DESCRI PTI ON TOLL- COVPUTATI ON DEVI CE, CONTROL METHOD, AND PROGRAM
S5TECHNI CAL FI ELD [0001] The present invention relates to a tol
conput ati on device, a control nethod, d a program In particular
the present invention relates to a toll” conputation device which
conputes a toll to be applied to aphrgagpgbwerk area including a
plurality of roads, 10a control nethod of controlling the tol

conput ation device, and a programfor use in the toll conputation
devi ce. Priority is clainmed on Japanese Patent Application No.

2011-188302, filed A 2011, th ontent_ of which is

i ncor por at ed E@F@r‘ﬁoﬁﬁ’ﬁtﬂﬁ%@gwggﬁ EAIﬁOPeﬁUﬂ PROGRAM,
recent years, the introduction of road pricing has been studied for
probl enms such as air pollution and traffic congestion in urban areas,
tourist areas, etc. This road pricing is a systemthat specifies a
target5Sroad network area and col TECHSICALIFHELDr vehi cl es 20entering
the target road area network area or passing through the target road

area netv\?}d@.l] By collecting the tolls in the road pricing, it is
possible to reduce a traffic volune of the target road network area,

0s: re ffic e target roa a
nas. i rcady boon™s raniReior bSO 4E b RRHE IR, o BRfo Bkt

SI ngapor ea%podgretmq_e H]n;lnz;[nei‘gulalfrl, &%%?&]ent%ngl?igg ]relat%s to a toll computation device

which computes a toll to be applied to a road network area including a plurality of roads,
10 a control method of controlling the toll computation device, and a program for use in the
toll computation device.
Priority is claimed on Japanese Patent Application No. 2011-188302, filed

August 31, 2011, the content of which is incorporated herein by reference.

15 BACKGROUND ART
[0002]

In recent years, the introduction of road pricing has been studied for problems
such as air pollution and traffic congestion in urban areas, tourist arcas, etc. This road
pricing is a system that specifies a target road network area and collects tolls for vehicles

20 entering the target road area network area or passing through the target road area network.
By collecting the tolls in the road pricing, it is possible to reduce a traffic volume of the
target road network area, mitigate traffic congestion, and reduce air pollution. Road
pricing has already been introduced in several other countries such as Singapore and the
United Kingdom.

25 [0003]



When the toll is too high in inplenenting road pricing, it can be
seen that the nunmber of vehicles which avoid the target road network
area increases and the mtigation of the traffic congestion or the
reduction of the air pollution within e target road area network is

| mpr oved. Howegihen 9% @ s €8 i ORTEDloniEindRAH RN B oBhBe Lanthif i

occurrence of congestion inr road network area

as a result., In.contras whe he toll is too |low the effect of .
foad pri PPt EReE i AR b Bped rond e arptincienes Gad Hmiieagon
it is desirable to set a reasonable tqgll at which ¢ongesti on does not
occur f oroldhe Fafficrengession gphegedyction phths Air pediation withitothe garestaerd grea

vi ew of such circunstances, a road toll setting device for setting
tolls to ma#work isemprded.r oifowetdrcnesr evirchmenimashdeengdra@aioh tptieh
formed by a plurality of sections froma plurality of starting points
t o an EndogeticesHtcongdstibmir faady erashdthe 2arpétroat hetiverkvbd anewalt. ( flar
exanpl e, see Patent Docunent 1). The road toll setting device

di scl osededfiraRalhBys tHeQsH TEBb 1&»,%@&?&1:9&%\4?@%;&.1 risaﬁétisgﬁﬁf?élﬂywbwﬁéa.

iy
the road area 15netvvor§. Then, 'the road to sefting device estinates

traffic d nd.on rgef, - i [ ' j d
end poi nt S 4L BROMEIR LER-fabiPlo SR 1eEBEERY IR e pAgo8"
previous traffic, data., Then, tHe road toll setting device predicts
traffic VBIMATEY QR readiAREcHANdSC T or each path and each section

based on a preset initial value of a traffic volune distribution for
each pat h[09A4] t he estimated traffic demand. Then, 20the road toll
setting device corrects the initial value of the traffic volune

di st ritbut i on baAettchmlbgempdenivi¢w ofistch cwtimstanddsca oad tat setiohg/ddvie fas
a target traffic volume distribution. Then, the road toll setting

devi ce pragisd ®11% Rebd slebicd FAMMYENiCIEH Which Pt fhedughfealfpith Bahiedsed on

the preset initial toll of each path and a di stance of the path.

Then, ¢ hey sl LRl SRUIGRY YIS SSAEREIIER bbid Alind 8l bithh iRk

the pr edi & I C anmoun stributi‘on approximates a target
O 1 0 PN ISP o BB bSO R e
Document czlLelvice disclosed in Patent Document 1 stores previous traffic data within the road area
15  network. Then, the road toll setting device estimates traffic demand on a target date for
each combination of starting and end points through which each vehicle passes based on
the stored previous traffic data. Then, the road toll setting device predicts traffic
volumes and running times for each path and each section based on a preset initial value
of a traffic volume distribution for each path and the estimated traffic demand. Then,
20 the road toll setting device corrects the initial value of the traffic volume distribution
based on the prediction to output the corrected value as a target traffic volume
distribution. Then, the road toll setting device predicts the traffic amount distribution of
each path based on the preset initial toll of each path and a distance of the path. Then,

the road toll setting device corrects an initial toll so that the predicted traffic amount

25  distribution approximates a target distribution and outputs the corrected toll as an



Japanese Unexam ned Patent Application, First Publication No.

2008- 009639 DI SCLOSURE OF | NVENTI ON 10 PROBLEMS TO BE SOLVED BY THE

| NVENTI ON [ 0006] According to the road toll setting device

di scl osed in Patent Docunent 1, the occurrence of extrene unevenness
of a traffj n pat hs connecting each starting point and
each end %%ﬁﬁ%gﬁgqgﬂ%%%gggbd, the occurrence of traffic congestion is
15suppressed as nmuch as possible, environnental deterioration such as
air pollution is suppressed, and beneficial toll settings for a road

manager and a vehicle user are possible. [0007] Incidentally, the
road tol | PREQRARY BOHIBEENTSc| osed in Patent Docunent 1 20det er ni nes
a toll based on previous traffic data. However, the toll determ ned

as descri BATEEDAMeCUMENTSal ways an optinmum val ue for a current
situation of traffic of the road network area. MEANS FOR SOLVI NG THE
PROBLEVE [(H05] In order to solve the above-described problem
according to a first formof the present invention, there is provided

a toll CW@HOQM%VIHW whi ch conputes a toll to be applied to a

road net area including a plurality of roads, the toll

conput ati on devjce including: t ol onput at i ni t nfj gur 0
comhut o the ¢ ol {2ofassh DritSastiied Bals Rt Aus BB S PuttecorS0 B .
aggregate (K relationship representing a correlation between an
aggregate traffic flowrate (Q, which is a sumof the nunber of

vehi cl es per unit distance per unit time cal cul ated by regardi ng each
road as a unit for the roadsDISEIEeSEREIQRINVENAIONded in the road
network area, and an aggregate traffic density (K), which is the

t ot al 1WuMPROBYEMS TOCBESOUMED BY THEMNMENTHOMI k area; and an

estimation value of 10the aggregate traffic density (K) at a
pr edet er n‘[d@gg] time.

According to the road toll setting device disclosed in Patent Document 1, the
occurrence of extreme unevenness of a traffic volume between paths connecting each
starting point and each end point is suppressed, the occurrence of traffic congestion is

15 suppressed as much as possible, environmental deterioration such as air pollution is
suppressed, and beneficial toll settings for a road manager and a vehicle user are
possible.

[0007]

Incidentally, the road toll setting device disclosed in Patent Document 1

20  determines a toll based on previous traffic data. However, the toll determined as

described above is not always an optimum value for a current situation of traffic of the

road network area.

MEANS FOR SOLVING THE PROBLEMS

25 [0008]



[ 0009] The toll conputation device may further include: an
aggregate K rel ationship conmputation unit configured to conpute the
aggregate (K rel ationship representing the correl ati on between the
aggregate traffic flowrate (Q, which4 s the sumof the nunber of
15vehi cl es per wuni i stance per unit.tine,.cal cul ated. by regardi

each oad as a DpertbSOPRE ke sttt Bnfe, Al iRe N b i pfe
road network area, .and the aggregate traffic densit ‘gt whi ch | s
 he t ot al PORAOEIEBHON, JBATE IFEHOVIHEhR Folk SRS ey g Wb compujgseytall fo be
the toll conputation unit conputes the toll to be applied to the road
net wor k afappdict 4 e doadmetwark asgpgndyding a@hunakityanf |r@ﬁdshﬂnp tabeqropusatianydeyfes
aggregate (K rel ationship conputation unit; 20and the estimation

val ue of irkmidagynedbteamputaddn mziﬂ@mﬁfgtlmd(td@:orﬁputt:hetpnadbé applict el theirond
[ 0010] The toll conputation device may further include: an

aggr egat endhafil iga JaRAIohYarl i@gr@ﬁéﬁd QRUrERBoNRi repRU ARG AR bRk

the aggregate traffic density at the predeterm néd tine based

traffic f in
the tol 1 SoMeThaR: BHAEMbARIGH, blichiEe bORRr IS EBbSy @G%I%ﬁ?ﬁéﬁmad
network area 5 based. on: the re rel tlons representing
the cor r ol SENEFPEINERE %%11%@3@&53@5%%1 E}S&M‘aﬁogﬂm& SIRBE Ts
the sum of the nunber of vehicles per unit distance per unit tine

cal cul at eevahpiekigalidediy thartpdnstorsgres, el an sagregpiedrafbadensity (Ko which
eval uated included in the road network area, and the aggregate

traffic desnbé tojal knbemdi vehiclds wishin e doad aémmdnhea; anfl anektimhtien valddon
the road network area; and the estimation value of the aggregate

traffie deRsichisttiraeid ddmitedPat atfredcbaminrdiaige traffic density (K)
estimation unit. [0011] The toll conputation device may further

i ncl ude: E) 1 data distribution unit 10configured to distribute
data representing the toll to be applied to the road network area

go\r/rgﬁgt §|d eby t heTItle tloh comrTBijatu%lt'l 'dg\plcéJ rrh'a% fm?ner ietsde: %ﬁ%grgré‘gaate &( relalfllonshlp

computation unit configured to compute the aggregate QK relationship representing the
correlation between the aggregate traffic flow rate (Q), which is the sum of the number of
15  vehicles per unit distance per unit time calculated by regarding each road as a unit for the
roads to be evaluated included in the road network arca, and the aggregate traffic density
(K), which is the total number of vehicles within the road network area, wherein the toll
computation unit computes the toll to be applied to the road network area based on: the
aggregate QK relationship computed by the aggregate QK relationship computation unit;
20  and the estimation value of the aggregate traffic density (K) at the predetermined time.
[0010]
The toll computation device may further include: an aggregate traffic density
(K) estimation unit configured to estimate the aggregate traffic density (K) at the
predetermined time based on traffic flow simulation results in the road network area,

25  wherein the toll computation unit computes the toll to be applied to the road network area



[ 0012] According to a second formof the present invention,
there is provided a control nethod of controlling a toll conputation
devi ce which conputes a toll to be applied to a 15road network area
i ncluding a pIuraIity of roads, the comtrol method |nclud|ng a tol
conput at i he toll to be the r ad

et vor k- afs3 pEdEEnegieERy Qb Ot reerssBntita BRE IS ath Vi PRy o
correl ation betmeen an aggregate traffic flowrate g» which is a
sum of t hasseawbeiratfe fiphinte (68, which inibe semef decmimsr ofipghicles prs unit

cal cul ated by regarding each road as a unit for the roads to be

eval uat eddistaoteiebs dnitiimenai@fatedbly regardingecash eead aandmarfontg reqlatebe
traffic density (K), which is the total nunber of vehicles within the
road net vevatuaideiacludadiinane esidingBtdrkareaghidehe hgdrogategafiegihdtyt (K3f which

density (K) at a predetermned tinme. [0013] According to
a thirgd fQrm Rkal Tnhﬁhb&r SISRAlcIds Wi 'tH%r}oad H@ﬂ’;v%rld e?rei”aﬁ&'ﬂ?izeé%nﬁnaﬁ&?gﬁlﬁ@bf
25for use in a toll conputation device which conputes a

applied t e e
ot ogr am c%a%s%%%%ﬁg%ﬁfh JARR R Eﬁms%&&&!l%%gﬁo&# S oénsityxki%ﬁiw o
conputation unit configured to conpute the toll to be applied to the
road net Witk area based on: an aggregate QK rel ationship representing
a correlation between an aggregate traffic flowrate (Q, which is a
sum of thBOhlihber of 5vehicles per unit distance per unit tine

cal cul ated by regarding each road as a unit for the roads to be

eval uat ed i ncl utledoll competatiomdevied may Kuirtdree anchaleda todl dagrodietgibtieon vist f i C
density (K), which is the total nunber of vehicles within the road

net work ag@digusddo Ansueiltd 8%h répReskatintothe folt foebepprieD@dttRe fdadhkiveork area
density (K) at a predetermined tinme. [0014] 10I'n addition, the above

outline of,fhg Ofﬁx%%ll Fb)éﬁé@ﬁ&ﬁ&ﬂuﬂ%% JRef tehﬂ@hf’&% et fé‘@ehnéi&essary

characteri stl cs I nvent1 on, sub co I nati ons of
groups of [OtOEZIFChar acteristics can al so be t he aspects of the
i nvention ECTS OF THE | NVENTI ON

According to a second form of the present invention, there is provided a control
method of controlling a toll computation device which computes a toll to be applied to a
15 road network area including a plurality of roads, the control method including: a toll
computation step of computing the toll to be applied to the road network area based on:
an aggregate QK relationship representing a correlation between an aggregate traffic flow
rate (Q), which is a sum of the number of vehicles per unit distance per unit time
calculated by regarding each road as a unit for the roads to be evaluated included in the
20  road network area, and an aggregate traffic density (K), which is the total number of
vehicles within the road network area; and an estimation value of the aggregate traffic
density (K) at a predetermined time.
[0013]
According to a third form of the present invention, there is provided a program

25  for use in a toll computation device which computes a toll to be applied to a road



15[ 0015] As apparent fromthe above description, according to
the present invention, it is possible to conpute an optimumtoll for
a current situation of traffic of a road network area as conpared to
t he known technol ogy. 20BRI EF DESCRI PTI6GON OF THE DRAW NGS [ 0016]

Fig. 1 is a diagramillustrating an exanple of an aggregate K .

rel at i onshetporkzrga inglydingn pineaditvaed iopds, Sterniegrag ysiag Higgpd compatation |
conput ati on device 100 according to an enbodi nent. 25Fig. 3 is a

di agr am i dévist todunctipnas: etol rpnputition mhid comfiguoed ®tcongutd the toll @dgrapphed
7 K relationship informati on storage unit 170 in the formof a

table.  tothe rdddhetork Sred HAb&DER Ah iabtrdSate QK RlatRAsK ) aEFERnhg a
information stored in a toll information storage unit 180 in the form

of a tabl Borrelgon be eenlzz{.ngifggﬁght% el ﬁ%%kﬂg%%ﬁﬁé@k%&gnﬁ&tﬁéﬁﬁ@%‘r d’f‘;

an operation flow of the 5conput ati on dévice 100.

B PR bl s RO SRR B RSB e

illustrating an exanpl e of a hardware confjguration when the toll .
conput at i m%amec@a&@@di ipelpdrsion thgroad éE‘f“f%‘ﬁg@aai %ﬂ@ﬁggiegﬁe%@%ﬁ%
device such as 10a conputer. PREFERRED EMBODI MENTS FOR CARRYI NG
OUT THE | ()ENNicDNs [leaeta] nieberiofathigles withen the ecasimetwonkeaed, end el | | be
descri bed through enbodi nents of the 15invention. However, the
f ol | ow ngesiteidh vehic ©f drecagardeaientafiic @¢chsite (K) a0d predeemiinstiihe.
[0014]
10 In addition, the above outline of the present invention does not include all the

necessary characteristics of the present invention, and sub-combinations of groups of the

characteristics can also be the aspects of the invention.

EFFECTS OF THE INVENTION
15 [0015]
As apparent from the above description, according to the present invention, it is
possible to compute an optimum toll for a current situation of traffic of a road network

area as compared to the known technology.

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0016]
Fig. 1 is a diagram illustrating an example of an aggregate QK relationship.
Fig. 2 is a diagram illustrating an example of a toll computation device 100
according to an embodiment.

25 Fig. 3 is a diagram illustrating an example of information stored in an aggregate



i nvention described in the clains, and all the conbinations of
characteristics described in the enbodi nents are not necessarily
required for a solution neans of the invention. [0018] In this

enbodi nent, an aggregate traffic flow rlate Q and an aggregate traffic

20density are. defined as traffic state amunts of road network
area incl Qgi‘ﬁ’ t’&“&‘ﬂf‘&?‘i"ﬁ""lﬂfgtqr%dg’}t @Hd“g“erfgf'ﬁtoféﬁ@ﬁ?-p bet ween t he
two state amounts is referred to as an aggregate K rel ationshi p. The
aggr egat e traf fFig 4 Isadipgram itiugteatiag anwsample ol udbingdtion staed )2 o a sum
of the nunmber of vehicles per unit distance per unit tinme cal cul ated

by regar dinfgmesioh stooag umst [@80umilte foon of heablwads to be eval uat ed
I ncluded in the road network area as 25shown in Equation (1). In

addi tion, the agj .rmaetﬁagmfitlhﬁrefﬁﬁ?%hfeymﬁplébhﬁn BETREEn Béw oBtheadi cl es)

is the total nunber of vehicles within the road network area as shown

I n Equat i : liohMath. 1] 5 @=(qi d.) ieL () Q Aggregate
traffiL!B(;;l f?@n\/\él?%t%%l{%%&nggp of vehicles knfh) qgi. Traffic flowrate
(nunber of vehi Ig:llgeg /ishr} digéra}nliﬂli}stlratiglg 'ancl)‘thgrkexla%%%or}ﬂ(]g ggergtgonl fl]orwo% the toll
computation device 100.
Fig, 7 is a diagram illustrating an example of a hardware configuration when the

toll computation device 100 includes an electronic information processing device such as

10 acomputer.

PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION
[0017]
Hereinafter, the present invention will be described through embodiments of the
15 invention. However, the following embodiments are not intended to limit the present
invention described in the claims, and all the combinations of characteristics described in
the embodiments are not necessarily required for a solution means of the invention.
[0018]
In this embodiment, an aggregate traffic flow rate Q and an aggregate traffic
20 density K are defined as traffic state amounts of a road network arca including a plurality
of roads, and a relationship between the two state amounts is referred to as an aggregate
QK relationship. The aggregate traffic flow rate Q (the number of vehicles - km/h) is a
sum of the number of vehicles per unit distance per unit time calculated by regarding
each road as a unit for the roads to be evaluated included in the road network area as

25 shown in Equation (1). In addition, the aggregate traffic density K (the number of



L: Link set within area 10[0020] [Math. 2] K= (k 1dl1) ieL K
Aggregate traffic density (nunber of vehicles/area) ki: Space vehicle
density (nunber of vehicles/kin) of link i 15di: Link length (km of
link i L: Link set within area [0021] 8 Fig. 1 illustrates an
exanpl e of the aggregate QK rel ati onship. A curve of the aggregate K
r el at i onshéhicled) it thie sotekmmphies of vghidsewithintitharoad nctveuky araalss sheyt Byat e
traffic 20flow rate Qincreases with an increase in the aggregate
traffic dBgsdtion (. Wwhile the aggregate traffic density Kis smaller in
the road network area, the aggregate traffic flowrate Qis saturated
and degra 9yhen the aggregate traffic density Kis greater t-han or
9 equal to a given anmount in the course of tinme. At this tinme, if
entry con@&q% hﬁ not performed in a situation in which a nunber of
vehi cl es EXcee ing traffic processing capability of the road network
area enter, this an at the aggregate traffic density K of the
road network are@/fgra at@% iaggkases and the aggregate traffic flow
rate Q is 5degraded, t “i"'s, tHe degradati«dm of the vehicle
proce%§ing capabi l ity t he road network

Q: Aggregate traffic flow rate (number of vehicles - km/h)
q;: Traffic flow rate (number of vehicles/h) of link i
d;: Link length (km) of link i

L: Link set within area

10 [0020]
[Math. 2]
K=3%(k-d;)
il
K: Aggregate traffic density (number of vehicles/area)
k;: Space vehicle density (number of vehicles/km) of link i
15 d;: Link length (km) of link i
L: Link set within area
[0021]

Fig. 1 illustrates an example of the aggregate QK relationship. A curve of the
aggregate QK relationship of this example represents that although the aggregate traffic

20  flow rate Q increases with an increase in the aggregate traffic density K while the
aggregate traffic density K is smaller in the road network area, the aggregate traffic flow

rate Q is saturated and degraded when the aggregate traffic density K is greater than or



area is caused, and the situation deteriorates with increasing speed.
[ 0022] FIG 2 illustrates an exanple of the toll conputation
devi ce 100 according to the enbodi nent., The toll conputation device

100 is a device which conputes a toll t90 be 10applied to the road

net wor k aEﬁ@al kg nggh 891091'“9{1 Eﬁg&)@u}% o?ki e?g%ﬁ thik BR3) entry contfdlfs Iltl y

conput ati on device 100 I nc S atra l'ow si frulation resu dat a

i nput reception.unit. 110 .an.aggregat e rel ationshi ut at.i on
untt 120, PETORRgEs sirdeiop f PR orkstifeiee PR Bai e Bting
toll conputation ynit 140, a toll data 15output unit 150, a_toll data
di stri but Ffm%um PP the goadietwerraseragnicrciis raeansithat dhe ageroeats tratiie density K
storage unit 170, and a toll information storage unit 180.

Her ei naf t ef thetrpasl etiwenki asersgraduhllypareaseparyd bt aggregate trpfiivdtave raté Qlis be
described. [0024] The traffic flow sinmulation result data input

r ecept ondemraded] At iseheidegadaivni oTitky v prbatRinpaapsasEntdfmig toadhétnerk
flow sinmulation results sinulated by a traffic flow sinmulator. [0025]

The aggr egah e QiséEhad ﬂ\‘é@ﬁﬁﬁtﬂ)ﬂé&fﬁ?f&zﬁéé With m}éasi%ggp&%l culates an

aggregate (K relationship based on the traffic flFow sinulation

results i otzﬁg road network area. [0026] 25The aggregate traffic
density ([8 estimation unit 130 estimates an aggregate 10 traffic

?gg 3: E >s/ :< nat hg El{gﬁﬁ?ﬁ@{t%%ﬁ g%i@gpele%?%eeqoﬁ goﬁlbl?tgi(i)r? dévli(?ewl OSOi arcrzlécl)r%gnigot(r)] the
embodiment. The toll computation device 100 is a device which computes a toll to be
10 applied to the road network area including a plurality of roads.
[0023]

The toll computation device 100 includes a traffic flow simulation result data
input reception unit 110, an aggregate QK relationship computation unit 120, an
aggregate trafiic density (K) estimation unit 130, a toll computation unit 140, a toll data

15 output unit 150, a toll data distribution unit 160, an aggregate QK relationship
information storage unit 170, and a toll information storage unit 180. Hereinafter, the
functions and operations of the components will be described.

[0024]

The traffic flow simulation result data input reception unit 110 receives an input

20 of data representing traffic flow simulation results simulated by a traffic flow simulator.
[0025]

The aggregate QK relationship computation unit 120 calculates an aggregate QK
relationship based on the traffic flow simulation results in the road network area.

[0026]

25 The aggregate traffic density (K) estimation unit 130 estimates an aggregate



[0027] The toll conputation unit 140 conputes a toll to be applied to
the road network 5area based on the aggregate K rel ationship and an
estimation value of the aggregate traffic density K at the
predeternmined tine. More specifically,1€he toll conputation unit 140
conputes the toll to be applied to the road twork.ar based on, t he
aggr egat etrﬁﬁcrdép%lm lgﬂ%?\P'f?lagtﬁ%‘ﬂf:‘ieﬁmﬁyafqﬁieo“atﬁzaﬁ8%1"@"@@&8’? ﬁ?tglﬂgfh@ﬁpf)
conputation unit 120 and the estimation val ue of the aggregate

traf fic deadinetvadk ateat he predetermined tinme. In 10addition, the toll
conputation unit 140 conputes the toll to be applied to the road

net wor k aji®@7pased on the aggregate X rel ationship and the
estimation value of the aggregate traffic density K estimted by the

aggregat e traf fike @ENShiphtalibh ufi® 110Béhpited/ Dtdll thIR-appldA8 thelivhd @etwrk
data output unit 150 outputs data representing the toll to be applied

to thesrogd, Bsgf;ﬁg)mhﬁggg%%%gé gw r@faﬁgnsﬁwp Sdant éatilfggemlh@bmtegggie-%é40-

[ 0029] to Istribution unit distri

data represgntjng, the toll be lied,to the.road. network area .
cal cul at eHaﬁﬁ dteﬂgtytlglaF h@@ﬁﬁ?&%f@ﬁ%‘?ﬁ't %ﬂr@ Spﬁc'gcqi@eﬁhegﬂrgmlﬁgfonoqmta
user of a vehicle. [0030 .. Fig. 3 illustrates an exanpl e of

i nf or mat i &40 eqQrepwes ﬁLﬁ tqlh% b&@@ph@h@ég@@aﬂ@m% AERibgsedAthpaggregate QK
storage unit 170 in the formof a table. Information about the

aggr egat erdlatwithip cdepsict!py Khe aggeegater@B reletionshin eineptationainital?d and éhe
aggregate traffic flow 25rate Q (the nunber of vehicles knfh) is
associ at egktinndiontvarn@dfite idafcpagaraiatensiPLK dtih¢ pledttemmabd ime. In

i nformation storage unit 170.

10  addition, the toll computation unit 140 computes the toll to be applied to the road

network area based on the aggregate QK relationship and the estimation value of the
aggregate traffic density K estimated by the aggregate traffic density (K) estimation unit
130.
[0028]
15 The toll data output unit 150 outputs data representing the toll to be applied to
the road network area caiculated by the toll computation unit 140.
[0029]
The toll data distribution unit 160 distributes the data representing the toll to be
applied to the road network area calculated by the toll computation unit 140 to a user
20  terminal of a user of a vehicle.
[0030]
Fig. 3 illustrates an example of information stored in the aggregate QK
relationship information storage unit 170 in the form of a table. Information about the
aggregate traffic density K (the number of vehicles/area) and the aggregate traffic flow

25  rate Q (the number of vehicles - km/h) is associated and stored in the aggregate QK



[ 0031] The aggregate traffic flowrate K (the nunber of
vehicles/area) is the total nunber of vehicles within the road
network area. The aggregate traffic flgw rate Q (the Snunber of
vehicles knih) is a sum of the nunber vehi cl es per unit distance

per unit Eé‘%“gﬁh%’["‘lgﬁ%ﬁ%a@{%{g%ga‘ﬁgl each road as a unit for the
i n

roads to e road network area when vehicles
equal in P%ggfr to the nunber of vehicles represented by the

aggregat e 4 fic flowrate K (the nunber of vehicl es/area) are
present within the road network area. 10[0032] Fi is a

di agram i | | ust r'Be aggregatectzafiip flewontei kafibe mambeirofyebicled/arga usﬁée tasall
information storage unit 180 in the formof a table. Information
about a ratmber(vehiolea within tha nvadedeteor@atea. ofThehgergae cadictléw adté Qo(the
flowrate Q whether the aggregate traffic density Kis less than

KmAX cor r geReadir %h&:l%s Qi) i8R uA of BlelnubtRPde @erh?cl@sﬁfeg%hﬁtd?sgmﬁé‘ ger umt

15stored in the toll information storage unit 180 033]

t he aggre at e Iat onship i.,s_drawn in e

1 ot Hietalopiela o it Raibroll 3 Byni a5 REFRR ARGl l@léed i
i ncreased and saturated when the aggregate traffic density Kis

i ncr easedgrigad HEVaKGHERHOEN Yehisles wdupl Bwumbestadhe sumberirebisks when
the aggregate traffic density Kis further increased. In the

f ol | owi ngregessentedby te aggregatettradliv Howaste dn(thd nurmberad gekigks/areny art frasent
flowrate Q changes froman increase to a decrease, the maxi mum val ue

of the aggitapaherdadaietivakfateaw rate Qis referred to as QmMix and the
val ue of the aggregate traffic density K corresponding to Qmx in the
aggregate(@gqel ationship is referred to as KmAx. Here, an actual
operation is likely to 25be too | ate after reachi ng QMAx.

Accordingly, nFl%th i aem%rg*nrmﬂgtratﬁ%\éﬁl&%nﬁg o%&?orf%ﬁl@ﬁ%ﬁrgg%ttﬁ%g llaf fic

density K which, ®for
B o5 | SniSTHIAUgH sipriec B ed iR Hls AT SRAMINe GROHREGHE Brvtt (égbt#
the toll maximum value Qmax of the aggregate traffic flow rate Q, whether the aggregate traffic
density K is less than Kyax corresponding to Qmax, and a toll (yen) are associated and
15 stored in the toll information storage unit 180.
[0033]

Here, the aggregate QK. relationship is drawn in a bow-shaped curve as
tllustrated in Fig. 1. Then, the aggregate traffic flow rate Q is increased and saturated
when the aggregate traffic density K is increased and the aggregate traffic flow rate Q is

20 decreased when the aggregate traffic density K is further increased. In the following
description, when the variation of the aggregate traffic flow rate Q changes from an
increase to a decrease, the maximum value of the aggregate traffic flow rate Q is referred
to as Qmax and the value of the aggregate traffic density K corresponding to Qumax in the

aggregate QK relationship is referred to as Kmax. Here, an actual operation is likely to

25  betoo late after reaching Qmax. Accordingly, in this embodiment, a value of the



5conput ati on device 100. This operation flow represents an operation
of conputing the aggregate K relationship. In addition, in
description of this operation flow, Figs. 1 to 4 will be referred to
together. [0035] The toll conputation H&vice 100 conputes the

aggregate K rel ationship based 10 on traffic flaw si tion

resul ts ofggregate safic ﬁé‘@%rl‘i(Wﬁf@af%fr‘xﬁnf’llﬁ’a‘ﬁfa[’%“tfsl 4 tgiﬁﬂg}}éﬁ%ﬁ %’@@&f fic
flow simul ations are sinulations for reproduci ng an actual road

si t uat i onadtwal aalue Kauixeoorrespoadimigrio Qaagds tedrasdadhxper f or mi ng

eval uation in advance. [0036] Upon receiving an input of data
representjoog4the traffic flow simulation results 150f the road
network area fromthe traffic flow sinmulator (S101), the traffic flow

sinulation res Uﬂ-‘i%. ﬁ%ta?dihg}aﬁhtinﬁﬁfaﬁﬁ%hﬁexmlé ot 40 of¥ratidiEIdw bf the toll

conput ati on deviCe 100 tfansmts the data to the aggregate K

rel ationshi u i unidt.. . ] cej.Vvi ;
transr t G RO deRl s b B ebn P SRR PelARA of Binfie e
reception unit 110, the aggregate OK relatjonship.conputatjon_uni

190 01 ¢ nEEese ORBRRTgn dBHgIohdD esPBSt INCOREYIBJITE FiR. | t
rel ati onship of the road network area (S102). For exanple, the

aggr egat e4 @il be refeireshtotipgeth@nput ati on unit 120 conputes a val ue of
the aggregate traffic density K at a predetermned timng and a val ue
of the agmodgphte traffic flowrate Qat that time fromthe traffic
flow simulation results of 25the road network area represented by the
data received frgmoliRemphufitibh delitOYOEEMIALS tBE aggkdeate QK relationship based

10  on traffic flow simulation results of the road network area by a traffic flow simulator.
Traffic flow simulations are simulations for reproducing an actual road situation in a
computer in a simulated manner and performing evaluation in advance.

[0036]
Upon receiving an input of data representing the traffic flow simulation results

15  of the road network area from the traffic flow simulator (S101), the traffic flow
simulation result data input reception unit 110 of the toll computation device 100
transmits the data to the aggregate QK relationship computation unit 120.

[0037]
Upon receiving the data transmitted from the traffic flow simulation result data

20  input reception unit 110, the aggregate QK relationship computation unit 120 of the toll
computation device 100 computes the aggregate QK relationship of the road network
area (S102). For example, the aggregate QK relationship computation unit 120
compuies a value of the aggregate traffic density K at a predetermined timing and a value
of the aggregate traffic flow rate Q at that time from the traffic flow simulation results of

25  the road network arca represented by the data received from the traffic flow simulation



result data input reception unit 110, and iterates a process of
associating the two values with tine. Then, the aggregate X
relati onship conputation unit 120 corrpi%es a function of a curve
representing the aggregate K rel ationship by perform ng curve

141179 o oL R PR
o0 e 8 LR e T R

flow rates Q .obtai ned by substituting the values of the aggregate

traf fic dEmstipn eka WWﬁfQPTQSﬁ’éT“t&)fﬁ"p AELBLHiE % fehiopship iy paﬁwga@mw
relationship information storage unit 170 (S103). 10[0038]

t hi s mannéitting anf aplmed ityoef coaprraens dheprichporaiing aggatgateQratfie fawirotes Q apld
of the road network area is stored in the aggregate K rel ationship

i nf or nat | aeregad agfficWehditids0. oThér) ehd dietegaRnPr@hti@iRhipaidniRitatidl unitn
addition, a series of processes is assuned to be executed every tine

at | east gy 8&1 REFEN RS a n&:ﬂﬁaﬁ hgﬁi%%ﬁé {Yaﬁfc%n ALd BSind &, cgate tra traffic

15vari ati on 0 e environ netvvor area re

cases in h n e

wthin th ta‘?‘ R i%@?ﬁé@l P8R eeeRe SN Y- BRE R0
bl ocki ng q{ a road due tqQ an |nflue2§£ 8f a raf i c accident or é?e
openi ng ofefeRpY Rt n fheaseragple IR @3@]5 11326 OpMLIoTESIPAEG URE ¢ am
|Ilustrat|n%aanother exanpl e of the operation f|OM/Of the tol
conput at i 6v0ddvi ce 100. This operation flow represents an operation
of conputing a toll to be applied to the road network area. In

addi t1n, [00B8Hescri ption of this operation flow, Figs. 1 to 5 will be
referred to together. [0040] 25The toll conputation device 100

CoTPILES B L OBk s st gt e

traffic fLowmiwe ateds stbRl4ttne aggregate QK relationship information storage unit 170
of the toll computation device 100. In addition, a series of processes is assumed to be
executed every time at least an environment of the road network area varies. The

15  variation of the environment of the road network area represents cases in which a
tendency of a path through which a vehicle passes within the road network area varies,
for example, according to the blocking of a road due to an influence of a traffic accident
or the opening of new commercial facilities.

[0039]

20 Fig. 6 is a diagram illustrating another example of the operation flow of the toll
computation device 100. This operation flow represents an operation of computing a
toll to be applied to the road network area.  In addition, in description of this operation
flow, Figs. 1 to 5 will be referred to together.

[0040]

25 The toll computation device 100 computes a toll to be applied to the road



Upon receiving an input of data representing the traffic flow
sinmulation results 50of the road network area fromthe traffic flow
simulator (S201), the traffic flow sinulation result data input
reception unit 110 of the toll conputat4on device 100 transmits the

data to the aggregate . traffic.,density. (K) estimatio nit 130, [.0042]
Upon  ec oM ErEDRIEd 3P RLISART S BN ruiE of MrpRCnatiets Snby I on
result data 10i nput reception unit 110, the aggregate traffic density
(K) esti naalligdlophiitnuiet®. of the tol | conputation device 100 estinates
an aggregate traffic density K at a predetermned tine fromthe

traffic fJ0dki nul ation results of the road network area represented
by the data (S202). For exanple, the aggregate traffic density (K)

esti mation uni tygalregsivingainasput be datd g6perhengd theftifaffic flensiniylaforaiehts 5
m nutes. Then, the aggregate traffic density (K) 15estinmation unit

130 transghs r(‘}ieﬁ‘ltlét&(ﬁﬂraf%?fg&g‘ﬂ% @Jﬁi@%@v@hh@%ﬂ(ﬁd@ #EARindwe

estimated aggregate tra ensity Ktotheto onputation unit

140. [0043 . Upon, r.ecei vi ng t he. a.tr mited. fr t

agar eqat o> plation syl 5 efdedon iy 1550 b LGP fitign @] 180
conputation unit 140 of the toll c tati on devi ce 100 20conputes a
toll to b@ﬂ%ﬁﬂmsi%dﬁ%tqmag@&@tﬁgﬁggﬁn%}%&)(e@@@ﬂﬁ‘?n it 1§§<arrpl e, upon
receiving the data transmtted fromthe aggregate traffic density (K)
estimati o004l t 130, the toll conputation unit 140 reads information
stored in the aggregate (K rel ationship information storage unit 170.
Then, the toll| Upsmprcavingnheidath trdddnispe Gofi ths trafficefl ave siafulatiomeesubt data
val ue QmMAx of an aggregate traffic flow rate Q based on the

i nformati gRuf %gtg)ti%lﬁfu'hﬁml bhee aggté%g@&@m@ﬁeﬁﬁha@d)%mhhﬁbd wHier 31 tRéoll

storage unit n addition, toll 15 conputation unit 140

e TR ) B0 B A BIRH thisemnsi e
speci fi esfrgmvtﬁé: Hrgfﬁc flow simulation results of the road network area represented by the data
(S202). For example, the aggregate traffic density (K) estimation unit 130 estimates the
aggregate traffic density K after 5 minutes. Then, the aggregate traffic density (K)
15  estimation vnit 130 transmits data representing an estimation value Kggr of the estimated
aggregate traffic density K to the toll computation unit 140.
[0043]
Upon receiving the data transmitted from the aggregate traffic density (K)
estimation unit 130, the toll computation unit 140 of the toll computation device 100
20  computes atoll to be applied to the road network area (8203). For example, upon
receiving the data transmitted from the aggregate traffic density (K) estimation unit 130,
the toll computation unit 140 reads information stored in the aggregate QK relationship
information storage unit 170. Then, the toll computation unit 140 specifies a value of a

maximum value Quax of an aggregate traffic flow rate Q based on the information read

25  from the aggregate QK relationship information storage unit 170. In addition, the toll



QEST of the aggregate traffic flowrate Q corresponding to KEST
represented by data received fromthe aggregate traffic density (K
estimation unit 130. Then, the toll ut ation unit 140 conputes a
ratio of QEST to QmAX. In addition, toII conmputation unit 140

comperes FRfus ol T engel Peakek q C%@’E*%%é*e%ﬁtgﬁfé@ G
atio of GESPPDIIERG MR PisdBhar FL g i b sneadies e

KEST. For exar}p information as illustrated in Fig. 4 is l10assuned
to be stoRew qfiihe dgeregsts traffie Soweitedd cotresPaRding it Kesygepreserted bywién t he
ratio of QEST to QVAX is 47 (%9 and KEST is |l ess then KMAX, the toll

conput at i meeivad frofivibe sggregdtt oatfml density (0 eafphii@duninl 3the Theadhaeatlwor k
area to 500 (yen). Then, the toll conputation unit 140 transmits toll

data rpr esipithtich ddiel400¢dmpueestaratis of Qedab AUt Pui addiidn, #kQomnd t he
toll data distribution unit 160. 15[ 0044] Upon receiving the

toll datag &:ﬁ@ﬁﬁﬁ%ﬁﬁnﬁﬁlzfd eaa?eglgﬁ t0 QP UL RlehOfhe M Lo fé%ﬂﬁat.&;nﬁnmﬂd

dat a out put 150 of conputati on device out puts the

out put - unTHED outﬁf@%e&gﬁﬁeiﬁrt‘l?ﬁ% sk %ﬁa%"?eéﬁ%tb %’I'w'gg?nts od

toll data.t di_spl ayed on a y screen to spl ay 20 In
this casell 'Bﬁ éoeht ‘qumlaﬂo%étoéﬁgﬁ I”Pléd%&otﬁ? F%’Orgézﬁsh@t% agg 3@ Gogparison
di spl ayed on the displ ay. is only necessary for a manager of the
road net wessHlt betsgen Mpgﬁﬂd)Kmm foe exanapied infodamatigrkasfibusteatgsl inifiig 4t ine
toll displayed on the display. [0045] In addition, for exanple, the
tol | Hat aasumpdito bmstored 50 theudlp irtfsrmtdiientsairhgedaital 800 Thed, Grvieh thdratib @ff |
to be collected is automatically applied to the toll booth device.

[0046]  Qgsr (M)R8s B t%? aktPREL lykgthe.qemAxlmg tctlh&)rﬁaiténo@km 140 sets the

transmtted fromthe toll conputation unit 140, the tol

07 B O ST 8D, Era P g

Here, 140 transmits toll data representing the toll to the toll data output unit 150 and the toll
data distribution unit 160.

15 [0044]

Upon receiving the toll data transmitted from the toll computation unit 140, the
toll data output unit 150 of the toll computation device 100 outputs the toll data to an
external device (S204). For example, the toll data output unit 150 outputs data for
causing a toll represented by the toll data to be displayed on a display screen to a display.

20  In this case, the toll to be applied to the road network area is displayed on the display. It
is only necessary for a manager of the road network area to perform a predetermined task
for applying the toll displayed on the display.

[0045]

In addition, for example, the toll data output unit 150 outputs the toll datato a

25  tollbooth device which collects a toll of the road network area. In this case, the setting



the user termnal includes portable information term nals such as
portabl e tel ephones and personal digital assistants (PDAs), a
personal conputer, and an in-vehicle device. In this manner, the
vehi cl e user can know the toll of the 1®ad netmork area. I n addi ti on,
this series of processes |s assune e execut i nterval s of
pr edet er nfhfbgtal ftﬁ@ COH@f{t@blé‘ﬁ]-‘tomatlca ‘8@&%&?6@ 08 % he toll
conput ati on device 100 can conpute an optlnunttoll for a current
situation[08##6kraffic of the road network area as conpared to the
known technol ogy. [0048] 15Fig. 7 is a diagramillustrating an
exanpl e of a habdwarehadahd gipoatécivingithe télhéats ohhsnttepfivmithetoldevi ce
100 includes an electronic information processing device such as a

conputer. Fﬂ@.}tﬁtﬁ?’ﬂ urFOMPUHRLHIP Batd AiisutibARnitN6b WEBR 1811 66Mpiitation device
processi ng péripheral unit, an i nput/out put (1/0 wunit,

SO ol A L e S0

di spl dev 805 Vt/n ted t h hgst
Contr o | eheasa CrTHEa g gy Ror e ARSI £ e?pohh?ls?@s@%net 4

807, a hard disk drive 808, and a conpact disk-read _only neno

(CD-ROV) persanal diggahgssistanis (BDASh #dstsenalcompyer. rwétané@ﬁt:hlatmdévweo 110y a
an 1/0 controller 806. The legacy I/O unit includes a ROM 810 and a
f1 exi bl e thiskafeR)thevéhide 84k camkdowathe toD of tiepodd @etwhikcirear dnaddiisot ed
to the 110 25controller 806. 17 [0049] The host controller 801

connect s ipeseRAMVbBR3cestdias eRWMBA o bhbtRuRd aehisesalt bEpBAdtBlidedtimas.
hi gh transfer rate, and the graphic controller 804. The CPU 802

oper aj§s E@ae{i on programs stored in the ROM 810 and the RAM 803, and
contro he uni ts 5The graphic controller 804 obtains inmage

data gone i 18" odotbRLTed bRk B &%tiéi%aee@wcg?gw §°q§tsprn£ R

i mge data. Alternatively, the %pﬂ ontrol |l er 804rra ]{Irnally
| nol ude. atchriane ORI SHUaHH A Ta 0 Gdhs Fad SCtNeT A S FAPERY

802 and the like. [0050] 10The I/0 controller 806 connects the host
control | etecB@dogyt he hard di sk drive 808

[0048]

15 Fig. 7 is a diagram illustrating an example of a hardware configuration when the
tolt computation device 100 includes an electronic information processing device such as
a computer. The toll computation device 100 includes a central processing unit (CPU)
peripheral unit, an input/output (1/0) unit, and a legacy I/O unit. The CPU peripheral
unit includes a CPU 802, a random access memory (RAM) 803, a graphic controller 804,

20  and adisplay device 805, which are connected to each other via a host controller 801.
The /O unit includes a communication interface (I/F) 807, a hard disk drive 808, and a
compact disk-read only memory (CD-ROM) drive 809 which are connected to the host
controller 801 via an I/O controller 806. The legacy I/O unit includes a ROM 810 and a
flexible disk (FD) drive 811, and an I/O chip 812 which are connected to the /O

25  controller 806.



which is a conparatively high-speed 1/0 device, the conmmunication I/F
807, and the CD-ROM drive 809. The hard di sk drive 808 stores
prograns and data used by the CPU 802. .The communi cation I/F 807
connects to a network comuni cation device 891 to transmt and
receive ﬁ{mggms and data. The CD-ROM drive 809 reads 15 prograns and
data froma ROM 892, and provides the prograns and data to the

hard di sk dri d ' ' - '
3 R U TR SER T BBt B e o

FD drj 811 110 [ 12, 110
1o RSl b e ek Bl b

when the toll conputation device 100 is activated, or prograns
dependi ngbasad pheragaamnstoedan therROMOE 10 andriheiRAM 863, dedicortral®al} thetuits.
The FD drive 811 reads prograns and data from an FD 893, and provides
t he progr @hsgaphicdahi@oltcs 804 ebfaarsdmdgsdatal penceat&Don afidmichaffer provided in
communi cation |/F 807 via the RAM 803. The I/0O chip 812 connects

various | {{ v $8%yh@ CPUEsRRind the/ BkS Add cAtfsesth@ d%p}%?r(ﬁuc@ BOPRS displdy
serial 25port, a keyboard port, a nobuse port, etc. 8 [0052]

{h 33’%:?@)%3@2@ @aﬁaixﬁfé@%@g‘ﬁ% tﬁaﬁgﬁ?ﬁy&%@ﬁo‘%g%ﬁ&?%?ﬂarb%'%%@%lﬁ%ﬁ?@?%@e
I C ' . [
Fecor i ngPWRE NI E RN e ket e el e PRELRELRE B "ot ogram i <

installed fromthe recording nediumto the hard di sk drive 808, read
by the RAMIOSOB, and executed by the CPU 802. The program executed by
the CPU 802 causes the toll conputation device 100 to function as the
traf fic fl ow sihhd [dDicontrolies 806 comteatsitinpltst cavmpler 361, the liard A3k dtime 808
aggregate K relationship conputation unit 120, the aggregate traffic

density (ihicBs$ & b&hpaatiwN highIPeed MG devict, tAO caAMATcatdrOMF 807, tand 41
the toll data output unit 150, the toll data distribution unit 160,

the aggr egpf ROMKdfif! &9, ONRINArd &1%19% §@t§%§P@%&mnh dla?aouseaﬂg_tﬁehe

toll information storage unit 18 be reference to Figs. 1
to 6. [00 e ograns _descri above can be stored in_an ,
extor nal QAT nf PSRRI TSP B2 BPRS 3 R 0%l B RehRafih ¢t o
the FD 893 and the CD-ROM 892, it is,possihle to an optical

r ecor di ng® el AR Rif@Rd Seceye presrams %B%t%ti%ée gbﬁgmﬁje 598hase
disk (PD), a magneto-optical recordi ng nmedi um such as a m nidi sk
(ND), 15t prseramsding rdataarera 9 (R85, snshspyidedibh peagrams arg dada ), thehard
Usi ng a storage nedi um such as a hard disk or a RAM provided in a
server sydiskedricofiteatdatic tommudediiaal/E80¢ simthaReAM i80h 20 network or

the Internet as the recording nmedium the prograns may be provided as
prograns [jod1fhi s network.

The ROM 810 and comparatively low-speed 1/0 devices, namely an FD drive
811 and an I/O chip 812, are connected to the I/O controller 806. The ROM 810 stores
20  a boot program to be executed when the toll computation device 100 is activated, or
programs depending on the hardware of the toll computation device 100, etc. The FD
drive 811 reads programs and data from an FD 893, and provides the programs and data
to the hard disk drive 808 and the communication I/F 807 via the RAM 803. The I/O
chip 812 connects various I/O devices via the FD drive 811, or via a parallel port, a serial

25  port, a keyboard port, a mouse port, etc.



[ 0054] Al t hough the present invention has been descri bed
with reference to enbodi nents, the technical scope of the present

i nvention is not limted to the scope of 25the abovenenti oned

enbodi ments. It is apparent to those sk¥11ed in the art that various
19 alter atd' 9515 and i nprovenents can be nmade to the abovenenti oned
embodi ment®2lt s apparent fromthe appended clains that enbodi nents
with the various alterations and inprovenent will be .includ in the
t echni cal scopeTléﬁPf?ﬁ@n}@ﬂ@?@ﬁ{‘eCPF?\Sthth%QPUB?IQQI?EBﬁfRﬁeﬂEnﬁF@IﬂT_ ggcﬁltﬁff TY
[ 0055] The present invention relates to a toll conputation
devi ce WhCDRROBARLR, @s agedoodihg nediien sysplas eul integrated sduihdChvoard, andeuc
including a plurality of roads, a control nethod of controlling the

tol | conppiogidedbydaisece A prograt fioegimthelrocording nedidrh eart bd tompressed or
conput ati on 10device. According to the present invention, it is

possi bj e j ' i :
FroTT I opROFBIBAE b AR ME A e Rl ok

[ 0056] 15100 I t at,i evi j W-S] '

Fesalt dati Sueeaant RaN? 3a it Eechbar il Cre 0, THe B Weouted
conputation unit 130 Aggregate traffic denpsi estimatiop. unit
720 Tol | Bosackld Bin it hagabema s 0l ¢t Rashon stpe rafic i a
distribution unit 170 Aggregate QK rel ationship information storage
unit 180 Siolulationfresultedataomputtroeepgien unitd 10, the aggregate QK relationship

computation unit 120, the aggregate traffic density (K) estimation unit 130, the toll
10 computation unit 140, the toll data output unit 150, the toll data distribution unit 160, the
aggregate QK relationship information storage unit 170, and the toll information storage
unit 180 described with reference to Figs. 1 to 6.
[0053]
The programs described above can be stored in an eﬁtemal recording medium.
15  As the recording medium, in addition to the FD 893 and the CD-ROM 892, it is possible
to use an optical recording medium such as a digital versatile disk (DVD) or a phase disk
(PD), a magneto-optical recording medium such as a minidisk (MD), a tape medium, a
semiconductor memory such as an IC card, etc. Using a storage medium such as a hard
disk or a RAM provided in a server system connected to a dedicated communication
20  network or the Internet as the recording medium, the programs may be provided as
programs via this network.
[0054]
Although the present invention has been described with reference to
embodiments, the technical scope of the present invention is not limited to the scope of

25  the abovementioned embodiments. It is apparent to those skilled in the art that various



801 Host controller 25802 CPU 20 803 RAM 804 G aphic controller 805
Di spl ay device 806 1/0 controller 5807 Communi cation |I/F 808 Hard

di sk drive 809 CD-ROM drive 810 ROM 811,FD drive 10812 1/0 chip 891
Net wor k conmruni cati on device 892 CD 893 FD 15

10

15

20

25

alterations and improvements can be made to the abovementioned embodiments. It is
apparent from the appended claims that embodiments with the various alterations and

improvement will be included in the technical scope of the present invention.

INDUSTRIAL APPLICABILITY
[0055]

The present invention relates to a toll computation device which computes a tolf
to be applied to a road network area including a plurality of roads, a control method of
controlling the toll computation device, and a program for use in the toll computation
device. According to the present invention, it is possible to compute an optimum toll

for a current situation of traffic of a road network area.

DESCRIPTION OF THE REFERENCE SYMBOLS

[0056]

100 Toll computation device

110 Traffic flow simulation result data input reception unit

120 Aggregate QK relationship computation unit

130 Aggregate traffic density (K) estimation unit

140 Toll computation unit

150 Toll data output unit

160 Toll data distribution unit

170 Aggregate QK relationship information storage unit

180 Toll information storage unit

801 Host controller

802 CPU



21 CLAIMS [d ai m 1] Atol |l conputation device which conputes a
toll to be applied to a road network area including a plurality of
roads, the toll conputation device conprising: 5a toll conputation
unit configured to conpute the toll tolbe applied to the road network
area based on: an aggregate (K rel ati onship
representing a 85k aMati on between an aggregate traffic flowrate
(Q, which is a sumof the nunber of vehicles per unit distance per
unit time cal culO4dteraprhyy coaigelledi ng each road as a unit for the roads
to be evaluated 10included in the road network area, and an aggregate
traffic density8(SK)isplahide¥icé s t he total nunmber of vehicles within the
road network area; and an estimation value of the
aggregate traf fgo WershtdictK) at a predetermned tine. [Caim 2]
15The toll conputation device according to claim1l1, further
conpriging: an m&gﬁﬁﬁcgﬁn{ ationship conputation unit configured
to conpute the aggregate relationship representing the correlation
bet ween the ag t raffic flowrate (Q, which is the sumof the
nunber of vehi %@gﬂﬂgr&'%{{r{vedi stance per unit tine calcul ated by
regardi ng each road as a unit for the roads to be eval uated incl uded
in the 20road nA%MePiR@Mediiveand the aggregate traffic density (K),

which is the total number of vehicles within the road network area,
810 ROM

811 FD drive

10 812 I/O chip
891 Network communication device
892 CD-ROM

893 FD

15



wherein the toll conputation unit conputes the toll to be applied to
the road network area based on: the aggregate X
rel ati onship conputed by the aggregate 25rel ationship conputation
unit; and 22 the estimatfdn val ue of the aggregat e
traffic density (K) at the predeternipgéhs&i ne. [Caim3] The toll
conput ati on device according to claim1 or 2, further conprising: 5an
aggregat e raf{lic density (K) estimation unit configured to estinmate
the aggregaf@ttaffic density (K) at the predeternined time based on
traffic flow sinmulation results in the road network area,

wher ei n t he t ol £ telbggrapyaianmdayiger whishpermeues nolkte be appligsldo agpad weawerk
the road network area based on: 10the aggregate K rel ationship

r epr esent amg indhediepa pkiraity ohrdads, weetolltdompatptjoe daviee comprising: f | ow r at e
(Q, which is the sumof the nunber of vehicles per unit distance per

unit t3 me cal cuh aflle@niputdiRg aniicogfigacd o @athudstha tolhid bd Pplitde the askd
to be evaluated included in the road network area, and the aggregate

traffic dﬁ&%f—l&’ar@ﬁasegﬁ%‘:h is the total nunber of vehicles within the
road network area; and 1bthe estimation val ue of the aggregate

st mation uni 1. [ 0 areReeits QK rbglof CHRldubG flcshEalf by el B

Gat a. i ot FSSEHTSRIOVaHT (QuBish o3 e o IS ogh Dl UGB s
toll to per unit time calculated by regarding each road as a unit for the roads to be evaluated
10 included in the road network area, and an aggregate traffic density (K), which is the total
number of vehicles within the road network area; and
an estimation value of the aggregate traffic density (K) at a
predetermined time.
[Claim 2]
15 The toll computation device according to claim 1, further comprising:
an aggregate QK relationship computation unit configured to compute the
aggregate QK relationship representing the correlation between the aggregate traffic flow
rate (Q), which is the sum of the number of vehicles per unit distance per unit time
calculated by regarding each road as a unit for the roads to be evaluated included in the
20  road network area, and the aggregate traffic density (K), which is the total number of
vehicles within the road network area,
wherein the toll computation unit computes the toll to be applied to the road
network area based on:

the aggregate QK relationship computed by the aggregate QK

25  relationship computation unit; and



be applied to the road network area conputed by the toll conputation
unit to a user termnal of a user of a vehicle. [Claimb5]

A control method of controlling a toll conputation device which
conputes a toll 25to be applied to a rdad network area including a
plurality of roads, the control thod 23 conprdi.si,ng: a toll
conput ati on step of ctg?rﬁﬁ{m%@nt"ﬁg'%t e qggrqg@tcg{gaﬁig gﬂ%f% Engt hoad
network area based on: an aggregate QK rel ationship representing a
correl at i pisdgferpmedting. Saggregate traffic flowrate (Q, which is a
sum of the nunber of vehicles per unit distance per unit tine

cal cul at efClhim Bpgar di ng each road as a unit for the roads to be

eval uated included in the road network area, and an aggregate traffic

density (K), whigdrolicohip@takioh dbvibdaRerdind v@kihe] 852 Wikhdritohipeisingad

network area; and an estimation val ue of the

aggregate traf félfa%%gé%itet%?ﬁﬁK@gﬁ%?K%gﬁfﬁﬁﬁhﬂnmc&ﬁﬁ%ﬁE% estifrlafd (i 6]

A program for use at1on device conputes a toll

Lne. pr o0 SATCESIAGCBRBIOGNY Aot Bi e bor Rt dn b M)

toll conmputation unit configured to conpute the toll to be applied to
the road Frévksoviheraad ngask awa; an aggregate QK

rel ati onship representing a correlation between an aggregate traffic
flow rate (Q, whérehn thetadl Gunpuidtionhmitreomipetes dic tol o bé epplisdrto theirpad

di stance per unit time cal culated by regarding each road as a unit

for the rpaderk srehbadanuat ed

10 the aggregate QK relationship representing the correlation between the
ageregate traffic flow rate (Q), which is the sum of the number of vehicles per unit
distance per unit time calculated by regarding each road as a unit for the roads 1o be
evaluated included in the road network area, and the aggregate traffic density (K), which
is the total number of vehicles within the road network area; and

15 the estimation value of the aggregate traffic density (K) estimated by
the aggregate traffic density (K) estimation unit.

[Claim 4]
The toll computation device according to any one of claims 1 to 3, further
comprising;

20 a toll data distribution unit configured to distribute data representing the toll to
be applied to the road network area computed by the toll computation unit to a user
terminal of a user of a vehicle.

[Claim 5]

A control method of controlling a toll computation device which computes a toll

25  to be applied to a road network area including a plurality of roads, the control method



20i ncluded in the road network area, and an aggregate traffic density
(K), which is the total nunber of vehicles wthin the road network

area; and

an estimation \ﬁ' ue of the aggregate traffic

density (K) at a predeternmined timne.

10

15

20

25

comprising;

a toll computation step of computing the toll to be applied to the road network

area based on:

an aggregate QK relationship representing a correlation between an
aggregate traffic flow rate (Q), which is a sum of the number of vehicles per unit distance
per unit time calculated by regarding each road as a unit for the roads to be evaluated
included in the road network area, and an aggregate traffic density (K), which is the total
number of vehicles within the road network area; and

an estimation value of the aggregate traffic density (K) at a
predetermined time.
[Claim 6]

A program for use in a toll computation device which computes a toll to be
applied to a road network area including a plurality of roads, the program causing the toll
computation device to function as:

a toll computation unit configured to compute the toll to be applied to the road
network area based on:

an aggregate QK relationship representing a correlation between an
aggregate traffic flow rate (QQ), which is a sum of the number of vehicles per unit distance
per unit time calculated by regarding each road as a unit for the roads to be evaluated
included in the road network area, and an aggregate traffic density (K), which is the total
number of vehicles within the road network area; and

an estimation value of the aggregate traffic density (K) ata

predetermined time.



