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BACKGROUND OF THE I NVENTION 1. Fie §) € Tnvention IS invention

rel ates to a vehi cl e- nbunt e AN AUTOMATEC) TOLLOCOLLECTION| SYSTEM ecti on system
More specifically, this invention relates to a vehicle-nounted unit of an
automatic toll 15. coll ect i otBAR FREVENRS CEBARGINGIb| e t ol

.charging. 2. Description of Related Art In general, autonatic tol

col l ection systens which automatically collect toll fees for toll roads _

i nclude a roadside 20 unit _made up of commruni cati on equi pnent or the |ike

set up on the toll road si®BB 3 RELATED: APERIGATIONS it onati c t ol
col |l ection systens involve communi cation on toll charges _or the |ike

bet ween roadsi de units aRBifcRRYicakdontiairahrted tprnd gdains ariord tyofrom

col l ection syste toll _chargin
YS! faBanese patent Apblication Nos. Hei-6-166988 and Hei-7-115932,

the contents of which are hereby incorporated by reference.

10 | BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a vehicle-mounted unit of an
automatic toll collection system. More specifically, this
invention relates to a vehicle-mounted unit of an automatic toll

15 collection system devised to prevent double toll charging.

2. Description of Related Art

In.éeneral, automatic toll collection systems which

automatically collect toll fees for toll roads include a roadside

20 unit made up of communication equipment or the like set ﬁp on the

toll road side, and a vehicle-mounted unit. Automatic toll

éollection systems involve communication on toll charges or the
like between roadside units and wvehicle-mounted units.

For the automatic toll collection system, toll charging

25 is performed several times if the wvehicles stays in the toll

chargeable area for a long time due to traffic, accidents or the

like and thus, in consideration of the incogvehience;of multiple



N
-25 is performed several tines if-the vehicles stays in the toll chargeable
:area for a long tine due to traffic, accidents or the li ke and thus, in
consi der at i on .of the i:Ficonveni,ence of multiple .toll charges, the
_vehi cl e- nount ed “uni t#must. have a doubl e t ol2k charglng preventi on mechani sm

to prevent' doubbeltehdrddwar Qﬂh@gveﬁcfe-ﬁﬁgﬁ?ﬁ%&' anal e qa!a%renauabasle toll

appar atus devised to prevent double chargrng, a well-known

vehi cl e- mount eéh&r gi rivéntibh Ofechb3I3NCEE préfert! dokBLé t@Frbharglnq
Publ i cati on : 6 131590) includes a toll charging prohibition device for

prohi bi ting toI | ~char gi 7 af¢@iventeofal whialbiasintdd bpphas b GeRigedsso
an el apsed tinme neasuring device that neasures elapsed tine after the end

-of the first tpkbvehar gionplpr oredls andr?mgql | a1GredhakibRg prediiicliet-notnted
rel ease device for releasing the toll arging prohibition when the
el apsed tige appaeztiss o seeed@bpameseed Panentit Iafid i Open Hubidcatiion tiie.
above conventional apparatus, because the release of the toll charging
prohi bition i séba3k89@®n dhnampudes a toll charging prohibition device for

prohibiting toll charging after the end of a first toll charging

process, an elapsed time measuring device that measures elapsed

time after the end of the first toll charging process and a toll

10 charging prohibition release device for releasing the toll

| charging prohibition when the elapsed time exceeds a
predetermined amount of time. |

However, for the above conventional apparatus, because

the release of the toll charging prohibition is based on elapsed

15 time, one problem is deciding how much time should be set as the

predetermined amount of time. That is, because double toll

charging has to be prevented even during heavy wvehicular traffic

and malfunctions which rarely happen, then a large amount of time

should be set as the predetermined amount of time. On the other

20 hand, setting the predetermined time too long leads to problems

like the. inability to perform communication during high-speed

cruising due to the non-release of the t611 charging prohibition

even when the vehicle has entered the next toll chargeable area.

25 SUMMARY OF THE INVENTION

In consideration of these problems, the present

invention aims to provide a vehicle-mounted unit that simplifigs



. 15 time, one problemis deciding how nuch tinme should be set as the .
-predet erm ned anount of time,  That is, because -dggapl-e ‘tol.l charging has
to be prevented even duringifigavy vehicular traffit and mal functions which
Jarely happen, then a | arge amount of time.should be set as the - '
pr edet ernm ned theowettdhgt ofethEnstdmtanich€br20e 1 figichg et itodlt pechibition
predetermned tine too long |l eads to problens |like the inability to perform
conmuni cat i on ahdr noyedves- spdbably preventsideubdettiod Incinarginpirredpddia vieo! |
charging prohibition even when the vehicle has entered the next toll
char geabl e ar &f cogditions such as vehicular StAff£iRy, OELTWECtINVENTLh+speed
consi deration of these problens, the present invention ains to provide a
vehi cl e- nount €¥Fuising: AEt the nbike.i es -3- the setting of the standard for
releasing the toll prohibition and noreover, reliably prevents double toll
charging i r¥ espective ofocasiievethesecning, v@nfitataraspests pE, the present
mal functions, high-speed cruising or the like. 5 To achi eve
these ains, a iMVeRtiggyPEeveHes e Yahdgdgrmounted unit of an automatic toll

collection system which includes a toll charge processing device

for executing a toll charging process by performing predetermined

communication operations between the vehicle and the interrogator

10 when the vehicle is located at an area where it can receive toll

charge commands from the interrogator, a toll -charging

prohibition device which prevents the toll charge processing

device from executing further toll charging operations after the

end of the first toll charging pfocess of the toll charge

15 processing device, a travel distance measuring device for

measuring the distance of the vehicle from its location during

the execution of the first toll charging process, and a toll

charging prohibition continuation device for continuing the toll

charging prohibition until the travel distance measured by the

20 travel distance measuring device reaches a maximum toll

chargeable distance corresponding to the size of the toll
chargeable area. .

In this way, toll charging prohibition is continued

until the travel distance of the vehicle starting from the point

25 where the first toll charge operation is performed for the

vehicle reaches a toll chargeable distance which corresponds to

the size of the toll chargeable area. In other words, with this



-invention provides a vehicle-nounted unit of an automatic toll collection .
;system whi'ch i ncludes a toll charge processing device for executing a toll-
chargi ng process. by perform ng predeterm ned conmuni cati on operations .
between the vehicle and the interrogator 38 when the vehicle is |ocated at
an ar ea wher efLFSE AFPREER T EheoPresansr fmventiomantise stepdardfor releasing

I nt errogator, charging prohibition device which prevents the toll

char ge proces§Fggttagu EBarge nPEIRRIticg fer basedt onl thRatgrRElogésrsanems
after the end_of the f.irst .tol har gi ng. process of the toll charge 15
processing d§9FEé’,"_3 the ok CapsE  FEESARFA gL RATe DeCaSReaS U f et he
Forl “char of no RrOERLSS e 6RE 1 oZhBhe Tyt Fbarunaionoteh | HpaseRedahT co
measur od by ¢ REEosn (T Ao ARk RS An Fhel Jtantate 11 42 REES 1A Aok mum
Lol | ohar geabl e (st el e RaLarRPaRng LR LIe o 4Eopla e Lol chlzgsal o
Char go. oper at PER% ArperR STy R eRTeo8 +RREE St R the: ibhifres
di stance whi ch GOLERSPONISHUS double toll charging is reliably prevented.
In addition, according to a second aspect of the
10 present invention, the vehicle-mounted unit of an automatic toll
collection system further includes a toll charging prohibition
release device for releasing the toll charging prohibition after
a predetermined amount of time elapses after the travel distance
measured by the travel distance measurement device reaches a toll
15 chargeable distance which corresponds to the size of the toll
chargeable area.

In this way, toll charging prohibition is maintained
for a certain period of time even after the vehicle leaves the
toll chargeable area. Thus, double toll charging is prevented

20 even though the wehicle temporarily goes back to the toll
chargeable area for some reason (e.g., accidents, obstacles,
etc.) after leaving the toll chargeable area.

Moreover, in a third embodimént of tt}e present
invention, ﬁhe vehicle-mounted unit of an automatic toll

25 collection system includes travel distance measurement device

that starts measuring the travel distance of the vehicle starting

from the position of the vehicle when the toll charge processing



.the size of the toll chargeable area. In other words, with this  -4-.
first aspect of the present i.nvention, the standard for releasing the toll
charge prohibition is based on the travel- distance. Setting the toll _
.chargeabl e di stance i's easy because it is -$et according to the size of the
tol | char geabl dexied. shasted she firss tokbl t¢haygihg prenass.di stance as the

standard, it is possible to accurately determine if the vehicle is within

the toll chargeabl e ar edSPFEIREEY vERofthishi asRects athi¢ c timg \diiingl athe
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vehicle when the communication device started the first toll
charge process, the time for starting the measurements of the
travel distance coincides with the time ﬁhe vehicle enters the
toll chargeable area. Thus, since the travel distance coincides
with the toll chargeable distance, the toll charge prohibition
is released immediately after the vehicle leaves the toll
chargeable area or after a predetermined amount of time lapses
after the vehicle leaves the toll chargeable area and because of
this, preparations are reliably performed for the toll charge
process of the next toll chargeable area.

Furthermore, a fourth embodiment of the present
invention provides a vehicle~mounted unit of an automatic toll
collection system where the travel distance measurement device
includes a CPU, a signal interface -connected to the CPU and a
vehicle-speed sensor, a toll charging start detector which
generates a detection signal after detecting the start of the
first toll charging process and a level converter which generates
the pulse signal from the vehicular speed sensor after level
conversion. According to this aspect, the CPU begins computation
of the vehicle~speed pulses based on the output signal from the

level converter after receiving the detection signal from the



In this way, toll charging prohibition i's maintained for a certain period
-of tinme even after the vehicle |eaves the toll chargeabl e area. Thus, '
double toll charging”is prevént.ed 20 even though the vehicle tenporarily
"goes back to the toll chargeable area for-6sone reason (e.g., accidents,

obst acl €s, et aollathergimp\sitagt tdaacgbl. chargeabl e area. Mreover, in a
third enbodi mnent of the present invention, the vehicle-nmounted unit of an

automatic toll 25 coll elxt i biisysasmeny,ncd udesel I ausefiert i eprERiddde Nt
device that starts nmeasuring the travel distance of the vehicle starting

from the positdomwvest the pelsecisdignakbnftde thel vehbeubEr mpeedssengor taleyi ce
started the first toll charging process. Accordingly, in this aspect the
time during tovdsexségmabrRRpropheats ot thel inmitarkgved pf othes CPUsbebazude e
the toll charge processing device starts the first toll charging process. 5
In this wayd Badpuselevadst phddffarentanypesw{svehimiardmaedesenannssvary.
measuring the travel distance fromthe | ocation of the vehicle when the
comuni cat i on 1BWs, c &gy REPELSIE qf e tlevpl converter allows use of the
invention with different types of vehicular speed sensors.
Moreover, because travel distance measurements or the like are
performed by the CPU, there is no need to provide a hardware -
10 circuit for measuring travel distance; thus,. circuit construction
becomes simple.
Moreover, a fifth embodiment of the present invention
provides a vehicle-mounted unit of an automatic toll collection
system where the travel distance measurement device includes a
15 CPU, a signal input interface connected to the CPU and a vehicle
speed sensor, and a toll charging start detector which sends a
detection signal to the CPU when it detects the start of the toll
charging process. According to this aspect, the signal input
interface includes a level converter which generates an output
20 "signal from the vehicle speed sensor after level conversion, a
measurement counter which starts the computation of the wvehicle
speed pulse counts based on the oﬁtput- 's.ignal from the level
converter when a computation start command signal is received
from the CPU which received the detection signal from the toll
25 charge start detector, a setting counter where a predetermined

value that corresponds to the toll chargeable distance is set,

and a comparator which compares the predetermined value of the



charge process, the time for starting the measurenents of the travel :
-di stance coi.ncides with the time the vehicle enters the 10 tolLl chargeable
area. Thus, since the travel distance coincides with-the toll chargeable
.distance, the toll charge prohibition is-T<€leased i mediately after the

vehicl e | eavasedig tollterhangaakl &ﬁ‘ﬁgdﬁfﬁﬁ%t tﬁeﬁ%é‘é%%&%ﬁ&if‘ﬁgm%@i’m of

time | apses after the vehicle | eaves"t chargeabl e area a ecause

of 15 this, pispamdvides areoimdidebby pesdAr wedcher chhawid Ibdthakge tpEocess
of the next toll chargeable area. Furthernore, a fourth enbodi ment of the

present inventalrespistaoreésim thehtohererzuakgdedailt, of an automatic toll
col l ection system where the travel distance neasurenent device 20 includes

a CPU, a signal interfaoe thisneedyd similwer CBY ahd afomedtic| espeeed ggasor,
a toll charging start detector which generates a detection signal after

det ecting bhepsawiraionf efie Yhe sievel | cohmegtery pibowss thed aséewed the
converter which generates the pulse signal fromthe vehicul ar speed sensor
after |evel "2eehiclfrapynted undéRfliangautomatic taldecolledhionPsy s with
conput ati on of the vehicle-speed pul ses based on the output signal fromthe

| evel convert@LEgRent C¥Res hFebheulan aneednsenspra- f Asnth@esame time,

the load of the CPU is lighter and a low-energy consumption mode
is realized because distance measurements and the like are

10 performed by hardware such as measurement counters, setting
counters and comparators.

In yet another aspect of the present invention, a
vehicle-mounted unit of an automatic toll collection system
further includes an IC card for storing toll charge information,

15 where the CPU also serving as the toll charge processing device
performs input and output operations of the toll-charge
information on the IC card through a; ca‘r:'a interface.

Here, toll charge information such as account number,
balance information and the like are stored in and read from the

20 1IC card.

Moreover, in another aspect of the present invention,
the vehicle-mounted unit of the automatic toll collection system
includes a RAM for storing toll charge information and the CPU
also serving as the toll charge processing device performs toll

25 charge processes by reading and writing information stored in the
RAM.

In this way, toll charge information such as account



-6- toll charging start detector. In this aspect, a Ievel converter is
“provided to convert the pulse signal fromthe vehicul ar speed sensor to a
pul se signal appropriate to the input |evel.- ‘of 'the CPU because 5 out put
Jdevels of different types of vehicular spegd sensors vary. Thus, the

provi si on of th@b%ﬁﬁexléaééhverltneﬂomtmm andetind lilke arweastored W !inhdlidshar ent
types of vehi cuI ar eed sensors. Moreover, because travel distance
measurenents o r?‘het R&Mar e per f or med by t he CPU, there is no need to
provide a hardware 10 circuit for neasuring travel distance; thus, circuit
construction becones sinple. Mreover, a fifth enbodi nent .of the present

I nvention provides a veh| cle punt ed un|t of an automat ic toll collection
system where the travel di eREPEEQN) OF (FHE DRAWINGS des a 15 CPU, a

signal input interface Ihe CPU a vehicle speed sensor, and
a toll charéi ng start dggggﬁén @We&;ﬁds d%@ﬁr’cqa@ﬁsm%af‘; €0 RERSERbU
when it det ect§ 3%}& Sotnarvruﬁf Qem&?él reaﬁlqj ngppprr%ggssfroécct%redl Poglfo%iggl S

aspect, the signa
deta:.led description of preferred embodiments thereof when taken

together with the accompenying drawings in which:
FIG. 1 is a block diagram showing the construction of
10 a vehicle-mounted unit of an automatic toll collection system
according to a first embodiment of the present invention;
FIG. 2 is a flowchart of the double toll .charging

prevention process;

FIG. 3 is a flowchart of the travel distance
15 measurement process; '
FIG. 4 is a block diagram of the vehicle-mounted unit
according to a second embodiment of the present invention;
FIG. 5 is a block diagram showing the input signal
interface;
20 FIG. 6 is a flowchart showing the operation of the
vehicle-mounted unit;
FIGS. 7R ~ 7E are explanatory drawings showing an
example of the operation of the wvehicle-mounted unit;
FIGS. 8A - 8D are explanatory drawings showing other
25 examples of operations of the vehicle-mounted unit; and
FIGS. 9A - 9C are explanatory drawings showing further

examples of the operations of the wvehicle-mounted unit.



interface includes a | evel converter which generates an output 20 signal
fromthe vehicle speed sensor ‘after |evel conversion, a .nmeasurenment -counter
which starts the conputation of the vehicle speed pul se counts based on the
.out put signal fromthe | evel converter vvherb a conputation start comand
signal i's received fromthe CP i'ved the detection signal from
the toll 25 <charge start det FION PR S22 where a predeterni ned
val ue that corresponds tgud : , | t, and a
conpar at or whi ch conpar-es Sethat im0 A - etting counter
and the conputed val ue t r nt er : Ldes a..

coi nci dencgpsi gnal to tﬁée%i\sﬁgﬁab ﬁ% o?aFlgé;gr§%§¥t& Venhgn are
counters are e : t Ry | m,J. t ur qﬁ,%ec' :
provi si on of tﬁgg#re]\'/ﬂe C%ﬁ\%g?i?%?te; Fy\}\'s%t h’s'e)efueg:gngg t%% ve |c}ag-ch§§?i‘?%lél%nit
of an automati g b@ihggeol lection systemwi th different types of vehicular
speed sensors. At the sane tine, the load of the CPUis |lighter and a

Itﬁw Ie_nﬁrgy consunption myde 1S 8abisaddpesRums 8dl Sidhiete CRAGIHRITRALE FNd
e |1 Ke are

an automatic toll collection system according to a first

N

embodiment of the present invention while FIGS. 2 and 3 are
flowcharts that show its operations.

10 As shown in FIG. 1, the vehicle-mounted unit includes
a transceiving antenna 1, a modem 2 having a demodulator for
demodulating the received signals and a modulator for modulating
signals to be sent, a vehicular speed sensor 3 and an arithmetic
processing circuit 4 for performing computational operations on

15 data sent and received and for executing the double toll charge
prevention operation to be described later.

The arithmetic processing unit 4 performs a double toll
charging prevention operation as shown in FIG. 2. This double
toll charging prevention operation is explained below.

20 First, Step 101 determines if a radio wave (toll charge
command) has been received based on a received signal transmitted
from an interrogator (i.e., a roadside 'ﬁnit which is not shown
in the figure) after sequentially passing through the receiving
antenna 1 and the modulator of modem circuit 2. In other words,

25 this step determines if the vehicle has entered the
toll-chargeable area.

After determining that a radio signal has been



10 - perforned by hardware such as- nmeasurenent counters, . setting counters
-and conparators. |n yet another aspect of the present .invention,. a

vehi cl e-mounted unit of an automatic toll collection system further
Jdncludes an I.C card for storing toll chargg.information, 15 where the CPU

al so serving %"Ebeeé’olslteﬁh%g%ﬂ%?ﬁg@%%%%%?F?;% fuQmiTs ORIt gngh oYt put

operations of the toll-charge inf card throudh™a car

interface. Hemejstekt €dhargys heﬁ@m@_ait@ensy&mmwaecwtwmgf bal soce
information and the |like are stored in and read fromthe 20 | C card.

Moreover, in zaotrhe| capmmicatidhdsppesemidedention, the vehicle-nmounted
unit of the automatic toll collection systemincludes a RAM for storing

toll charge informatiorfedild chheg€Pbbardataofsr o db@Spddtorinel| inhgegp 103
processi ng device perfornms toll 25 charge processes by reading and witing

i nformati orf stwhead flagt hE RaMsdtn tdi S0Napechnose chaggd | bd osent itn SWth as
account immediately after the vehicle enters the toll chargeable area.
Toll charge operations may include storing tdll charge data,
receiving vehicle type and vehicle ID data and the like.
After finishing toll charge processing, flag F is set
10 to "1" in Step 104 and communication thereafter is prohibited.
Next, Step 105 determines if travel distance N has
exceeded toll chargeable distance A. Here, travel distance N is
neasured using the process.shown in FIG. 3 which is executed
every time a vehicular speed pulse is generated from vehicular
15 speed sensor 3. The measurement of travel distance N is
performed by first checking in Step 201 to see if flag F.has been
set to "1", thué indicating a toll charging opération has been
terminated, and if so counting the number of vehicular speed
pulses received in Step 202. In other words, measurement of
20 travel distance N begins from the location of the wehicle when
| the toll charging operation is terminated. Moreover, toll
chargeable distance A is set according to the size of the toll
chargeable area and is equal to or greater than the distance
needed for the vehicle to exit the toll chargeable area after
25 entering it. ‘
After determining that travel distance N has exceeded

toll chargeable distance A in Step 105, in other words, after



-8- nunber, bal ance information and the like are stored in and read . .
fromthe RAM- BRI'EF DESCRI PTI ON OF TEE DRAW NGS 5 ' . Additional -,
obj ects ‘and advantages of the present-invention will be nore readily: . -
apparent fromthe follow ng detailed descriqtion of preferred embodi nents

72l ook ai SR RREE TR M e atR e e i B haiecartan t
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provent o1, 98 ksl Puied LOUGIAL B A NS BB By
ecor N b AR R0 eetl gl oy prsent et on: FIG S g A
a flowcharg showi ng thergherdld Mdbdie tOE1ANELE; MUY 88 LAkhr that the
vehicle~-mounted unit according to the first embodiment of the
present invention continues the toll charge prohibition until the
travel distance from the location of the vehicle at the end of
the first toll charging operation reaches a predetermined toll
10 chargeable distance that corresponds to the size of the toll
chargeable area. In other words, the basis for releasing the
toll charge prohibition is the travel distance. In this way,
because the toll chargeable distance is set according to the size
of the toll chargeable area, the standard for releasing the toll
15 charge prohibition is easily set. Moreover, with travel distance
as the basis, it is possible to. accurately determine if the
vehicle is inside the toll chargeable area irrespective of heavy
vehicular traffic and high-speed cruising, and therefore, double
toll charging is reliably prevented.
20 FIG. 4 shows a block diagram of the wvehicle-mounted
unit according to the second embodiment of the present invention.
In FIG. 4, vehicle-mounted unit 10 iricludes a power supply
circuit 11 for supplying electric power to each of the circuit
elements, and a CPU 12. Vehicular speed sensor 14, which is
25 connected to speedometer/odometer 13, is connected to the input
side of CPU 12 throﬁgh input signal interface 15.

Moreover, ROM 16 where programs and static information



FIGS. 7A - 7E are expl anatory dr awi ngs shovm ng an exarrpl e of the operation
of the vehicle-nounted. unit; FIGS. 8A'- 8D are expl anatory draw ngs show ng
ot her 25 exanpl es of operations of the vehi cl'e- nount ed-tnit; and FI GS. ‘9A -
9C are expl anatory draw ngs show ng further,exanpl es of the operations of -

t he vehicl e- I\/gnt ed L& - 9- DETAI LED DESCRI PTI ON OF THE PRESENTLY
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5 chargeable distance information and the like) are stored, and

communication controller 19 which controls communication with the
roadside unit through antenna 18, are all connected to. CPU 12.

Toll chargeable distance is explained below. If the
toll chargeable distance of all the roadside units is uniform,

10 the toll chargeable distance is stored in ROM 16. If toll
chargeable distance is different for each roadside unit, toll |
chargeable distance information is included in the toll charging
command to be explained later and is stored in RAM 17 when
vehicle-mounted unit 10 receives the toll charge command.

15 In addition, a carrier detector 20 is connected to CPU
12. This carrier detector 12 receives toll -charge commands
(information such as the ID of the vehicle-mounted unit, usage
charge, toll chargeable distance including toll charge commands
for other vehicle-mounted units 10) from the roadside unit and

20 generates a wake-up signal to CPU 12 that wakes the CPU 12 from
a sleep mode (a mode where the system clock is not running and
the operations of the CPU are at a stand-..still) to a2 RUN mode (a
mode where the CPU is in operation with the machine clock being
supplied to it) when the received signal exceeds a predetermined

25 level. This wake-up signal is provided to CPU 12 only when the
received signal of the carrier detector 20 exceeds a

predetermined level. Furthermore, a card interface 22 is



‘denodul ating the received signals and a nodul ator for nodul ating signals to.

‘be sent, ‘a vehicular speed sensor ‘3 and an arithmetic processing circuit. 4 -
- for performing conputational operations on-15 data sent and received and

for executing.the double toll charge prevesion operation to be described

oter The ) sdmckeapeacees 1. Uil A SR AP fkfhl Sl Rl

prevention operation as shown In Fl ar g ng

prevention opefgil OfhdryeCXRIFRINSei dde iV 1?%ard 21 whereFaE&buntl & ,
determnes if a radio wave (toll charge conmmand) has Eeen receive ased on
a received si gnglarideanantt tigdl fikemsd dudi-@Hr ogator (i.e., a roadside unit
which is not shown in the figure) after sequentially passing through the

receiving antenna 1 andTheecomstithetiyn 0 {MARMseshisliintérfdte ANEE IRGES,
25 this step determnes if the vehicle has entered the

tol |l -chargegbl tn aFBR. 5After determ ning that a radi o signal has been
-10- received, Step 102 determines if a flag Fis "0". Here, if flag

In box A of FIG. 5, input signal interface 15 is
constructed from level converter 15a. Level converter 15a, in
correspondence with differing output levels according to type of
vehicular speed sensor 14, converts the pulse or analog signal

10 of the speed sensor 14 to a level appropriate for the input level
of CPU 12, and provides the signal to CPU 12. Carrier detector
20 (shown in FIG. 4) receives the toll charge commands for the
vehicle-mounted unit 10 regardless of whether the commands are
for its vehicle or other vehicles, and if the received signal

15 exceeds a predetermined level, carrier detector 20 wakes up CPU
12 to begin computing the number of output pulses of the level
converter 15a; in other words, it starts measuring the travel
distance of the wehicle. In this way, by providing level
converter 15a inside input signal interface 15 as shown in FIG.

20 5, measurement of the travel distance of the vehicle based on the
output signal of each vehicular speed sensor 14 is performed.
Moreover, because CPU 12 computes the travel distance, there is
no need for special hardware for measuring the travel distance
and thus circuit construction is made simpler.

25 Alternatively, as shown in box B of FIG. 5, input
signal interface 15 may.include level converter 15a similar to

the one used in box A of FIG. 5, a measurement counter 15b, a



Fis set to."0", conmmunication is.allowed and if flag F is set to "1",
‘conmuni cation is prohibited. Toll charge operati.ons can be performed in
Step 103 5 when flag Fis set to "0" because flag F is set.to "0" :
dinmrediately after the vehicle enters the tgll chargeable area. Toll charge
oper ati ons rmg%i ncl ude stori n5g toll charge-data, receivi n% vehi cl e type and

vehicle | D dXeFt3Rg FRENFERLIGNRAE, 21 FOMRARatgLt 464, cHEAYd2pPBRES s? ikeseal ag
Fis set 10 tq "1" in St 104 and comuni cation thereafter i)sa?grohi bit ed.

Next, Step 1@5‘@&1&(5?%@2%?199 5\9&“3{_}?%’?%(90@%@_ ed°t BRRSRFRRaRSabI e
dhotance A Meisedl 6L 3l o06° s lensued bopng (e prgccos shou 1 n
Lo Vel ool U 30880 SHAfzehen JOGuIER 40T ek RURRIERSAESR
oo A A \ERotas SeeLaLLer 18P BEAD LF! ALORLES A0 ¢
ohen e, SRERATRA of sk BXEL £l R NINOIRA- LU 4 A, eugly o
toll chargeabig, i sEaMcRod W% Y REFO{H 99 WRe! NG Sidd iy I &Rudddd 15c¢.
Comparator 15d coiapares the toll chargeable distance of setting
counter 15c with the computed value from measurement counter 15b

10 and provides a coincidence signal as an interrupt to CPU when
both values coincide. According to the input signal J:.nterface
15 shown in B of FIG. 5, the provision of level converter 15a
enables measurements of travel distance of the vehicle based on
the output signals of the various types of vehicle speed sensors

15 14 and at the same time, lightens the load of CPU 12 up to the
receipt of the coincidence signal from comparator 15b .because
travel distance measurements or the like are performed using
hardware consisting of measurement counter 15b, setting counter
15¢ and comparator 15d.

20 The main operations of the vehicle-mounted unit 10 that
uses the input signal interface shown in box B of FIG. 5 are
shown in FIG. 6. |

First, if a wake-up signal, which is generated based
on the level of the first toll charge command received from the

25 carrier detector for the vehicle-mounted unit of this vehicle or

the other vehicles, has been received in Step 301, switching to

RUN mode from sleep mode is performed and a reset signal is



chargeabl e area arid i's equal to or gf_eater than the di stanc‘e'neéded for the
vehicle to exit the toll chargeable area after 25 entering it. After.
determning that-travel distance N has exceeded toll chargeabl e distance A
in Step 105,.in other words, after °~ -11- determning that the vehicle has
exited the toll_chargeable area, flag F is reset to "0",_ communication
prohibition is ?&%&ggdganﬁeiﬁ?ﬁﬂﬁFBaWWQﬂ 115Redni AteR e}P2:06 Maagatrementi t h
resetting trav Lst.a "0" in Step.107. 5 ) From t he above
expl anati on, i féq‘%tc% eg"rgﬁt %%%%%é‘p%h?%‘f E‘)’Prﬁﬁn?tb‘cf FesetasiBiadi f@d beghns

first enbodi ' ' ti th |_gh
pr ohi bi 11 0n UnCITESe CEPR ST o (RBRE | BB PRt BRRSRD b AT Folversen

the end of the ffgy st toll charging operation reaches a predeterm ned toll
10 chargeabl e distance that corresponds to the size of the toll chargeable

L The Tavel o Shance, VS ERE HARERORY ot Ul el 1ol el Bl
charging process in Step 303 based on the first toll charging
command to the vehicle on which it is mounted. For the toll
charge processes, there are processes such as the writing the
updated balance on IC card 21 after deducting the usage charge

10 in the toll charge command from the balance stored in IC card 21
and sending the account number in case of credit or the like.
Next, if toll chargeable distance is not fixed because of
differing toll chargeable areas, CPU 12 stores the toll
chargeable distance information included in the toll charge

15 command from the roadside unit in RAM 17 in Step 304. Next, toll
chargeable distance information is read from RAM 17 (if the 'toll
chargeable distance 1is fixed, toll chargeable ‘distance
information is read from ROM 16) and the predetermined value
which represents the toll chargeable distance is set in counter

20 15c¢ in Step 305.

After finishing its toll charge operations, CPU 12
transits from the RUN mode to the sleep mode in Step 306. In
Step 307, comparator 15d determines if the computed value of
measurement counter 15b equals the toll chargeable distance of

25 setting counter 15c and if both values are equal, comparator 15d
generates a coincidence signal as an interrupt to CPU 12. Thus,

the load is lighter because CPU 12 is in the sleep mode from the



because the toll chargeable distance is set according to the size of the
“tol I chargeabl e area, the standard for releasing the toll 15 charge . ' .
prohibition i's eaS|Iy set. Moreover, wth travel distance as the basis, it
1is possible.to accurately deternmine if the vehlcle i's inside the toll

ﬁPﬁf%FﬁSL%ﬁéG?ﬂéiéoféféhécﬁ%?: SRR ARl o TPl 2R

FIG 4

cecond embodl mERE I b oF Bt FAIORAre aefﬁ@%“ﬁﬂz%is riNrery
10 includes a pEMEr +&URHY Ys1@ebC lblie léaffl{}%ltb%%ltgé NSl et rJ.anBQ"‘gécé%e%aCihs

of the circuit elenents, and a CPU 1 speed senso

25 connect ed t gvsRepHloi ebhagod@t el t1 3enis ﬁﬁﬂ:”%ﬁ.fdcﬁ&g@‘%ohﬂﬁﬂ& e of
CPU 12 through input signal interface 15. Mreover, ROM 16 where programs

and static isnf pegRtis®no waké-up sifhel YRl fondpdrall ffdwtaeaé&ﬁ@rsa@a&&or
information if all the toll chargeabl e areas have uniform sizes) are

st ﬂ ed, RAM 1720her thus)f @PUal2ovhivtededeiosd il eBehoidatte @fighkl d< tife

e 2 interruption signal concludes that the vehicle has left the toll
chargeable are and prepares the toll charge operations for the
next toll chargeable area in Step 308.

10 Therefore, as shown in FIGS. 7A - TE, when the vehicle
smoothly passes through the toll chargeable area, the
vehicle-mounted unit begins measuring the travel distance of the
vehicle from the start of the receipt of the first toll charge
command for the vehicle, refuses acceptance of later toll charge

15 commands after finishing the toll charge operations for the first
toll charge command, and when the travel distance equals the toll
chargeable distance later, CPU 12 begins accepting the toll
charge commands thereafter.

Meanwhile, if input signal interface 15 shown in box

20 A of FIG. 5 is used, CPU 12 itself refuses to accept the toll
charge commands because it is still in the RUN mode after the end
of the toll charge operations. |

Moreover, while the foregoing embodiment of the present
invention employs a construction where, as noted ab'ove, the

25 acceptance of toll charge commands starts from the moment the

travel distance equals toll chargeable distance, as shown in

FIGS. 7B - TE, a different construction can also be employed



toll charge information (account nunber, bal ance anpunt, toll 5 chargeable
di stance information and the |ike) are stored, and communi cation controller
19 which control s communication with-the roadside unit through antenna 18,
are all connected to CPU 12. Toll ‘chargeabl e distance is explained bel ow:
If the toll chargeabl e distance of all thelfoadside units is uniform 10
the toll char gé38F% 2dEiRen EFovided fosdthe) vRbicls mountedi it dsaageinated

di stance is dlfferent %e egch ,roadside unit, toll chargeabl e di stance
i nformati on i stPhH@ BHEYETSFAIREdRRTiodief Fing TesimafieR sh8LLan a‘?%r'&?“lc&t er

har ge conmandedis the YSEL ci) Cé’a%ﬁ’ tcﬂ?a%e‘jsé’?a'gh 2 r@éﬁbﬁtﬁ%&%@ Fol
Commands. (i nf 55%5’@%2%&@%@523?%% i g ﬁ?%ﬁire drbits v 01
veni oF b- mourt chUH e b P Hm E 'ﬂﬁ' aaéw:dgy %f? R T S

vehi cl e- m)unt e rom genera

wake-up signal ¢ 12n &5’151%51 t 1 arskeep %nfﬂé‘ae
where the systefrlngc?gﬁk %gét runni r?g%’rﬁd tklﬁe%gkég |g§1£ gf p{f%é@&é are at
a standstill) Berfod?lalﬁ eml;ea@eeMe chet f'@angUthé ﬂoﬂl%ﬁéaﬁ@e%ié& the

machi ne clock being supplied to it) n the received signhal ‘exceeds a
predeterm ned gouble toll charging is prevented in case the vehicle returns to

the toll chargeable area for a certain reason (e.g., an accident,

10 obstacles or the like) after leaving it.

Also, by providing a tail-light signal (which is, as
generally known, the signal generated when the reverse gear of
a vehicle is entered and the tail-lights light up) to the
vehicle-mounted unit 10, a construction where the computed value

15 of the counter is decremented the instant the back signal is
received, and where the acceptance of the toll charge command is
again prohibited when the computed value of the counter has
decreased to the predetermined value that indicates the toll
chargeable distance can also be employed.

20 In addition, a navigation system that uses a GPS
(Global Positioning System) or other navigation system can alsc
be used for the measurement of the traw}el distance. In o;her
words, travel distance measurement can be performed by
incorporating these navigation systems in the vehicle-mountec

25 unit or by communication using information exchanged through ar
interface.

On the other hand, in case the vehicle stops within the



25 1level. ThIsimakeéup signal is prOVIded to CPU 12 only ‘vihen. the ’ S
‘recei ved signal of the carrier detector 20 exceeds a predeternined |evel.

Furthernore, a card interface 22 is -13 connected to CPU 12. This
.card interface 22 enters and reads toll ége information in IC card 21
are stored. The construction

wher e account npupber.s, balances and the I
of input si gnaIc1 Eﬁtcg}ai,rggg.b?g LAt s ErafHas nelfynctHSR Arotherlgkep, as

i nput signal i ep ructed fromlevel converter 15a. Leve
converter 15a, g%ﬁ%?’?’r e;éoon é\ncr&tm Pecaiser she r?@’%ﬁi—&hsqa@ﬁél%e%ﬁfcéﬁqiw to

f h d h I I | 10
of the séiehciéﬁéo?&? SERELLE S8PHRLS Sahdr 0B P st St haven @)
12, d d 2 h Fl G
i one Dedy R SIANSE o LEApkincEd LR 01 PE o Batiiliy Beafefag
regardl ess of ‘ﬂ?@ﬁh‘%het Ieadcms A%t Vo1t Lnkehh ClinRindt DET MEPLAE

and if the received signal
thereafter, and the acceptance of the toll charge commands is

only allowed when travel distance reaches toll chargeable
distance after the vehicle starts to move again. Therefore,
double toll charging is not performed even if the wehicle stays

10 within the toll chargeable a?ea for a long time. |
Moreover, FIGS. 9A - 9C show the operation of the
vehicle-mounted unit b of a certain vehicle when it enters the
same toll chargeable area at almost the same time as another
vehicle during which the vehicle-mounted unit b of.that vehicle
15 receives its first toll charge command after vehicle-mounted unit
a of the other vehicle received its first toll chérge_command.
For this case, if the measurement of the travel distance of the
vehicle equipped with vehicle-mounted unit b is started simply
from the time vehicle-mounted unit b received the first toll
20 charge cdmmand, the measurement of the travel distance of the
vehicle mounted with vehicle-mounted unit b is delayed by Tc =
Tb -~ Ta (Ta is the time the other vehicle-mounted unit a began
receiving the first toll charge command) and thus, there is a
decline in the accuracy of measuring travel distance. To deal
25 with this, in the foregoing embodiment, irrespective of whether
the toll charge command is the first toll charge command for

vehicle-mounted unit a of the vehicle in question or the first



15 exceeds a predetermned |evel, carrier detector 20 wakes up CPU 12 to
begi n conputing the nunmber. of output pulses of the | evel converter 15a; in -
other words, it starts measuring the travel distance of the vehicle. = In
this way, by providing |level converter 15aig4.nside input signal interface 15

as shown i n Fl@ll2GchaFgensaamende fbrofrehe] -+ i@itedi $hnakC® Qff t Hige VERRSE ©
based on the output signal of each vehicular speed sensor 14 is perforned.

Mor eover, becagbdclry sincenpeanmemeatt 68veraediSt@iyt@nckhetarts foomeexs f or
speci al hardware for neasuring the travel distance and thus circuit

constructi on itdmeaddesifigstr tods charge commafldt dsnakecettyd, tisersd 0z i gy box
B of FIG 5, input signal interface 15 may include |evel converter 15a
simlar to théesddngsetn i e @ccaraty RIfCneasuaimpamaveiedistanoeg.er 15b, a
-14- setting counter 15c¢c and a conparator 15d. CPU 12 sends a reset signal
(conmput ati h comrencengffanbiidendfer dinel pbove nfrregoényg nemxlimeart, 158 when
It receives a wake-up signal fromcarrier detector 20. Measurenent counter
15b starts corfignadi &F gebigular speed sensor 14 is monitored and if toll

charéing is not performed when there are no changes in that

signal, then toll charging is not performed on vehicles mounted

on car carriers. | '

10 As explained above, the second embodiment of the
vehicle-mounted unit for the automatic toll collection system
determines if the vehicle is within the toll chargeable area or
not based on the travel distance. Accordingly, in the same way
as the first embodiment, it is possible to reliably determine if

15 the vehicle is within the toll chargeable area or not
irrespective of Theavy traffic or higp—speed cruising.
Furthermore, by maintaining the toll charge prohibition for a
predetermined period of time after the vehicle leaves the toll
chargeable area, double toll charging is prevented in case the

20 vehicle returns to the toll chargeable area for certain reasons
(accidents, obstacles, etc.) after leaving the toll chargeable
area. |

Moreover, according to the second embodimeqt of the
vehicle-mounted unit of the automatic toll collection system, by

25 starting measurements of the travel distance of the vehicle from

the position of the wvehicle at the start of the first toll charge

operation, the starting point in time for the measurement-of the



‘5_out put pul ses fromlevel converter 15a when it receives this reset
signal. During this tinme, the toll chargeabl e distance read from ROM 16 or -
RAM 17 is set in setting counter 15c. Conparator 15d compares the toll

char geabl e di stance of setting counter 15¢c with the conputed val ue from
measur enent counter 15b 10 and .provides a e#-nci dence signal as an
interrupt to CPEFa¥RIn HSEANGAI geincidesciwdeh #te opalinty im0 tie iyNaUtvehigpal

i nterface 15 shown ind% of FIG 5, the provision of |evel converter 15a
enabl es nmeasur eBRYRES JR¢ foberchAzgeahte afea.he Inelths ewdys ctecausehaeraweput
signals of the ¥ari QuS tc\égrels. f vehicle speed sensors 15 14 and at the sane

time, |ightens $HE-35%d 8 28 el hehargegbpe @istanceoitedildcherge
signal from conparatar .15b_because travel distance neasurenents or the |ike
are perfornmed WEBFHFHA-G0aran BRsTakeasgdoimmediatedieaften it Rredsisrmined i ng
counter 15c and rator..15d. , 20 : The main operations of the
vehi cl e- munsedp%ﬁwlékt hté’#%uséipstﬁe Hhan Shenaehicler ilea¥eshoie | fobbx B
of FIG 5 are s ' I s i f .a wake-up signal,. . which is
gener at ed bas ed&ggn&%%lfge(/&é?go?ftaﬁe@? RO R é’\?'%c BRREGHE risaTescthe r om
the 25 carrier E’c?ffféh%'iqé%lé hgeyehicle-mounted unit of this vehicle or

Meanwhile, the construction of the second embodiment

of the present invention can be simplified as follows:.

10 =~ Carrier detector 20 can be omitted. For this case,
because CPU 12 is always in RUN mode, CPU 12 is made to refuse
toll charge commands until travel distance is equal to the toll
chargeable distance (the case when box A of FIG. 5 is employed)
or the computed amount of measurement counter 15b equals the toll

15 chargeable distance of setting counter 15c (the case when box B

of FIG. 3 is employed).

== IC card 21 and card interface 22 can be omitted.

For this case, because input-output operations of the toll charge

20 information with IC card 21 can no longer ﬁe performed, CPU 12

stores toll charge information in RAM 17 ar_xd performs toll charge
processing by renewing and reading that'.'information.

Although the present invention has been fully described

in connection with preferred embodiments thereof with reference

23 to the accompanying drawings, it is to be noted that various

changes and modifications will become apparent to those skilled

in the art. Such changes and modifications are to be understood



the other vehicles, has been received in Step 301, switching to RUN node -
fromsleep node is performed and a reset signal is - -15- provided to
measur ement counter 15b in Step 302. 'Measurement counter 15b resets upon
Teceiving this reset signal and begi ns conputati on of the nunber of output
pul ses of |evel converter 15a. 5 _ After the execution of step
302, CPU 12 begins the toll charging proc'é%'s in Step 303 based on the first
tol|.chargi A§ BEARENELERLN Hihe shopeeobrehehpresent | snvalticedas dEinédey Ol |
charge processes, there are processes such as the witing the updated

bal ance on ft&ecappepdeds €baimeducti ng the usage charge 10 in the toll
charge command fromthe bal ance stored in IC card 21 and sendi ng the
account nunber in case of credit or the like. Next, if toll chargeable

di stance is not fixed because of differing toll chargeabl e areas, CPU 12
stores the toll chargeabl e distance information included in the toll charge
15 conmmand fromthe roadside unit in RAM 17 in Step 304. Next, toll



:char geabl e di stance inf | is read fromRAM 17 (if the toll chargeable
~distance is fixed, r’@mﬂ ;i IHI di stance i nforREFRFS—FY rom
:ROM 16) and the predet e I ch"representsTHﬁeSfﬂEﬂ’ﬂ-:Héﬁﬁﬁéﬂa&I e
.distance is set in counter 20 15c in Step 305. Aftjer fi REERAGEDi ts t 1l |
char ge oper at @M& ts from t ME2RUN nodErtoatie o e P e in
Step 306. In ” at or 15d determines if the conputed val ue of
measur enent counter 15bjequals I r . di s etting
1qugh aﬁgBEaEQE Fgffiégiﬁgéﬁ%éhjégyggg ngﬁéeé én a

counter 15c and if both val ues are equal; comnpar nerates a

coi nci dence si ggicBS, 33ikNEGEFdiP ok L2. Thus, the load is lighter
because CPU 12 is in the sl egéf) m)dg ??%gr?ﬁ%e -16- end of the toll

charge process until thkelleehaphe Ei'oé&?sici@ Nfdad@NCRrS | fdut i @OVESLL
after CPU 12 transits fromthe RUN node to tthe sleep node, a toll charge

command i s B8Ot chefgé tRdceyeby bei termipgoss et né® tdantiibtat W webRIAE
command again 5 because no wake-up signal is generated fromthe carrier
det ect or interrogator when said vehicle is in a toll chargeable area where

said system can receive toll charge commands from said
interrogator;
toll charge prohibiting means for prohibiting said toll
10 charge processing means from executing furthér .toll charge
processes after said toll charge processing means finishes a
first toll charge process;
travel distance measuring means for measuring' a travel
distance of said vehicle from a position of said vehicle during
15 said first toll charging process; and
a toll charge prohibition continuation means for
continuing said toll charge prohibition when said travel distance
is less than a toll chargeable distance which corresponds to a

size of said toll chargeable area.

20 |
2. The system of claim 1, further éomprising
communication prohibition release means for releasing said toll
charge prohibition immediately when said travel distance exceeds
said toll chargeable distance.
25

3. The system of claim 1, further comprising toll

charge prohibition release means for releasing said toll charge

—_—
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20. Thus,. CPU 12 whi ch received the coinci dence si gnalfFas= T n

si gnal concl udes th mmtu “rs left the toll ¢
prepares the toll- cxmuléﬂ“ L or the next toll-
' Th

Step 308. 10 . "

refore, “as 'shovvn_lz'_n FIGS, 7=
vehi cl e snoot hl t.hrough the toll™ chargeable area, the
vehi cl e- nount ed)éfﬁlﬂgéggg?%s%%PFﬁ‘beQWW%v@OUG seintinefelipsesciftke
fromthe start e L ecel the first toll charge command for the
vehicle, ref usegaégcgb%aﬁgecﬂ tg];Q{,%ﬁ §FaF%‘F-’f sehdr bRl Irshasgeaines distance.

finishing the toll charge operations for the first toll charge command, and
when the travel distance equals the toll chargeable distance later, CPU 12

begi ns accepting the tollgch s.theceafter. Meanwhile, if input
signal interface 15 shown in‘ii %isy%&ﬂ%%?cﬁlg 5&?%&5‘?"‘@5@1&%%@%

refuses to acge eibol a Q pds_because it is . still in the RUN
node after tﬁg gir?g'tsgf 1{1%&11 etagllgl{%Eg‘rggs?ngﬁ%ts%ﬁs.r%ﬁ'ewcﬁkﬂl?aément

f oregoi ng enbodigyRat soid tdus iRk ' Iy enpl.oys constructi on where,
as noted above, the 55 ac%%é?gﬁégd%fsg?%ﬁ&égg? gaerg)éoﬁﬁ%%d?%gt é#t%a#%ﬁf:?ﬁe
nonent the traveloldi shargmhegwatssd ol | chargeabl e di stance, as shown in

3. The system of claim 4, said travel distance

10 measuring means comprising:
a CPU;
a vehicle speed sensor;
an input signal interface comnected to said CPU and
said wvehicle speed sensor and providing a speed signal
153 representative of an output of said speed sensor to said CPU; and
a toll charge start detector sending a detection signal
to said CPU when said toll charge start detector detects said
beginning of said first toll charging process;
wherein said input signal interface include; a level
20 converter converting a level of said pulse signal from said
vehicle speed sensor and generating said speed signal; and
said CPU starts said vehicle-speed pulse count
computation based on said speed signal when said detection signal
is received from said toll charge start detector.
25
6. The system of claim 5, further comprising:

an IC card storing toll charge information electrically

i



PSS e na

FIGS. 7B - 7E, a dif muﬂ““snm:m “oh can al so be enpl oyed -17- wher e. -

a tinmer provided for m“T ! ted unit .is activated for a . ...~

predeternined period of tinke Tacs after the travel di attﬁﬂg% f s éthl |
co

char geabl e di stance and in which receiving-2& | chargf oy NS |y
after the predetennecest persa@ddafey? tine Tacs | apsest '
prohi biting the acceptance of the toll charge command for the vehicle for a
predeternined period of twheeesd tsaidichg cfuﬁlzb%@ tb@ﬁvﬁrgéﬁﬂﬂ%aﬁbgﬁq&’%@#ﬁ

[ e

area, double toll charging is prevente n case the vehicle returns t
tol | chargeabl eandeautput apecatitng oeadm ICecird thRca§ki dAlkd 1RrORsiAcC! es

or the like) after leaving it. Also, by providing a tail-light signal
(which is, as generally known,- the signal generated when the reverse gear
of a vehicle is entered and the tail-lights Iight up) to the

vehi cl e-mounted unit 10, 7a cBhetsysten o Wleis 5heueehptitetprakiggis of the
counter is decrenented the instant the back signal is received, and where
t he acceptance of the told RAMagkasteboaklyd coanected to said CPU;

wherein said CpU ‘performs toll charge operations by

writing and reading information stored in the RAM.

10 8. The system of claim 4, said travel distance

measuring means comprising:

a CPU;

a vehicle speed sensor generating a pulse signal
representative of a speed of said vehicle;

15 an input signal interface connected to said CPU and
said vehicle speed sensor and providing a speed signal
representative of an output of said speed sensor to said CPU; and

a toll charge start detector sending a detection signal
to said CPU when said toll charge start detector detects said

20 Dbeginning of said first toll charging process;

wherein said input signal interface includes a level
converter which converts a level of the pulse signal from the
vehicle speed sensor and generates said speed signal to the CPU,
a measurement counter which counts vehicle speed pulses based on

25 the speed signal when a computation start command is received
from the CPU responsive to a detection signal from the toll

. _ charging starting detection means, a setting counter storing a

- e
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.agai n prohibited wh al ue of the coupte= e eEEaS e 10
t he predetern ned vammﬂmm ﬂ es the toll chaflgBBISHERTIIAR
-al'so be enpl oyed. 2 addltlog . a hav

a GPS (d obal Positioning Systen) or ot her $1aV| gat i o8y

used for the npredetermined tbent r a¥etesficHddage o | @a@&heiol\mréﬁarééﬁa@
di stance neasurenent can be performed by incorporating these navigation

systens in the dishaote, neodt ed céhparatolr @hibly EsugasaisCalaidn predatermined

i nformation exchanged through ar interface. On the other hand, in case the
vehi cl.e stops wouhtninhg8aid setgingobbumtenr gadbhecoumn aflsatid mea.itirement
mal function or the like, as shown in FIGS. 8A - 8D, because the travel

di stance never GONAEREsaRHPITIMes harapiabi denttes sdgnal dee the ¢BHi when both
st oppage, the prohibition of the acceptance of the toll charge comrmand
starting 5 ¥rceungs aFg ¥fualhe first toll charge command i s conti nued
thereafter, and the acceptance of the toll charge commands is

9. The system of claim 6, further comprising:
an IC card storing toll charge information electrically
connected to said CPU; | |
10 wherein said CPU performs toll charge information input

and output operations on the IC card through a card interface.

10. The system of claim 6, further comprising:
a RAM electrically connected to said CPU;
15 wherein said CPU performs toll charge operations by

writing and reading information stored in the RAM.

~11. The system of claim 1, wherein said toll charge
prohibition means is further for prohibiting communication

20 between said vehicle and said interrogator.

12. The system of claim 1, wherein:
a toll charge command includes information on said toll
chargeable area; and
25 said toll charge processix.1g means is further for
receiving said toll charge command and for setting said size of
said toll chargeable area based on said information on said toll

\
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only all owed when travﬂullﬂgwmuﬂmmﬁs toll chargeabl e distance after
the vehicle starts to efore, double toII charging is not

performed even if-the vehlce'st dYys 510*wi t hi n the t , for
a long ti.me. Moreover, FIGS. 9A - 9C show tl26-opera igﬂscﬁ*" W& BEEN ||
vehi cl e- mount ed SA#FGeBBEE aFefertain vehicl e when it Jlent erBE g‘i‘f@‘%‘%rre tj
chargeabl e area at al nost the sane tine as another vehicle during which the
vehi cl e-nounted unit b of that vehicle 15 receives its first toll charge
command after vehicle-mupied unit a of the other. vehicle received its
first toll charge command:-?FoFt4 RYEtegass claimthesabd<oltneirgef ptdeadsiagel
di stance of the vehi cI e_equi.pped wth vehicle-nmounted unit b is started

si mply fromthe 3938 ¢ &sé'%unted unit b received the first toll 20
charge commangd, the neasur t of the travel distance of the vehicle .
mounted with vehi cl e- mourt uRFF*B¥Ring dwildychange Procesiing Tompdtationishe
time the other. verg cle-nmounted unit a began receiving the first toll charge
command) and thi*®® there is a decline in the accuracy of measuring travel

di stance. To deal 25 wth this, in the foregoing enbodi ment, irrespective
of whether the toll charg® E&THERddeSeetar fdetecting | acharel 66meaid froll

vehi cl e-nounted unit a_of the ghlcle i n question or the first
cnarge command and providing a carrier detector signal to said

o
—— )

CPU when said input is at a predetermined level;
10 wherein said CPU is in a sleep mode before receiving
said carrier detector signal and enters a run mode after

receiving said carrier detector signal.

14. The system of claim 13, wherein said CPU is in
15 said run mode when performing said toll charge processing
opgra.tions and returns to said sleep mode after completing said

toll charge processing operations.

15. A method of controlling toll charge processing
20 operations in an automatic toll collection system mounted on a
vehicle, said method comprising the steps of:
receiving a toll charge commépd from an interrogator;
performing toll charge processing reéponsive to said
toll charge command; |
23 inhibiting performance of .subsequ'ent toll charge
processing;

measuring a distance travelled by said vehicle from a

This Sheet Has Been R laced
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"= t9- toll charge command for viﬂmmg-rmunt ed unit b of the ot her vehi cl_e,_"

si rice measur enment ogmmmu ‘j starts fromthe time the first toll
charge comand is rddiiRgEen) no declines in the accuracy of.
measuring travel distance. 5 '

enbodi MENt, i f pbeieianal elid YEhiul Al 3R6da98"007 Lalde RSk Aaa' |

toll charging is not performed when there are no anges” 1

then toll charging is noenpBLimf msiﬁrq nises! &% r’r%%gﬁe%%e&_ cafoGar réh%rrtsg'ef é?

As expl ai ned above, the second enbodi nent of the vehi nmounted U
the automatic tpkbcesdingrwhen saidl 603G BkESis b bPé‘dé’t@ihﬁh@d@ié’%&@an
Ingly,

the toll chargeabl e area or not based on the travel” di stance. Accor
in the sane way as the first enbodinent, it is possible to reliably
determine if 15 the vehicle is wthin the toll chargeable area -or

not irrespective of hdévy Thafhethodrofhicuhi®pesy saidi En®ling step
Furthernore, by maintaining the toll charge prohibition for a-
' comprising the steps of:

allowing a predetermined amount of time to elapse after
said distance exceeds said predetermined distance; and
enabling performance of subsequent toll charge

10 processing after said predetermined amount of time elapses.

17. The method of claim 1, said measuring step
comprising a step of measuring said distance from a position of
said vehicle at a beginning of said performing step.

15
18. | The method of claim 15, further comprising a step

of reading said predetermined distance from an IC card.

19. The method of claim 15, further comprising a step

20 of 'reading information corresponding to said predetermined

distance from said toll charge command.

20. The method of claim 15, wherein:
said inhibiting step comprises a step of inhibiting
25 receipt of subsequent toll charge commands; and

said enabling step comprises a step of enabling receipt

of subsequent toll charge commands.

Meapmhil e, for the above foregoing |



predeternm ned period of tinme: after the vehicle | eaves the toll chargeable -
area, dou is prevented in case the 20 vehicle returns to
the toll gmuWIlmmmu“Lr certain reasons (accidents, obstacles, etc.)
after leavihg‘th& t811° chargeabl e area. Moreover, according to the second
enbodi ment of the vehicle-nmounted unit of theZdut omatic tol | collection
system by 25 starting 3teasPhensetiodioft Reathays! Hetlednce of the vehicle
fromthe position of the vehicle at the start of the first toll charge
operation, the starting3ds anhibitinge step ddipriBas s eytept oﬁfpﬁg@_ng a‘c%ﬁ’u
travel distance coincides with the point in time the vehicle enters the
tol | - char geabPBTEPERLNG $aiK; Sohbychangeaprocessim) it 3t abeep amidei dgy With
tol | chargeabl e distance, toll charge prohibition can be rel eased

i mredi ately after a prefddeRiedosspep icndpetses mestapfspbit g tshedvedd-cl e
| eaves the_toll chargeable area or at the point in tine the vehicle | eaves
the tol | -cRar §Rad| Bihmese. ‘

22. The method of claim 21, said receiving step
comprising a step of sending a wake-up signal to said CPU to

cause said CPU to switch from said sleep mode to said run mode.



Meanwhi | e, the construction of the second enbodlnent of the present ,
Fnvention can be sinplified as follows: 10 - ~-- Carrier détector
20 can be omtted. For this case, because CPU 12 is always in RUN mode,
CPU 12 is nade to refuse toll charge commands until travel distance is
equal to the toll chargeabl e distance (the case when box A of FIG 5 is
enpl oyed) or the conputed anount of neasurenent counter 15b equals the tol
15 chargeabl e di stance of setting counter 15c (the case when box B of FIG
5 is enployed). -- ICcard 21 and card interface 22 can be onitted. For
this case, because input-output operatiohs of the toll charge 20
information with 1C card 21 can no | onger be performed, CPU 12 stores tol
charge information in RAM 17 and performnms toll charge processing by
renewi ng and reading that information. Al though the present invention has

been fully d connection with preferred enbodi ments thereof with
reference 25 onpanylng drawings, it is to be noted that various
changes and no flcatlons wi || beconme apparent to those skilled in the art.

Such changes and nodi ficgtio are to be understood
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-21- as being within the scope of the present invention as defined by the .
appended cl ai ns. Substitute sheet - 8 Cctober 1999 -22- WHAT IS CLAI MED
I'S: 1. An automatic toll” collecticon systemnounted on a vehicle, said '
system conprising: a toll charge processingdevice for executing a toll 5
charge process by performng predeterm ned communi cation with an

i nterrogator when said vehicle is in a toll chargeable area where said
system can receive toll charge commands-from said interrogator; a tol
charge prohi biting device for prohidet i saiq toll 10 charge

processi ngdevi ce from executing f:: 653 tégz charge processes after
said toll charge processing device finishés first toll charge process;

PERFORM TOLL
CHARGE OPER'NS

104~ _ l

F—




travel distance nmeasuringdevice for measuring a travel distance of said
vehicle froma position of said vehicle during 15 said first -toll charging
process; and a toll charge prohibition continuation device for continuing
said toll charge prohibition when said travel distance is |ess than a tol
char geabl e di stance which corresponds to a size of said toll chargeabl e
area. 20 2. The system of <claim 1, further conprising a

comuni cation prohibition release device for releasing said toll charge
prohibition i medi ately when said travel distance exceeds said tol
chargeabl e di stance. 25 3. The systemof3claim 1, further conprisinga tol
charge prohibition rel easedevice for releasing said toll charge 1999
Substitute sheet - 8 Cctober 1999 -23-
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prohi-bi tion

di stance reaches sai d toll-chargeabl e di stance.

-wherein said travel distance 5. measuringdevice. is-for starting said trave

when a predeternlned anDunt of tlne el apses . after said trave

4. The systemof claiml

di stance neasurenent fromsaid p05|t|on of said vehicle at a beginning of

said first toll

char gi ng proc

ess. ) The svstem of cl ai m 4,

said trave

di stance 10 neasuring device conpr|5|rﬁﬁ- a CPU; a vehicle speed sensor; an
sai d vehicl e speed sensor
f an output of said speed

i nput si gnal

and providing a speed signal

si gnal

begi nning of said first tol

interface includes a |evel

si gnal

20

interface connected to

i di 15 reprzgzzgég
sensor to said CPU, and a toll charg d

to said CPU when said toll
char gi ng process;

converter converting a | evel
fromsaid vehicl e.speed sensor and generating said speed signal; and

evector sending a detection
charge start detector detects said

wherein said i nput signal -

of said pul se

said CPU starts said vehicl e-speed pul se count conputatlon based on sald
speed signal when said detection signal
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is received fromsaid toll charge start detector. 25 6. The systemof. claim
5, further conprising: an |IC card storing toll. charge nformation : o
electrically - Substitute sheet - 8 Cctober 1999 -24- connected to sald
GPU, wherein said CPU performs toll charge information input and out put
operations on the I1C card through a card interface. 5 7. The
systemof claim5, further conprising: a RAM el ectrically connected to said
CPU, wherein said CPU perforns toll charge operations by witing and
reading information stored in the RAM 10 8. The system of
claim4, said travel distance neasuring.glevice conprising: a CPU;, a vehicle
speed sensor generating a pulse signal representative of a speed of said
vehi cl e;

F1G. 5

rB— £S5

| A=

/1 4 J]Sﬁ
SPEED SENSOR LEVEL CONV.

{ (1sb

MEASUREMENT
COUNTER

)rLSd i 4/{42
COMPARATOR ~CPU

thSC:
SETTING
COUNTER




15 an input signal interface connected to.said CPU and said - _
vehicle speed -sensor and- providing . a- speed signal representative of
an out put of said speed sensor to said CPU and a toll charge start
detector sending a detection signal to said CPU when said toll charge start
detector "detects said 20 beginning of said first toll charging process;
wherein said input signal interface |ncF&des a | evel converter which
converts a level of the pulse sig vehi cl e speed sensor and
generates said speed signal to thf&éfggg surenent counter which counts
vehi cl e speed pul ses based on 25 the gnal when a conputation start
command is received fromthe CPU responsive to a detection signal fromthe
toll charge start detector, a setting counter storing a Substitute sheet
- 8 Cctober 1999 -25- predeterm ned count corresponding to said tol
chargeabl e di stance, and a conparator which conpares said predeterm ned

count in said setting counter ar@ g cqury& (ﬁ -,sai) nmeasur enent
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counter and provides a coincidence signal to the CPU when both 5 counts -
are equal. 9. The systemof claim#6, further- conprising: an IC card storing.
toll charge information electrically connected to said CPU, 10 R '
wherein said CPU perforns toll charge infornmation input and out put o
operations on the I1C card through a card interface. 10. The system of claim
6, further conprising:. a RAMelectrically connected to said CPU, 15
wherein said CPU perforns toll charge operations by witing and readi ng
information stored in the RAM 11. The systemof claim1, wherein said tol
charge prohibition device is further for prohibiting comunication 20
bet ween said vehicle and said interrogator. 12. The systemof claim1,
wherein: a toll charge comand i ncl udes={mformation on said toll char geabl e
area; and- 25 said toll charge processing device is further
for receiv%gg said toll charge command and for setting said size of said

i

toll charg I1:§re§Z2$sed on said information on said tol
. ROADSIDE

UNIT
1
an
VEHICLE MOUNTED \ TOLL CHARGEABLE
UNIT -\ AREA
/ ‘
/ \
\
\
[: /'G 7 B TOLL CHARGEABLE DISTANCE
12345678910111213
speep sensor | [ LTI UUUTUTUTTUUT | T
SIGNAL VEHICULAR TRAVEL DISTANCE
/: / G 7C | REFUSE TOLL RECEIVE TOLL
: TOLLCHARGE  ICHARGE COMMA-  ICHARGE CO-
PROCESSING ) NDS |~ MMANDS
VEHICLE MOUNTED - ] g’“\’“‘{
UNIT ' (
/_— / G 7 D | / UNPROCESSED
ROADSIDE UNIT _ )
F / G 7E TOLL CHARGE OPERATION
VEHICLE MOUNTED COMMAND '
UNIT TIMER L

_Tacs__



Subétitute Sheet 8 October 1999 - 26 chargeable ar ea: 13 " The systen1of-."-"

claim1, said toll charge proceSS|ng .device conprising: 5 - a CPU-
performng toll- charge processing conputations; and a carrier .detector
detecting a level of said toll charge command and providing a carrier
detector signal to said CPU when said input is at a predeterm ned |evel; 10
wherein said CPUIis in a sleep node before receiving said carrier detector
signal and enters a run node after receiving said carrier detector signal
14. The systemof claim 13, wherein said CPUis in 15 said run nbde when
performng said toll charge processing operations and returns to said sl eep
node after conpleting said toll charge pYocessing operations. 15. A nethod
of controlling toll charge processing 20 operations in an automatic tol
col l ection system nmounted on a
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'vehicle, sai d met hod Conprjsing_the stéps of: receiving a toll charge |
command froman interrogator; performng toll charge processing responsive

to said toll charge.command; 25 i nhibiting perfornmance of
subsequent toll charge processing, nmeasuring a distance travelled by said
vehicle froma -27- position of said vehicle during said toll charge

processi ng; and enabling performance. of subsequent toll charge processing
when said di stance exceeds a predeterm ned di stance. 5

The met hod of claim 15, said enabling step conprising the steps of:

all owing a predeterm ned anount of time to el apse after said distance
exceeds said predeterm ned di stance; and enabling performnce of subsequent
toll charge 10 processing after said prefeternined ambunt of tine el apses.
17. The nmethod of claim1l, said measuring step

TOLL CHARGE

FIG. A oD\
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. - . - i
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conprising a step of measuring said distance froma position of said
vehicle at a beginning of said performng step. 15 18. The method of clai m
15, further conprising a step of reading said predeterm ne gl

an | C card:* 19. The nethod of cl.aim15, further conprising

reading i nf or mati on cor r espoAESTRACT 6p b8 m nef Stgp
said toll charge conmand. 20. The nE wher siSasgs-c
inhibiting step conprises a step of inhibiting 25 rece|pt of subsequent
toll charge commands; and said enabling step conprises a step of enabling
recei pt of subsequent toll cha AMOUNTED oNPr #9R  The net hod of
claim15, wherein: said inhibiting step CO p of placing a CPU
perfornmng said toll chargﬁﬂ%ﬁwd sai d enabling
step conprises a step of placing sai
THAT gnzvmrs DOUBLE TOLL CEARGING

After a vehicle~mounted unit determines that a vehicle
has entered a toll chargeable area, if communication is
determined to Dbe allowable through a flag, communication

5 operations are performed and after finishing communication
operations, the flag is set and communication operations
thereafter are prohibited. Next, the unit determines if a travel
distance has exceeded a toll chargeable distance. The travel
distance is measured by counting the number of vehicular speed

10 pulses received after the end of the communication operationms,
and the toll chargeable distance is set to be equal or greater
than the travel distance needed by the vehicle to enter the
communication area and leave it. If it is determined that travel
distance has exceeded toll chargeable distance, the flag is

15 reset, communication prohibition is released and communication

thereafter is allowed.
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rfbde SEQARC}LBEBQMM A%thanong?[,gsogsas{sao receiving step

g a step of sendl ng a wakejup si gnal to sai d CPU to cause said CPU
A n- do

T O e ABSTRALTT P ode rosard runode.

A VEHICLE-MOUNTED UNIT FOR AN AUTOMATIC TOLL COLLECTION SYSTEM
THAT PREVENTS DOUBLE TOLL CHARGING

After a vehicle-mounted unit determines that a vehicle-has entered a toll chargeable area, if

~ communication is determined to be allowable through a flag, communication operations are

performed and after finishing communication operations, the flag is set and communication

operations thereafter are prohibited. Next, the unit determines if a travel distance has exceeded

a toll chargeable distance. The travel distance is measured by counting the number of

vehicular speed pulses received after the end of the communication operations, and the toll

chargeable distance is set to be equal or greater than the travel distance needed by the vehicle

" to enter the communication area and leave it. If it is determined that travel distance has

#~ exceeded toll chargeable distance, the flag is reset, communication prohibition is released and
communication thereafter is allowed. .

Fig. 7A L r e
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