on the traffic.
{Solution to Problem

{0007}

To solve the problem, a traffic flow simulation

apparatus, a traffic flow simulation program, and a traffic

flow simulation method of the present invention adopt the

following means.

{0008}

More specifically, a first aspect of the present

invention provides a traffic flow simulation apparatus

including: an automobile travel simulation means for

simulating travel of an automobile model simulating an

automobile in a road network model simulating a road network

including a plurality of roads and intersections connecting

the plurality of roads; and a public transportation travel

simulation means for simulating travel of a public

transportation model simulating public transportation in a

route network model simulating a route network including a

block means for temporarily blocking travel of the automobile

according to a route of at least cone of guideway

transportation and roadway public transportation and according

to travel of the public transportation travelling on the

route.



{00071 To solve the problem a traffic flow sinulation apparatus, a
traffic flow simulation program and a traffic flow sinmulation nethod of
the present invention adopt the followi ng nmeans. {0008} Mor e
specifically, a first aspect of the present invention provides a traffic
flow sinulation apparatus including: an autonobile travel simnulation neans
for si rmd,\(grgi@}g travel of an autonobile nodel sinulating an autonobile in a
road networ kK hodel sinmulating a road network including a plurality of roads

and intersections connecting the plurality of roads; and a public.
transport ati g TEdl9 <iGnfit itdha#éﬁsﬂf%“{ St iHY qu{ﬁ;@ﬁﬁ A pubtic
transportati on nodel sinmulating public transportation in a route network
nodel sifii st igfpart out & hrettwmseri thclrutimg c /bltdek e ore tlempttari |y

bl ocki ng travel of the autonobile according to a route of at |east one of
gui deways itmeansparnt atdzors anchurleadwayt Hpu bl xizor ¢l anfs pore atu tomandl aceotall ng to
travel of the public transportation travelling on the route. 4 (0009}

Accor di rg i@ dihed rafd =6 fdnm isignulratiren apparatiss 0f ddwe:T i gistubspees of
the present invention, the autonobile travel sinulation nmeans sinulates the

travel ofd he autompblhe spdels siniial ing,the @utambides ind he road

networ k nodel sinmulating the road network including the plurality of roads

and 1t arssalions gonneeting She alanal Ly Of roadhe gytoronile:

si mul at éd els ude ectric vehicles. {0010)
The public transportatiqon travel sinulation means sinul ates, t ravel of
the pubPiid e &r?&fﬁﬁﬁ%@y & I%HWQHWTE@ G tz?aa%s]prb&‘é(%ef on in the
route network nodel sinulating the route of at |east one of the gui deway

t r anspoPt&Gted Ca@ltilvd S0adway public transportati on.

{0010}

The public transportation travel simulation means
simulates the travel of the public transportation model
simulating the public transportation in the route network
model simulating the route of at least one of the guideway
transportation and the roadway public transportation.

The guideway transportation is public transportation,
such as a railway and a subway, that travels on a railroad
different from the roads. Meanwhile, the roadway public
transportation is public transportation, such as a tram and a
bus, that moves along the roads travelled by the automobile.
{0011}

The route network model includes a simulation of the
block means that temporarily blocks the travel of the
automobile according to the travel of the public

transportation that travels on the route. As a result of the



The gui deway transportation is public transportation, such as a railway and
a subway, that travels on a railroad different fromthe roads. Meanwhil e,
the roadway public transportation is public transportation, such as a tram
and a bus, that noves along the roads travelled by the autonobile. {0011)
The route network nodel includes a similation of the bl ock nmeans t hat

tenporarily blocks the travel of the autonohile accordin the travel of
t he publﬁjﬂy%]raaiﬁs%rqgtii}b%%lt?a‘ik tn?'e<31‘3{}7§’sLt R FOute Lke gn%bglsjb t of the 5
sinmul ati on of the bl ock neans, the inpact of the public transportation on
the trafel2IPYHE Gutibritbi 1 i & i %ulGh ddie autondherefiot 81 T hed pF esent

i nvention can predict the inpact of the public transportation on the
traffic. 100f2kerefore, THee praseatt nventtiom provicesdidie thafinea¢t ow

si mul ati on apparatus according to the first aspect, wherein the bl ock nmeans
may be aiblwek rapparatiusaridatr s iarnt angedatt e fpliace where the roads and
the route of the guideway transportation intersect and that tenporarily

bl ocks t{leityavel of the autonobile at the intersecting place when the

gui deway transportation is traveling through the intersecting place. 100131

Accordi ng toé[t].ﬁ]e oé;: riaf ,i&hﬁ)egblpioc QPP atuse ¢ 5. a-sQ;cal led railroad

crossing, an means is t appar at us that operates

accordi tq _the travel aof the guideway transpor i 0 , the
i mpact %19‘ n}uﬁea T A Ii‘—’?océ)riss 5‘09(%5:[&6}‘9 orf ttte%"]ee tfr)lal'%/sg% ao%b?kﬁ%’ %%%%%%’I eis
simul ated, and the inpact of the travel of the gui devva%/ trans or(tjation on
the travel® &6 ANe "R GMIGIY Edn W Tr edikdiffus that Is arranged at &

place where the roads and the route of the guideway
transportation intersect and that temporarily blocks the
travel of the automcbile at the intersecting place when the
guideway transportation is traveling through the intersecting
rlace.

{0013}

According te the configuration, the block apparatus is a
so~called railroad crossing, and the block means is the block
apparatus that operates according to the travel of the
guideway transportation. As a result, the impact of the
guideway transportation on the travel of the automobile is
simulated, and the impact of the travel of the guideway
transportation on the travel of the automobile can be
predicted.

{0014}
The present invention provides the traffic flow

simulation apparatus according to the first aspect, wherein



(0014) The present invention provides the traffic flow sinulation
apparatus according to the first aspect, wherein 6 the roadway public
transportation may be a bus, the route of the roadway public transportation
may overlap with the roads, and the blgck means may be a stop where the bus
stops. {0015} According to the configuration, the roadway public

transportation js the huys, and the black neans is the stop of the bus.
Therefoﬂ%?fﬁﬁﬁi“Wﬁhé?ﬂﬁfiiﬁéaﬁﬁgcﬁﬁaﬁﬁgntfgyé%eoﬁ %Hé’a&ﬁgnﬁﬁ%ﬁﬁiéﬁg t he

i npact of the autonobile on the bus are sinulated, and the inpact of the

r oadway tHE0IHCE dcan SPSrEE iLERTGR CEhe HHhoa Moy Ca8 tBePpredictéiE 5)

The present invention provides the traffic flow sinulation apparatus

accor di agct ¢hehé ldicksmeagpeckty WWeereist drhehroadwédye pulsl iS¢ cSansport ati on
may be a tram the route of the roadway public transportation may be al ong
t he roadgpiand the block means may be a traffic light that is arranged at a
pl ace where the roads and the route of the tramintersect and that

tenporarily hl-ocksiithhe b avel oh ke autiombide abadde peyisecting place
when the tramis traveling through the intersecting place. {0017)
transportation is the bus, and the block means is the stop of
the bus. Therefore, the impact of the bus on the travel of
the automcbile and the impact of the automobile on the bus are
simulated, and the impact of the roadway public transportation
on the traffic can be predicted.
{0016}

The present invention provides the traffic flow
simulation apparatus according to the first aspect, wherein
the roadway public transportation may be a tram, the route of
the roadway public transportation may be along the roads, and
the block means may be a traffic light that is arranged at a
place where the roads and the route of the tram intersect and
that temporarily bleocks the travel of the automobile at the
intersecting place when the tram is traveling through the

intersecting place.
{0017}

According to the configuration, the roadway public
transportation is the tram, and the block means is the traffic
light that operates according to the travel of the tram.

Therefore, the impact of the tram on the travel of the



According to the configuration, the roadway public transportation is the
tram and the block neans is the traffic |ight that operates according to
the travel of the tram Therefore, the inpact of the tramon the travel of
the autonobile is sinulated, and the inpact of the travel of the tram on
the travel of the autonobile can be prgdicted. 100181 The present

i nvention provyides the traffic flo i.mul.ati on apparatus. _accordi o the
first adpe&tc é%w%@ﬁf#?é%%i@ﬁg %ﬁﬁﬂﬂ%ﬁiéﬁpgﬁﬁ%ﬁéfﬁ? m%#ggh%her

i nclude a person traveling pattern creatiqon neans for creatipg a traveling
pat t er n [¢FaM Pertddn titsdeddiatg t&eca?é%qmﬁ’%ecr?atrh@epé%%%seég at | east one
of the autonobile and the public transportation to arrive at a set

dest i natlildxi &fir om a set departure place, the autonobile travel sinulation
means may sinulate riding of a person nodel on the autonobile nodel and

| eavi ng of t mhepensornrodelvddmt he catdemhbitee tredeli dasied on t he
traveling pattern created by the person traveling pattern creation neans,

and t he (puRl1iG itARsRANALIOR ddAvEInSivilatd an fRans @yt Sivikaden boar di ng
of the person nodel on the public transportation nodel and |eaving of the

per son el Jramd he Ut e transportatian.dmds) hased.on the.dg avelng

pattern Create y the person traveli pattern creation neans. 100191

According to the conf.iguration, the person travel] (AR reati on neans
creat es? ﬁgopr§ﬁgﬁﬁﬁd AP T8Y T é?%gﬁ*¥ﬁ%ﬁﬁﬁ?%ﬁggﬁjggg§% in which the

person %ses %p | east one of the autompbile and thgﬁfubljc traquogéation to

arrive L83FEILRE Pett@adt ifari &1F FIBM It e e Up &t e plHees!
person uses at least one of the automobile and the public
transportation to arrive at a set destination from a set
departure place, the automobile travel simulation means may
simulate riding of a person model on the automobile model and
leaving of the person model from the automobile model based on
the traveling pattern created by the person traveling pattern
creation means, and the public transportation travel
simulation means may simulate boarding of the person model on
the public transportation model and leaving of the person
model from the public transportation model based on the
traveling pattern created by the person traveling pattern
creation means.
{0019}

According to the configuration, the person traveling

pattern creation means creates the traveling pattern of the

person including the case in which the person uses at least

one of the automobile and the public transportation to arrive



{00201 The autonobile travel sinulation neans sinulates riding of the
person nodel on the autonobile nodel and | eaving of the person nodel from
t he aut onobil e nodel based on the traveling pattern. The public
transportation travel sinulation neans based on the traveling pattern

si nmul ates boardi ng of the person model Son t he public transportation nodel
and Ieavin%‘of the person nodel fromthe public transportation nodel.
10021} at the ?ﬁér@ﬁéﬁé“dﬂﬁénpﬁé§€hﬁh@n§€ﬁt@@ﬁaééﬁr§lEgﬁgﬁe t he behavi or of
t he person using the autonobile and the public transportation. 100221

The predéhtiCilnvention provides the traffic flow sinulation apparatus
according to the first aspect, wherein the traffic flow simulation
appar at us mayhtusthemncbndkude aaetlr avel Jsitierc alceulsatsiiom laarss fighing
calculating travel time for the person nodel to travel fromthe set

depart upg mh@c%e&@ohhﬁoa@u desthratierased arddhe shaveldvigpait erte
According to t configuration, the travel tine for the person nodel to

L;ggg'OEe?%E%P§§§§HIg§BﬁrE% aEk%ﬁ%bEQetm%dgﬂ rdesld nat iteR its-Hal G at ed
g pattern erefore, the inpact of the transportation
on the movenent of, Lhe persop, ¢80,B8: IPL8,aceuLat Ly gYat Y8heteand (0023}
based on the traveling pattern simulates boarding of the
person model on the public transportation model and leaving of
the person model from the public transportation model.
{0021}
Therefore, the present invention can simulate the
behavior of the person using the automobile and the public
transportation.
{0022}
The present invention provides the traffic flow
simulation apparatus according to the first aspect, wherein
the traffic flow simulation apparatus may further include a
travel time calculation means for calculating travel time for
the person model to travel from the set departure place to the
set destination based on the traveling pattern.
According to the configuration, the travel time for the
person model to travel from the set departure place to the set
destination is calculated based on the traveling pattern.

Therefore, the impact of the transportation on the movement of

the person can be more accurately evaluated.



The present invention provides the traffic flow sinulation apparatus
according to the first aspect, wherein the traffic flow simnmulation
apparatus may further include a storage control nmeans for controlling a
storage neans to store the traveling pattern and a simulation result of the
person nodel using the traveling pattern when the travel tinme cal cul ated by
t he travgh”ngne calculation neans is equal to or smaller than a preset

t ol erand 10024} According to the configuration, the tolerance
indicates a tine sense as a standard for the arrival_ of the person at the
desti nati on. Tife RTSRAIG AG VSATHE N FGa19a% e datlifer ¢ the tol erance
and the sinmulation result of the person nodel using the traveling pattern
are storgdulnttive storage ureansorthaceftor éhavierage Asaleafi-orofr ¢ He persons
using the transportation can be discrimnated. 10025} The present

i nvent i ameproovdfdas: tthew rafdfile tfilcow asipadsatisomaapparaties acoondisnggto t he
first aspect, wherein a maxi num nunber of persons that can be boarded may
be set ish R ePURIHG I RSP tratd e ndellirand: the tdrf ficarfd ave séatat i on
apparatus may further include a use state cal culation neans for cal cul ating

a use SLALe (Of: NS PELSON I LG DULLG, (IANSPOId AN Mdel -peals h { 0026)

Accor di ng to t guration, the nunber of persons that can be boarded

is set to t pubI i nspor.t.ati on del , ,and .t t £gal cul ation
means cal éiﬁl at'és'd gt i TEVste TS B aﬁr{o & S8 nu%] t%sa% sl ar'ljt ransportation
nodel . Exanpl.es of the use state of the public trans ortatlon deI i ncl ude
t he nunﬁéll%lflaﬂy&ds@ﬂs thGartdéd <on THHE Fil G e bt povttat i'oh Fbtiet , A Yegree

of congestion of the public transportation nodel, total waiting time until
boar di ngren lekve thabl iac pressdpdtatricowardel , and a total anmount of fare
required until the arrival at the destination if the fare of the public
transporatidon i s set. Therefore, the present invention can
multilaterally evaluate the inpact of the public transportation on the
novenment of hhecRer$@Nto the configuration, the tolerance indicates a

time sense as a standard for the arrival of the person at the

destination. The traveling pattern egual to or smaller than

the tolerance and the simulation result of the person model

using the traveling pattern are stored in the storage means.

Therefore, average behavior of the persons using the

transportation can be discriminated.

{0025}

The present invention provides the traffic flow

simulation apparatus according to the first aspect, wherein a

maximum number of persons that can be boarded may be set in

the public transportation model, and the traffic flow

simulation apparatus may further include a use state

calculation means for calculating a use state of the person in

the public transportation model.



{0027} The present invention provides the traffic flow sinulation
apparatus according to the first aspect, wherein energy consunption by
travelling may be set in the public transportation nodel, and the traffic
fl ow sinmulation apparatus may further 1&clude an energy consunption

cal cul ation neans for calculating total energy consunption consuned by the
travel of_.t public transportation nodel. {0028} According to the
configuﬁéy%o , the energy consunption Il calculation neans cal cul ates the
ener gy consunption consunmed by the travel of the public transportation
nodel . Ther eSO FRE iYfpddte SPtHE UG Sent @t oit e%rﬁg §¢°
transportation can be nore nmultilaterally eval uated. {0029}

Meanwhi Itdata csec dred baspelstd ofs tied preeddift funent o FRevitddst & tRedSic flow
simul ati on program for causing a computer to function as: an autonobile
travel simultadd ogareans o ara isiuultatdmegdaray ela lofu lan ceutdrobide sioded
sinmulating an autonobile in a road network nodel sinulating a road network
includi Rg anR! Wealddry 10f deadsiand itHL15RGH ANiSorC MRNRCL | Ngxbhg lplsural ity

of roads; a public transportation travel sinmulation nmeans for sinulating
travel qfc aubliicc, 1 QNSROM atian dmadel QIdmulALi g0 R o tdanspartation in

a route network Si mu ing a route network 1ncluding a route of at

| east one _of guideway transportation . and . r way, i : i on that
are the Sitc otf(rj gr‘?s%@ﬂsatbloc%ﬁ;dtegtnéa P2 eo&uobgliqur%lta é}%gg’ Oﬁrettaarn@r}?rg?{és(?érrim ating
operation of a block neans nodel_ sinulating a bl ock neans for{%gfporarily

bl ocki n§ FRETECaPdl RIS 1t SfobiNGe RRordi M@ 1 HE 1THvel°Gt - 1 he pubiic

transportation travelling on the route. {0030} According to the
traf ficthitew siarmiliag érinsr ogrtdm doantsd rsecohd s pattl ot t e greskenton
invention, the block nmeans is included in the route network nodel, and the
i npact ebdkhe and a total amount of fare required until the arrival
at the destination if the fare of the public transportation is
set.

Therefore, the present invention can multilaterally
evaluate the impact of the public transportation on the
movement of the person.

{0027}

The present invention provides the traffic flow
simulation apparatus according to the first aspect, wherein
energy consumption by travelling may be set in the public
transportation medel, and the traffic flow simulation
apparatus may further include an energy consumption
calculation means for calculating total energy consumption
consumed by the travel of the public transportation model.

{0028}

According to the configuration, the energy consumption



12 public transportation on the travel of the autonobile is sinulated.
Therefore, the present invention can predict the inpact of the public
transportation on the traffic. {00311 Furthernore, a third aspect of
the present invention provides a traffic flow sinulation nethodincluding: a
first step of simulating travel of an autonobile nodel sinulating an

aut onobi |l e i ~road networ del si.nul ating a r f K_ i diing a

pl ural i t%ﬁﬁbqurhragtefc@ AN Tt ettt ons connacti (s %%}%p%%tgl&g I?%%ds, and
of sinulating travel of_ a public transportation nodel  sinulating public

t r ansport¥atitoh G4R % ift e etk rodet™ 81Tl &t Hy r%PCii%]Iut e’ éztz\ﬁg} s
including a route of at |east one of guideway transportation and roadway
publ i ¢ tlensigaracdt icoh theati rarleendie bl © & rids gort Bt § oht 2afieP At decond st ep
of simulating operation of a block means nodel simnulating a block neans for
t enpor arddry He eckiengaulnel tataned 1 lof dvheel wutahobi | e according to the travel

of the public transportation travelling on the route. {0032}

Accordi ngdxeithe traffic flow sinulation of the third aspect of the present
invention, the block nmeans is included in the route network nodel, and the

i mpact of the pupliiG 4 rapspordalianon the dravele alnt henputonphile is

sinmul ated. Therefore, 'the present iI'nvention can predict the inpact of the

Publ i ¢, LLANSRRIL 81 10 A1 L 1 4 o 5 (AFURRLROPOLSCELL 2G Sa
computer to function as: an automobile travel simulation means
for simulating travel of an automobile model simulating an
automobile in a road network model simulating a rocad network
including a plurality of roads and intersecticons connecting
the plurality of roads; a public transportation travel
simulation means for simulating travel of a public
transportation model simulating public transportation in a
route network model simulating a route network including a
route of at least one of guideway transportation and roadway
public transportation that are the public transportation; and
a block simulation means for simulating operation ¢f a block
means model simulating a block means for temporarily blocking
the travel of the automobile according to the travel of the
public transportation travelling on the route.

{0030}
According to the traffic flow simulation program of the
second aspect of the present invention, the block means 1is

included in the route network model, and the impact of the



100331 The present invention can attain an excellent effect of
predicting the inpact of the transportation on the traffic. {Brief
Description of Drawi ngs] {0034] {Fig. 1) Fig. 1 is a diagram show ng
a configuration of main parts of an elegtrical systemof a traffic flow

si mul ation apparat us accordi ng to a first enbodi rrent of the present

i nventiaon., {.Fi e 1,.G,

confi guraut}:flolnC oransrpooar g!3k %héaeltra htanoﬁf)u e nggmq{{i dejl of gui deway
transportation in rafflchOWS|rruIat|on according to th i.r
embod! meHTR e pFﬁeéﬁthFﬁwehPFoﬁreFePb R R R A

bl ock di agram showi ng functions of the traffic flow si rrul ation appar at us

accor di AgREE T IR s tousTigod | trrsts Refr e Py ederthy iventhiish, {Fig. 4}
{0031}

Furthermore, a third aspect of the present invention
provides a traffic flow simulation method including: a first
step of simulating travel of an automobile model simulating an
automobile in a road network model simulating a road network
including a plurality of roads and intersections connecting
the plurality of roads, and of simulating travel of a public
transportation model simulating public transportation in a
route network model simulating a route network including a
route of at least one of guideway transportation and roadway
public transportation that are the public transportation; and
a second step of simulating operation of a block means model
simulating a block means for temporarily blocking the travel
of the automobile according to the travel of the public
transportation travelling on the route.

{0032}

According to the traffic flow simulation of the third
aspect of the present invention, the block means 1s included
in the route network model, and the impact of the public
transportation on the travel ¢f the automobile is simulated.
Therefore, the present invention can predict the impact of the

public transportation on the traffic.



Fig. 4 is a diagramshow ng an exanple of Q K characteristics according to
the first enbodi nent of the present invention. {Fig. 5) Fig. 5 illustrates
an exanple of the QK characteristics 14 that vary depending on the

weat her according to the first enbodiaﬁpt of the present invention, (A
illustrating the QK characteristics en the weather is fair, (B)

i1l ustratingthe 8: (%fy erjstics whenthe weather is rain, (Q

illust rgt]\“l ngnt he UE C Lare(;l%gzitt eroifstlincs “when }t he weat her is snow. {Fig. 6}

Fig. 6 H§O§3§chenatic di agram showi ng a configuration of a road network
a

nodel oute network nodel of a bus in a traffic flow sinulation
according to _a second enbodi nent of the present invention. ig.. 7
Fig. 7 is a $EReRECEE H dgramtsRewcAg & Eanfi gir &5 16 a G neétor k
nodel and a route network nodel of a tramin a traffic flow sinulation
accor di Bgerd ctheds ébend redtssdiode i coft relig nprdsdncn menticof.ratfic.
{Brief Description of Drawings}
{0034]
{Fig. 1}

Fig. 1 is a diagram showing a configuraticn of main parts
of an electrical system of a traffic flow simulation apparatus
according to a first embodiment of the present invention.

{Fig. 2}

Fig. 2 is a schematic diagram showing a configuration of
a road network model and a route network model of guideway
transportation in a traffic flow simulation according to the
first embodiment of the present invention.

{Fig. 3}

Fig. 3 is a functional block diagram showing functions of
the traffic flow simulation apparatus according te the first
embodiment of the present invention.

{Fig. 4}

Fig. 4 is a diagram showing an example of Q-K
characteristics according to the first embodiment of the
present invention.

{Fig. 5}

Fig. 5 illustrates an example of the Q-K characteristics



{Fig. 8} Fig. 8 is a block diagramshow ng functions of the traffic
fl ow sinmulation apparatus according to a third enbodi nent of the present
invention. (Fig. 9) Fig. 9 is a block diagram showi ng functions of
the traffic flow sinulation apparatus f\;écordi ng to a nodified exanpl e of
the present invention. {Description of” Enbodi nent s} (0035} 13 An

enbodl Nt of atraffic fIOWS|rmIat| par.at u ffd & 4fd
si mul at rvélgtryarﬂ%paeﬁj&ha{lgt AF S FIGW S|Ilrom % Cironln tthO 3: acc%orcF Ing to the

present invention will now be described with refere_L ce ta the q{av&r}gs.
{0036} enbodiment of the present invention, ustrating the Q-

characteristics when the weather is fair, (B) illustrating the
0-K characteristics when the weather is rain, (C} illustrating
the Q~K characteristics when the weather is snow.

{Fig. 6}

Fig. 6 is a schematic diagram showing a configuration of
a road network model and a route network model of a bus in a
traffic flow simulation according to a second embodiment of
the present invention.

{Fig. 7}

Fig. 7 is a schematic diagram showing a configuration of
a road network model and a route network model of a tram in a
traffic flow simulation according to the second embodiment of
the present invention.

{Fig. 8}

Fig. 8 is a block diagram showing functions of the
traffic flow simulation apparatus according to a third
embodiment of the present invention.

{Fig. 9}

Fig. 9 is a block diagram showing functions of the
traffic flow simulation apparatus according to a modified
example of the present invention.

{Description of Embodiments}

{0035}



{First Enbodi nent} A first enbodi ment of the present invention wll

be described. {0037} Fig. 1 shows a configuration of main parts of
an electrical systemof a traffic flow sinmulation apparatus 10 according to
the present first enbodi nent. The traffic flow sinulation apparatus

10 according to the present first enbodi nent is an appar atus that executes

a traffic flow sioulation iy simlating (favel. of, an.aulomabii.e, mdel

simul ating an aut oo , N a roa el sinmul ati'ng a ro net wor k

i ncludin lurality of roads and an intersection connecting a road and a
oad,  andTor S hiE R ATRE THPE i FAhy (TSRt (A bri HOHeT o

simul ati ng guideway transportation, in a route network nodel sinulating a

rout e offetthedy i afswli o divs pdver esent{ ogg@ntion Wither®y £%0 Iinitation
to the nunber of |anes and the nunber of left and right turn lanes in the
roads, atwccdrhdeadads dendiceargadg o Hate alteormotid.es can travel, such as
paved 16 roads, non-paved roads, national roads, prefectural roads,
privat e {nogads, and parking | ots.
{First Embodiment}
A first embodiment of the present invention will be
described.
{0037}
Fig. 1 shows a configuration of main parts of an
electrical system of a traffic flow simulation apparatus 10
according to the present first embodiment.
The traffic flow simulation apparatus 10 according to the
present first embodiment is an apparatus that executes a
traffic flow simulation for simulating travel of an automobile
model simulating an automobile, in a road network model
simulating a road network including a plurality of roads and
an intersection connecting a road and a road, and for
simulating travel of a guideway transportatiocn model
simulating guideway transportation, in a route network model
simulating a route of the guideway transportation.
{0038}
There is no limitation to the number of lanes and the

number of left and right turn lanes in the roads, and the

roads denote roads that auvtomobiles can travel, such as paved



00391 Anong the aut onobi |l es, gasoline autonobil es denote notorcycl es,
ordinary notor vehicles (including taxis), buses, trucks, and the |ike
driven by gasoline. {0040) The aut onobil e nodel s according to the
present first enbodi ment nmay i ncl ude ctric vehicle nodels sinulating

el ectric vehicles. The electric vehicles denote notorcycles, ordinary notor

vehicles (including taxjs), buses, .and.trucks driv y..ele | G. power as
well as ' qd I\Péh%cqveesd o%oaé%s’olnﬁjfém&ﬁ& &8¢t | (?lrtey (Cﬁy%%ldcg/&e*%dl es of the

vari ous autonobiles) in which storage batteries can be charged. In the

fol | owi Ay ‘dedE i5a%n, e atd "Gar'® Ere sinply call ed aut onobiles, the
aut onobi |l es denote both of the gasoline autonobiles and the electric

vehi cl ed.00CE3041) Meanwhi | e, the gui deway transportation denotes
public transportation, such as a railway and a subway, that travels on a
railroad dif frerent tfrcomtthenakades, The scduite afu ttdrelgivi clewtgndreansport at i on
denotes the railroad. 0042) The traffic flow sinmulation apparatus 10

ilgcl udesio @ reRMd 1Genty @l i rRGC essidiy Wit k2 tikatll vainagess:oper athwreof the
trucks, and the like driven by gasoline.
{00403

The automobile models according to the present first
embodiment may include electric vehicle models simulating
electric vehicles. The electric vehicles denote motorcycles,
ordinary motor vehicles (including taxis), buses, and trucks
driven by electric power as well as hybrid vehicles of
gasoline and electricity (hybrid vehicles of the various
automobiles) in which storage batteries can be charged. In
the following description, when the cars are simply called
automobiles, the automcobiles denote both of the gascline
automobiles and the electric vehicles.

{0041}

Meanwhile, the guideway transportation denotes public
transportation, such as a railway and a subway, that travels
on a railrocad different from the road. The route of the
guideway transportation denotes the railroad.

{0042}

The traffic flow simulation apparatus 10 includes: a CPU

(Central Processing Unit) 12 that manages operation of the



entire traffic flow sinulation apparatus 10; a ROM (Read Only Menory) 14
storing various prograns, various paraneters, and the like; a RAM (Random
Access Menory) 16 that is used as a work area or the like in the execution
of various programs by the CPU 12; and;an HDD (Hard Di sk Drive) 18 as a
storage neans for storing various prograns and various information of a
traffic fl.ow sil.ation pr d th i i bed 44.,.d i r.
{0043} dlite 'Il{?eé%lacf Pﬁllco‘??%lf/%vmsl%%()a iea(éré%gapﬂfs;%ds’ 1% %ﬂ\?t e%“%i ndc):llzﬁ%ges: an
operatigp iggﬂt qﬂit_zo.that i ncludes a k%yboard, a_nouse 19qgsthe éike and
that redBRREY i nputs G Vi i GUs: Beratd Grisss an’ 1 nHye dispray unit 227t hat

di spl ays various inmages, such as an image for pronpting input of various

i nf or mattileh Hewss saRf orRaron Aggdass MWy nul Gttoht ahdl @ ed niage?
indicating a result of the traffic flow sinulation; an external interface
24 t hat vicgicemeectosd tthee alni lextier dle appardtivs) &lUchaasows g fyeanandy ot her
conputers, and that transmts and receives various information to and from
t he extemralcrapparatarss andiE read Umis & fore y exdli g 4 ndosnage anesber ed
in a portable storage nedium 26. Exanples of the portable storage nedi um 26
i ncl ude R MaGReLiG; 45k, o) PRI GRls disK wlcihas e dLoppacsrDhsc) and a
DVD (Digital Versatile Disc), an IC (Integrated Crcuit) card, and a nenory

card 1904dk: 810y sziénuTJﬁe]ciCBI%#a%%ogd%é}? BM e 1he. RAM I6; Ll HOD 18, 1 he

operation i nput uni e splay unit external interface
24, and the.reqq unit 28 are electrically connected to each other through a
syst em 6G¢23d. P& ef ore, the CPU 12 can access the ROM 14, the RAM 16, and
the HOD 18, can figure out an operation state of the operation input unit
20, can {§i®dplilay various images on the image display unit 22, can transnit
and receive various information to and fromthe external apparatus through
t he ext er nal Tihet érfdde 24,1 cand ican atead iadorrationl § rdartherport abl e
storage nedium 26 through the read unit 28. {00451 The configuration
of the tnafidesf:| ew sipadzaticon appar atrisc 100 stiown imcRides lai beanoexdnpl e,
and ot her nodes are al so possible. For exanple, a high-capacity

sem condugboseSt GLaYe raPRanal us dridhe usedi V4 plaset obr ther s 18, and the

traffic flow sinulation programnay be stored in the portabl e storage

nEdiun]ggergQQég%; an image display unit 22 that displays various
images, such as an image for prompting input of various
information necessary for the traffic flow simulation and an
image indicating a result of the traffic flow simulation; an
external interface 24 that is connected to an external
apparatus, such as a printer and other computers, and that
transmits and receives various information to and from the
external apparatus; and a read unit 28 for reading information
stored in a portable storage medium 26. Examples of the
portable storage medium 26 include a magnetic disk, an optical
disk such as a CD (Compact Disc) and a DVD (Digital Versatile

Disc), an IC {Integrated Circuit) card, and a memory card.

{0044}



Fig. 2 shows a schematic diagramof a road network nodel 40 and a route
net wor k nodel 42A constituting a traffic network nodel 44A in the traffic
fl ow simulation according to the present first enbodiment. {0047} In the
road network nodel 40, a link 50 as a ypad nodel 19 sinulating a m nimm
section of a road separated by an intersection or the |like is connected by

a node 52 Simylating bhe &h%t AP O ThEN ARG NSNS e D ey

simul ate an eX|st|ng rdad net wor Simildte a road network that does
not exi st peed nlt of tr vellln quﬁpblle nodel s, the

|
nunber 6TEiéﬁé?“[ﬁW%ﬁmé%Wébéghcéjﬁh&qﬂﬂ? right turn

| anes, and the |ike are set for each |link SO Presence/absence of
i nst al | &¥tEATEH & NteafFEce 1A4ghtenfbdele SIaRd abTifg & AT £91E T ghta Fof

autonobile is set for each node 52. An altitude can al so be set for
each |i mlon5@canmd ¢aclkamddetBr Terefwr ¢, sy sleopédusf Ithe Fbadediomsl-at ed by
the link 50 can be decided froma difference in the altitude between
adj acentcHd w150 2andmnede s vhdiddenent wald iRmdea Gareral sthddidetldn the
m ddl e of the link 50. {00491

can figure out an operation state of the operation input unit

20, can display various images on the image display unit 22,

can transmit and receive various information to and from the

external apparatus through the external interface 24, and can

read information from the portable storage medium 26 through

the read unit 28.

{0045}

The configuration of the traffic flow simulation

apparatus 10 shown in Fig. 1 is an example, and other modes

are also possible. For example, a high-capacity semiconductor

storage apparatus may be used in place of the HDD 18, and the

traffic flow simulation program may be stored in the portable

storage medium 26.

{0046}

Fig. 2 shows a schematic diagram of a road network model
40 and a route network model 42A constituting a traffic
network model 442 in the traffic flow simulation according to
the present first embodiment.

{0047}

In the road network model 40, a link 50 as a road model



The traffic light nodel changes fromblue to yellow, fromyellow to read,
and fromred to blue at predetermned tine intervals. Wen the traffic

|l ight nodel is blue, the autonobile nodel is permtted to nove fromthe
link 50 to another Iink 50 through the fiode 52 provided with the traffic
i ght nodel. On the other hand, when the traffic |ight nodel is red, the

aut onobi |. | is pr.ohibited fr.om mving fr . [ i 0 to anot her
link 50 Stlﬁ“r“g%g%“tghé T da sy 6%&}11 24 G th s {Ereé%&iag g gﬁ? .%I?oosol

Meanwhi | .e, the route network nodel 42A includes a route of guidew

t r ansporPt &t G (riélt € 'nd Iﬁéée,lﬁ SRS S I&tpﬁﬁgaig. 'Wﬁ##ﬁgﬂ%eople
to board and | eave (station nodel 62), and a bl ock neans for tenporarily

bl ocki ngehé ntegveictafnt-heThat 5ABBI NeTHEEsr BPAGLt A0t RaYt PATEL 26 FRe

gui deway transportation that travels on the route. 100511 The bl ock
means aecasding toatheepresentorf imest sembdditmenrt ricsida Neltosk lappgartatdse bl ock
apparatus nodel 64) that is arranged at a place where a road and a route of
t he gui dewayxtisansportation intersect and that tenporarily bl ocks the
travel of the autonobile at the intersecting place when the gui deway
transporfpayiggn is traveling through the intersecting place. The bl ock
apparatus as a block neans is a so-called railroad crossing including a

brock bar. (A03gleq 1:niINBDLOGKARNAALUS RAE]L Shpperal as.d hans. of a

cl osed state ané'an open state. apparatus no 64 1s In the

cl osed state, the travel of the auto il e nodel at. the. place where the
e SO EndERE s B aREaAr 66 T a Erehdts Bt ek TG T1avel ot the

aut onobil e nodel is stopped. On the other hand, when the bl ock apparatus
model 6&u¥g iANERe and the like are set for each link 50.

Presence/absence of installation of a traffic light model
simulating a traffic light for automobile is set for each node
52.

An altitude can also be set for each link 50 and each
node 52. Therefore, a slope of the road simulated by the link
50 can be decided from a difference in the altitude between
adjacent link 50 and node 52. A different altitude can also
be set in the middlie of the link &0.

{0049}

The traffic light model changes from blue to yellow, from
yellow to read, and from red to blue at predetermined time
intervals. When the traffic light model is blue, the
avtomobile model is pernmitted to move from the link 50 to
another link 50 through the node 52 provided with the traffic
light model. ©On the other hand, when the traffic light model

is red, the automobile model is prohibited from moving from



21 open state, the travel of the autonobile nodel at the place where the
link 50 and the route nodel 60 intersect is not bl ocked. The bl ock
apparatus nodel 64 does not have to sinulate opening and cl osing of the
bl ock bar included in the bl ock apparaf s as in the actual bl ock apparatus,
and the bl ock apparatus nodel 64 can bé simlar to the traffic |ight nodel.

The cl osed st.ate .can be red, and the .open stat a ki .

The bloéﬁm% aé@stﬁb§§P%%fIiglﬁﬁzgﬁéchgggﬁ 3?%%2“%%6&??&%‘%&3?%%| of the
gui deway transportation nodel at a predeterm ned di stance before entering
the bl odk Zpparatds ffodel' 68 until the arrival of the gui deway
transportation nodel at a predeterm ned di stance after passing through the
bl ock app&datlus nodel 64, for exanple. {0054} Fig. 3 is a functiona
bl ock di agram showi ng functions of the traffic flow sinulation apparatus 10
accordi ng t oMchewpridsent:hiel st tenbedivrerkt noderle d@edirfdlealdsy a thmite
functional block diagram shown in Fig. 3 shows a flow of a process of the

trafficofd on:sicmahati-@n spodi-amex acuhad Moddie dBY k2.station The traffic
flow sinulation apparatus 10 according to the present first enbodi nent

I ncl udes ;4 §tant ol BSLRUGLION ARCIRIJAN WD bl afhd Nidd@l satdding, unit 72,
a simulation unlg 74, a city evaluation unit 76, and an out put processing
22 model 62), and a block means for temporarily blocking the
travel of the automobile according to the travel of the
guideway transportation that travels on the route.
{0051}
The block means according to the present first embodiment
is a block apparatus (block apparatus model 6€4) that is
arranged at a place where a road and a route of the guideway
transportation intersect and that temporarily blocks the
travel of the automobile at the intersecting place when the
guideway transportation is traveling through the intersecting
place. The block apparatus as a block means is a so-called
railrcoad crossing including a block bar.
{0052}
The block apparatus model 64 operates in one of a closed
state and an open state. When the block apparatus model 64 is
in the closed state, the travel of the automobile model at the
place where the link 50 and the route model 60 intersect is

blocked, i.e. the travel of the automobile model is stopped.

On the other hand, when the block apparatus model 64 1s in the



unit 78. 100551 The start instruction reception unit 70 receives an
instruction for starting the traffic flow sinmulation. Specifically, the
start instruction reception unit 70 determ nes that the instruction for
starting is received when a predetermned i mage (icon) displayed on the

i mge display unit 22 is pressed through the operation input unit 20, for
exanpl e._ {0056} . ) he initial ,setti.l it rf d niqtd setting
of the tor‘%efnf isgaﬁedwtshlenu J:(fft*"vieorln Ov{haetr?et ﬁéltg)tg[g)lrﬂ)tq L|ens rc%glt iagcilr?rleéc plta%%én unit 70
recei ves the instructi for,starting the traffjc flow sinulatian.

The 1 L o0 e T CHEA Mtk Fd1Y SEV 10 HnaIGte. (e FTEI S etnal e model  44A
as a target of the traffic flow sinulation, the nunber of autonobile
nmodel s, PafeéEar-ture place and a destination (0-D information) of each

aut onobi | e nodel , departure tine of each autonobile nodel, a service
schedul e of tlte guicdeway taranspontcatdlord dvetbels ravid heeat Her (Frti¥ateain, or
snow), as well as the arrangenent and capacity of a charging station nodel
si mul at iop@rd rehamngi Rg cStiald @ thhal harges: reliertlnided/ehi cltes i¥odhe

aut onobi | e nodel s include electric vehicle nodels. 100571 23 The
service a%%'&%%‘%'u% ofs tihe (g devay it RARRROTARL on yPdelnd sciee thrdtiabl e
showi ng a departure station, a stop station, a termnal station, a pathway,

time of aggv%%tc‘ﬁrsem%tde&h%z;d%%r LY & 5hatd,on. e (Of, @ £d val gt g st op
station, "Stop tinme at the stop station, time of arrival at the term nal

statl OnTh%n%ltog%dl Islfteat%f cta?]e bter e ; %Tno{ hc%eguolpdeenwa tégeangé)rg)r}:t)c—?t%ﬂ?e _rmdel :

{0053}

The block apparatus model 64 is in the closed state from
the arrival of the guideway transportation model at a
predetermined distance before entering the block apparatus
model 64 until the arrival of the guideway transportation
model at a predetermined distance after passing through the
block apparatus model 64, for example.

{0054}

Fig. 3 is a functional block diagram showing functions of
the traffic flow simulation apparatus 10 according to the
present first embodiment. More specifically, the functional
block diagram shown in Fig. 3 shows a flow of a process of the
traffic flow simulation program executed by the CPU 12.

The traffic flow simulation apparatus 10 according to the
present first embodiment includes a start instruction
reception unit 70, an initial setting unit 72, a simulation

unit 74, a city evaluation unit 76, and an output processing



{0058} The traffic network nodel 44A, the 0-0 information, the
service schedule, and the |ike nmay be created in advance by the user,
stored in the HOD 18, and read fromthe HDD 18 by the initial setting unit
72 for the initial setting. The initiag?setting unit 72 may have a function
of creating the traffic network nodel 44A, the O-D information, the service
schedul e, . nq the like, and the user nay create the traffic network nodel
44A, thé”Uﬁb ﬁ%fornation, t he service schedule, and the |ike through the

initial setting unit 72. (0059) The sinulation unit 74 includes an
aut onobi 1% 1)l ation unit 80 and a public transportation sinulation unit
82. (0060} The autonobile sinulation unit 80 includes an autonobile

travel sinul dthcorstunitt 184 tangt ta qrouteeegd]iagt ivovi tunit B88:©0061)3The
autonobil e travel simulation unit 84 sinmulates travel 24 of each
aut onobiilrestimdel i dhased et tirayelha ateef [der iMedy faiom tdeiset 0-0
information. Specifically, the autonobile travel simulation unit 84

cal cul atgeiha osi,i emofsthe aytembidie mdalefuiom thei ¢ ravel speed and
the travel tine of the autonobile nobdel and noves the autonobile nodel to

22: ngﬁle@élt%tr%qn%%gtthia%n 42 §HOH.ALE 1he 4d.2v8l 1,91 the autambide wmdel . for
a predetermined image (icon) displayed on the image display
unit 22 is pressed through the operation input unit 20, for
example.

{00506}

The initial setting unit 72 performs initial setting of
the traffic flow simulation when the start instruction
reception unit 70 receives the instruction for starting the
traffic flow simulation.

The items set in the initial setting include the traffic
network model 44A as a target of the traffic flow simulation,
the number of automobile medels, a departure place and a
destination (O~D information) of each automobile model,
departure time of each automobile model, a service schedule of
the guideway transportation model, and weather (fair, rain, or
snow), as well as the arrangement and capacity of a charging
station model simulating a charging station that charges
electric vehicles if the automobkile models include electric

vehicle models.

{0057}



The route selection unit 86 derives the travel route of each autonobile
nodel fromthe set 0-0 information. When there is a traffic jam the route
selection unit 86 may derive a new travel route for avoiding the traffic
jam and provide the derived new travel,foute to the autonobile nodel.
{0062} The public transportatioh sinmulation unit 82 includes a

publ i ¢ L anseart aLian d avelc LAl o, il o8 and. s bl gk, il agdon uni

90. {0063} ransport trav simu atl on unit

simul ates the trav of t he qgui de transportatlon no according to the
set servité scH¥td %31 ¢ Pt d I%}eﬂgatﬁrjfélr@bﬁqact tFanspor %ﬁlsw 3f‘%ﬁf?/elgi
simulation unit 88 calculates the position of the gui deway transportatl on
model f rieramine i rdvvdll Wpeed Rid e thidvelok idRP DI e Yui'diha

transportati on nodel and noves the gui deway transportation rmdel to the

cal cul atdegbapadsind art o i miliate ahetmiavwel of the fFuiresleyti9anspe?® ati on
25 nodel, for exanple. The bl ock simulation unit 90 operates the

bl ock appafetats ymRdelt G4 duntone oftirhe «f csed wtatet ant: theropenl st at e
according to the travel of the guideway transportation nodel. {0064}

The citygvalyation LHHet 1746 VA Uates. fnct ionscd @ Chdyaexpressed by the
traffic network nodel 44A according to the sinmulation result of the

si mul at i 7 es of the functions of the city include a traffic
jamstattgr%o ré:agcu m%i;@%ie (location of traffic jam length of traffic

j am etcr(z? %rid average tine fromthe departure place to the destination of
the aut Sfdbi

The traffic network model 44A, the O0-D information, the
service schedule, and the like may be created in advance by
the user, stored in the HDD 18, and read from the HDD 18 by
the initial setting unit 72 for the initial setting. The
initial setting unit 72 may have a function of creating the
traffic network model 44A, the O-D information, the service
schedule, and the like, and the user may create the traffic
network model 44A, the 0-D information, the service schedule,
and the like through the initial setting unit 72Z.

{0059}

The simulation unit 74 includes an automobile simulation
unit 80 and a public transportation simulation unit 82.
{0060}

The automobile simulation unit 80 includes an automcbile
travel simulation unit 84 and a route selection unit 86.
{0061}

The automobile travel simulation unit 84 simulates travel



{00651 The output processing unit 78 executes a process of outputting
the evaluation result of the city evaluation unit 76 (hereinafter, called
"out put process"). Specific exanples of the output process include an inage
di spl ay process of displaying the eval%lﬁﬂti on result on the image display
unit 22, a storage process of storing e evaluation result as data in the
HDD 18, and a.printing .process .of usi a _printer, connect it he
externaloaf?r?taec g@gaﬁ[}fq%l@epﬂo e%r‘? 3 al%ﬁlatai (%’ﬁ:ar?"veesluIrtour(;Lne ragegrolr ﬁ%&%er.
{0066} An effect_ of the traffic flow sinul gti on _aﬁpgrﬁt ug 10

accor di 1% $%hE Pt et B S -enBBAF FEAEAWM VY BESdESEPTEEE S 26 (' 6d67)
When the start instruction reception unit 70 receives an instructjon for
start i ngirvd atrahf jve i M siahdvdEites, taed pord Gigin iafl et (A HPAR 1 72
performs initial setting of the traffic flow sinulation subsequently, the
trafficrfodew Sirmul athicon rappdr atpus dl @ nst antes ttrreralr dfifie df drssi nul ati on.
{0068} The autonobile travel sinmulation unit 84 sinulates the travel
of each zautawphiille veiel Hdy thedy avel sowredard wedidr am tdes set 0-D
information, and Q K characteristics indicated by a QK curve shown in Fig.
. are_used 49,88l ale (e $Pest.ab dhe At anRhll & model diaselding on the
| ink 50, for exanple. The Q K characteristics indicate a relationship
bet ween traffic flow rate Q (nunber of autonobiles/tinme) and a density K
(nurrbermg e%tﬁt ofr?ﬁ:bielxéiénﬂ%%'. In other words, the QK characteristics

i ndi cate charg:t eristics of the road. A gradient %Of a line connecting a

poi nt on t he TBEK TOR&LacEE s Wnid Bife S giGT i th datBEa 194vel % Speed V
(ki time).

each automobile model from the set O-D information. When
there is a traffic jam, the route selection unit 86 may derive
a new travel route for avoiding the traffic jam and provide
the derived new travel route to the automobile model.

{0062}

The public transportation simulation unit 82 includes a
public transportation travel simulation unit 88 and a block
simulation unit 90.

{0063}

The public transportation travel simulaticn unit 88
simulates the travel of the guideway transportation model
according to the set service schedule. Specifically, the
public transportation travel simulation unit 88 calculates the
position of the guideway transportation model from the travel
speed and the travel time of the guideway transportation model
and moves the guideway transportation medel to the calculated

position to simulate the travel of the guideway transportation



10069} As shown in Fig. 4, if the density K of the autonobile nodel
further increases beyond the top of the @K curve, the travel speed
decreases, and this causes a traffic jam 100701 27 In the traffic
fl ow simulation according to the prese first enbodiment, the QK
characteristics may be swtched according to the weather set in advance as
set val Fi.g. shows an exanple of the QK characteristics that
vary acc%gofddﬁllrfg i t%%m\}\%aﬁ‘her. Fig. 5(A) indicates the QK characteristics

when the weather is fair. Fig.. 5(B) indjcates the K racteristics_when
t he weat her i erﬁ?lrf?‘:]‘i:ﬁgl.m%](%lqrhdgnc]&t géso tWéﬁr@%Sc%}eaggg?cf TR t he
weat her i's snow. As shown in Figs. 5(A) to 5(C), alink capacity as a

maxi numiesdde &F ittheneg &F it 9 |V et &0 decirehdds iGPYheSlditder of fair,
rain, and snow. This indicates that the travel speed of the autonobile
nodel decreasEs:d md hdcordervef dfaithe raiimevand tsrrowpq00ya)on modey ong
with the sinmulation of the travel of the autonobile nodel by the autonpbile
travel siood4ation unit 84, the traffic flow simulation apparatus 10

sinmul ates the travel of the guideway transportation nodel by the public

transportati @hd ravel SidMlali g Whid B8.candidihe bhock: séril &t i oncpeyt 90
operates the bl ock apparatus nodel 64 according to the travel of the
QUide“a%x%&%%%%%wﬂyifyérP%&%fic network model 44A according to the
simulation result of the simulation unit 74. Examples of the
functions of the city include a traffic jam state of the
automebile {location of traffic jam, length of traffic jam,
etc.) and average time from the departure place to the
destination of the automcbile.
{0065}
The output processing unit 78 executes a process of
outputting the evaluation result of the city evaluation unit
76 (hereinafter, called "output process"). Specific examples
of the output process include an image display process of
displaying the evaluation result on the image display unit 22,
a storage process of storing the evaluation result as data in
the HDD 18, and a printing process of using a printer
connected through the external interface 24 to print the
evaluation result on recording paper.
{0066}
An effect of the traffic flow simulation apparatus 1C

according to the present first embodiment will be described.



When the bl ock apparatus nodel 64 enters the closed state (red light), the
autonobil e travel sinulation unit 84 stops the travel of the autonobile
nodel at the place where the cl osed bl ock apparatus nodel 64 is arranged.
Because the 28 bl ock apparatus nodel is included in the route network
nodel 42A, the inpact of the guideway transportation on the travel of the
autonnbilﬁeh% si nmul at ed. More specifically, the bl ock apparatus is
more of ¢ %l'osed with an increase in the ti ghtness of the service schedul e
of the guideway transportation, and an increase in the traffic _jam of
aut onobi | es "€y ddicc SERT TAT ISENEAS &N A SRE LR 1T dif dEAU Sl es i s
al so predicted, when nore routes are created and nore bl ock apparatuses are
cr eat ed iactonditnginy f£oFhe temafifioc thicowrsiffilcatilon gppariatius™o 3Htdriting to
the present first enbodi nent can sinulate the traffic jamstate of
aut onobiikhes iian such iaccasd d 2t herticatds drfiltdw Isismiltamicom 00iF21 The
traffic flow sinmulation apparatus 10 ends the traffic flow simnmulation when
al | i ni tialdsy cSet caut-amiilg D dels cafldnita 3t tirhe tdestiinatilans or when the
initially set tine for the execution of the traffic flow sinulation has
passed, it 18Tl Copthe, i Y oP\aluald Qiftly 718 TBkeS, andRualugid on. and
t he out put proceSS|ﬁﬁ)un|t 78 outputs the evaluation result. The traffic
fIOM/siqgl%Eion apparatus 10 may be able to make an evaluation by the city
G ﬁit 76 and out put the evaluation result by the output

eval uat i
processing unit 78 not only after the end of the traffic flaow si ation,

but al so in FE& SERECRIriEh G EHE Llexdeditiednt B %Wﬁ¥t%%ﬁ%ﬁ??#q§ﬁﬁ;§f IIation.
29 {007%éavel of each automobile model in the travel route derived
from the set 0-D information, and Q-K characteristics
indicated by a Q-K curve shown in Fig. 4 are used to calculate
the speed of the automcbile model travelling on the link 50,
for example.

The Q-K characteristics indicate a relationship between a
traffic flow rate O (number of automobiles/time) and a density
K (number of automobiles/km). In other words, the Q-K
characteristics indicate characteristics of the road. A
gradient o of a line connecting a point on the Q-K
characteristics and the origin indicates a travel speed V
(km/time) .

{0069}

As shown in Fig. 4, if the density K of the automobile

model further increases beyond the top of the Q-K curve, the

travel speed decreases, and this causes a traffic jam.

{0070}



As described, in the traffic flow sinulation apparatus 10 according to the
present first enbodi nent, the autonobile travel sinulation unit 84

sinmul ates the travel of an autonobile nodel sinulating an autonobile, in a
road network nodel sinmulating a road network including a plurality of roads
and an intersection connecting a road and a road, and the public

transpor tation, travel, simi o) on unit 88 5f i ales 1he. d ravel of . a,gui devay

transportati on no i mulat’ing gui deway transpor in the route
networ k nmodel 42A sinulating a route of the guideway transportation. The
Foute netviotk ST 4 o B QU1 4l AH THe bl GekI Dby at U ribeel 64
sinmulating a bl ock apparatus that is arranged at a place where the road and
t he routaEsfrdiie dut devayaatdsporatatirorrd icrs et Eid YhaieT enporarily

bl ocks the travel of the autonobile at the intersecting place when the

gui deway tr arisipor tatdtonwd sart reasselp Ing dfhridughDthechantarisect $ hge pl Heet
Therefore, the traffic flow sinmulation apparatus 10 according to the

present fdmsts @rmedinentc cae prediadr t heiignpagh)ofindhespull ithe O-K
transportation on the traffic, and particularly, can predict the inpact of

the ”a\@llal%fcdge}éﬁb%ﬁ{%ﬁﬁeﬁ ranspsdatd on onsdhe travel sofs)t hedautambile.

{00741 {Secon A second enbodi nent of the present invention

w il be 0 .descr.i.hed.,. {0075 el | cal, confi gur gtion a
functioﬁg%?6fgiﬁﬁﬁi§%F§%%ﬁt€3%a%q%ﬂﬁgh?f¢%%§%§§ﬁ %Iﬁ%n éppéﬁ%tus 10
according¥$o t he present second enbodinment are simlar to the electrical

|
conf i guraCiGH t&Td e G th A0 t 1 ot of 2GS Ot (e thRF 1% Tl

sinmul ation apparatus 10 according to the first enbodi nent shown in Figs. 1
and 3, and t A& @dsem pri dHLa6 | 15 Hot e T Epeatdlink capacity as a

maximum valiue of the traffic flow rate @ decreases in the
order of fair, rain, and snow. This indicates that the travel
speed of the automobile model decreases in the order of fair,
rain, and snow.

{0071}

Along with the simulation of the travel of the autcmobile
model by the automobile travel simulation unit 84, the traffic
flow simulation apparatus 10 simulates the travel of the
guideway transportation model by the public transportation
travel simulation unit 88, and the block simulation unit 90
operates the block apparatus model 64 according to the travel
cf the guideway transportation model.

When the block apparatus model 64 enters the closed state
{red light), the autcmobile travel simulation unit 84 stops
the travel of the automobile model at the place where the

closed block apparatus model 64 is arranged. Because the



{0076) The traffic flow sinulation apparatus 10 according to the
present second enbodi ment is an apparatus that executes a traffic flow
simulation for simulating travel of an autonobile nodel sinulating an
autonobil e in a road network nodel and”}‘or sinmulating travel of a roadway
public transportation nodel sinulating roadway public transportation in a

route network nodel sinulating a.route.of. the rao bliG..

t ranspo&‘ﬁqkoﬁ.pparatu%ﬁ@%lﬁé‘a%\ﬁaﬁSp&Eiqlgdterd;ﬁgpgﬁ%ﬁ%égﬁ%dé}r?gt“e%rkpubl ic
transportation, such as a bus and a tram that noves along a ro ,g}éravel | ed
by aut offSBiGled 2007 1mpact ofj §die §UdMEYRYs HAW SEre gt 'lg)ndioébr of a
traffic network nodel in the traffic flow sinulation according to the

pr esent tsecend cdntiddi merierobd 1B ¢s. s6raddtEd -t he sane constituent parts as
in Fig. 2 are designated with the sane 31 reference nunerals as in Fig.
2, and the desard pipiean Adidall 180t the dpedt echpa00A8)s is moreFigfteBris a
schematic diagramof a traffic network nodel 44B when the roadway public

t ransportiatsicn wi% A PUS nchekeienakt ehe galdtheshuid lvdusvickhe route of
the shuttle bus overlaps with the road. The shuttle bus stops at a position

o s PRECORINE Y S AP AE Al e ol (ravel || o
, p serves as a bl ock neans (stop nodel
92). the traffic jam of automobiles is predicted. BAn increase in
the traffic jam of automobiles is also predicted, when more
routes are created and more block apparatuses are created
accordingly. The traffic flow simulation apparatus 10
according to the present first embodiment can simulate the
traffic jam state of automcbiles in such a case in the traffic
flow simulation.
{0072}
The traffic flow simulation apparatus 10 ends the traffic
flow simulation when all initially set automobile models
arrive at the destinations or when the initially set time for
the execution of the traffic flow simulation has passed, for
example. The city evaluation unit 76 makes an evaluation, and
the output processing unit 78 ocutputs the evaluation result.
The traffic flow simulation apparatus 10 may be able to make
an evaluation by the city evaluation unit 76 and output the
evaluation result by the output processing unit 78 not only
after the end of the traffic flow simulation, but also in real

time during the execution of the traffic flow simulation.



More specifically, the shuttle bus nodel sinulating the shuttle bus travels
on a route nodel corresponding to part of the road network nodel 40, in the
same way as the autonobile nodel. If the link 50 of the road network node
40 includes two | anes each way and a bgg priority lane is set, the bus
priority |ane serves as the route nodel; and the shuttle bus nodel travels
on thelﬁﬁb;giority | ane. {0079} Meanwhile, Fig. 7 is a schematic

di agram a %raffic net wor k nodel 440 when the roadway public
transportation is a tram The traffic netwprk nodel . 440 i ncl udes_the 6oad

networ k nmodel®#FSHF P Fbut’® Hetndrié Wodel T 428 THEH R Y & ot e 0f A tram

(route nodel 94), a station sinmulating a station for people to board and

| eave (sterdish nebdel U8 Prafend Higok rmssmd Fegnt enpet a4 1S PP beki ng t he
travel of the automobile 32 according to the travel of the tramtravelling
on the rtoutwl simulathhe noutte Of dihe:tatars ishalongyeheof omd, and the tram
nodel simulating the tramtravels on the route nodel 94 al ong the road

net wor k gaimdeloil.e HAQBD) simulatibhe 4 ook dmansids ontsafdad hegherktraffic
i ght nodel 98) that is arranged at a place where the road and the route

i ntersect,and stﬂﬁﬁhaf%%or ridan Blacks it he,d1@yehg of pheraut epobil ecalist he

i ntersecting place en the tramis traveling through the intersecting

| ace. r i.fically, the traffic |]j 8.1s.ar at a pl ace
\R/her et %qeiaﬁlﬁ%%&ee{:n%%%eor} g:u nene%otdlqu 944%%?%?{"@%3 {(_B%c?i, aérgtpgg]gev\her ept he
tram nodel .crosses the link 50. The traffjc |ight npd 98 | simlar to
the bl ofkPApGardtieRIda & o4 taﬁ@dfﬂtlhe'fﬂd*@éﬁ?ﬂp@? o | fé n%%m%iaf%%eéﬁsd.

(0081} travel of a guideway transportation model simulating guideway
transportation, in the route network model 42A simulating a
route of the guideway transportation. The route network model
427 is provided with the block apparatus model 64 simulating a
block apparatus that is arranged at a place where the road and
the route of the guideway transportation intersect and that
temporarily blocks the travel of the automcbile at the
intersecting place when the guideway transportation is
traveling through the intersecting place.

Therefore, the traffic flow simulation apparatus 10
according tc the present first embodiment can predict the
impact of the public transportation on the traffic, and
particularly, can predict the impact of the travel of the
guideway transportation on the travel of the automobile.
{0074}

{Second Embodiment)

A second embodiment of the present invention will be



Al though Figs. 6 and 7 are used to separately describe the case in which
the route network nodel includes the route network nodel of the roadway bus
and the case in which the route network nodel includes the route network
nodel 42B of the tram the traffic network nodel may include both of the
route network nodel of the roadway bus and the route network nodel 422 of
the tram or .the traffic network may include at |east one of the route
net wor k “Od€l 5ftthe shuttle bus and the route network nodel 42 of the tram
as wel | g% the route 33 network nodel 42A of the guideway transportation.

I

In the #8% 0w ng description, the guideway transportation nodel, the
roadway bus nodel, and the tram nodel wll be coIqutiveI&{called a public
transportati é& megeitrifedsgerniiguratien and al fe&iing anitt oFF further sets

a service schedule of the roadway public transportation nodel. . The
servi cedsehedul o fwdr thre fifoadwdywpwhikig atrians pereatitos 19 acmrding bus is
a tinmetable showi ng a stop fromwhich the shuttle bus departs, a stop where

t he shuttl ehbuprstseps, sacshap owhenarhe shut lieibus trer mMhratdsscta jpathway,
time of arrival at each stop, stop tine at each stop, and the I|ike.

Meanwhi |.en, it 06 131 WirCa nschedulee nphen he oadvay -Rubli Gt ranspord@tion is a
shuttle trainis simlar to the service schedule of the gui deway

transpogt ation,, Q083),, ;.o WREA bhe %%Edﬂ#?&&#%ﬁkp%ﬂf%%ﬂgﬂﬁHhiMEﬁt70
recei vesan instruction Fof starting thetraffic flow simulation, and the
initial etting unit 72 perfarns i

e

si mul at PBRY8ubBeqddit| y, “fHe tréﬁﬁ?% i?%ﬁ%&#ﬁ%&gfggﬁ%ggpg%%{3%§18|gr;rts
the traffic flow sinulation.
repeated.
{0076}
The traffic flow simulation apparatus 10 according to the
present second embodiment is an apparatus that executes a
traffic flow simulation for simulating travel of an automobile
model simulating an automobile in a road network model and for
simulating travel of a roadway public transportation model
simulating roadway public transportation in a route network
model simulating a route of the roadway public transportation.
The roadway public transportation denotes public
transportation, such as a bus and a tram, that moves along a
read travelled by automobiles.
{0077}
Figs. 6 and 7 show schematic diagrams of a traffic
network model in the traffic flow simulation according to the

present second embodiment. In Figs. 6 and 7, the same

constituent parts as in Fig. 2 are designated with the same



When the roadway public transportation is a shuttle bus, the public
transportation travel sinmulation unit 88 sinulates the travel of the

shuttl e bus nodel, in the same way as the 34 autonobile travel sinulation
unit 84. Therefore, the travel of thezﬁputtle bus nodel is sinulated as one
of the autonobile nodels. {0084) The travel of the shuttle bus nodel

is sinmul ated based on the set .service.schedul.e. Theref.ore, wh t shuttl e
s OASr S P T et SB0dTs Pl of ot AL LTS Mage 105 e e ot he

aut onobi | e nodel travelling behind the shuttle bus nodel is tenporarily

bl ockedP® repeaggécifically, if the link 50 includes one | ane each way, the
foll ow ng aut onobi |l e nodel stops behind the shuttle bus nodel along with

t he stopU8f/8tthe shuttle bus nodel, and a traffic jamtends to occur.
Meanwhile, if the link 50 includes two or nore | anes each way, the
fol | owi ng autrdrpbid & snadelchrmaed ct o ianrad] adert trafd i cTherteforie  madwel
density of the autonobile nodels increases in the adjacent |ane, and the

trafficspamihends o receuiay {883k transptheaGiilon ewaldatison unit 76
further calculates a delay tinme fromthe service schedule of the shuttle

bus nmodel.  Ihe havel of jthe shytthe hus-nodernks sipdl atednas pre tafe the
aut onobi ['e nodel's.” Therefore, when there i's a traffic jamin the pathway of

the shuttle bus.nmodel ,..the. shuttle b - g i e.traffic jam
and is %8Fa338r#?8§1Fﬁgksgpesgp§ﬁde g@ﬁggaﬁthEv%ﬁgiEkghgréaig a delay in

the traffic¢ flow
posgtion of a set stop to temporarily block the travel of the

automobile travelling behind the shuttle bus, and the stop
serves as a block means (stop model 92).

More specifically, the shuttle bus model simulating the
shuttle bus travels on a route model corresponding to part of
the road network model 40, in the same way as the automobile
model. If the link 50 of the road network model 40 includes
two lanes each way and a bus priority lane is set, the bus
priority lane serves as the route model, and the shuttle bus
model travels on the bus priority lane.

{0079}

Meanwhile, Fig. 7 is a schematic diagram of a traffic
network model 44C when the roadway public transportation is a
tram. The traffic network model 44C includes the road network
model 40 and a route network model 42B including a route of a
tram (route model 94), a station simulating a station for
people to board and leave (station model 96), and a block

means for temporarily blocking the travel of the automobile



35 sinmulation apparatus 10 according to the present second enbodi nent, the
stop tinme at each stop nodel indicated by the service schedule is not
reduced, and the travel speed of the shuttle bus nodel is not increased.
{0086} The city evaluation unit calcul ates the delay fromthe
service schedul e of the shuttle bus nodel, and the calculation result
serves as a degree of confort of passengers of t shuttle, bu e

speci fi E&9F e ‘FedrEe "6FVEINFSr t'Ge ?‘é?‘gbgsta%egﬁlgﬁ iorlilc(r%ehaesZT“!Oldr\léb he

del ay, and the degree of confort increases with a decrease in the delay.

As descri bed Theng st ©ife thgs e Bé & 1oadt S of °2 % r 5’1”% EN%rm® 3fher ef or e,
an increase in the nunber of shuttle buses nmay reduce the degree of confort
of the passdngems: loftiriye tdlutitdes Busesls{ C08TNe routeMEwaRHi | anEt t he
roadway public transportation is a shuttle train, the public transportation
travel sihmulratidomumict Badde 1t i€ .second enbodi nent sinmul ates the travel of
the tram nodel travelling on the roadway network nodel 42B based on the set
servi ce (gghedul e, and the block simulation unit 90 operates the traffic

i ght nodel 98 according to the travel of the tramnodel, as in the

gui deway trapsportation mdel,.. . ... cHerefiohg, the dgiaf hiigdd ghtqds more
often red with an'increase in the tightness "of the service schedul e of the

98) that is arranged at a place where the road and the route
intersect and that temporarily blocks the travel of the
automobile at the intersecting place when the tram 1is
traveling through the intersecting place. More specifically,
the traffic light model 98 is arranged at a place where the
1ink 50 and the route model 94 intersect, 1.e. a place where
the tram model crosses the link 50. The traffic light model
98 is similar to the block apparatus model 64, and the
description will not be repeated.
{0081}

Although Figs. 6 and 7 are used to separately describe
the case in which the route network model includes the route
network model of the roadway bus and the case in which the
route network model includes the route network model 42B of
the tram, the traffic network model may include both of the
route network model of the roadway bus and the route network
model 42B of the tram, or the traffic network may include at
least one of the route network model of the shuttle bus and

the route network model 42 of the tram as well as the route



36 shuttle train, and an increase in the traffic jamof autonobiles is
predicted. An increase in the traffic jamof autonobiles is al so predicted,
when nore routes of shuttle trains are created and nore traffic lights are
created accordingly. {0088) As described, the roadway public
transportation is a bus, and the block neans is a stop of the bus in the

traffic [ i 14 0 ppar.at.us. 10, r.di t esent .second
enbodi rreﬁ;l%t.qy&llﬁée F[;‘é&%‘ata;etrle,&tpﬁeonj?rr%laectgLl(])jTodcté%ﬁagpbtﬂllsar}gsr%jt Qtorr;Leapct(airogf{/'eI %glf Lt%%e

aut onobi |l e and t he, i npact of the autaonpbile on the hus .are si ated, and
e T oAt B el G il 105 rAHEBOIAC T O B e TR T bar s
predi ct ed. The roadway public transportation is a tram and the

bl ock ME&REMAY &ug afFded o iaght Witatt Ge sl dbdor dichg ot aHel ¥9-aXel of the

tramin the traffic flow simulation apparatus 10 of the present second
enbodi nerdtlleTher gfudrle,c tthevrigypadtatafort eodalam on the travel of the
autonobile is sinulated, and the inpact of the travel of the tramon the
travel dfoosire aut onobil e can be predicted. {0089) {Third Enbodi nment)

A third enbodi ment of the present invention will be described. {0090}

The initial setting unit 72 further sets a service
schedule of the roadway public transportation model.

The service schedule when the rcadway public
transportation is a shuttle bus is a timetable showing a stop
from which the shuttle bus departs, a stop where the shuttle
bus stops, a stop where the shuttle bus terminates, a pathway,
time of arrival at each stop, stop time at each stop, and the
like.

Meanwhile, the service schedule when the roadway public
transportation is a shuttle train is similar to the service
schedule of the guideway transportation.

{0083}

When the start instruction reception unit 70 receives an
instruction for starting the traffic flow simulation, and the
initial setting unit 72 performs initial setting of the
traffic flow simulation subsequently, the traffic flow
simulation apparatus 10 starts the traffic flow simulation.

When the roadway public transportation is a shuttle bus,

the public transportation travel simulation unit 88 simulates

the travel of the shuttle bus model, in the same way as the



37 An el ectrical configuration of the traffic flow sinulation
apparatus 10 according to the present third enbodinent is simlar to the
el ectrical configuration of the traffic flow sinulation apparatus 10
according to the first embodi ment showg,in Fig. 1, and the description wll
not be repeated. The traffic network nbdel 44 according to the present

third ewr@%&% S.siidar; &éﬁ‘fozf\ lﬁﬂinl‘;% Cabd‘.et%fe‘%egfg%' 4 ﬁs*%%él” ?hgs-

2, 6, a he description w e repeat 100
traffic f%o si mul atj on apparatus. 10 according to the present third.
embodi meht S il A sl Pt HNSA T he§ rEVET L Breq e altordbi e and tReD bUBI i ¢
transportation, but also sinmulates novenent of an individual (agent).
(0092) models [ g. 8 is a functional block diagram show ng functions of the
traffic flow sinulation apparatus 10 according to the present third
enbodi mett084in Fig. 8, the sane constituent parts as in Fig. 3 are
designated with the sane reference nunerals as in Fig. 3, and the
descri ption wiHd thetvdie sepgat ethut(ti09Pus model lis thenttatdd codsow on
simul ation apparatus 10 according to the present third enbodi ment, the
si mul at i:on: Wid sthd-J:Nad udes. @, per sahJmvenRnt (glaiulald emuttitte 0% 38
model stops at the set position of the stop model 22, the
travel of the automcbile model travelling behind the shuttle
bus model is temporarily blocked.

Specifically, if the link 50 includes one lane each way,
the following automobile model stops behind the shuttle bus
model along with the stop of the shuttle bus model, and a
traffic jam tends to occur. Meanwhile, i1f the link 50
includes two or more lanes each way, the following automobile
model moves to an adjacent lane. Therefore, the density of
the automobile models increases in the adjacent lane, and the
traffic jam tends to occur.

{0080}

The city evaluation unit 76 further calculates a delay
time from the service schedule of the shuttle bus modei. The
travel of the shuttle bus model is simulated as one of the
avtomobile models. Therefore, when there is a traffic jam in
the pathway of the shuttle bus model, the shuttle bus mocdel is

caught in the traffic jam and is delayed from the set service

schedule. Even if there is a delay in the traffic flow



The person novenent sinulation unit 100 sinul ates novenent of a person
nodel sinmulating an individual. Specifically, the person novenent
simulation unit 100 cal cul ates a position of the person nodel fromthe

rel ati onship between the novenent speed. and the travel tinme of the person
nodel and noves the person nodel to the cal culated position to sinulate the

novement_ . t er del , r mle.. T ) | ording to

t he presSel(r%{u]ta&ﬁ‘r g%%o%d{gqn%nst E‘rg)\?aecscw Lroog%eg tmri(r{{pnoq%eﬁ&%. 00941

The autonpbi|.e travel sinulation unit 84 according to the present t.hird
enbodi O@!Wﬂ“att’eghﬁ T I hé &P e St hg lu?%n%%?‘f% irr}’tt])%lel and
| eavi ng of the person nodel fromthe autonobile nodel. The public

t r ansportEatiic trehreslulsi ma adtoF aiMacBs At it gt h%geﬁer(gs‘é%t”f%i rd
enbodi ment si nul ates boarding of the person nodel on the public

t ransportattitdr hodelrcared ligaviailg iofcntdeesepbr son nodel fromthe public

transportati on nodel. {0095} The traffic flow sinmulation apparatus 10
accordi n@os® )t he present third enbodi ment further includes a decision
maki ng nodel unit 102. The deci sion maki ng nodel unit 102 includes a

person travelihag Hakt @k 16/:8aldOR MR 1761041 an dndi virduale hehasmi @ the
evaluation unit 106, and a storage control unit 108. 39 0096}
service schedule of the shuttle bus model, and the calculation
result serves as a degree of comfort of passengers of the
shuttle bus. More specifically, the degree of comfort
decreases with an increase in the delay, and the degree of
comfort increases with a decrease in the delay.

As described, the shuttle bus can be a factor of a
traffic jam. Therefore, an increase in the number of shuttle
buses may reduce the degree of comfort of the passengers of
the shuttle buses.

{0087}

Meanwhile, when the roadway public transportation is a
shuttle train, the public transportation travel simulation
unit 88 in the second embodiment simulates the travel of the
tram model travelling on the roadway network model 42B based
on the set service schedule, and the block simulation unit 80
operates the traffic light model 98 according to the travel of
the tram model, as in the guideway transportation model.

Therefore, the traffic light is more often red with an

increase in the tightness of the service schedule of the



The person traveling pattern creation unit 104 creates a traveling pattern
of a person including a case in which the person uses at |east one of the
aut onobil e and the public transportation to arrive at the set destination
fromthe set departure place. The pers n traveling pattern creation unit
104 outputs the traveling pattern to the sinulation unit 74. Wi ch
one of the autonohi.le and, the .public transportatiaqn is..to used is
initialf?“%%#‘ g%aé§Cha5§%§%h:¥%iﬁﬁaseSﬁ@c???%éﬁF??ﬂfbrE%xéﬁgle, this may be
random y set far. each person nodel, or the proportion of _persaon nn%els
usi ng addrBli S Sand e PrdFo-ti BR oPCpERSEN ﬂnabﬁstﬁéﬁﬁéchSWig
transportation my be set. This setting will be called use traffic neans
settingaueooplles is zflge presdttiesh miErb&Eanged e cor dMYtE t he set
weat her. For exanple, if the set weather is rain or snow, the proportion of
person nodehs asieng rawttendkirde modelts S iiondriegded.a@n dadwtegicher hand, if
the set weather is fair, the proportion of person nodels using public
t ranspokt-alr@n nikg yi.ncreased. The proportion can al so be changed based on
regionality the person lives in. For exanple, in a sinulation of novenent
of a pergerghiving in a location with regionality in which short time to
the destination is preferred or a person living in a region with a high
owner shi p ra%lOﬁ%%cr%%edauk%%pQ%g%MaSh%u Hal 0@%éﬂké€ré§¥f%H‘ﬂPQ§h§Ny§Ing
S n a-‘sim pe

aut onobi | e nbde I'sTincreased. | ation of ‘a person living in a

region wth enhance ublic transportation, the propartion of. person nodels
usi ng p@BFi ENer ﬁ?ﬁgr PSeion ifodeFE s AnarEadtts J{fbo‘gﬁtfagl(ghéfow

i ndi vi dual behavi or evaluation unit 106 cal cul ates behavi or eval uation

val ues, sétich2aid opr apepreitive dfd acesrdifngr &p, éfe £ 4aroh $EI9 from t he
departure place to the destination set for each person nodel based on the
travel i rgbpdtitienn.. |I'hhgeaéoak, the behaviopievhkudtisownyilwes rave lbased on
t he sense of values of the individual, and the val ues al so vary dependi ng
on the emgi anabibyiandagensikl Midhact] @39%he autonierld hen tulayabud i amee of

t he person nodel based on the traveling pattern cal cul ated by the

| ndi vi dyah,hghaul obngvaheatken dnide 106 I1%LQM8) hdhOfc Stf@éﬂﬁﬁoi@@@i@n

preset tolerance, the storage control unit 108 controls the HDD 18 to store
the trayeling gg%%gaﬁ %gg %@ep§%ggk@gdqn result of the person nodel using

the traveling pa

The roadway public transportation is a tram, and the
block means is a traffic light that operates according to the
travel of the tram in the traffic flow simulation apparatus 10
of the present second embodiment. Therefore, the impact of
the tram on the travel of the automchbile is simulated, and the
impact of the travel of the tram on the travel of the
automobile can be predicted.
{0089}
{Third Embodiment}

A third embodiment of the present invention will be

described.

{0080}



The tolerance is a tine sense as a standard for the arrival of the person
at the destination. Therefore, different values (tine) can be set for the
tol erance according to the tinme zone in the sinulation of the novenent of
the person, the regionality the persorwives in, the weather, and the |iKke.
For exanple, a short tolerance may be set when the 91 tine zone in the

simul ation of, th wvenent of .t.he per.son i i TR Ni or when an
i ndi vi dual A"t ﬁgegggfil&?% ictoﬁfilr?“mff?ﬁér?“sﬁgf £, tﬁg%t%ﬂtchéﬂg’esti nation is

preferred is simulated. A long tol erance may be set when . the ather is
rain. {@f%’)slatlon Pl TEaFf it falc&ﬁralﬁ?ﬁl a6 dnCappar séﬂ)lra cording to
the present third enbodi ment includes an end condition determ nation unit
110. embodfRenénd Sc GAdiEGN tdetdemed&Citan Cani COTIE IReFr A& WKt her a
condition determ ned in advance to end the sinulation of the novenent of

t he i nditwiaddialc ifd omets inlflatthenc epgiatdiagmsi 4 Ometccotriie nend ccdndi tiigst

determ nation unit 110 ends the simulation of the novenent of the person,
and theegibbyigvakuahicen Ufi Fige makesdarhevalasatiien jaased 10n tdte ksd mul ati on
result of the novenent of the person. On the other hand, if the condition

is not pelo the deejsiop, making.ppdek Mpkt;192 gausesihBerpersen traveling
pattern creation unit 104 to create a new traveling pattern. The end

condi 1 gl s Eheyunberf EREtit Qs alut he Simlatien ofy e mpverrent of

the per: or “exanp ) effect of the traffic flow
descr | BAOCANTaf FEEETOf " Reddecral 6n A Hg mOdeI" UhiA- T02 1 117 B&. i nly
descri bed below, and an effect of the sinulation unit 74 or

not be repeated.

{0091}

The traffic flow simulation apparatus 10 according to the
present third embodiment simulates not only the travel of the
automobile and the public transportation, but also simulates
movement of an individual (agent).

{0092}

Fig. 8 is a functional block diagram showing functions of
the traffic flow simulation apparatus 10 according to the
present third embodiment. In Fig. 8, the same constituent
parts as in Fig. 3 are designated with the same reference
numerals as in Fig. 3, and the description will not be
repeated.

{0083}
In the traffic flow simulation apparatus 10 according to

the present third embodiment, the simulation unit 74 includes

a person movement simulation unit 100.



42 the like are simlar to that of the first enbodi nent unl ess otherw se
specifically described. {0102} When the start instruction reception
unit 70 receives an instruction for starting the traffic flow sinulation,
and the initial setting unit 72 perfopﬂ? initial setting of the traffic

fl ow sinmul ati on subsequently, the traftic flow sinulation apparatus 10
starts the trgffic flow sinmulation. Settings sQegkﬂfc.%gﬂkﬂﬁﬁpresent third
enbodi nent aréSsEETSH™ REViEmtal® AG Uit b7 2, s el e A ovenent  speed
of a person nodel, O-D information of the person nodel, departure tinme of

t he per §OVeRsa& cfuse PEEEON &OfSanS 188t EitRGY éntépgﬁéﬂéﬁFSan end condition
a maxi num nunber of persons that can be boarded on the public

t r anspospatiidn caddel,, tard pa rfsane rof eise tpgbimug attiams parittati®h nodel . (0103}
The person traveling pattern creation unit 104 creates a traveling pattern
of eachcpersoaterdel phased con dfhe reonkenronseloded then riltd al setting unit
72, particularly the 0-0 information of the person nodel and the use

traffic geans sehlibngerhen the gdeway LLRREPeHEAIRN s wsed; ispest fic
exanples of the traveling pattern include departure tine of the person

T on HNETSAL, ST Soeie Sonmr s i segl A persenmila o Lhe
o RRaR o T it 12t RACR VRS PSR (2 AN destdnatign of the
example. The person model according to the present third

embodiment moves on the road netwerk model 40.
{0094}

The automobile travel simulation unit 84 according to the
present third embodiment simulates riding of the person model
on the automobile model and leaving of the person model from
the automobile model. The public transportation travel
simulation unit 88 according to the present third embodiment
simulates boarding of the person model on the public
transportation model and leaving of the person model from the
public transportation model.

{0085}

The traffic flow simulation apparatus 10 according to the
present third embodiment further includes a decision making
model unit 102.

The decision making model unit 102 includes a person

traveling pattern creation unit 104, an individual behavior

evaluation unit 106, and a storage control unit 108.



The sinmulation unit 74 sinmul ates the novenent of the person nodel fromthe
departure place to the destination based on the traveling pattern. For
exanple, for the person nodel for which the person traveling pattern
creation unit 104 has created the trav;&ing pattern of using the gui deway
transportation, the person novenent siwulation unit 100 sinul ates the
nnvenequg%ﬁwe person nodel fromthe departure place to the station nodel
62 for boardai'ng. The public transportation travel sinulation unit 88

si mul at es boardi ng of the person nodel at the ;tation.nﬁﬂﬁ% 62 f.or _ boarding
and si mul at es 1% &l TP ofE 1HE Pei% i oddl Ht® e s tHt 'orr Tode1 =67 1 of

| eavi ng. The person novenent sinulation unit 100 then sinulates the
novenmentt 1Gfvetlie paraddre nrode & rsr adve iStTEIBR Nodetla B2 FortEdvit to the
destination. The maxi num nunber of persons that can be boarded is set
to the publscn tusaspor tiatdsn aredelf cFrerefamnebife arndrigee nuhberC of person
nodel s use the public transportation nodel, the person nodels may not be
abl e t 0 thearghon dthepul] i tiranspordiat it nedali remeron fftdre e sont nodel s
arrive at the station nodels and the stop nodels, and waiting tinme nay be
gener at efl . [he, Qr %%]rac%f. t@%epggaﬁ%m%kf%l@%r ding oo e publd anit
transportgilon nodel 1s the order of the person nodels arriving at the
station dels or. t st.0 |s. .94 10105} o MOEN, ' ation of
t he mvé@ntoutigﬁiﬁqujeesttir%eﬁ%?%%lqs?%L?Cn%%héc? ftohre a 1I]mfbler sonlr1 n%éi%li ?,dh t he

i ndi vi dual behavi or eval uation unit 106 cal cul.ates .the travel tipe of the
per son nodel G (RS et ‘ﬁ?paar‘%ttﬁ“lé)kﬁl%aecé”t e %ﬁfﬁ%s??%%??%ﬁt%géoe on
the traveling pattern and determ nes whether the travel tinme is equal to or
smal | er ithaw &epresest itolieridricd. L yTHe stisrmade oot ounie?908 causes t he
HDD 18 to store the traveling pattern equal to or smaller than the

t ol er anGecand itcad 1si, mflcat icorandsuyl ttlofs tikey pey somawuey 8t ngerhea€favel i ng
pattern. {01061 On the other hand, the person traveling pattern
creati opetRbh, ¥AcQreales e ewddaviedr ng padierm dfedel heupengon nodel with
the travel time greater than the tolerance. The new traveling pattern is

cr eat ed by (fhanAIdRg he dHANRIALIAN ISk o Rer 5 0ns Tmgebudt 1 by

changi ng the departure tine. - The traffic flow similation
appar at ys 198660100 1.0, the present, third anbodiment,d epeales the, cr eati on
of the travefFing pattern, g%e simul ati on of the novenent of the person
nodel baseg on the traveling pattern, and the evaluation of the travel tine
usi ng t hE2Eo1Er HREES &5tH9 %e end condition determination unit 110

determ nes that the end condition is net.
10087}

The proportion may be changed according to the set
weather. For example, if the set weather is rain or snow, the
proporticn of person models using automobile models 1s
increased. On the other hand, if the set weather is fair, the
proportion of person models using public transportation is
increased. The proportion can also be changed based on
regionality the person lives in. For example, in a simulation
of movement of a perscon living in a location with regionality
in which short time to the destination is preferred or a

person living in a region with a high ownership ratio of



45 In this way, the traveling pattern of the person until the arrival
at the destination is balanced by repeating the evaluation of the traveling
pattern, and the traffic flow sinulation apparatus 10 according to the
present third enbodi nent can nore accuyately evaluate the change in the

traffic demand in the set public transportati on nodel. (0108) The
city evalqgtl%p unl%h76 %%FQJQ}nglt%:%Q%Spre %1%“5%q ?ng
cal cul at'és “a Use ¢t at'e € person imn publi’¢ tran portatlon nDdeI for

each trave|ing pattern stored in the he .use .state of
the pubfP&etPansporCaEEss dmodél ?nEFﬁHgE%ﬁ@nngﬁb@rp8fsﬁgr o Hoafdfng on
the public transportation nodel, a degree of congestion of the public

t r ansporEAtioon Witdele NEOCAD Waoilvy S DaRtHAT Hsdar ¢y FSIPRHE: RIbIG e
transportation nodel, and a total amount of fare required until the arrival
at the @essbnaWbdmls(ﬂb@%p public Therdegree tdorcongests o iiaaaisct ed by
di viding the nunber of persons boarding on each public transportati on nodel
by the maxiogyum nunber of persons that can be boarded on each public
transportation nodel. (0110} The city evaluation unit 76 may

cal cul ate nothnkyqthe quse %fe%ta 10fr the 1Ruklice tr-aRsnerd atd e imdet for
each traveling pattern, but also a sumor an average of the use 46 states

of a plyucahit%, ok ;RT3 APdEh 30 MUCh L G NRMETBRL, Tl dBY @t ed

{fare), of a person model from the departure place to the
destination set for each person model based on the traveling
pattern. In general, the behavior evaluation values are based
on the sense of values of the individual, and the values also
vary depending on the regionality and sensitivity.

{0099}

When the travel time of the person model based on the
traveling pattern calculated by the individual behavior
evaluation unit 106 is equal to or smaller than a preset
tolerance, the storage control unit 108 controls the HDD 18 to
store the traveling pattern and the simulation result of the
person model using the traveling pattern.

The tolerance is a time sense as a standard for the
arrival of the person at the destination. Therefore,
different values (time) can be set for the tolerance according
to the time zone in the simulation of the movement of the
person, the regionality the person lives in, the weather, and

the like. For example, a short tolerance may be set when the



{0111) The city evaluation unit 76 nmay al so indicate confort of the
novenment of the person by calculating travel tinme, which is required tine
of each person nodel fromthe departure place to the destination, and

average travel time of a plurality of person nodels. 10112} As
described, the traffic flow sinulation apparatus 10 according to the
present .t ' S Jdavel ing pat ternsgreakion

uni t 10&’?%a?“§?2a?%s e 9@?&gﬁfﬁén§éﬁﬁgfﬁﬂ%#&?%e per son |nclud|ng t he
case in whi at | east one of the au onDbl the nsportation
i s used t'b tg}c? iV RO K LBt THEEt | Ctsji on mr% ﬁceh@ eéf)rgé} g J%{?ace The
autonobil e travel sinulation unit 84 sinulates rid o t he f 5 E %D

on the altiGifobine inddéte drid q}"éaa\ﬂ@@“d‘fa‘t%@“p]e?éb‘?? frontthe Abutdnobi | e

nodel based on the traveling pattern created by the person traveling

pat t er n Ferlaatd drplatianck0mayTiee pub! ivehan ansporaation ¥ av@insi nul ation unit
88 sinul ates boarding of the person nodel on the public transportation
nodel andl&Egvi ng of the person nodel fromthe public transportation nodel
based on the traveling pattern created by the person traveling pattern

creation unitrrk04.raihereforg; dhetaafdid Cadpomashaul @atdioropppagatustiad 47
according to the present third enbodi nent can sinul ate the behavior of the

person YA e AUOMRdA AN LR RURLL Ca T ANSRALLELE 00, {0113) In

the traffic ow simulation apparatus 10 according to the present third
embodi ment., the i nd|V|du IéggpaV|or evaluation unit 106 cal cul ates the
travel f%ﬁe 8¥rFﬁ' €l fromthe set departure place to the arriva
at the destination based on the travellng attern f@erefore t he i nmpact of

the public tr&fsEart &A6H fGen ke tfovermmt L of PhE" pbt S o LahmbR® fior e

accurately eval uat ed.
whether a condition determined in advance to end the

simulation of the movement of the individual is met. If the
condition is met, the end condition determination unit 110
ends the simulation of the movement c¢f the perscn, and the
city evaluation unit 76 makes an evaluation based on the
simulation result of the movement of the person. On the other
hand, if the condition is not met, the decision making model
unit 102 causes the person traveling pattern creation unit 104
to create a new traveling pattern. The end condition is the
number of repetitions of the simulation of the movement of the
person, for example.
{0101}

An effect of the traffic flow simulation apparatus 10
according to the present third embodiment will be described.
An effect of the decision making model unit 102 will be mainly

described below, and an effect of the simulation unit 74 or



{0114) The traffic flow sinulation apparatus 10 according to the
present third enbodi nent causes the HOD 18 to store the traveling pattern,
which is equal to or smaller than the tolerance indicating the tinme sense
as a standard for the arrival of the pegfson at the destination, and the
simul ation result of the person nodel using the traveling pattern.

Ther ef org,. auer d%er{eo%igwlgr o, RELSONS Y3kng (the publiq kranspardalion can

be dlscrl m na traffic f1ow similation apparatus 10
according.to the prese . ﬂ]rd enbodlnent t he nunber of persons that can
be boar §&d5¢ 1$& Pﬁcﬂ BngeFFﬁﬁgﬁﬁ¥tatlon model , and the city
evaluation unit 76 calculates the use state of the person 48 in the public
t ransporit®dti“dn nodel . Therefore, the inpact of the public transportation on
t he nmovenent of the person can be nultilaterally evaluated. {0116) (First
Modi fi ed Exaiiples) the staEmerigytcomnsimpt iroweptitmavelilti f§ ix¢setvao ahe
public transportation nodel in the traffic flow sinmulation 10 according to
a first imedirficed cexa@mp! eraamrd nighe el tty sefadlcuatlicon sumivtl 46 ceal culdtids: an
i nstant aneous value and a total of the energy consunption of the public
transportatiien redel neonsuNed by tiraMeld iiRdtial setting of the

traffic flow simulation subsequently, the traffic flow

simulation apparatus 10 starts the traffic flow simulation.

Settings specific to the present third embodiment are set in

the initial setting unit 72, such as a movement speed of a

person model, O~D information of the person model, departure

time of the person model, use traffic means setting, a

tolerance, an end condition, a maximum number of persons that

can be boarded on the public transportation model, and a fare

of the public transportation model.

{0103}

The person traveling pattern creation unit 104 creates a

traveling pattern of each person model based on the content

set in the initial setting unit 72, particularly the O-D

information of the person model and the use traffic means

setting. When the guideway transportation is used, specific

examples of the traveling pattern include departure time of

the person model, a movement route from the departure place of

the person model to the station model where the person model

boards, and a movement route from the station model where the



{0117) The energy consunption is power consunption if the public
transportation nodel is a vehicle travelled by electric power (railway,
tram etc.). For exanple, power consunption (kW during acceleration and
power consunption (kW at constant spe are preset. The power consunption
during acceleration is nultiplied by the tine of acceleration, and the

power consupt hpn Al canstant, speedi s Ml il igd e the ddimgletravel at
const ant” speed. ése ‘are added to ¢alcul‘ate the ener y consunption. {01181
As a res HFV the inmpact of the inplenentation of the public transportation
can be @4ﬁultilaterally evaluated in the present first nodified exanple.
Particularly, the 49 electric energy used by the public transportation can
be eval uat ed Tin¢ & {regiadh ARherd tpUdl iSe mrlartsorthgt i 184 13 avels by

el ectric power is inplenented. Therefore, the power denmand caused by the
publ i c trasspontcatslornf rics ithei cared;:vard Hal@nde dfhepalsert iSuplgn dmiEeénmand
as well as necessary power infrastructures can be evaluated. 10119)

A r educlbinoft hien thfa& Q02 e Hag%ican .by raut epabiles cam bheaecexpecbedmcdegeopl e
frequently use the public transportation as a result of the inplenentation

of the puRl i HARSROALIRN t raveling! PREIONE o A8 G YureMal L@t ijgis uni t 76
may cal cul ate the 002 em ssion of an "aut onobil e nodel of a gasoline

t omobi | i nat ) ed gasol ne a i 1.e,ymdel) based on th
Fol | owi R4 ST R Ee (B a2y o or e dm e ad sy ol SUl bt e a change in

the 002 eri sei on due to the LBl ementation of; {fie, pUBl i, 4y afppor taton

simulates the movement of the person model from the departure
place to the station model 62 for boarding. The public
transportation travel simulation unit 88 simulates boarding of
the person model at the station model 62 for boarding and
simulates leaving of the person model at the station model 62
for leaving. The person movement simulation unit 100 then
simulates the movement of the person model from the station
model 62 for leaving to the destination.

The maximum number of persons that can be boarded is set
to the public transportation model. Therefore, if a large
number of person models use the public transportatiocn model,
the person models may not be able to board on the public
transportation model even if the person models arrive at the
station models and the stop models, and wailting time may be
generated. The order of the person models boarding on the
public transportation model is the order of the person models

arriving at the station models or the stop models.



Fuel consumption = travel distance x average fuel consunption ... (1)

002 em ssion = fuel consunption x constant ... (2) {0120} The
initial setting unit 72 sets the average fuel consunption of the gasoline
aut onobi |l e nodel in Fornmula (1) (for e?%nple, 30 kmL). The constant in
Formula (2) is a set value set by the itial setting unit 72 to calculate
t he 002 %g%ﬁfion fromthe fuel consunption. 50 In this way, the 002
eni ssi on he gasol i ne autonobile nodel is cal cul ated based on the preset
set value and_the travel distance of the gasoline autonobile nodel. 10121)

If the autondBidTe el sy idifde @ 641G MOKABHTE & hodddt L% iy =

el ectric vehicles, the 002 em ssion of the electric vehicle nodels may be O
(zero), ffiorisheahplar 002 dey sem moste Iy & hehelovabll v ipbieer Bstharitidlo generate
el ectric power consumed by storage batteries of the electric vehicle
nmodel s, &fvorlwexanl anifhertef areg,cithe el adtea itoranedli of ienarode| Shamgye peon
considered to emt 002. {0122} Specifically, the 002 em ssion of the
el ectri gqowRNl Gv®m the set departure place to the set destination

based on the traveling pattern and determines whether the

travel time is equal to or smaller than a preset tolerance.

The storage control unit 108 causes the HDD 18 to store the

traveling pattern equal to or smaller than the tolerance and

the simulation result of the person model using the traveling

pattern.

{0106}

On the other hand, the person traveling pattern creation
unit 104 creates a new traveling pattern for the person model
with the travel time greater than the tolerance. The new
traveling pattern is created by changing the transportation
used by the person model or by changing the departure time.
{0107}

The traffic flow simulation apparatus 10 according to the
present third embodiment repeats the creation of the traveling
pattern, the simulation of the movement of the person model
based on the traveling pattern, and the evaluation of the
travel time using the tolerance, until the end condition

determination unit 110 determines that the end condition is

met.



nodel s is cal cul ated based on the following fornula (3). 002 em ssion =
storage battery consunption x constant ... (3) {0123} The constant in
Formula (3) is a set value set by the initial setting unit 72 to calculate
the 002 em ssion fromthe storage battgty consunption, and the 002 em ssion
of the electric vehicle nodel is set as a value smaller than the 002

em ssion of the gasol, *agg aéﬁeo@kgvleQ‘1%d8Jatt{eanz%}f {%%M'Jrﬁ@ﬁz Exanpl e}

The traffic flow sinulation apparatus 10 according to a

the arrival at the destination is balanced by repeating the
evaluation of the traveling pattern, and the traffic flow
simulation apparatus 10 according to the present third
embodiment can more accurately evaluate the change in the
traffic demand in the set public transportation model.
{0108}

The city evaluation unit 76 according to the present
third embodiment calculates a use state of the person in the
public transportation model for each traveling pattern stored
in the HDD 18. Examples of the use state of the public
transportation model include the number of persons boarding on
the public transportation model, & degree of congestion of the
public transportation model, total waiting time until boarding
on the public transportation model, and a total amount of fare
reguired until the arrival at the destination.

{0109}

The degree of congestion is calculated by dividing the
number of persons boarding on each public transportation model
by the maximum number of persons that can be boarded on each
public transportation model.

{0110}

The city evaluation unit 76 may calculate not only the
use state of the public transportation model for each

traveling pattern, but also a sum or an average of the use



second nodi fied exanple includes a city optim zation unit 112 as shown in

Fig. 9. {0125} The city optim zation unit 112 changes the traffic

net wor k nodel based on the evaluation result of the city evaluation unit

76. For exanple, if the autonnb'%e nodel s include electric vehicle
nodel s, a charging station nodel sinulating a charging station for charging

the electric vehicle del.jis arranged o t fi.c. net ( -{0126}
The ci tyStea\l/%(T%a?ll% onh %inr“i’? anGL%IeC?# eeslgsaor? enlpoa#%.'%sns' (?{) ‘f)]g]tév‘\igeérll@% ﬁ?ﬁ)&%%bel
time of the electric vehicle nodels obtained by the traffic flow sinulation
and t he HunbEi it @harging station nodels. If it is deternined that the
total travel tinme is not reduced even if the nunber of charging stations is
increased ki hew traffic network nodel is created by reducing the charging
station nodels, or a traffic network nodel is created by arranging the
char gi ng st atTton arodel sva uali ffrerentt | beatd wrslsThendiedfe cchbarsi adil ati on
apparatus 10 perforns the traffic flow sinulation based on the newy

creat ed iHaffdernatvwas K tmgdeber{dHIM calculM ihgughatde eitbodi wents are
used to describe the present invention, the technical scope of the present
Lnventign; IR fre®PZime of each person model from the departure place

to the destination, and average travel time of a plurality of

person models,
{0112}

As described, the traffic flow simulation apparatus 10
according to the present third embodiment includes the person
traveling pattern creation unit 104 that creates the traveling
pattern of the person including the case in which at least one
of the automobile and the public transportation is used to
arrive at the set destination from the set departure place.
The automobile travel simulation unit 84 simulates riding of
the person model on the automobile model and leaving of the
person model from the automobile model based on the traveling
pattern created by the person traveling pattern creation unit
104. The public transportation travel simulation unit 88
simulates boarding of the person model on the public
transportation model and leaving of the person model from the
public transportation model based on the traveling pattern
created by the person traveling pattern creation unit 104.

Therefore, the traffic flow simulation apparatus 10



limted to the scope described in the enbodi nents. Various changes and
nodi fi cations can be applied to the enbodi nents w thout departing fromthe
scope of the invention, and nodes with the changes or nodifications are

al so included in the technical scope of,the present invention. {Reference
Signs List} {0128) 10 traffic flow sinulation apparatus 12 CPU 40 road

net wor k %[0 dﬁf)qs FOuLE, ;}g} 3"%’&%@%{ oS 4&%&&:‘%&11{‘9&;}’§9ré§3&@9ﬂe 5%%' nk 52
npde 64 bl ock apparatus de city evaluation unit 84 autonobile travel
?rlo(rjrg: at Iboe auvnﬂér 8o8f pttfhbel Ig?ezgsfoa}*psLPsoirrggattlhoen a?urtaalrf%ba_s.ewalir% Itque u}g]ﬁ}glgg stop
transportation.
{0113}

In the traffic flow simulation apparatus 10 according to
the present third embodiment, the individual behavior
evaluation unit 106 calculates the travel time of the person
model from the set departure place to the arrival at the
destination based on the traveling pattern. Therefore, the
impact of the public transportation on the movement of the
person can be more accurately evaluated.

{0114}

The traffic flow simulation apparatus 10 according to the
present third embodiment causes the HDD 18 to store the
traveling pattern, which is egual toe or smaller than the
tolerance indicating the time sense as a standard for the
arrival of the perscn at the destination, and the simulation
result of the person model using the traveling pattern.
Therefore, average behavior of persons using the public
transportation can be discriminated.

{0115}

In the traffic flow simulation apparatus 10 according to
the present third embodiment, the number of persons that can
be boarded is set in the public transportation model, and the

city evaluation unit 76 calculates the use state of the person



98 traffic |light nodel 104 person traveling pattern creation unit 106
I ndi vi dual behavi or evaluation unit 108 storage control unit 53 {CLAI M5)

{Caim1} Atraffic flow simulation apparatus conprising: an
autonobi l e travel simulation means for,sinulating travel of an autonobile
nodel simulating an autonobile in a road network nodel sinulating a road

net work 4neiiding @ Plurgldior ol S 9PGRANY | DhEreseLEonereonRpating  he
the public transportation on the movement of the person can be
multiiaterally evaluated.
{0116}
{First Modified Example}

Energy consumption by travelling is set to the public
transportation model in the traffic flow simulation 10
according to a first modified example, and the city evaluation
unit 76 calculates an instantaneous value and a total of the
energy consumption of the public transportation model consumed
by travelling.

{0117}

The energy consumption is power consumption if the public
transportation model is a vehicle travelled by electric power
(railway, tram, etc.). For example, power consumption (kW)
during acceleration and power consumption (kW) at constant
speed are preset. The power consumption during acceleration
is multiplied by the time of acceleration, and the power
consumption at constant speed is nmultiplied by the time of
travel at constant speed. These are added to calculate the
energy consumption.

{0118}

As a result, the impact of the implementation cf the
public transportation can be more multilaterally evaluated in

the present first modified example. Particularly, the



a public transportation travel sinulation nmeans for sinulating travel of a
public transportation nodel simulating public transportation in a route
net work nodel simulating a route network including a block nmeans for
tenporarily blocking travel of the autggobile according to a route of at

| east one of guideway transportation and roadway public transportation and

accordi ng 40 tfa eﬁl rya#g%coof Gy d T Fa%rt@ga dtavelding,pn.d he route.

{C aim 2} ow si tlon apparatus according to claim1,

wherein bl ock neans i.S .a appar.at us t r.r a
pl ace where Liahtedredads ard ‘the "Foute puf%‘itlhe JuiGamy rl?lanspoaaf aﬁ{%aﬁpejag

i nterseg} d that tenporarily bl ocks the travel of th% aut onobi | e at. the
i nt er secty ﬁ&%%&éﬁ WHEIF Tt S JHRRIGIS G hns pOFFEEPOR /i §fr BPEFT NG SR Gugh
the intersecting place. 54 (Caim3) The traffic flow simul ation

appar at (& HEEEb il idiet o ueildiomtr, angirerdiat idie iroddwiieaputsli and drssrdat i on
is a bus, the route of the roadway public transportation overl aps
wth th@frqad&;'&m@ply and demand as well as necessary power

infrastructures can be evaluated.
{0119}

A reduction in the CO, emission by automobiles can be
expected 1f people frequently use the public transportation as
a result of the implementation of the public transportation.

Therefore, the city evaluation unit 76 may calculate the
CO; emission of an automobile model of a gasoline automobile
(hereinafter, called "gasoline automobile model") based on the
following Formulas (1) and (2), for example, and may calculate
a change in the CO,; emission due to the implementation of the
public transportation.

Fuel consumption = travel distance x average fuel
consumption ... (1)

CO; emission = fuel consumption x constant ... (2)

{0120}

The initial setting unit 72 sets the average fuel
ceonsunmption of the gascoline automobile model in Formula (1)
(for example, 30 km/L). The constant in Formula (2) is a set
value set by the initial setting unit 72 to calculate the CO;

emission from the fuel consumption.



the bl ock neans is a stop where the bus stops. {Caimi4l The traffic
flow sinmul ation apparatus according to claim1l1l, wherein the roadway public
transportation is a tram the route of the roadway public
transportation is along the roads, and5 the block neans is a traffic
light that is arranged at a place where the roads and the route of the tram
intersect and that. temporarily. bl ocks the tray au I at t he
intersectingq% g%%“ﬁﬁgﬁ”tﬁ@%ﬂ%ﬁ%?sl??éggl?%gtﬁérgéa%@?ﬂg %ﬁ?gggégggng

pl ace. {C aim 51 The traffic flow sinulation apparatu ccording to
any oneEBF%EI%%ﬂf%ﬁQH}@EQQlHQW%ﬂCﬁbﬁ&ﬁ:ﬁ?ﬁfet set %é%ﬁﬁ§%ﬁ§ﬁ%53eling

pattern creation neans for creating a traveling pattern of a person

i ncl udi g ey Cask Stenasi ¢ the LS e amglaidst e bf the aut onobi | e
and the public transportation to arrive at a set destination froma set
{0121}

If the automobile models include electric vehicle models
simulating electric vehicles, the CO; emission of the electric
vehicle models may be 0 {(zero), for example. CO; is emitted by
a thermal power plant to generate electric power consumed by
storage batteries of the electric vehicle models, for example.
Therefore, the electric vehicle models may be considered to
emit CO,.

{0122}

Specifically, the CO, emission of the electric vehicle
models is calculated based on the following formula (3).

CO, emission = sitorage battery consumption x constant
(3)

{0123}

The constant in Formula (3) is a set value set by the
initial setting unit 72 to calculate the CO; emission from the
storage battery consumption, and the CO; emission of the
electric vehicle model is set as a value smaller thah the COp
emission of the gasoline automobile model.

{0124}
{Second Modified Example}

The traffic flow simulation apparatus 10 according to a



SS departure place, wherein the autonobile travel sinmulation neans
sinmul ates riding of a person nodel on the autonobile nodel and | eavi ng of
t he person nodel fromthe autonobile nodel based on the traveling pattern
created by the person traveling patterp,creation nmeans, and t he
public transportation travel sinulation neans simnmulates boarding of the

person e. publ | r-ansport ati.o d¢ . |.eawvi e rson
nodel f%%%%%%%%%ig&fréa%%& o]‘r a]ﬁcghﬁn%sdre% %@e&@ﬂ”ﬁlﬁ%%%%% lpg?tern
created by the person traveling pattern creation nmeans. {C aim 6) The
traffic ¥ &F%Wrﬁﬂ%t%%' par at us according to any one of clains 1 to 5,
further conprising a travel tine calculation neans for cal cul ating
travel tf Flor the person nodel to travel fromthe set departure place to
the set destination based on the traveling pattern. {Caim7} The
traffic flowRiandiaty o tapparstius: avcidr dily dlercded mie; fraiher conprising
a storage control neans for controlling a storage neans to store the

travel i ngtpatdtie nndaid b sddandratdren dwesiulde iofn thesyper son treet:iwgi ng the

traveling pattern when the travel time calculated by the travel tine
cal cul atdyen ymans, §:q@qual  to or smaller than a preset tolerance. 56

For example, if the automobile models include electric
vehicle models, a charging station model simulating a charging
station for charging the electric vehicle model is arranged on
the traffic network model.

{0126}

The city evaluation unit 76 derives a relationship
between total travel time of the electric vehicle models
obtained by the traffic flow simulation and the number of
charging station models. If it is determined that the total
travel time is not reduced even if the number of charging
stations is increased, a new traffic network model is created
by reducing the charging station models, or a traffic network
model is created by arranging the charging station models in
different locations. The traffic flow simulaticon apparatus 10
performs the traffic flow simulation based on the newly
created traffic network model.

{0127}
Although the embodiments are used to describe the present

invention, the technical scope of the present invention is not



{Cd ai m 8) The traffic flow sinulation apparatus according to any one
of clains 5 to 7, wherein a maxi num nunber of persons that can be
boarded is set in the public transportation nodel, and the traffic
fl ow simulati on apparatus further conpp;ses a use state cal cul ati on neans
for calculating a use state of the per§6n in the public transportation
model . {Jqfrr?‘ii?gec?)to the %@8%@%&%&& wosi il atlon, appag at us, aceording to
any one of craing"1"to 8, er el energy consunption by travelling is

ransportatijon nodel, and he traffi

n

Sﬂm: Qtitfg}eﬁrg%eg%ir%f P thed t totprises Akt gy 2 E%%p%?%ﬂg%%lfﬁﬁvﬁati on
nmeans for cal culating total energy consunption consuned by the travel of
t he publiithedhsporantinon oeel thd Geirs 104 the inyerddhi caPE PSR Hul ati on
program for causing a conputer to function as:

with the changes or modifications are also included in the

technical scope of the present invention.

{Reference Signs List}

{0128}

10  traffic flow simulation apparatus

12 CPU

40 road network model

42A  route network model

42B route network model

50  link

52 node

64 Dblock apparatus model

76 city evaluation unit

84 autcmobile travel simulation unit

88 public transportation travel simulation unit

92 stop model

88 traffic light model

104 person traveling pattern creation unit

106 individual behavior evaluation unit

108 storage control unit
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{Claim 1)
A traffic flow simulation apparatus comprising:

an automobile travel simulation means for simulating
travel of an automobile model simulating an automobile in a
road network model simulating a road network including a
plurality of roads and intersections connecting the plurality
of roads;

a public transportation travel simulation means for
simulating travel of a public transportation model simulating
public transportation in a route network model simulating a
route network including a block means for temporarily blocking
travel of the automobile according to a route of at least one
of guideway transportation and roadway public transportation
and according to travel of the public transportation
travelling on the route; and

a person traveling pattern creation means for creating a
traveling pattern of a person including a case in which the
person uses at least one of the automobile and the public
transportation to arrive at a set destination from a set
departure place, wherein

the automobile travel simulation means simulates riding
of a person model on the automobile model and leaving of the
person model from the automobile model based on the traveling
pattern created by the person traveling pattern creation

means,
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the public transportation travel simulation means
simulates boarding of the person model on the public
transportation model and leaving of the person model from the
public transportation model based on the traveling pattern
created by the person traveling pattern creation means, and

which one of the automobile and the public transportation

is to be used is initially set for each person model.

{Claim 2}

The traffic flow simulation apparatus according to claim
1, wherein

the block means is a block apparatus that is arranged at
a place where the roads and the route of the guideway
transportation intersect and that temporarily blocks the
travel of the automocbile at the intersecting place when the

guideway transportation is traveling through the intersecting

place.

{Claim 3}

The traffic flow simulation apparatus according to claim
1, wherein

the roadway public transportation is a bus,

the route of the roadway public transportation cverlaps
with the roads, and

the block means is a stop where the bus stops.
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(Claim 4)

The traffic flow simulation apparatus according to claim
1, wherein

the roadway public transportation is a tram,

the route of the roadway public transportation is along

the roads, and

the block means is a traffic light that is arranged at a
place where the roads and the route of the tram intersect and
that temporarily blocks the travel of the automobile at the
intersecting place when the tram is traveling through the

intersecting place.

{Claim 5}

The traffic flow simulation apparatus according to any
one of claims 1 to 4, further comprising

a travel time calculation means for calculating travel
time for the person model to travel from the set departure

place to the set destination based on the traveling pattern.

{Claim 6}

The traffic flow simulation apparatus according to claim
5, further comprising

a storage control means for controlling a storage means to
store the traveling pattern and a simulation result of the
person model using the traveling pattern when the travel time

calculated by the travel time calculation means is equal to or



56

smaller than a preset tolerance.

{Claim 7}

The traffic flow simulation apparatus according to any one
of claims 1 to 4, 5, and 6, wherein a maximum number of
persons that can be boarded is set in the public
transportation model, and

the traffic flow simulation apparatus further comprises a

use state calculation means for calculating a use state of the

person model in the public transportation model.

{Claim 8}

The traffic flow simulation apparatus according to any
one of claims 1 to 7, wherein

energy consumption by travelling is set in the public
transportation model, and

the traffic flow simulation apparatus further comprises
an energy consumption calculation means for calculating total
energy consumption consumed by the travel of the public

transportation model.

{Claim 9)

A traffic flow simulation program for causing a computer

to function as:

an automobile travel simulation means for simulating
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travel of an automobile model simulating an automobile in a
road network model simulating a road network including a
plurality of roads and intersections connecting the plurality
of roads;

a public transportation travel simulation means for
simulating travel of a public transportation model simulating
public transportation in a route network model simulating a
route network including a route of at least one of guideway
transportation and roadway public transportation that are the
public transportation:

a block simulation means for simulating operation of a
block means model simulating a block means for temporarily
blocking the travel of the automobile according to the travel
of the public transportation travelling on the route; and

a person traveling pattern creation means for creating a
traveling pattern of a person including a case in which the
person uses at least one of the automobile and the public
transportation to arrive at a set destination from a set
departure place, wherein

the automobile travel simulation means simulates riding
of a person model on the automobile model and leaving of the
person model from the automobile model based on the traveling
pattern created by the person traveling pattern creation

means,

the public transportation travel simulation means
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simulates boarding of the person model on the public
transportation model and leaving of the person model from the
public transportation model based on the traveling pattern
created by the person traveling pattern creation means, and
which one of the automobile and the public transportation

is to be used is initially set for each person model.

{Claim 10}
A traffic flow simulation method comprising:

a first step of simulating, by an automobile travel
simulation means, travel of an automobile model simulating an
automobile in a road network model simulating a road network
including a plurality of roads and intersections connecting
the plurality of roads, and of simulating, by a public
transportation travel simulation means, travel of a public
transportation model simulating public transportation in a
route network model simulating a route network including a
route of at least one of guideway transportation and roadway
public transportation that are the public transportation; and

a second step of creating, by a person traveling pattern

creation means, a traveling pattern of a person including a

case in which the person uses at least one of the automobile and
the public transportation to arrive at a set destination from a
set departure place, wherein

the first step simulates riding of a person model on the
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automobile model and leaving of the person model from the
automobile model based on the traveling pattern created by
the second step,

the first step simulates boarding of the person model on
the public transportation model and leaving of the person
model from the public transportation model based on the
traveling pattern created by the second step, and

which one of the automobile and the public transportation

is to be used is initially set for each person model.



