MOBI LE COVIVUMI ON SYSTEM CROSS- REFERENCE TO RELATED APPLI CAT ON/‘)rHr’E’P cops
appl Lcation is related to and clains priority from Japanese Patent

Appki cation No. Hei-7-29615, the contents of which are hereby incorporated

by reference. BACKGROUND OF THE I NVENTION 1. Field of the Invention The

present I nvention rel ates to a nobile comunication roadside

devfce, a nobile communication novi ng body—ounted device and a nobile

comuni cation system for sengibBfrg fORMeRECATION 8ksgigl t 0 a predeterm ned
area along a novenent route and perform ng predeterm ned comunication with

a noving body that responds to the predeterm ned signal as in, for exanple,
a toll charging process of a highway tollgate using non-contact |IC cards or
the like. 2. Descripti GRQSFSREFBRENCE (TQ REIARER ARPHICATION vehicul ar tol |
road toll charging systens, the settling of toll charges w thout stopping

t he vehicl e through \appbfcatinm- i9nredated o dands cBadmsc ekt
For exanple, as a system which executes toll charging on a vehicle that is
cruising al @ﬁ&%JPBPPeFGaBate%éPEMW%MgHe\Nr'i? h29§15vehhel@nmn%d

devi ce haV|%g
whlch are hereby 1ncorporated by reference.

BACKGROUND OF TﬁE INVENTION

'1. Field of the Invention

The present invention relates to a mobile
communication roadside deviéé, a mobile communication moving
body-mounted device and a mobile communication system for
sending a predetermined signal to a predetermined area along
a movement route'énd performing predetermined communication
with é moving body that.responds to the predetermined signal
as in, fcflexample, a toll charging process of é highway

tollgate using non-contact IC cards or the like.

2. Description of Reléted Art
In recent years, for vehicular toll roéd toll charging
systems, the settling of toll charges without stopping the
vehicle through the use of a non-contact IC card has been
considered.
For example, as a system which'executés toll charging
on a vehicle that is cruising along a toll road, when
Smmunicating with a vehicle-mounted device having' a

munication function and an IC card read-write function
\



muni cation fu®®&ion and an I1C card read-write function -2- (hereinafter
referred to as a vehicle-nmunted device) and a conmmuni cator provided at a
tol¥ gate (hereinafter referred to as a roadsi de device), one proposed
system (Japanese Patent Lai d-Qpen Application Hei-4-315282) perforns tol
charging by setting a comuni cation sequence with a plurality of vehicles.
Inthis system when perfornming communication with a particular vehicle,
sending of inquiry nunbers to other vehjcles inside a comunicable area is

suspended spéébainabeéfﬁ WeltkrRednedl %{g@gv@ﬁiéf@-m@a Cabir98e ) HRWRVEY |

in this system even after once finishing the toll charging process, when

the sane ve@éﬁ&l&nhaﬁtaetpkséidéag%emmfa@e Yfir e Hefldrdldd ¢o0r

the like, there have beeh cases en conmuni cation iIs performed again and

repeated tohs ghabgdegdes qRECE)Sd-ofS FroySs&in sP5tencysAbhnesbepariad
toll charging, one proposed syst'em (Japanese Patent Laid-Cpen Application

Hei - 6- 1315ﬁ_£>ianogéh'bz;%§1§éﬂe%nrz?éﬁi@lsiﬁaﬁ) el raigdad. Reald nef blyl Me

~at the vehicular side after once performng _
setting a communication sequence with a plurality of vehicles.
In this system, when performing  communication with a
particular vehicle, sending of inquiry numbers to other
vehicles inside a communicable area is suspended so that there
will be no jamming of the communication. However, in this

- system, even after once finishing the toll charging process,

when the same vehicle has not left the communicable area’
because of traffic or the like, there have been cases when
communication is performed again and repeated toll éharging is
executed. | |

-As a system for preventing repeated toll charging, one
prdposed system.(Japanese Patent Laid-Open Application Hei-6-
131590) prohibits signal receipt for a prédeterminéd period of
time at the vehicular side after once performing
~communication.

However, in this system, because a predetermined
properly-set signal receipt prohibition time is always used,
in case of heavy traffic) there might be cases when a vehicle
has not left a communicable area even after the predetermined
signal receipt prohibition time has elapsed. For such cases,
toll charging is performed again. Moreover, on the other
hand, if a long predetermined signal receipt prohibition time

is set in cbnside:ation of heavy traffic, the vehicle might



comuni cation.” However, in this system because a predeterm ned
properly-set signal receipt prohibition tinme is always used, in case of
heavy traffic, there m ght be cases when a vehicle has not left a

conmmuni cabl e area even after the predeterm ned signal receipt prohibition
tinme has el apsed. For such cases, toll charging is perfornmed again.
Morfeover, on the other hand, if a |long predeterm ned signal receipt
prohibition tinme is set in consideration @f -heavy traffic, the vehicle

m ght - BasBashrblghuehel RaxBexb110hhtgal enéingingi ele tédms @1 Ydtpat e
when returning back) 'within such predéeterm ned signal receipt prohibition

time when {henereturaingabhick)andtion é@@ﬁe?fédé‘t@ﬁﬁﬁﬂéméi dDatedipt
charging will not be perforned at the next toll gate. SUMMARY OF THE

| NVENTI ON btoti@Wtdbon! Renfe0 @l RtheeOlilse Mo ArdfEdrand 9, tHerB s 4t
is a goal of the present invention to prevent repeated communication when
the nobil epbedibiid ity tilats HELRISRatdihd @ikl ahet\Wber Plet FAFme A ad | On
is perforned even

next toll gate.

\ SUMMARY OF TﬁE INVENTION

In view of the foregoing problems of the prior art in
mind, it is 'a goal of the present inventioﬂ to prevent
repeated communication when ﬁhe mobile body is in the same
area and the state wherein no communication is performed even
though the vehicle has entered a different area or has

returned again to the same area when returning back.
| To achieve this goal, one aspect. of the present
invention provides a mobile communication_system which has a
mobile communication roadside device for sending a
predetermined signal to a predetermined area aiong a movement
route, as well as for performing a prédetermined communication
with a mobilé communication moving body-mounted device which
responds to said predetermined signal, wherein the mobile
communication roadside device includes a movement condition
detection unit for detecting a movement condition along the
movement route, a communication stoppage time setting unit for
setting communication stoppage time in accordance with
movement condition detected by the movement condition
detection unit, and a communication stoppage time sending unit

for sending communication stoppage time set by the



t hough the vehicle has entered a different area or has returned again to

t he. sane area when returning back. To achieve this goal, one aspect of the
present invention provides a nobile communication system which has a nobile
comuni cation roadside device for sending a predetermned signal to a
predeterm ned area along a novenent route, as well as for performng a
predet erm ned conmuni cation with a nobile comuni cati on novi ng body- nount ed
devi ce which responds to said predeterm,ned signal, wherein the nobile

conmuni cat EBBm&BiQ%E‘i%nde&SEP%Q% | U%‘T?%engsf%‘éﬁ tyfRdi éfﬁ’&dg{[rﬁﬂdcﬁr}xd’mi t

for detecting a novenent con n venent route,

communi cat |.gin3hIRRRYS tis@%g%g#ei Qg.m%n \la tf20"y S Rlldl %ﬁ%ﬂ%@ﬁ%ﬁﬂppage

time in accordance w th nov t condition detecte

condi [ on get S5 LR WhlhietRRfliAeRORBHALGILAAGRLOPPage time sending unit

for sending comunication stoppage tine s y the -4-

conmmuni cation st oppggeriid® o3&t | §EqaeP! Indifdridnt NebrdiRGon8MyREFEL |

stoppage time data in the predetermned signal or in the predeterm ne

comuni cat y8%ing body is moving fast, by shortening the communication
stoppage time, the communication stoppage time setting unit
can prevent the mobile communication moving-body mounted
device, which has been set with the communication stoppage
time after receiving this communication stoppage time, from
leaving. a predetermined area and entering a different
predetermined area or the same predetermined area by returning
back without performing the necessar& .communication (fot
example, toll charge processing at toll roads).

Also, under movement conditions where the moving body
is not moving fast, by extending the communication'sﬁoppage
time, such circumstances where the same commﬁnication‘ is

.performed again on the mobile communj.cation moving body-
mounted device side, which has been set with the communication
stoppage time after receiving such communication stoppage
time, in the séme predetermined area while such moving body-
mounted device has not left the predetermined area even once
is prevented, and there will be no resulting inconvenience.of
executing repeated.commuhication. |

Another aspect of the present invention provides a
mobile communication system in which the movement condition
detection unit detects movement speed of a.moving body along

the movement route or data which corresponds to movement speed



In this way, under novenent conditions where the noving body is noving

by shorteni ng the comruni cati on stoppage tine, the comrunication

st oppage tine setting unit can prevent the nobile comuni cati on novi ng-body
nmount ed devi ce, which has been set with the comuni cation stoppage tinme

fast,

af ter

receiving this conmmunication stoppage tine, fromleaving a

predeterm ned area and entering a different predeterm ned area or the sane
predeterm ned area by returning back witgout perform ng the necessary

conmuni cati 98 tHé Mot Gonddltion)ahAl PhE @Skt i Ist
novenent conditions where the noving body is not noving fast,

under
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stoppage tinme after receiving such communi cati on stoppage tine, in
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present invention provides a nn%ile comuni cati on systemin which the
moverment conditi on Tkéembivementi todditibn Mamesviorspaert afay deveag hedy
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the movement condition the movement speed of the moving body
along said movement route or data which corresponds to the
movement speed. In accordance with the;movemgnt condition
detected by the movement ' condition detection wunit, the
communication .stoppage time setting unit may shorten the
communication'stoppage ﬁime with faster movement speed and
extend the communication stoppage time with slower movement
speed.

In other words, since the time from entering the

" predetermined area up to the leaving the predetermihed area is

inversely proportional to the movement speed of the moving
body, the faster the movement speed of the moving body is, the
lesser the probébility of repeated toll charging becomes even
if the communication stoppage time is shorter. In addition,
because the time of movement from one predetermined area to
another predetermined area (including the case of returning to
the same predeterﬁined area) is inversely proportional to the
movement speed of the moving body, the_lower the movement
speed of the moving body is, the lesser the possibility of
leaving the next predetermined area entered _without:

communicating even if the communication stoppage time is set



t he novenent route or data which corresponds to novenent speed -5- as
t he novenent condition, and the comuni cation stoppage tinme setting unit
shoftens the communi cation stoppage tine when novenent speed is fast and
extends the conmuni cati on stoppage tinme when novenent speed is slowin
accardance wi th novenent condition detected by the novenent condition
detection unit. The novenent condition detection unit may detect as the
novenent condition the novenent speed-ob the noving body al ong said
novemnent rc&géﬁgg data which corresponds to the novenent speed. In
accordance 'Ww he novenent condition detected by the novenent condition

detection unit, th‘sif %{?&ﬁéb@%@ Ejeré%n%etj.hkr@%gggh;igﬂ¥h§@°{éh§2e

the communi cati on th faster novenent s nd exten
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since the tinme TTomentering the predetermned area up to eavi ng
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In this way, there will be no repeated toll charging
in the same predetermined area nor will there be a non-
execution of the toll Charging process even after entering a
different predetermined area or even after returning back
again to the same predetermined area.

An additional aspect of the present inventién'provides
a mobile communication system wherein the mobile communication
moving body-mounted device includes a communication

~ prohibition unit for prohibiting another communication with

'the mobile communication roadside deviée during a
comuhication stoppage time after performing the predetermined |
communication based on communication stoppage time data
included in the predetermined signal or the predetermined
communication. |

In thié way, this mobile communication moving body-
mounted device can propebly adjust the communication stoppage
time in accordance with received communication stoppage time
data. Therefore, in accordance:with the movementlcqndition,
when data in which fhe communication stoppage time is
shortened when movement is fast and extended when movement is
not fast is sent from the mobile communication roadside
device, by_shortening the communication ' stoppage time under

movement conditions wherein the moving body is moving fast,



| esser the probability of repeated toll charging becomes even if the
communi cation stoppage tine is shorter. In addition, because the tine of
nmowenent from one predeternined area to anot her predetern1ned area
(including the case of returning to the same predeternmined area) is
inversely proportional to the novenent speed of the noving body, the |ower
thé novenent speed of the noving body is, the |l esser the possibility of
| eaving the next predeternmined area7 entered without conmmunicating

even if they&oumipk&atd i StABPISEed d t®rh Snsg! Sand 0¥ radrd Uldd1eh
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process. In this way, there w be no repeated toll charging in the sane
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process even after entering a different pre area or even aft

returni ng hegimagfedt ion tEgn SEaBpE@sietsd M ned area. An additional aspect
of the present invention provides

Also, by extending the communication stoppage time

under movement conditions where the moving body is not moving
fast, the case where the same communication is performed again
despite the fact that the mobile communication mowving body-
mounted device itself continues to remain in the same
predetermined area is prevented and thus, there will be no
resulting inconvenience of having repeated communication (for
example, where a toll is repeatedly charged)

A yet further aspect of the present invention is a
mobile communication system wherein the mobile communication
moving body-mounted device further | includes an area
determination unit for giving a vdthih predetermined area
decision when the predetermined signal is received and for
giving en outside predetermined erea decision when the
predetermined signal is not received, and a communication
permission unit for permitting the predetermined communication
when moving from outside of the predetermined area to inside
of the Predetermined area based on the decision of the area
determination unit, and the communication prohibition unit has
not prohibited another communication.

In this way, the mobile communication moving body-
mounted device may commence predetermined communication with

the mobile communication roadside device. Based on this,



a nobil e conmuni cati on system wherein the nobile conmuni cati on novi ng
body- nount ed devi ce I ncl udes a communication prohibition unit for
prehi biting another conmunication with the nobile comuni cati on

r oadsi de devi ce during a communi cation stoppage tinme after performng
the predeterm ned comuni cati on based on conmuni cati on stoppage tine data-
included in the predeterm ned signal -orgthe predeterm ned conmunication.
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moving-body mounted device further includes an area storage
unit.for storing the predetermined area that has been passed
previously, wherein the communication permission unit permits
the predetermined communication even if the communication
prohibition unit prohibits .another communication if the
present predetermined area ié different from the previous
predetermined area stored by the area storage unit when moving
from outside of the predetermined area to inside of the
predetermined area based on the 'decision of the érea
determination unit. |

In this way, even during the communication prohibition
time, if moving to a different predetermined area, it can be
determined that there is certainly a need to execute the
predetermined communication because there will be né
repetition of the predetermined communication in the same
predetermined area. |

A yet further aspect of the present invention provides
a mobile communication system wherein the predetermined.
communication is executed through a CfU computation process,
and the communication prohibitionl unit prohibits another
communication by making the CPU enter a sleep state.. In this

way, electric power consumption can be reduced drastically.



pr edet er m ned area W thout per form ng t he necessary conmmuni cati on
can be prevented. Al so, by extending the conmunication stoppage tinme under
novenent conditions where the noving body is not noving fast, the case
where the sane conmunication is perforned again despite the fact that the
nobi | e comuni cation novi ng body- nounted device itself continues to remain
I nthe sane predeterm ned area is prevented and thus, there will be no
resul ting i nconveni ence of having repeat @ -comuni cati on (for exanpl e,

where a toll is repeatedl g iR SisbrT B YGH 5#”iﬁﬁ”ni$?¥ﬁasCﬁ the present

I nvention is a nobile conmunication system wherein the nobile conmmrunication

novi ng body-nounte ' f i u r d ' |
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unit for giving a wthin predeterm ned area deci sion when the p
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when the predeterm ned signal 1s not received, and a conmuni cation

perni ssion gathifes RRIFELIHHIGH hee pr@Qb%&%U%m&t@tﬁﬂér%fnﬁg‘éYﬂ ng

from outside of the predetermned area to inside of the predetermned area
based on theadeni €688tRErt WELtAr €RedgtebRpARYiAG 4PhingsdihNgheeRwUNI cation
er

. prohibition unit haS not prohibited anot comuni cation. In this way, the
- nobi | e communi cati oprgPViNgiBody- schematic block diagram of a mobile
communication system according to a preferred embodiment of
the present invention;

FIGS. 2A and 2B are explanatory diagrams of signal
outputs of a roadside device where FIG. 2A is an explanatory
drawing of a predeﬁermined- area where a pilot signal is
generated and FIG. 2B is a graph showing contents of the pilot
signal; |

FIG. 3 is a block diagram of the mobile communication
system according to the embodiment;

FIG. 4A-4J are graphs of signals generated by a
process executed between the roadside device and the vehicle-~
mounted device in the embodiment;

FIGS. 5A and 5B aré flowcharts showing the processing
of the roadside device where FIG. 5A is a flowchart of toll
charging and the like in the ioadside device and FIG. 5B is a
flowchart of a movement.conditiqn detéction process -in the
embodiment;

FIG. 6 is a graph showing a distribution of vehicle
cruising speeds through a predetermined toll charging area;

'FIG. 7 is a graph showing the relationship between

passing speed and time variation;.



nount ed devi ce may commence predeterm ned conmuni cation with the nobile
conmuni cati on roadsi de device. Based on this, -8- predeterm ned
corfiruni cation can be perforned properly wi thout repetition in the next
predeterm ned area (including the case when the vehicle returns to the sane
predeterm ned area). Another aspect of the present invention provides a
nobi | e conmuni cati on system wherein the nobil e comruni cati on novi ng- body
nount ed device further includes an area Mt ofage unit for storing the

predeternm ned area rh@f Basidean fhswsaPt eshowihy, vier prockBe of the
communi cation perm ssion unit permts the predeterm ned conmuni cati on even
i f the comughialéeomopntsdbiévitce ini therembddimenapodh@r communication if
the present predetermned area is different fromthe previous predeterm ned
area stored by the PIGS. SON-3Jc anet guaphsToufng ifgmabsougendeatédt ey a
predeterm ned area to inside of the predeterm ned area based on the
deci sion Ofrotéss execnted dsetwsen dthedaddinid kiesriwsy andv éheduehtbiglehe
comuni cation prohibition time, if noving to a different predeterm ned
area, it camoimted device in the embodiment.

DETAILED DESCRIPTION OF PRESENTLY PREFERRED EXEMPLARY_
EMBODIMENTS

Preferred embodiments of the present invention are
described hereinafter with reference to the accompanying
dfawings.

.FIG. 1 shows a mobile communication system 1 which
includes a roadside device 2 and a vehicle-mounted device 4.
The roadside device 2 includes a gantry 6, a vehicular

'detector 8 and a controller 10. The gantry 6 is built over a
_road R and, as shown in FIG. 3, is provided with an internal
communication circuit 12 and an internal antenna 1l4. The
communication circuit 12 genefates a communication signal and
a pilot signal from_the controller 10 as radio wave signals
via the antenna 14,-ahd, in addition, receives a radio wave
communication signal from the &ehicle-mounted device 4 side
mounted inside a vehicle C.' The vehicle detector 8 includes
a light beam generator 8a and a light beam detector 8b which
are provided on opposite sides of the road R and detects if
the light beam is blocked by the vehicle C or not.

The pilot signal from the antenna 14, as shown in

FIGS. 1 and 2A, is generated only over a predetermined area E.



determned that there is certainly a need to execute the predeterm ned
conmuni cation because there will be no repetition of the predeterm ned
¢ormuni cation in the sane predeternmined area. A yet further aspect of the
present invention provides a nobile conmunication system wherein the
pr edet er mi ned conmuni cation is executed through a CPU conputati on process,
and the communi cati on prohibition unit prohibits another conmunication by

maki ng the CPU enter a sleep state.

can be red®herefere: cthe wehicle-nopmited PeIdRePt CRNOFETREVBRANENDELOt
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obj ects and advantagqs of the present invention will be nore
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enbodi nents thereof when taken together with the acconpanyi ng draw ngs
whi ch: FI GC thas enterednthe predetermipet 3rea Ropnly whanukheavebicke
according to a preferred enbodi ment of the present invention; FIGS. 2A

2B are expl@haorsnerred stke @redefpymined area E.

The pilot signal, as shown in the timing chart of FIG.
2B, includes an activation signal, a synchronization signal
and a data signal. During generation of the pilot signal, the
controller 10 repeatedly transmits the signal shown in FIG. 2B
according to a predetermined cycle from the antenna 14. Also,
if a response signal is received when the wvehicle-mounted
device 4 responds to the pilbt signal, the controller 10
performs a predetermined communication procedure, in other
words, the'toli charging procedure. It must be noted here
that the data signal of the pilot signal includes a roadside
device ID (identification number) for identifying the gantry
6 and communication stoppage time data which is explained
later.

It must be noted here that, as shown in FIG. 3, the
controller 10 which is connected to a remote cdntrol center

via a signal line L sends data of toll charge results and the

Fnltthi~s way, ®lectric power consunption

in
stem
and

like, and receives necessary control signals from the control

center.

- The vehicle-mounted device 4 inciudes an antenna 20,
an activafion circuit 22, a communication circuit 24, an IC
card reader-writer 26, an oscillating element 28, and a
central processing unit (hereinafter referred to as CPU) 30.

It must be noted here that the CPU 30 has an internal memory



out puts of a roadside device where FIG 2A is an explanatory drawi ng of a
predeterm ned area where a pilot signal is generated and FIG 2B is a graph
shewi ng contents of the pilot signal; FIG 3 is a block diagramof the
nobi | e conmmuni cati on system according to the enbodinent; FIG 4A-4J are
graphs of signals generated by a process executed between the roadside
devi ce and the vehicle- nounted device ha t he enbodi nent; FIGS. 5A and 5B
are flowcharts showi ng the processi ng of “t he roadsi de device where FIG 5A
is a flonch32tand o |intermalngtiwerk t €. | | Ha iaddielomnadsi Hattevyebaard
FIG 5B is a flowhart of a novenent condition detection process in the
enmbodi ment ;e R rici poweyrsypph@dinop it di6stis lopnnected ¢ohkbeevehdaciierg
speeds through a predeternmined toll charging area; FIG 7 is a graph
showi ng t hemowzed odeviipebét ween passing speed and tinme vari ation; - 10
- FIG 8 is a flowhart show ng the process of the
Through the antenna 20, the activation circuit 22
makes a predetermined area detection signal fall as shown in
FIG. 4A when the pilot signal from the antenna 14 of the
gantry 6 is received to show that it realized that it is
within the predeterminéd area. At that timing, the CPU 30
transits from a sleep state to a run state. The sleep state
refers to the condition wherein the states of registers,
pointers and the like of the CPU 30 are retained while
suspending operations. The run state refers to the condition
wherein a predetermined process is being actually executed
following a program stored inside the memory 32 in accordance
with a clock pulse of the oscillating element 28. Therefore,
with the fall of the predetermined area detection signal
generated by the activation circuit 22, the CPU 30 which is in
a sleep state is activated and processing can be continued
from the state immediately preceding the sleep state. It must
be noted here that while the CPU 30 might be in a sleep state,
the internal timer 34 is still functioning and so, there is no
stop in the timer count.
Also, the activation circuit 22 extracts a particular
frequency component (the component of the activation signal)
from within the pilot signal, stores it in a capacitor and

makes the terminal voltage of the capacitor the predetermined

area detection signal. Therefore, as shown in FIGS. 4A, 4D,



vehi cl e-nounted device in the enbodi nent; and FIGS. 9A-9J are graphs of
signals generated by a process executed between the roadside device and the
vehi cl e- nounted device in the enbodi nent. DETAI LED DESCRI PTI ON OF
PRESENTLY PREFERRED EXEMPLARY ENMBODI MENTS Pref erred enbodi mnents of the
present invention are described hereinafter with reference to the .
acconpanyi ng drawi ngs. FIG 1 shows a nobile conmunication system 1 which

i ncl udes a roadsi de device 2 and a vehi di®-mount ed device 4. The roadside
devi ce 2 i néFuamd 4Igawhilecthe pidinte s ignadeddcdy 15 Redng generated: ato.
The gantry 6 is built over a road R and, as shown in FIG 3, is provided

wi th an i ntar psedesermdnes: icyele reuistill paing rAaceinad SRNPEAREOYSLY The
communi-cation circuit 12 generates a communj cation signal and a pil ot

si gnal fronthee poedebereingd AreadidetAGielan gfdanali a ihe CQRTAANQUSAY
and, in addition, receives a _radi.o wave communi cation signal fromthe

vehi cl e- nougeraratefceal s3 ddaviint Whirhsi 4#BdACIERFc| 3N C 1nfhidd§ emfc| Ehe
detector 8 includes d |ight beam generator 8a and,a |ight beam detector 8b
which are pPbeAEEarBAnggpaseie sPBcthefCPRELREYd REakBSJRL&EEsSAgNARe 1R ght

beamis bl ocked by the vehicle C or not., .. .
no longer received, as shown in the timing of t4, tl1l4 of FIGS.

4A, 4D, 4F and 4I, the predetermined area detection signal
rises and is continuously generated at a level which indicates
the vehicle is outside of the predetermined area.

The commﬁnication circuit 24 generates the
presence/absence of the pilot signal from the roadside devicé
2 and the data signal within the pilot signal to the CPU 30,
generates a response signél to the roadside device 2 based on
the process of CPU 30, and executes a communication process
with the roadside device 2 to charge a toll.

The IC card reader-writer 26 is a device for writing
on the inserted IC card in order to chargg the toll or for
reading ﬁhe contents of the IC card in order to send personal
information from the IC c&rd to the roadside device 2. The
oscillating element 28 generates a clock signal to the CPU 30
.for driving the same, and through gate circuits and the like,
the CPU 30 can make itself enter a sleep state by, e.g.,
stopping the input of the clock signal, and can return to the
run state and continue operations in accdrdanqe with an
external signal. |

ﬁext,;among the processes executed in the controller

10, the process performed with the vehicle-mounted device 4 is



The pilot signal fromthe antenna 14, as shown in FIGS. 1 and 2A, is
generated only over a predeterm ned area E. Therefore, the

vehi cl e-nount ed device 4 can receive the pilot signal fromthe roadside
device 2 and verify that the vehicle C has entered the predeterm ned area E
anly when the vehicle C has entered the predeterm ned area E. The pil ot
signal, as shown in the timng chart of F4G 2B, includes an activation
signal, a synchronization signal and a data signal. During generation of
the pil ot sﬁﬁ%ﬁ%n?im control ler 10 repeatedly transnits the signal shown

;:rglsgf)ngg Sional ?%‘%-chf‘-ﬁ”e%%eéﬁiﬁ nbtoadfinfs| i EhE BRFHA 7B (o
ponse : n ; PO
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shown in FI
there is a response to this pilot signal. 1In case there is no

response, a negative decision is given and processing ends for
this time, and after the predetermined cycle, processing is
repeated agaiﬁ from the process of step 100.

In case there is a response, step 110 gives a positive
decision and step 120 executes the toll charging process is
execute.

.This process is shown in the timing chart of FIGS. 6A-
'6E. Because no response signal.is received.from the vehicle-
mounted device ¢ before.time tl, positive decisions will not
be given by step 110 and while the pilot signal is generated
by step 100 at the predetermined cycle, because there is a
response from the vehicle-mounted device 4 at time tl1, the
toll charging process is executed and processing. finishes at
time t2.

Also, the controiler 10 executes the process showﬁ in
FIG. 5B during the interruption process activated by the
signal from the wvehicular detector 8. The signal from the
-vehiculer detector 8 is a signal which includes, for example,
data on the time the light beam from the iight beam generator

= 8a is blocked as detected by the light beam detector 8b (in

other words, the time of passage for one vehicle), data of the



controller 10 which is connected to a renote control center via a signal
line L sends data of toll charge results and the |ike, and receives
necessary control signals fromthe control center. The vehicl e-nmounted
device 4 includes an antenna 20, an activation circuit 22, a conmmunication
circuit 24, an IC card reader-witer 26, an oscillating elenent 28, and a
central processing unit (hereinafter rgf;&rqd to as' CPU) 30. It nust be
noted here that the CPU 30 has an internal” nenory - 12- 32 and an

i nternal tivehiddlar|cowmitigenpredetermdnedopeedod| efttime pouktheuppke.
circuit 36 is connected to the vehicle- nounted device 4. Through the

ant enna 20,Whém pro¢cessing startst f2resbkesteppildfieesteraectiher tamdetatai on
signal fall as shown in FIG 4A when the pilot signal fromthe antenna 14
of the gantsigm®als aadeivext; osthpwli4fatcomputesi tde tvehidulas paskingt he
predeterm ned area. At that timng, the CPU 30 transits froma sleep state
to a run stspeed Haserd eup tdrist simef datatand the ahidudenvavesiaget hengtht es

of registers,
set beforehand.

Next, based on this cruising speed, step 150 sets the
communication stoppage time. The details of this setting
procedure will be explained. |

First, from the data detected by the vehicular
deﬁector 8 and from the computation of step 140, the passing
speed is set as v (m/sec).

Setting the length of the predetermined area E in the
cruising direction és Le(m), the time Tx(sec) for the vehicle

C to pass the predetermined area E is computed as in the

following Egq. 1.
Tx = Le/ Vv eee (1)

However, even if the vehicle C passed by the wvehicle
‘detector 8 at the passing speed v, it does not necessarily
follow that it will continue to run at the passing speed v
upon 'entering the predetermined area E afterwards. For
example, cruising conditions-mi§ht differ in a short period of
time after passing by the vehicle detector 8 or there might be
traffic due to an accident. According to the observaﬁions of
the inventor, the cruising speed in the predetermined area E

of the vehicle C which passed by the vehicle detector 8 at the



pointers and the like of the CPU 30 are retained while suspendi ng
operations. The run state refers to the condition wherein a predeterm ned
precess is being actually executed followi ng a program stored inside the
menory 32 in accordance with a clock pulse of the oscillating el ement 28.
Therefore, with the fall of the predeterm ned area detection signal
gemerated by the activation circuit 22, tpe-CPU 30 which is in a sleep
state is activated and processing can be continued fromthe state

i medi at el yppseiéndi ppeefev swikb agtaad 1M+ asushoya #bt BESheS ¢ hakee avhigld t he
CPU 30 mght be in a sleep state, the internal tinmer, 34 is still )

f unct i oni ngCaRWesshapad, é‘lpl'rsstll'*k?%qlfﬁﬂ i §ithe thenRagHing . SRPed, ¥ hat its
activation circuit 22 extracts a particul ar frequency copponent (the '
conponent ofeRRECactA [IACLY FhawWn AfoFlfi-t A nCRALCHIIBING SpRed in dhes it
In a capacitor and nmakes the term nal voltage of the capacitor the

pr edet er ni nRECALERTBLREE! iAdiPai Hnaf. thecrwhicle oS Whdeh ipAssesk byathep,

- 13 - 4F and 41, while the pilot signal which is being generated at a

pr edet er ni né@REGLee ASEEEEPE nHBi At r Ll vRRSHMAT nfRRS],, v changes in

accordance with the distribution of FIG. 6 with the highest
probability that the vehicle C will cruise at the passing
speed v. Therefore, the passing time Tx of the vehicle C in
the predetefmiried area E also changes foilowing the change in
the cruising speed of the vehicle C in the predetermined .area
E (the deéree of \_rariation of time Tx is referred to as
temporal variation f).

This temporal variation f is defined in Equation 2.

where Ts is the communication stoppage time, as will be
discussed in greater detail below.

It must be noted here that according to experiments
conducted by the inventor, the lower the passing speed v is,
the larger temporal variation f becomes. |

Here, one example of the rel_atiohship between the
passing vehicle speed v and the temporal variation f is shown |
in FIG. 7. It is clear from FIG. 7 that even if the passing
speed v 1is constant, time Tx changés with thé temporal

" variation f. In practice, the optimal témporal variation f is

set based on various road conditions (accidents, traffic, road



the predeterm ned area detection signal is continuously generated at a

| evel which indicates an inside of the predeterm ned area. On the
contrary, if the pilot signal is no | onger received, as shown in the timng
of t4, t14 of FIGS. 4A, 4D, 4F and 41, the predeterm ned area detection
signal rises and is continuously generated at a | evel which indicates the
vehicle is outside of the predeterni ned area The communi cation circuit

24 genera%&,?ﬁac%heoaaiéee /QHE.GEES 96 kkheanld! 8h se%ﬁfrgg]bhgger Qadsi de

device 2 an ata S|gna the pilot S|gna
gener at es atﬁgspgﬁge signal to the roadside device 2 based on the process
of CPU 30, executes a communi cati on process with the roadsi de device 2

to charge a toll. TheréC &?gr G epdefpur bﬁiﬁe2§é§ @oxdeshéecgaﬁmmwaﬂ%

the inserted I1C card 1n order to charge the toll or for reading t

contents ofswggsgecacrﬁé N @gdeyiho ﬁsn@o&%&m | 1 O ERbi-an by Ofp t *Eﬁe' c

card to the roadside device 2. The oscillating elenment 28 generates a cl ock

signal to tfgm %&ﬁovﬁeﬁaéibw #9 ke otHE W¥hd hresiofs geéﬁp&téa%sstﬁ'éd

the like, the U 30 can make itself enter a sleep state by, e.g., stopping
the input oprbdtce! 88kthbdBahpopad Gaﬂlaewﬁnftanaheménrﬁtate and Contl nue

operations Tn accordance with an external signal.
For example, if the passage speed v during traff1c.=
1 m/sec (3.6 km/hr) and the length Le of the predetermined

area E = 3 m, then passage time is computed using Eg. 3.
Tx = 3 (m) / 1 (m/sec) = 3 (sec) e (3)

Multiplying temporal wvariation £ (from the graph of
FIG. 8, f is set to 40) by this, then communication stoppage

time Ts is computed as in Equation 4.
= 3 (sec) X 40 = 120 (sec) eee (4)

In this way, the computed communication stoppage time
Ts which is included together with the ID of the roadside
device 2 and other data in the data signal shown in FIG; 2B
which is within the pilot signal is transmitted.

Next, the operation_of the CPU 30 of the vehicle-
mounted device 4 is explained'using the flowchart of FIG. 8.

First, Qhen processing éommences; step 200 determines
if it is inside the predetérmined area E or not. This is for

determining whether or not the communication circuit 24 has



Next, anong the processes executed in the controller 10, the process
performed with the vehicle-nmounted device 4 is -14- explained. FIG 5A
shews a flowchart of the process.  This process is repeatedly executed at
a predeterm ned cycle. Wen processing starts, first, step 100 generates
the pilot signal shown in FIG 2B. Next, step 110 determines if there is a
response to this pilot signal. In case t&gre IS no response, a negative
deci sion is given and processing ends for“this tine, and after the

Iy

predet er mi RAFYINGL, the oPddQEn§ipaal e S&qMe Fgy SN kT IANIMNIRD RRELGR 4t ep
100. In case there is a respaonse, step 110 9ives a ,qositive decision and
step 120 exXelditeRet ABLEBPR far A0y YHiftesy) | Shex@ddes spgnal, rshwy iR
shown in the timn hart of FIGS. ﬁé% 355 Because no response signal is
Fecei ved fEHF1 h@HeliAd e RO AFEIALLY| Ren bRt Yadie ARA/A3e) £)vethe
decisions wll _not be given by step 11Q and whil e the ilo% ignal is
gener at ed IRFeISLAMNSE { AESHr e FEEESHIODY SEIRAL be8§8§§a ﬁéreq?ys athe

activation circuit 22 indicates the vehicle is outside of the
predetermined area, step 200 gives a negatiﬁe output and step
270 sets the sleep mode. When the sleep mode is set, the
clock signal from the oscillating element 28 is cut-off and
the operations of the CPU.3O terminate while retaining the
contents of the register, pointer and the like. However, the
internal timer 34 continues to operate independently even if
the CPU 30 is in the sleep state.

The-state before time tl1 in FIGS. 4A-4E is the sleep
state. Therefqre, after step 270, the prdeess of FIG. 8
terminates at this state. Based on the pilot signal ffom the
roadside device 2, unless the activation circuit 22 makes the
predetermined area detection signal fell or unless processes
such as resetting or the like are performed, the sleep state
of the CPU 30 continues.

When the wvehicle C enters the predetermined area E and
receives the pilot signal from the roadside device 2, in
accordance with the activation signal shown in FIG. 2B which
has a predetermined frequency and which is transmitted at the
predetermined period, first, the activation circuit 22
operates and makes the predetermined area detection signal
fall fromlindicating the outside.of the predetermined area to

indicating the inside of the predetermined area. From the



response fromthe vehicle-nounted device 4 at tine t1, the toll charging
process is executed and processing.finishes at tine t2. Also, the
conmtroller 10 executes the process shown in FIG 5B during the interruption
process activated by the signal fromthe vehicular detector 8  The signal
fromthe vehicular detector 8 is a signal which includes, for exanple, data
on*the tinme the Iight beamfromthe |ight beam generator 8a is bl ocked as
detected by the light beam detector 8b @&°n-other words, the tinme of passage
for one vehtimdhg dfitthib$ fakl, the CPU- 30ehhichahas Avapgrsied opdatadrivinsed
period of tinme and the |ike. Wen processing starts, first, step 130 enters
the ti me daduringnaihe sskeepxstate cpesulesonpairad iome veht catherpawgidsy
speed based on this time data and the vehicul ar average | ength set

bef or ehand. onNexatipasatants hfsomr fhei rpregessl, oft Grep028et dmmesliately
communi cati on stoppage tine. The details of this setting procedure wl|
be expl ai neBolkpvwing stem 2A8.data detected by the vehicul ar

In step 200, as discussed before, even if within the
predetermined area E, if the received signal is judged to be
noise or the like and not the pilot signal during judging
based on thé data received by the communication circuit 24,
step 200 gives a negative oﬁtput and sleep mode is set and so,
CPU 30 enters the sleep state.

If the received signal is not noise or the like and
step 200 gives a positive output, next, to check the pilot
signal, step 210 determiﬁes if'there is data included in the
contents of the pilot signai. ﬁ}n other words, judging is
performed on whether or not data which corréééonds to the.data

- signal shown in FIG. 2B is contained in the data entered from
the communication circuit 24. -- |

If there is no data contained, step 200 checks #gain
"if the pilot signal has been received or not.

If the pilot signal contains data and the process of
step 210 gives a positive decision, thén step 220 determines
if the ID of the roadside device 2 stored'preViously is the
same as the roadside device 2 ID contained inside the data
signal of the present pilot signai or not. . If this ID is
different, it is clear that the vehicle has entered the inside
of the predetermined area E of a different roadéide device 2,

and so, step 220 gives a negative output and step 240 executes



detector 8 and fromthe conputation of step 140, the passing speed is set
as v (msec). Setting the length of the predeterm ned area E in the
cruising direction as Le(n), the tinme Tx(sec) for the vehicle Cto pass the
predeterm ned area E is conputed as in the followng Eq. 1. Tx =Lel/v

(1) However, even if the vehicle C passed by the vehicle detector 8 at

the passing speed v, it does not nece§§q*jty followthat it will continue
to run at the pasiin speed v upon entering the predeternbned area E,

af t er war ds. thepgp éx%#ﬁ§§1Q§wB GeFScondtR | BHReF YRFLEr f FBER; ReXLofming
period of ti after pass vehi cl e det ect or there m e
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t he cruising, speed.in.the predeterm ped_area. E of the vehicle C which
passed by {FBAESR| £0d lter2cPEPdgtarmingd o1} demandad, by JtRy Fomdside

actual Y, S3eghaune! B ELG o Cud VB T} Lomtiagr Shansd detiipn it
speed in thgn the IC card reader-writer 26. | '
Next, step 245 sets the communication stoppage time,

which is already contained in the data signal inside the pilot
signal received from the communication circuit 24 and which iS
for preventing double toll charging, to the internal timer 34.

Next, step 250 sets the ID of the present roadside
device 2 already contained in the data signal inside the pilot.
signal received from the communication circuit 24 in memory
32. |

Then, step 260 starts the internal timer 34, step 270
sets the sleep mode and so, the CPU 30 enters a sleep state.
It must be noted here that as discussed above, the internal
timer 34 continues to count on its own even if the sleep ﬁode
is set. This timing corresponds to time t2 of FIGS. 4A-4E.

Hereinafter, the vehicle deserts the predetermined
area E at time t2 and so, it will not be able to receive any
pilot signals and at time t4, the predetermined area detection
signal.changes from indicating inside the predetermined area
to indicating outside the predetermined area..

Theféfore, from time t2 to time t3, whilé the vehicle-
mounted device 4 is inside the predetermined area E.where the

pilot signal can be received, the predetermined area detection

signal is kept at the inside the predetermined area state and



predeterm ned area E of the vehicle C which passed by the vehicle detector
8 at the passing speed v changes in accordance with the distribution of
FIG 6 with the highest probability that the vehicle Cwll cruise at the
passi ng speed v. Therefore, the passing tine Tx of the vehicle Cin the
predeterm ned area E al so changes follow ng the change in the cruising
spéed of the vehicle Cin the predeterghned area E (the degree of variation
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simply not performing the toll charging procedure, the
electric power consumption of the CPU 30 becomes very small.
For example, it is reduced to 1/1000 of its active
consumption. This prolongs battery life when a battery is
used as the electric power source circuit 36.

Also, as shown in FIG. 4F-4I, within the same
predetermined area E, after the toll charging process; when
the predetermined area detection signal of the activation
circuit 22 indicates the outside area due to noise while the
vehicle C has not yet left the predetermined area E, the
predetermined area detection signal falls down in accordance
with the receipt of the next pilot signal (time tl1l). During
this time, CPU 30 resumes opefations, step 200 gives a
positive output, step 210 also giveé a positive output and
because the previous ID and the ID contained in the present
pilot signal are the same, step 220 gives a positive output.
Next, while referring to internal timer 34 which has been set
with the communication prohibition time in previous step 245,
step 230 determines if the communication prohibition time has
elapsed or not. While the vehicle C has not yet left the same
predetermined area E, if the process of FIG. 8 resumes due to

noise, step 230 gives a negative output because the internal



surface conditions and the |ike) and on weather, climte and the |iKke.
Here, if Ts is the value set for the connunlcatlon stoppage time, Ts wll
be-Considered in reference to the tenporal variation f; in other words, Ts
i's conmputed as the product of the tenporal variation f and time Tx. For
exanple, if the passage speed v during traffic 1 msec (3.6 kmi'hr) and the
lemgth Le of the predetern1ned area E = E m then passage tine is conputed

Eq. 3. ,Tx =3
Vol 0l not HBRBo sk Bhe | 2Bl et (boBaleked aapnting: the g copmuicat iy o)
by th| S, theng(gﬁgnkml %l(lg‘(réc)stot{)d)ag“meélr_raetérfyl’s % Lﬁ% 4)5??&}3% orEl>t ﬁe

Ts = 3 (secht
conputed co nnanlcat|on stoppage tinme Ts which is i ncl uded together with the
ID of the rB8388rde device 2 and other data in the data signal shomn in FIG

2B whi ch h | | f
the. CPU 3bso¥“¥h;”vtm oot g e870 58 Feerhi sPRRRCHS ARG Bheaoise ©
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area E, because the communication prohibition time has not yet
elapsed since the end of the toll charging procedure, the CPU
30 again returns to the sleep state and the toll charging
process is not executed. Therefore, rgpeated toll chargihg is
not executed even if there is noise.

Also, because the CPU 30 immediately enters the sleep
state even if there is noise, low power consumption is
maintained. |

As shown in FIGS. 9A-9E, while the vehicle C has not
yet left the predetermined area E, because the.rqadside device
2 has commenced a toll charging procedure with another vehicle
C (time t21) and not because of noise, there are cases when
‘the pilot signal-is not génerated anymore, the predetermined
area detection signal rises to indicate the outside of the
predetermined area temporarily (time t22), the pilot signal is
again received, the predetermined area detection signal falls
with the finish of the toll charging operation with the other
vehicle C (time t23) and the process of FIG. 8 is resumed
{time t24). Even for this case, similar to the case when
there is noise, because the communication prohibition time has
not yet lapsed, step 230 gives a negative output and step 270

immediately makes the CPU 30 enter the sleep state.



if it is inside the predetermned area E or not. This is for determning
whet her or not the comrunication circuit 24 has - 18 - received the
piLot signal fromthe vehicle-nmounted device 4 via the antenna 20, and
when: 1) the pilot signal shown in FIG 2B has not actually been received;
and/or 2) the predeterm ned area detection signal generated by the
activation circuit 22 indicates the vehigle is outside of the predeterm ned

area, step 200 gi vephis@gas insx Q;lﬁt]_@uhp@ll§}~tbeﬁh378a§etvmémG:h@ gopdeide
When the sleep node is set, the clock signal fromthe oscillating el ement

28 is cut-ofbvage khaaspebiinentedotoinii@nEBEtion aithnahetikir! eehdicaienicng
the contents of the register, pointer and the |Iike. However, the internal

timer 34 coputhuas tshowperial FigElemEdrN} | ylsveapplieset&Pth80chsel whiehe
sleep state. The state before tine t1 in FIGS. 4A-4E.is the sleep state.

Therefore, gheepilsdepsgfal tiz notoceceioedFtEémp8raeilyndtestaiscnid Saulsat €.
Based on the pilot signal fromthe roadside device 2, unless the activation

circuit 22 gakme the)pbetetin ihecdamecnaget dst recesvedagdial I( tdmel k335
processes
with step 230 giving a negative output because the
predetermined time has not yet elapsed and the process of step
270 making thé CPU 30 enter the sleep state, thus preventing
the execution of double toll charging and enabling the
lowering of electric power consumption.
Also, in step 220, a pésitive output is given when the
ID of the roadside device 2 is the same as the previously
stored ID, and then, in case the communication prohibition
time lapses, a positive decision is made and step 240 executes
the toll charging procedure. This is the case when the
~vehicle V has réturned to the same roadside device 2 and so,
there is a need to charge toll. |
As explained above, in the present embodiment, under
the movement conditions wherein the vehicle C is moving fast,
by shortening the communication stoppage time,,the éontroller
10 can prevent the vehicle-mounted device 4, whiqh has been
set with the communication stoppage time after recéiving suéh
communication stoppage time data, from leaving a predetermined
area and entering a different predetermined area or re-
entering ﬁhe same predetermined area by returning back without

executing the necessary'communication (toll charging procedure

- for toll roads).



such as resetting or the |ike are perforned, the sleep state of the CPU 30
continues. Wen the vehicle C enters the predeterm ned area E and receives
the pilot signal fromthe roadsi de device 2, in accordance with the
activation signal showmn in FIG 2B which has a predeterm ned frequency and
which is transmtted at the predeterm ned period, first, the activation
circuit 22 operates and nakes the predeterm ned area detection signal fal
fromindicating the outside of the pred@gernined area to indicating the
i nsi de of the predeakse} nender asovemdntpodniitions Whereiinnthg ekhtikle tal |,
the CPU 30 which has suspended operations during the sleep state resunes
operation. isl| nott mewvingr dastpdiatexirersd g sthe ocommen pcatibsa stoppage200
i medi ately following step 270. In step 200, as di scussed before, even if
within the pimeet thei cedtacddeE, 10f praeentsethedsamgnabmmanjicdyéednt drbm
noi se or the like and not the pilot signal during judging based on the data
recei ved bybéimgcpenfiormedi wheni thei veRicletmpufi®ddgideeica degwhivh hasput
and sl eep node is set and so,
been set with the communication stoppage time after receiving
such communication stoppage time data, is in the same
predetermined area and has not yet left the same predetermined
area even for once, and thus, there will be no unfavorable -
result of having repeated communication (double toll
charging).
In the present embodiment, the vehicular detector 8
cofresponds to the movement condition detection means, step
- 150 corresponds to the process of the communication
prohibition time setting means, step 100 corresponds to the
process of the communication stoppage'time sending means,
vehicle-mounted device 4 <corresponds to the mobile
communication moving body-mounted device, the roadside device
2 corresponds to the mobile communication roadside device,
steps 230 and 270 correspond to the process of the
communication prohibition means, step'zoo corresponds to the
process of the area determination means, steps 220 and 230
correspond to the process of the communication permission
means and step 250 corresponds to the process of the area
storage means.
Meanwhile, if it is known that the vehicle C will be
at a complete stop for a long period of time, the

communication of the roadside device 2 side may be terminated.



CPU 30 enters the sleep state. If the received signal is not noise or the
| i ke and step 200 gives a positive output, next, to check the pilot signal,
step 210 determines if there is data included in the contents of the pil ot
si gnal . In other words, judging is perforned on whether or not data

whi ch corresponds to the data signal shown in FIG 2B is contained in the
data entered fromthe comrunication cigguit 24. |If there is no data

contai ned, step 200 checks again if the pilot signal has been received or
not. If thdlseotikralsckpownnshast Ahenyatiels stidds b alk ep aOPYEtes a
positive decision, then step 220 determnes if the ID of the roadside

devi ce 2 stsfiqRl fPEvidoukPygi perieds ok Admehe 3TRKGI gEeqgeting Lthe toll
contai ned inside the data signal of the present pilot signal or not. |If
this I D is hanehprocedurecpage ke Yehickerewntrd deticed MY ahsede
of the predeterm ned area_E of a different roadside device 2, and so, step
220 gives &HHGRUS LRt pleerngtatep o€V e30 unti}othe ehigle ¢ -

chargi ng process. In other words, when performng
starts to move. :

In the above-described:first embodiment, while passing
vehicle speed v and vehicle passage count n are computed using
the signal from the vehicular detector 8, these detection can
also be performed without using the wvehicular detector 8
through the receipt of the roadside device 2 of the signal

from the vehicle-mounted device 4. Because each vehicle-
mounted device 4 has its own ID, based on a time difference
(sec.) between time txl which is the time of passing a
roadside device 2 and time tx2 which is the time of passing
another roadside device 2, and a distance H (m) between the
two roadside devices 2, speed v can be computed according to

the'following Eg. 5.
v =H /(tx2 - txl) eee (5)

Also, the number of vehicles n that have passed can be
obtained when the roadside device 2 counts the number of
communications per unit time of measurement.

Moreover, in the above-described embodiment, there is
no need to compute the passihg speed v itself to obtain the
communication stoppage time. Thé communication stoppage time

may be computed using data which reflects passing speed ¥.



t he conmuni cation procedure wth. the roadside device 2 side to charge toll,
a predetermned toll demanded by the roadside device 2 side is additionally
charged to the IC card inserted in the IC card reader-witer 26. Next, step
245 sets the comuni cation stoppage tine, which is already contained i-n the
data signal inside the pilot signal received fromthe conmunication circuit
24 and which is for preventing double toll charging, to the internal tiner
34. Next, step 250 sets the ID of the-pRésent roadside device 2 already -
cont ai ned Fartesagple,sigstead f dis ing paisisingssgesd vectheecdnta orff tihe
comuni cation circuit 24 in nmenory 32. Then, step 260 starts the internal
timer 34, timpg rhg dJddight theam «dgremird byl the vabBicplagodetestora 8slisep
state. It nust be noted here that as discussed above, the internal tiner 34
continues £ONE4DRPUSAYI thlasliedevein i pthas woads .nmidie i Bagsage Thilmet ipemg
corresponds to tinme t2 of FIGS. 4A-4E. Hereinafter, the vehicle deserts the
predet er mi Hebigled Ht@ekf may obenysed in GRPPURBRY bEhghIcommmnicagiipn any
pilot signals and at time t4, the predeterm ned area detection signal
changes fr8kPPRAEEatiM§-i nside the predeterm ned area to indicating outside

the predeterm ned area. Therefore, fromtipe t2 to tinme t3, while the
vehi cl e- Also, when the predetermined area detection signal of

the activation circuit 22 continues to indicate the vehicle is
outside the predetermined area signal for no less than a
predetermined period of time, it may be' judged that the
vehicle has left the predetefmined area E.

In addition, the process of step 236 of FIG. 8 may be
omitted and when a positive decision is given in step 220,
control may go immediately to the sleep mode setting process
of step 270.

Also, in the above embodiment, while the predetermined
area detection signal rises immediately when the pilot signal
is not continuously received, by setting a predetermined delay
time which is no éhortef than thé toll charging processing
time, the activation circuit 22 can be constructed as hardware
so that the predetermined area detection signal is not.made to

‘rise if the pilot signal is not received during such
predetermined delay time. with this construction, for
example, like time t24 of FIGS. 9A-9E and time t32 of FIG. 9F-
9J, there will be.no need for the CPU 30 to operate for a
moment and then to sleep again.

Although the present invention has been fully

described in connection with preferred embodiments thereof



mounted device 4 is inside the predeterm ned area E where the pilot signal
can be received, the predeterm ned area detection signal is kept at the

i nside the predeternm ned area state and - 21 - fromthis, because the
CPU 30 is kept at a sleep state, the toll charging procedure of the step -
240 is not perfornmed repeatedly within the same predeterm ned area E
Furthernore, after the toll charging procedure, because the CPU 30 enters
the sl eep state, as opposed to the case?2when the CPU 30 is sinply not
per f or ni nwitte tefidrere gonghpr accompanyihg @rawings, ponds &onbenpeted of
the CPU 30 becones very small. For exanple, it is reduced to 1/1000
of its drhatveraptimanchanges Fhd sngibf tereions twkll becemgharParBatt €Py is
used as the electric power source circuit 36. Also, as shown in FIG 4F-41,
within thelhese skilbedrin tdee arda ESught changest anf Bpdi§iaat ppBEedse when
the predeterm ned area detection signal of the activation circuit 22

i ndi cat es tdebeutmidérstossl ae being ydtitin ccheesgerecPEé Ghmspresenbt

|l eft the predeterm ned area E, the predeterm ned area detection signal
falls downinventiondascéefined by the appended claims.



wi th the recerpt—ef—the next pilot signal (time t11). During this time, CPU
30 resune i.ons, step.200 gives a positive output, step 210 al so
gives a pjmm”@”m ” because the previous ID and the ID contained in
t he present* pil e the sane, step 220 gives a positive output.
Next, while referring to'internal timer 34 which has been set with the
coimuni cation prohibition tine in previ Step 245, step 230 determines if
t he conmuni cation prohibition tine has élapsed or not. While the vehicle C

has not yetydsi txd heLotMEp Pfgdetermned area E, if the process of FIG 8
resunes due to noise, step 230 gives a negative output because the internal
- 22 - tinmer 34 has not yet conpleted counting the conmunication
prohibition tinme, and i mredi ately, step 270 sets the sleep node. Therefore,

i f process jof FIG 5 mepines dufmiRiF@ts6n WySLrdme MRNIvdingC Basmepwilyet
| eft the sanme predeterm ned area E, because the communication prohibition

time has nejomifiniiapiedl soadgitibe Rficd ithe tOLhdTHr & NEro&deESEifedt he
CPU 30 again returns to the sleep state and the toll charglng
signal to a predetermined area along a movement route, as well
as for performing a predetermined communication operation with
a mobile communication _mo#ing body-mounted device which
responds to said predetermined signal, wherein said mobile
communication roadside device comprises:
movement condition_detection means for detecting a
movement conditiqn along said movement route;
communication stoppage time setting means for setting
a communication stoppage time in accordance with said movement
condition detected by said movement conditio;:l detection means;
and |
communication stoppage time sending means for sending
said communication stoppage time set by said communication
stoppage time setting means after including communication

stoppage time data indicative of said communication stoPpage

time in said predetermined signal.

2. A mobile communication syétem_ according to claim 1,
wherein:
said movement condition detection means detects a
movement speed of a moving body along said movement route or
- data which corresponds to said movement speed as said movement

condition; and



process is n

fore, repeated toll charging is not execu

even if there j ' ' ecause the CPU 30 i medi ately enters the
sleep state evHBﬂ'gﬂﬂmA ,@“ i se, | ow power consunption is naintained
shown in FIGS. -9, L g2 vehicle C has not yet left the

predeterm ned area E, because the roadsi de device 2 has comenced a tol
chargi ng procedure with another vehicle%}(tinn t21) and not because of
n

noi se, there are cases when the pilot s

al is not generated anynore,
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y ilot signal 1s - agalin
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process of JFiG
the case when there I's noise,

chargi ng oper at

venertS WHiL A %ie%mégdffﬁstgi‘? NahQ" 1&R4EnERS es%fnjl %ﬁﬁt,ﬁng

n with the other ve

ecause the communi cation prohibition

has not yetd asetl ccinifh A3k Sl SR Mfe W s FIAIATO speed

i mmedi atel y makes the CPU 30 enter e sleep state. -

becomes slower in accordance with said movement condition

detected by said movement condition detection means.

3. A mobile communication system according to claim 1
wherein:
said moving body is an automobile; and

said predetermined communication is a toll charging

‘process.

4. A mobile communication system according to claim 1,
wherein said mobile communication mo&ing body-mounted device
comprises communication prohibition means for prohibiting
another communication with said mobile communication roadside
device during a communication stoppage time after performing
said predetermined communication operation based on
communication stoppage time data included in said

predetermined signal.

5. " A mobile communication system according to claim 4
wherein said mobile communication moving body-mounted device

further comprises:

area determination means for giving a within

predetermined area decision when said predetermined signal is

ted

. As

t he
e

of



This does not only apply to the case when the roadsi de device 2 has
comenced conmmuni catt ' anot her vehicle C, but, as shown in FIGS

9F:9J, al ' case when the pilot signal is not received
t enpor ari ﬂﬂ'ﬂﬂ%"ﬂiﬂ#ym&@ise (time t31) but, in the sane way, is received
again (tim t32)t w p: 230 giving a negative output because the
predeterm ned tine has not yet el apsed d the process of step 270 naking
"the CPU 30 enter the sleep state, thus g?eVenting t he execution of double
tol | char ginegedimedepad oy gheingwen ougsddecpredeterpined asaaudetision
Al so, in step 220, a positive output is given when the ID of the roadside
devi ce 2 i sheme ssdite predetemingd ssignadt disedhatDregfiviessn andy case the
comuni cation prohibition tinme |apses, a positive decision is nmade and step
240 executes the tSommandctignrpexmission meaas sfehepeiRdtiiag teid
vehicle V has returned to the sanme roadsi de device 2 and so, there is a
need to ch@rgdetsmingd egprannigatbone when t BeVings dHoRnpy§side:  sabkder
the novenent conditions wherein the vehicle Cis noving fast, by shortening
t he communipredetemminashgres wo, insddeosaidl pepdeberainpdcacnd paged on
vehi cl e-nount ed devi ce 4, which has been set with the comunication
st oppage t iSRddaf tekthidt i Bredeseeninednuareat i 68i6aBPagPLt i i isht 2reéz om
| eavi ng a predeterm ned . . ) e
determination means, and said communication prohibition means

has not prohibited another communication.

6. A mobile communication system according to claim 5
wherein said mobile communication moving-body mounted deviee
further comprises:

area storage means fof storing data indicative of a
predetermined area that has been passed previously;

wherein said communication permission means is for
permitting. said predetermined communication even if said
communication prohibition ~ means prohibits another
communication if a present predetermined area is different
from said previous predetermined area stored by said area
storage meahs when moving from outside said predetermined area
.to inside said predetermined area based on said within

predetermined area decision of said area determination means.

7. A mobile communication system according to claim 4,
wherein:
said predetermined communication is executed through

a CPU computation process; and



area and entering ‘a different predeterm ned area or re- entering the sane
predetermned area by returnming back w thout executing the necessary
coymuni cat i ' procedure for toll roads). - 24 - Al so,
under rmvengmm:lmumnﬂ[ﬁ“ erein the vehicle Cis not noving fast, by
extendi ng the conmunmcasi on st oppage tinme, the controller 10 prevents the
saie communi cati on from bei ng perfornmed when the vehicl e-nmount ed devi ce 4,
whi ch has been set with the connunica£i$£ stoppage tinme after receiving
such communi cation stoppage tine data, TS Tn the sare predeternmined area
and has not yet |eftsahd cmmunircatsiosr piroadbditdaneresns @ raiits t LA dtheS,
there will be no unfavorable result of having repeated conmunication '
(doubl e t AAMmMUEAREID Py maleing esxid GRthoshtenta sleep/eitiatid ar detector 8
corresponds to the novenent condition detection neans,. step 150 corresponds
to the process of the comrunication prohibition tine setting neans, step

100 corresponds to the process of the comrunication stoppage tinme sendi ng
means, 8. A moving-body mounted device for a mobile

communication system, said device comprising:

- a communication circuit fqr receiving a predetermined
signal from a roadside device and for transmitting information
to said roadside device;

a centrai processing unit for processing said
predetermined signal received by said communication ci:cuit and
for performing a predetefmined communication operation to
generate information to be transmitted by said communicatidn
circuit; and _

communication prohibition means for prohibiting a
predetermined communication with said roadside device during a
communication stoppage time after performing said predetermined
communication operation based on communication stoppage time data

included in said predetermined signal.

9. A.moving-body'mounted device according to claim 8,
further comprising:

area determination means for giving a within
predetermined area decision when said predetermined signal is
received and for giving an outside predetermined area decision
when said p;edetermined signal is not received; and

communication permission means for permitting said

praedetermined communication when moving from outside said



vehi cl e-nobunted device corresponds to the nobile comunication
novi.ng body the roadsi de device 2 corresponds to the nobile
communi catl[l"mgumgmgmﬁﬂm steps 230 and 270 correspond to the process
of the connuhlcetﬂon"prehlbltlon means, step 200 corresponds to the process

of the area determ nation means, steps 220 and 230 correspond to the
process of the communication pern1SS|on ans and step 250 corresponds to

vehi b1 o C Rrfetafnfhed H3hoHS Tl d““'%eeami%i HEE %ﬁéhnio“e |
h d 2 d

lf Ao reER 2 lﬁ%lmﬁq‘fl‘fhé?gﬁﬁt9€rgﬁ%¢éeﬁrﬁ%' i ELes Sl e Tt f@rregh

vl e e erhifiEe 16 ot OEHY 0610 Monlling HIICH BERIBEEISh e ngs™®

unti| the:%9€H§+5h£E§Eé&t§n$ VEommith c#v aﬁ%pve described first

enbodi nent e passing ve e spee Vehi cl e passage count n are
conput ed usi ng

10. A ﬁoving—body mounted device according to claim
9, further comprising: .

area storage means for storing date indicative of e
predetermined area that has been passed previously:;

wherein said communieation.permission means is foi
permitting said predetermined communication even if said
communication prohibition means prohibits another communication
if a.present predetermined area is different from said previous
predetermined area stored by said area storage means when moving
from outside said predetermined area to inside said predetermined
area based on said withiﬁ predetermined area decision of_eaid

area determination means.

11. A moving-body mounted device according to claim
8, wherein:
said predetermined communication is executed through
a central processing unit computation process; and
~ said communication prohibition means prohibits another
communication By making said central processing unit enter a

sleep state.



the signal fromthe vehicular detector 8, these detection can also be
performed w thout using the vehicular detector 8 through the receipt of the
roadsi de device 2 of the signal fromthe vehicle-nounted device 4. Because
each vehicle- nmounted device 4 has its owm ID, based on a tine difference
(sec.) between tine txl which is the tinme of passing a roadside device 2
and tinme tx2 which is the tinme of passing another roadside device 2, and a
di stance H (m between the two roadsité8devices 2, speed v can be conputed
according to the following Eq. 5. v = H/(tx2 - txl)

(5) Also, the nunber of vehicles n that have passed can be obtai ned
when the roadsi de device 2 couni§ the nunber of conmmuni cations per unit
time of neasurenent. Moreov@, €@\t he above-described enbodi ment, there is

no need to conpute the passi Niself to obtain the comunication
stoppage time. The communi cation stoppa (e may be conputed using data
whi ch refl ects passing speed v. - 126 - xanpl e, instead of using
passi ng speed v, the data q
=
N |

FIG. |

14
14
E




time the |light beam detected by the vehicular detector 8 is continuously
bl ocked (in other words, the passage tine per vehicle) itself may be used
i R conputing the comunication stoppage tinme. Al so, when the predetermn ned
area detection signal of the activation circuit 22 continues to indicate
the vehicle is outside the predeterm ned area signal for no less than a
predet erm ned period of tine, it may bd/Budged that the vehicle has |eft
the predeterm ned area E. In addition, the process of step 230 of FIG 8
may be omtted and when a positive decision is given in step 220, control
may go imediately to the sleep node setting process of step 270. Also, in
t he above enbodi nent, while the pr 1 rea detection signal rises
imedi ately when the pilot signal ngagsngEE‘KUously recei ved, by setting
a predetermned delay tinme which is no shorter than the toll charging
processing time, the activation circuit 22 can be constructed as hardware
so that the predetermned area detection signal is not nade to rise if
the pilot signal is not receiy4d during such predetermned delay
tinme. Wth this constructioryy for exanple, like tinme t24 of FIGS.
9A-9E and time t32 of FIG 9F- 9], there will be no need for the CPU 30 to
operate for a ,

8

CONTROLLER[™

\
10

FIG. 2B

ACTIVATION  SYNCHRONIZATION DATA
SIGNAL SIGNAL SIGNAL
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TIME




nonent and then to sl eep again. Al though the present invention has been
fully described in connection with preferred enbodi nents thereof - 27 -
wifh reference to the acconpanying drawings, it is to be noted that various
changes and nodifications will becone apparent to those skilled in the art.
Such changes and nodifications are to be understood as being within the

seope of the present invention as defifd by t he appended cl ai ns. - 28 -
VWHAT IS CLAIMED I'S: 1. ArmbHFcz tion system including a
nmobi | e comruni cati on roadsi de devic r en ng a predetermned signal to

a predeterm n%gl area along a novenent route, as well as for perfprmng a
predet er m n_ed onmuni cati on operation with a nobile comunicati novi ng
body- nount ed dlevi ce whi ch responds to said predeterm ned signal .} wherein

said nobile 14 | 25
12 4= V’ 22 30
COMM ) IC CARD
= - ACT. CKTH={ CPU == R/W
81 ;4 32-1 MEM. 28
VEH. DET. COMM. ;Z TIMER | OSC.
o ;6
10 PWR.SUP
) L
--- CONTROLLER L -—=

1} FIG. 6

PROBABILITY

0 L—if \‘/'

VEHICLE CRUISING SPEED
IN PREDET. AREA



communi cati on roadsi.de device conprises: novenent condition detection nmeans
for detecting a novenent condition along said novenent route; conmmunication
stoppage time setting means for setting a communication stoppage time in
accordance with said novenent condition detected by said novenent condition
detection neans; and conmuni cati on stoppage tinme sendi ng neans for sending
sai d communi cati on stoppage tine set by said communi cati on stoppage tine
setting neans after including conmunicatBon stoppage tinme data indicative
of said conmunication stoppage tinme in said predeterm ned signal. 2. A
nmobi | e communi cati on system according to claim1, wherein: said novenent
condition'detectlon nmeans detects a novenent speed of a noving body al ong
sai d nove ut e or, data which corresponds to said novenent speed as
sai d nove 4f¢k and - 29 - said conmunication stoppage tine
setting neans

PREDET. AREA _OUT

DET. SIG. iN 1.,
FIG. 4B | =
RUN [TOLL] L
oo SLEed SHSo 2
FIG.4C o L
: - S

TIMER OFE | COMM. STOP TIME[— ™
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FIG. 41
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shortens a Il ength of said comruni cati on stoppage tinme-when said novenent
speegd becones faster, and | engthens said | ength of said comuni cation
st oppage time when said novenent speed becones slower in accordance with
sai d nmoverent condition detected by said novenent condition detection

means. 3. A nobil e communi cation system according to claim1 wherein:
sai'd noving body is an autonobile; and said predeterm ned comunication is
a toll charging process. -4. A nobi 1% &ommuni cati on system according to

claim1l1, wherein said nobile comunication noving body-nounted device
conpri ses comuni cation prohibition nmeans for prohibiting another
comuni cation with said nobile connunlcatlon r oadsi de device during a

conmmuni cati on stoppage tine after mogghngiﬁaﬁ pr edet er m ned

conmuni cati on oper ati on based t|on stoppage tine

data included in said predeterm ned signal. 5. A nobil e

communi cati on system according to cl ein sald nobi | e conmuni cati on
novi ng body-mount ed device further cofpF iAsBSf area deternination neans for
giving a Wi thin predeterm ned area g::i:j;:f:;%n sai d predeterm ned signa

U 1
| GENERATE PILOT SIGY 20
110

NO

PERFORM TOLL CHG.V

CE N D D)
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to inside said predeterm ned area based on said within predeterm ned area
deci sion of said area determ nation neans. 7. A nobi |l e comuni cati on
syStem according to claim4, wherein: said predeterm ned communication is
execut ed through a CPU conputation process; and - 31 - said

comuni cati on prohibition means prohibits another communication by maki ng
said CPU enter a sleep state. 8. A _novi ng-body nmounted device for a
nobi | e communi cati on system said devf@@3conprising: a comuni cation
circuit for receiving a predeterm ned signal froma roadsi de device and for
‘transmtting information to said roFaq<é%ci ce; a central processing unit
for processing said predetern ned slgnal rec@ ved by said conmunication
circuit and for perform ng a predeterm ned conmmruni cati on operation to .

generate information to be transmt i~ communi cation circuit; and
communi cation prohibition neans f{r $AIRItihg a

230 |
< G0N, PROHlBlT@___,
lesso .

YES 40
PERFORM TOLL cue.-f2 |
/245

SET COMM. STOP TIME

. /250
STORE PILOT SIG. ID |-

260
START TIMER  V

210
l/ |

SET SLEEP MODE




predet erm ned conmuni cation with said roadside device during a

communi cati on stoppage tinme after perform ng said predeterm ned

gomuni cati on operation based on comuni cati on stoppage tine data included
i'n sai d predetermned signal. 9. A noving-body mounted device according to
claim38, further conprising: area deternmnation means for giving a
Wit hin predeterm ned area decision when said predeterm ned signal is
received and for giving an outside predetern ned area decision when sai d
predeterm ned signal is not received; and comuni cation perm ssion neans
for permtting said predeterm ned conmuni cati on when novi ng from outsi de
sai d - 32 - predetermned area to inside said predeterm ned area based

on said thqe aﬂeterm' ned area decision of said area
determ ndtion and sai d conmuni cati on prohibition nmeans has not

prohi bited anot he o] 0. A nDV|ng body nmounted device
according to cl alsg?gm%ﬁgﬂ @U.‘: area sto megmrs—for—sTor i ng
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predet erm ned area that has been passed previously; wherein_said

communi cation permnission neans is for perm tting sai d pred tﬁﬂg\ T HAS BEEN
comuni cation even if said comuni cation prohibition nmeans pro ACED
nm

anot her communi cation if a present predeterm ned area is d _
said previous predeterm ned area stored by said area storage neans when
movi ng from outsi de sai d predeternined area to i$ustiduteaSheqtr e 9/8/ ned
area based on said within predgt {_ ned area decision of said area
determination nmeans. 11. A nowRB=lRey, 9K A 4 YE&kccording to claims8§,

A e d

wherein: said predeterm ned comuni cation is executed through a central
.processing unit conputation process; and said comruni cati on prohibition

means prohi bits another comunication by making said central processing
unit enter a sleep state. MOBILE co ICATION SYSTEM

A mobile communication system for highway toll charging
and the like includes road-side units which periodically poll
vehicle-mounted units. When traffic near a road-side unit is
slow, repeated polling of a given wvehicle-mounted unit that has
not moved out of the road-side unit's communicable area may
result in erroneous double charging of a toll. It is passible
to set a fixed delay in the vehicle-mounted unit to avoid this:;
in this case, however, a toll may erronecusly not.be charged if
the vehicle passes through the same or another road-side unit
within the delay period. To solwve this problem, the road-side
unit calculates a response delay having a length apﬁropriate to
avoid the above-.described effects based on the speed of veh_;.cles
passing it and transmits the response delay to _ the

vehicle-mounted units.

(Figure 8)
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7 [TEXT OF THE ABSTRACT

" 'MOBILE COMMUNICATION SYSTEM

A mobile communication system for highway toll charging and the like includes road-side
units (2) which periodically poll vehicle-mounted units (4). When traffic near a road-side unit -
(2) is slow, repeated polling of a given vehicle-mounted unit (4) that has not moved out of the
.road-side unit’s (2) communicable area may result in erroneous double charging of a toll. It is
possible to set a fixed delay in the vehicle-mounted unit (4) to avoid this; in this case,
however, a toll may erroneously not be charged if the vehicle (C) passes through the same or
another road-side unit (2) within the delay period. To sélve this problem, the road-side unit (2)
calculates a response delay having a length appropriate to avoid the above-described effects
based on the speed of vehicles (C) passing it and transmits the response delay to the vehicle- .
-mounted units (4). :
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