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APPARATUS FOR CHECKING FOR LOADING OF A STORAGE MEDIUM

CROSS-REFERENCE TO RELATED APPLICATIONS
The present application is related to and claims priority
from Japanese Patent Application No. Hei. 7-84014, incorporated

herein by reference.

BACKGROUND OF THE INVENTION

l. Field of the Invention

The present invention relates to an apparatus for

determining whether a storage medium is loaded in a processing

unit, and more particularly relates to an apparatus for

determining whether an IC card is loaded in an IC cazxd
reader/writer. In an IC card, a chip having data processing and
storage functions is integrated with a card-shapéd medium to form
a "Smart Card"” or "Memory Card". The invention is particularly
applicable to a charging system that uses an IC card to
automatically charge a toll for, e.g., driving on a teoll réad,
and more specifically to a toll charging system that prevents
incidents where a user neglects to lcad a wireless toll charging
medium into an automatic toll processing unit installed in a
vehic]-.e by producing a warning if the toll processing unit is not

locaded with the medium when the wvehicle is started.

2. Description of the Related Art

In a known charging system of a type as described above, a

storage medium is loaded into a processing unit, and the contents
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of the storage medium are rewritten at a predetermined timing.

More specifically, when a vehicle equipped with an automatic toll
charging IC card reader-writer (hereinafter, referred to as an
"Iu*), i.e., a processing unit, loaded with an IC card, i.e., a
storage medium, passes through a tolling area, a road-installed
device transmits to the IU radio waves carrying information
regarding the toll and the like, and the IU thereby rewrites toll
data stored in the IC card. The system thus performs toll
charging processing.

However, normal toll charging processing is impossible if
a user neglects to load an IC card into an IU and drives through

a tolling area.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
prevent incidents where a user neglects to lcad a portable
storage medium into a processing unit, by determining whether the
storage medium has been loaded in the pr;acessing unit. .

According to an aspect of the present invention, the above
object is achieved by providing a system for checking loading of
a storage medium, which includes a portable storage medium and
a processing unit, loadable with the storage medium, for
rewriting at a predetermined timing the contents of the storage
medium when loaded with the storage medium, where the processing
unit has a determining unit for determining whether the
processing unit is loaded with the storage medium.

The storage medium and the processing unit are preferably
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provided in a vehicle. Preferably, the determining unit

determines whether the processing unit is loaded with the storage
.medium at starting of operation of the vehicle. More preferably,
the determining unit determines whether the processing unit is
loaded with the storage medium on the basis of a signal from an
ignition key that is operated at the starting of operation of the
vehicle.

It is preferred that the processing unit further includes
a load warning producing unit for producing a warning if the
determining unit determines that the piocesing unit is not
loaded with the storage medium. The load warning producing unit
preferably produces a visual and/or auditory warning.

According to this feature of the invention, the determining
unit determines whether the portable storage medium or the IC
card is loaded in the processing unit or the IC card
reader-writer installed in a vehicle at the starti;a_g of operatic;n
of the vehicle on the basis of the ignition key signal. If the
determining unit determines that the storage medium is not loéded
in the processing unit, the load warning producing unit produces
visual and/or auditory warning to a user and, further, the
operation inhibiting unit inhibits the operation of the vehicle.

It is also preferred that the processing unit further
includes an operation inhibiting unit for inhibiting operation
of the vehicle if the determining unit determines that the
processing unit is not loaded with the storage medium.

The determining unit preferably determines whether the

processing unit is loaded with the storage medium specified for
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the vehicle.

It is also preferred that the processing unit further
includes a power supply monitoring unit for determining whether
a level of power supply to the storage medium does not exceed a
predetermined voltage. More preferably, the processing unit
further includes a low-voltage warning producing unit for
éroducing a warning if the power supply monitoring unit
determines that the state of power supply to the storage medium
is at not higher than a p;edetermined voltage.

In addition, the power supply monitoring unit prevents the
determining unit from making the wrong determination, based on
the low wvoltage, that the storage medium is not load, when the
storage medium is actually locaded. The low-voltage warning
producing unit informs a user of the low voltage.

Preferably, the storage medium is an IC card .and the
processing unit is an IC card reader-writer.

In a preferred construction, the storage medium and?the
processing unit are applicable to a vehicular automatic toliing
system. More preferably, the determining unit determines whether
the processing unit is loaded with the storage medium at starting
of operation of the vehicle. Furthermore, the processing unit
preferably further includes a load warning producing unit for
producing a warning for several seconds if the determining unit
determines that the processing unit is not loaded with the
storage medium.

In a construction preferable for the vehicular automatic

toll system, the system further includes a first road-installed
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device for communicating with the processing unit to instruct the

processing unit to rewrite content stored in the storage medium,
and a second road-installed device disposed a predetermined
distance in front of a location at which communications between
the processing unit and the first road-installed device will
start, where the second road-installed device transmits a command
to cause the determining unit in the prdcessing unit to determine
whether the processing unit is loaded with the storage medium.
More preferably, the processing unit further includes a load
warning producing unit for producing a warning if the determining
unit determines that the processing unit is not loaded with the
storage medium.

According to another aspect of the invention, the above
object is achieved by providing a system for checking for loading
of a storage medium, where the system includes an IC card
reader-writer provided in a vehiclé for performing automatic toll
processing, an IC card in which information regarding -the
automatic toll processing is stored, an operation sfart
determining unit for determining whether the vehicle is in an
operation started state on the basis of a signal from an ignition
key that is operatéd at starting of operation of the vehicle, a
determining unit for, when the operation start determining unit
determines that the vehicle is in the operation started state,
determining whether the IC card reader-writer is loaded with the
IC card, and a load warning producing unit for prpducing an
auditory warning if the determining unit determines that the IC

card reader-writer is not loaded with the IC card.
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In this way, the system prevents an incident where a user
neglects to load the storage medium into the processing unit, and
ensures normal toll processing of the toll system.

Other objects and features of the invention will appear in

the course of the description thereof, which follows.

BRIEF DESCRIPTION OF TEE DRAWINGS

Additional objects and advantages of the present invention
will be more readily apparent from the following detailed
description of preferred embocdiments thereof when taken together
with the accompanying drawings in which:

FIG. 1 is a block diagram illustrating the construction of
a preferred embodiment of the invention;

FIG. 2 illustrates an exemplary arrangement'of a vehicle
condition input interface.shown in FIG. 1;

FIGS. 3(a) and 3(b) are timing charts showing the operation
of the exemplary arrangement shown in FPIG. 2;

FIG. 4 illustrates an exemplary arrangement of a péwer
supply monitor interface shown in FIG. 1;

FIGS. 5(a) and 5(b) are timing charts showing the cperatiocn
of the exemplary arrangement shown in FIG. 4;

FIG. 6 is a flowchart illustrating the operation of the
system shown in FIG. 1;

FIG. 7 illustrates a road-installed device arrangement
according to the embodiment;

FIG. 8 illust;ates an exemplary arrangement of a display

according to the embodiment; and
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FIG. 9 illustrates an exemplary arrangement of an ignition

key according to the embodiment.

DETAILED DESCRIPTION OF TEE

PRESENTLY PREFERRED EXEMPLARY EMBODIMENTS

A preferred embodiment of the present invention will be
described hereinafter with reference to the accompanying
drawings.

FIG. 1 is a block diagram of an automatic toll charging IC
card reader-writer 100 constituted as an automatic charge
processing unit used in this embodiment of the present invention.
The automatic toll charging IC card reader-writer 100 is
preferably installed in a vehicle.

A radio wave communication interface 102 shown in FIG. 1

performs modulation and demodulation for predetermined radio wave

communications between the card reader-writer 100 and a

road-installed device (not shown) by using an antenna 109. -

An IC card interface 103 reads predetermined déta froﬁ or
writes predetermined data to an IC card 401 (see FIG. 8) that has
,been inserted in the automatic toll charging IC card
reader-writer 100 and serves as the wireless toll charging-
storage medium. The IC card interface 103 includes a sensor (not
shown) for detecting insertion and removal of the IC card 401.

A display 104 provides a visual interface with a user and
includes, for example, a liquid crystal display (LCD) screen, a
segmented light emitting diode (LED) display, a plasma display,

or a cathode ray tube (CRT).
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An audio- (voice) circuit 105 provides an auditory interface
with a user and outputs audio signals to, for example, a buzzer
or a speaker (providing a sound or voice synthesizing function)
402 (shown in FIG. 8).

A vehicle condition input interface 106 for receiving a
signal from a vehicle (not shown) so as to detect the starting
of driwving operation by a user present in the wvehicle. The
signal can be produced by, for example, an ignition key 701 as
indicated in FIG. 2, which illustrates an exemplary arrangement
of the vehicle condition input interface 106.

Referring to FIG; 2, when the ignition key 701 is set toc a
starter-ON (that is, start) position, an opto;isolator 702
supplies a microprocessor 101 with a vehicle condition input
signal V,,, that has changed from a high level to a low'ievel
corresponding to an ignition key signal V,,, during the actuation
of a starter as shown in FIG. 3(a).

A power supply monitoring interface 107 shown in FIG. 1
monitors at least the power supply to the IC card 401 in:the
power supply provided for the automatic toll charging IC card
reader-writer 100 (hereinafter, referred to as the "vehicle
installed device”). For example, the power supply monitoring
interface 107 sends a low signal (OFF) to the microprocessor 101
when the power supply to the IC card 401 is less than the minimum
operatiné voltage thereof, and the power supply monitoring'
interface 107 sends a high signal (ON) to the microprocessor 101
when the power supply is greater than the minimum operating

voltage, as indicated in FIGS. 4, 5.
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As shown in FIG. 4, a differential amplifier AMP outputs the

ON, OFF signals as described above and indicated in FIG. 5(b) in
the form of an output AMPout, as shown in FIG. 4, by comparing
the supply wvoltage V, to the IC card 401 (see FIG. 5(a)) with a
reference voltage Va from a power source V., that provides.a
predetermined voltage independent from the IC card supply voltage
Ve

This arrangement prevents the IC card interface 103 from
making an incorrect determination, that is, determihing that no
IC card 401 is loaded, when the IC card 401 is actually loaded
but the IC card supply voltage is low.

The interfaces 102-107 and 108 (to be described in greater
detail below) are connected to the microprocessor 101 and
controlled thereby as follows, according to an operation that is
illustrated by the flowchart of FIG. 6 and prégrammed in the
microprocessor 101 as a part of its software.

The operation will be described with reference to "the-
flowchart of FIG. 6. The operation is started by insertioﬁ of
the ignition key'ts a key cylinder.

First, a driver gets in the vehicle and starts the engine.
Since the ignition key 701 of the vehicle condition interface of
the vehicle installed device shown in FIG. 2 is set to the
starter-ON position, a voltage is applied to the light emitting
diode of the opto-isclator 702 to turn on the phototransistor
contained therein. Thereby, the level of the vehicle condition
input signal V,,, changes from high to low as indicated in FIG.

3(b).
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The vehicle condition input signal V,,, is then inputted to

the microprocessor 101, so that the microprocessor 101 determines
in step S201 whether the engine is started. If so, step 205
determines whether an IC card 401 has been loaded and, in
addition, whether a card error has occurred, that is, whether the
loaded IC card 401 is a card that has not been specified for the
vehicle. If it is determined that the IC card 401 is not present
or if the inserted IC card 401 has caused a'card error, step 206
displays a warning on the display 104 as in an example shown in
FIG. 8.

Subsequently, 'step 207 produces warning sound or voice, for
example, a warning sound from a buzzer or speaker 402, by using
the audio circuit 105 as shown in PIG. 1, or a vocal notification
such as "No card inser'ted" or " Please insert card again."” The
warning should be continued for a sufficient predetermined length
of time (e.g., several seconds).

T_his visual or auditory warning can prevent continuétion. of
thé non-card loaded state or the card error state. Because :the
warning is provided before the vehicle starts traveling, not
during traveling, the user can safely handle the card to insert
it into the vwvehicle installed device. Optionally, if
administrative personnel or the like desire that insertion of the
IC card 401 into the vehicle installed device be compulsory to
drive the vehicle, ‘it is possible to inhibit the engine from
operating (by, for example, a fuel cutoff operation) by using an
operation inhibiting circuit 108 shown in FIG. 1 unless the IC

card 401 is inserted.
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The operation inhibiting circuit 108 includes a driver 108a
and a relay 108b as shown in FIG. 9. When properly reading the
IC card 401, the microprocessor 101 drives the driver 108a to
close the contacts of the relay 108b so that the pecle of the
ignition switch 701 is connected to ground. The ignition switch
thus becomes operable.

To avoid problems that could be caused if the contacts of
the relay 108b were opened while the wvehicle is traveling, the
wiring of the common line of the ignitio# key 701 may be arranged
to inhibit only the operation of the starter, rather than the
ignition switch 701.

If an abnormality occurs in conjunction with the power
supply while the vehicle is traveling, the power supply
monitoring interface 107 shown in FIG. 4 supplies the
microprocessor 101 with a signal AMPout as indicated in PIG.
5(b). '

If the microprocessor 101 then determines in the power
supply monitoring of step S$202 that the power supply has beéome
off (changed from ON to OFF), step S208 notifies the user of the
power-off event by, for example, displaying "POWER OFF" on the
display 104. Then, step 269 determines whether the IC card 401
has been inserted.

If step 209 determines that the IC card 401 has not been
inserted, the microprocessor 101 repeats steps S206 and S207 to
warn the driver.

FIG. 7 shows an arrangement of road-installed devices for

a tolling area.
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In this arrangement, a road-installed device 302 for IC card

checking and traffic information communications is provided a
distance L in front of a road-installed device 303.

When the vehicle-installed device 100 receives an IC check
command from the road-installed device 302 as a vehicle 301
equipped with the vehicle-installed device 100 passes by the
road-installed device 302, step S203 shown in FIG. 6 determines
that a radio wave communication has occurred, and then step 204
decodes the check command. If step 205 determines that no IC
card has been inserted or that a card error has occurred, steps
S206 and S207 warn the driver as described above.

If the driver inserts the IC card 401 before the vehicle has
traveled through the distance L, normal toll processing can be
performed. Thus, this arrangement can eliminate the incident
where no IC card is inserted in a vehicle-installed device before
the vehicle enters the tolling area.

Although not illustrated in FIG. 6, the vehicle-installed
device may perform the reading operation again if a card efror
has occurred.

In addition, the road-installed device 302 may be connected
to a GPS system that transmits traffic information or the present
position to vehicle-installed devices and thereby provide drivers
with such information.

By the operation described above, the embodiment will warn
a driver if the IC card 401 is not inserted, thus improving the
performance of normal toll processing.

Although the embodiment has been described in conjunction
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with the IC card 401 used as the wireless tolling storage medium,

the wireless tolling storage medium may be any portable wireless
tolling medium. Thus, the embodiment has a wide variety of
applications besides IC cards.

The present invention is not limited to the embodiment
described above, but may be modified in various manners.

For example, although step S201 shown in FIG. 6 is followed
by step S205 while the ignition key 701 is switched to the
starter-ON (start) position, step S205 may be performed only once
after it is determined that the engine operation has been started
by the ignition key 701 switched to the starter-ON (start)
position. The start of engine operation can be determined on the
- basis of, for example, an engine speed signal.

As describgd above, the system of the present invention will
determine whether the vehicle-installed device has been loaded
with a predetermined portable wireless tolling medium _wheh
operation of the véhicle is started. Thus, the invention allows
for realization of a tolling system that pi:events incidents wﬁere
a user neglects to load the wireless tolling medium and that
thereby ensures normal toll processing.

Although the present invention has been fully described in
connection with the preferred embodiment thereof with reference
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
as being included within the scope of the present invention as

defined by the appended claims.
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WHAT IS CLAIMED IS:

1. A system for storing information in a storage medium,
said system comprising:

a processing unit for receiving a étorage medium and for
writing information therein;

determining means, in said processing unit, for determining
whether a storage medium is received in said processing unit; and

control means, in said processing unit, for, when said
determining means determines that a storage medium is not
received in said processing unit, generating an electrical signal
to cause a device external to said processing unit to assume a
state indicating that a storage medium is not received in said

processing unit.

2. The system of claim 1, further comprising a vehicle,
said processing unit, said determining means and said'cont:ol

means being disposed in said vehicle.

3. The system of claim 2, wherein said determining means
is for determining whether a storage medium is received in said

processing unit upon starting of an engine of said wvehicle.

4. The system of claim 2, wherein said determining means
is for determining whether a storage medium is received in said
processing unit responsive to a signal from an ignition Kkey

switch.
This Sheet Has Been Replaced
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5. The system of claim 2, wherein said determining means
is for determining whether a storage medium specified for said

vehicle is received by said processing unit.

6. The system of claim 2, wherein said control means
comprises vehicle inhibiting means for inhibiting a portion of
said vehicle from operating when -‘said determining means
determines that a storage medium is not received by said
processing unit, said external device being said portion of said

vehicle.

7. The system of claim 6, wherein said vehicle inhibiting
means is for inhibiting operation of an electrical system of said

vehicle.

8. The system of claim 7, wherein said vehicle inhibiting
means is for inhibiting operation of a starter of said vehicle,

said external device being said starter.

9. The system of claim 1, wherein said storage medium is

an IC card and said processing unit is an IC card writer.

10. The system of claim 1, said control means comprising
load warning producing means for generating a warning when said
determining means determines that a storage medium is not
received by said processing unit, said external device being a

device producing said warning.

BEEN
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11. The system of claim 10, wherein said load warning
producing means is for generating an audible warning, said

external device being a speaker.

12. The system of claim 10, wherein said load warning
producing means is for generating a visual warning, said external

device being a display device.

13. A system for storing information in a storage medium,
said system comprising:

a processing unit for receiving a storage medium and for
writing information therein;

determining means, in said processing unit, for determining
whether a storage medium is received in said processing unit; and

startup means, in said processing unit, for causing said
determining means to determine whether a storége medium is
received in said processing unit responsive to an external s:.gnal '

provided to saJ.d processing unit.

14. The system of claim 13, further comprising a vehicle,
said processing unit, said determining means and said control

means being disposed in said vehicle.

15. The system of claim 14, wherein said startup means is
for causing said determining means to operate responsive to a

signal from an ignition switch of said vehicle.
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16. The system of claim 14, wherein said startup means 1s
for causing said determining means to operate responsive to a

signal from a road-installed device of a toll charging system.

17. A toll charging system compfising:

a first road-installed device for transmitting a command to
a vehicle passing proximate thereto to cause said vehicle to
determine whether a storage unit is received by a toll collection

unit in said vehicle.

18. The system of claim 17, further comprising:
a second road-installed device for transmitting a command
to a vehicle proximate thereto to cause said toll collection unit

to write information indicative of a toll to said storage device.

19. The system of claim 18, wherein said first road-
installed device is positioned before said second road-installed
device in a direction of travel of vehicles so that vehicles
receive said command from said first road-installed device before
said wvehicles receive said command from said second road-

installed device.

20. An apparatus for checking loading of a storage medium
according to claim 1, wherein said processing unit further
comprises power supply monitoring means for determining whether
a2 level of power supply to a storage medium does not exceed a

predetermined voltage.
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21. An apparatus for checking loading of a storage medium

according to claim 20, wherein said processing unit further

comprises low-voltage warning producing means for producing a
warning if said power supply monitoring means determines that
said level of power supply to said storage medium is does not

exceed said predetermined wvoltage.

22. An apparatus for checking loading of a storage medium
-in which information regarding automatic toll processing may be
stored, said apparatus comprising:

an IC card reader-writer, provided in a wvehicle, for
perﬁorming automatic toll processing;

operation start determining means for determining whether
said véhicle is in an operation started state, based on a signal
from an ignition key switch that is operated at starting of
operation of said vehicle;

determining means for, when said operation start determihiﬁg
means determines that said vehicle is in said operation staited
state, determining whether said IC card reader-writer is loaded
witp said IC card; and

load warning producing means for producing an auditory
warning if said determining means determines that said IC card

reader-writer is not loaded with said IC card.

23. ‘A method of performing vehicle toll collection
processing, said method comprising the steps of:

determining whether a storage medium is loaded in a
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processing unit of a vehicle;

writing information indicative of a toll charge to said
storage medium with said processing unit when said determining
step determines that a storage medium is loaded in said
processing unit; and

causing a device external to said processing unit to assume
a state indicative of a non-load condition when said determining
step determines that a storage medium is not loaded in said

processing unit.

24. The method of claim 23, further comprising a step of:
starting an engine of said wvehicle;
wherein said determining step is performed responsive to

said starting step.

25. The method of claim 23, further comprising a step of:

sending a storage medium check command from a road—insté.lled
device to said processing unit;

wherein séid determining step is performed responsive to

said sending step.

26. The method of claim 23, said causing step comprising
a step of generating a warning, said external device being a

device for generating said warning.

27. The method of claim 23, said causing step comprising

a step of inhibiting operation of a portion of an electrical

eet Has Been Replaced THIS SHEET HAS BEEN

T oot




R O D

- 20 -
system of said vehicle.

28. The method of claim 27, wherein said portion is a

starter of said wvehicle.
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