
;e3ec~cL.zz6*T~ryi1 DESCRIPTION    COLLECTED-CHARGE DISTRIBUTION SYSTEM FOR
VEHICLE TECHNICAL FIELD The present invention relates to a collected-charge
distribution system which includes an on-vehicle automatic charging
apparatus mounted on a vehicle and a ground terminal apparatus disposed on
the ground, and which is adapted to distribute charges collected through
the on-vehicle automatic charging apparatus, as well as to the on-vehicle
automatic charging apparatus itself and to the ground terminal apparatus
itself. BACKGROUND ART As disclosed in Japanese Patent Application
Laid-Open (kokai) No. 11-238153, there has conventionally been known an
on-vehicle automatic charging apparatus which obtains position information
representing position of a vehicle by use of, for example) GPS; determines
on the basis of the position information whether the vehicle has entered a
charged area; when the vehicle is determined to have entered the charged
area, calculates a charge amount; and subtracts the calculated charge
amount from the balance of a prepaid card) an IC card, or a like card
(hereinafter referred to as a "charge card"). An automatic charging system
for a vehicle which includes such an on-vehicle automatic charging
apparatus is designed in order to enable a user to increase the balance of
his charge card by inserting the charge card into a card issuing machine
(ground terminal apparatus) placed at an appropriate location on the ground
and then placing 1    money into the apparatus. However, the
above-described conventional system involves a problem in that when a
manager of a location at which the card issuing machine is disposed differs
from a manager of an area (road) in which a charge amount must be
subtracted from the card, the manager of the area cannot receive the charge
which the manger should normally receive. DISCLOSURE OF THE INVENTION The
present invention has been accomplished in order to cope with the
above-described problems, and the feature of the present invention resides
in a collected-charge distribution system for a vehicle which includes an
on-vehicle automatic charging apparatus mounted on a vehicle and a ground
terminal apparatus disposed on the ground, and which is adapted to
distribute charges collected through (by using) the on-vehicle automatic
charging apparatus. The on-vehicle automatic charging apparatus includes
holding means for removably holding an information readable, writable
recording medium having a balance recorded thereon; charge processing means
for calculating a charge amount to be charged to the vehicle on the basis
of position information representing the position of the vehicle, reading
the balance from the recording medium held by the holding means,
subtracting the calculated charge amount from the balance, and writing the
subtracted balance into the recording medium; and distribution information
write means for writing into the recording medium distribution information
which is necessary for specifying the charge amount and a party to which a
fee corresponding to the charge amount is to be distributed. The ground
terminal apparatus includes holding means for removably holding the 2   



1 recording medium; and distribution information read-out means for reading
out the distribution information from the recording medium held by the
holding means. In the on-vehicle automatic charging apparatus, the charge
processing means reads the balance recorded on the recording medium, which
may be a prepaid card, an IC card, or a like card, subtracts from the
balance a charge amount calculated on the basis of vehicle position
information to thereby obtain a new balance, and writes the new balance
into the recording medium. Further, in the on-vehicle automatic charging
apparatus, the distribution information write means writes into the
recording medium distribution information which is necessary for specifying
the charge amount and a party to which a fee corresponding to the charge
amount is to be distributed. Meanwhile, the ground terminal apparatus reads
out the distribution information from the recording medium. As a result,
the ground terminal apparatus can obtain, via the recording medium, the
distribution information which is necessary for specifying the charge
amount and a party to which a fee corresponding to the charge amount is to
be distributed. Therefore, the ground terminal apparatus can distribute the
fee corresponding to the charge amount to a party who must receive the fee.
In this case, the distribution information preferably includes information
that the charge processing means used in order to calculate the charge
amount. The information that has been required for calculating the charge
amount refers to information which includes information sufficient to
specify the charge amount and a party to which a fee corresponding to the
charge amount is to be distributed and which has been used by the charge 3
processing means. By virtue of the above-described configuration, the
on-vehicle automatic charging apparatus is not required to prepare new
information as the distribution information, and thus, the calculation load
of the apparatus can be reduced. Preferably, the system includes a computer
which is connected to a plurality of ground terminal apparatuses in a
communicatable manner; and each of the ground terminal apparatuses includes
transmission means for transmitting to the computer the distribution
information read out from the recording medium. By virtue of the above
configuration, the distribution information is transmitted to the computer
disposed at, for example, a centralized management center, and therefore,
the computer can distribute proper amounts to the appropriate parties. In
this case, the charge processing means of the on-vehicle automatic charging
apparatus is preferably configured to read out from the recording medium
the charge information used for determining the charge amount and determine
the charge amount with reference to the charge information; and the ground
terminal apparatus preferably includes charge information write means for
writing the charge information into the recording medium held by the
holding means. The expression "read out from the recording medium the
charge information used for determining the charge amount and determine the
charge amount with reference to the charge information" encompasses an
operation of reading the charge information from the recording medium,
temporarily storing the charge information in the memory of the on-vehicle
automatic charging apparatus, and reading the charge information from the
memory during calculation of the charge 4   amount in order to refer to the
same. The charge information is changed frequently, and therefore the
on-vehicle automatic charging apparatus must be caused to recognize the
charge information by use of some medium. When the above-described
configuration is employed, the charge information can be provided to the
on-vehicle automatic charging apparatus by means of the recording medium.
In addition, with the above-described configuration, since a user must
cause the recording medium to be held by the ground terminal apparatus in
order to obtain the charge information, the ground terminal apparatus can
obtain the distribution information during such operation. Further, in this
case, the ground terminal apparatus preferably includes balance changing
means for changing the balance of the recording medium held by the holding
means. 



Since this configuration requires the user to cause the recording medium to
be held by the ground terminal apparatus in order to increase the balance
of the recording medium, the ground terminal apparatus can obtain the
distribution information during such operation. Other features of the
present invention resides in the on-vehicle automatic charging apparatus
and the ground terminal apparatus which constitute the above-described
system. While referring to the drawings, there will be described one
embodiment of the collected-charge distribution system (charging system for
a vehicle) according to the present invention, which is adapted to
distribute charges collected by the on-vehicle automatic charging
apparatus. BRIEF DESCRIPTION OF THE DRAWINGS 5   FIG. 1 is a conceptual
view showing the entirety of a collected-charge distribution system
according to the present invention. . FIG. 2 is a block diagram showing the
configuration of the on-vehicle automatic charging apparatus shown in FIG.
1. FIG. 3 is a block diagram showing the configuration of the card issuing
machine shown in FIG. 1. FIG. 4 is a flowchart showing a charge permission
routine (program) executed by the CPU of the on-vehicle automatic charging
apparatus shown in FIG. 1. FIG. 5 is a flowchart showing a charge
processing routine (program) executed by the CPU of the on-vehicle
automatic charging apparatus shown in FIG. 1. FIG. 6 is a diagram used for
describing a method for specifying a charged area. FIG. 7 is a flowchart
showing a routine (program) executed by the CPU of the card issuing machine
shown in FIG. 3. 



FIG. 8 is a flowchart showing another routine (program) executed by the CPU
of the card issuing machine shown in FIG. 3. FIG. 9 is a flowchart showing
a routine (program) executed by the center computer shown in FIG. 1. FIG.
10 is a flowchart showing another routine (program) executed by the center
computer shown in FIG. 1. FIG. 11 is a flowchart showing a charge
information update routine (program) executed by the CPU of the on-vehicle
automatic charging apparatus shown in FIG. 1. 6   BEST MODE FOR CARRYING
OUT THE INVENTION FIG. 1 is a conceptual view showing the entire
configuration of a collected-charge distribution system for a vehicle
according to the present invention. The system includes an on-vehicle
automatic charging apparatus 10 mounted on each vehicle; card issuing
machines 20 each of which is disposed at an appropriate location (e.g., a
gas station or a convenience store) on the ground and serves as a ground
terminal apparatus; a center computer 30 connected to the card issuing
machines 20 in a communicatable manner; and computers 40 of a plurality of
management companies (managers) which are connected to the center computer
30 in a communicatable manner. As shown in FIG. 2, the on-vehicle automatic
charging apparatus 10 is mainly composed of a microcomputer 11. The
microcomputer 11 includes a CPU 11 a, ROM 11 b, RAM 11 c, and an
input/output interface 11 d, which are connected with one another via a
bus. The CPU 11 a executes a program (routine) stored in the ROM 11 b,
which will be described later, while using the data storage function of the
RAM 11 c. The on-vehicle automatic charging apparatus 10 includes a GPS
apparatus 12, a ground-wave communication apparatus 13, a display apparatus
14, a sound apparatus 15, an external memory 16, and a read/write apparatus
17, which are connected to the input/output interface 11 d in such a manner
so as to be able to exchange signals with the microcomputer 11. The GPS
apparatus 12 is connected to an antenna 12a for receiving GPS signals from
GPS satellites 51) 52, and 53 shown in FIG. 1. The GPS apparatus 12
specifies the position of the vehicle on the basis of the GPS 7   signals
which are received by the antenna 12a at predetermined intervals (e.g., 1
sec). Subsequently, the GPS apparatus 12 transmits to the microcomputer 11
data (vehicle position information) representing the thus-specified vehicle
position. Notably, the vehicle position is determined by longitude x and
latitude y. 



The communication apparatus 13 is connected to an antenna 13a for ground
waves and adapted to receive radio signals from the center computer 30
shown in FIG. 1. The display apparatus 14 includes an unillustrated display
and is adapted to display necessary information in accordance with an
instruction signal from the microcomputer 11. The sound apparatus 15 is
connected to a speaker 15a and is adapted to generate necessary sound in
accordance with an instruction from the microcomputer 11. The external
memory 16 is composed of a hard disk drive, MO, etc. and is adapted to
supply necessary information (data, program, etc.) to the microcomputer 11
and stores necessary information in accordance with an instruction from the
CPU 11 a. The read/write apparatus 17 includes card holding means 17a for
removably holding a prepaid card 18 attached thereto or inserted therein,
which serves as a recording medium from which information can be read and
into which information can be written. In accordance with instructions from
the microcomputer 11, the read/write apparatus 17 reads necessary
information, such as balance information, from the inserted prepaid card 18
and writes necessary information into the prepaid card 18. As shown in FIG.
3, the card issuing machine 20 is mainly composed of a microcomputer 21.
The microcomputer 21 includes a CPU 8   21 a, ROM 21 b, RAM 21 c, and an
input/output interface 21 d, which are connected with one another via a
bus. The CPU 21 a executes a program (routine) stored in the ROM 21 b,
which will be described later, while using the data storage function of the
RAM 21 c. The card issuing machine 20 includes a card issuance operation
section 22, an external memory 23, and a communication circuit 24. The card
issuance operation section 22 includes a holding section (holding means)
22a for removably holding the prepaid card 18 attached thereto or inserted
therein; an operation switch section 22b to be operated by a user; a money
placement opening 22c; a read/write section 22d for reading necessary
information, such as balance and charge record (which will be described
later) from the inserted prepaid card 18 and for writing necessary
information into the prepaid card 18; and a card issuance section 22e for
issuing a new card. Of these, the operation switch section 22b and the
read/write section 22d are connected to the input/output interface 21 d in
such a manner as to be able to exchange signals with the microcomputer 21.
The external memory 23 is composed of a hard disk drive, MO, etc. which is
connected to the input/output interface 21 d in order to enable exchange of
signals with the microcomputer 21, and is adapted to supply necessary
information (data) program, etc.) to the microcomputer 21 and stores
necessary information in accordance with an instruction from the CPU 21 a.
The communication circuit 24 is connected to the input/output interface 21
d of the microcomputer 21 and the center computer 30 in order to enable
communication with the microcomputer 21 and the center computer 30. s
Next, operation of the collected-charge distribution system having the
above-described configuration will be described, starting from the case in
which a prepaid card 18 having a sufficient balance and not having expired
is inserted into the card holding means 17a of the read/write apparatus 17.
Notably, it is assumed that the on-vehicle automatic charging apparatus 10
is not in an anomalous state. The CUP 11 a of the on-vehicle automatic
charging apparatus 10 repeatedly executes the charge permission routine
shown in FIG. 4 every time a predetermined period of time elapses.
Accordingly, when a predetermined timing has been reached, the CPU 11 a
starts the charge permission routine from step 400 thereof. After having
proceeded to step 405, the CPU 11 a determines whether the prepaid card 18
has been inserted into the card holding means 17a of the read/write
apparatus 17. In this case, since the prepaid card 18 has been inserted
into the card holding means 17a, the result of the determination in step
405 becomes "Yes," and the CPU 11 a proceeds to step 410 so as to determine
whether the inserted prepaid card 18 is valid. The prepaid card 18 is
determined to be valid when a sufficiently large balance remains and a
valid term has not yet expired. 



In this case, since the prepaid card 18 is valid, the result of the
determination in step 410 becomes "Yes," and the CPU 11 a proceeds to step
415 so as to perform self diagnosis by checking, for example, whether the
RAM 11 c functions properly and whether communication lines connected to
the GPS apparatus 12, the ground-wave communication apparatus 13, etc. have
been broken. Subsequently, the CPU 11 a proceeds to step 420 so as to
determine whether the result of the self 10   diagnosis performed in step
415 indicates that the on-vehicle automatic charging apparatus 10 is
normal. In this case, since the on-vehicle automatic charging apparatus 10
is normal, the result of the determination in step 420 becomes "Yes," and
the CPU 11 a proceeds to step 425 so as to set the value of a flag F to
"1." The flag is used to permit performance of charge processing when its
value is "1 " and prohibit performance of the charge processing when its
value is "0." Subsequently, the CPU 11 a proceeds to step 495 and ends the
present routine. When the prepaid card 18 has not yet been inserted into
the card holding means 17a, the result of the determination in step 405
becomes "No," and the CPU 11 a proceeds to step 430 so as to set the value
of a flag F to "0" and then to step 495 so as to end the present routine.
Further, when the inserted prepaid card 18 is not valid, the result of the
determination in step 410 becomes "No," and the CPU 11 a proceeds to step
435 so as to warn a user, via the display apparatus 14 and the sound
apparatus 15, by way of providing a warning message indicating that "the
card is invalid." Subsequently, the CPU 11 a proceeds to step 430 so as to
set the value of the flag F to "0" and then to step 495 so as to end the
present routine. When the on-vehicle automatic charging apparatus 10 is in
an anomalous state, the result of the determination in step 420 becomes
"No," and the CPU 11 a proceeds to step 430 so as to set the value of the
flag F to "0" and then to step 495 so as to end the present routine. In the
above-described manner, the value of the flag F is set to "0" or "1." Next,
charge processing will be described. The CPU 11 a m   repeatedly executes
the charge processing routine (serving as charge processing means) shown in
FIG. 5 every time a predetermined period of time elapses. Accordingly, when
a predetermined timing has been reached, the CPU 11 a starts the charge
processing routine from step 500 thereof. After having proceeded to step
505) the CPU 11 a determines whether the value of the flag F is "1." When
the value of the flag F is "1," the CPU 11 a proceeds to step 510, and when
the value of the flag F is "0," the CPU 11 a proceeds directly to step 595
so as to end the present routine. Therefore, when the value of the flag F
becomes "1 " as a result of execution of the charge permission routine,
which has been described with reference to FIG. 4, the result of the
determination in step 505 becomes "Yes," and the CPU 11 a proceeds to step
510 so as to obtain position of the vehicle (vehicle position information)
from the GPS apparatus 12. Subsequently, the CPU 11 a proceeds to step 515
and determines a present area (charged area) in which the vehicle is
present, from the present position information obtained from GPS 12 and
information (area information) in relation to longitude x and latitude y
which is stored in the external memory 16 and used for specifying each
area. As shown in FIG. 6, each area is defined by means of a plurality of
points, each specified by longitude x and latitude y. For example, area A
is defined by four points having the following values of longitude x and
latitude y: (x1, y1), (x2, y2), (x3, y3), and (x4, y4). Next, after having
proceeded to step 520, the CPU 11 a determines whether the present area in
which the vehicle is present differs from the area in which the vehicle was
present when the present routine was last performed (see step 550, which
will be described later). 12 



When the vehicle has entered a new charged area as a result of traveling,
the result of the determination in step 520 becomes "Yes," and the CPU 11 a
proceeds to step 525. In step 525, the CPU 11 a performs entry charge
processing on the basis of the fact that the vehicle has entered the new
area. Specifically, the on-vehicle automatic charging apparatus 10 stores
in the external memory 16 entry charge information shown in Table 1. The
entry charge information includes a charge amount for each of combinations
of information items, including entered area, time zone, and vehicle type
(size; e.g.) large, medium, compact). The CPU 11 a determines a charge
amount with reference to data corresponding to the information items at the
present time and the corresponding charge information, subtracts the
thus-determined charge amount from the balance read out from the prepaid
card 18 to thereby obtain a new balance, and writes the new balance into
the prepaid card 18. Table 1 Entered areaTime zone T a19:00 - 07:0007:00 -
09:0009:00 - 17:0017:00 



- 19:00Small100 en200 en100 en100 enArea AMedium150 en300 en150 en150
enLarge200 en400 en200 en200 enEntered areaTime zone T a19:00 - 07:0007:00
- 09:0009:00 - 17:0017:00 - 19:00Small150 en200 en100 en100 enArea
BMedium150 en300 en200 en150 enLarge200 en400 en200 en150 en Subsequently,
the CPU 11 a proceeds to step 530 so as to stores a charge record. As shown
in Table 2, the charge record includes date and 13   time (unit: sec) at
which an entry fee is charged, vehicle position information (latitude,
longitude), in-area travel distance, which is the total distance that the
vehicle has traveled continuously within the same area, area, charge type,
and vehicle type (large, medium, small). That is, the charge record
includes information for specifying a charge amount and a managing company
who must receive the charge. Further, charge record includes information
which was used in the calculation of the charge amount. Table 2
MDHrMinSecPosition longitudePosition latitudeIn-area 



DistanceAreaChargeVehi- cle0830140100135-30-00.0035-00-00.000.0
mAEntrMed.0830140511135-30-01.0135-00-16.44506.2
mADistanceMed.OS30141025135-30-01.5235-00-32.281010.1
mADistanceMed.0830141526135-30-01.2735-00-35.120.0
mBEntMed.0830142115135-30-02.1535-00-51.78505.2
mBDistanceMed.0830143037135-30-02.1335-01-08.111001.8
mBDistanceMed.0830143647135-30-02.2235-01-10.050.0
mCEntrMed.0830144635135-30-03.5335-01-26.99509.7
mCDistanceMed.0830145313135-30-03.1235-01-43.051010.1
mCDistanceMed.0830150056135-30-03.2535-01-58.771501.8 mCDistanceMed.
Subsequently, the CPU 11 a proceeds to step 535. The CPU 11 a also proceeds
directly to step 535, when the vehicle has not entered a new charged area
at the time of performance of the above-described step 520, since the
result of the determination in step 520 becomes "No,". In step 535, the CPU
11 a determines whether an in-area travel distance is greater than a
predetermined reference value A. The in-area travel distance is calculated
on the basis of the above-described vehicle position information by means
of an unillustrated routine performed by the CPU 11 a. 14   Accordingly,
when the vehicle has traveled over a distance greater than the
predetermined distance A within the same area, the result of the
determination in step 535 becomes "Yes," and the CPU 11 a proceeds to step
540. In step 540, the CPU 11 a performs processing for charging in
accordance with distance (distance charge). Specifically, the on-vehicle
automatic charging apparatus 10 stores in the external memory 16
unit-distance charge information shown in Table 3. The unit-distance charge
information includes a charge amount per unit distance for each of
combinations of information items, including area (charged area) in which
the vehicle is present, time zone, and vehicle type (size; e.g., large,
medium, 



compact). The CPU 11 a determines a charge amount with reference to data
corresponding to the information items at the present time and the
corresponding information for unit-distant charge, subtracts the
thus-determined charge amount from the balance read out from the prepaid
card 18 to thereby obtain a new balance, and writes the new balance into
the prepaid card 18. Table 3 Information itemContents of informationCharged
areaArea ALargeMediumSmallCharge/0.5 kmFirst 0.5After 0.5First 0.5After
0.5First 0.5After 0.5kmkmkmkmkmkmTime zone:500 yen450 yen300 yen250 yen200
yen150 yen07:00 - 09:00Time zone:500 yen450 yen300 yen250 yen200 yen150
yen17:00 - 19:00Time zone:400 yen350 yen200 yen100 yen100 yen50 yen19:00 -
07:00 Subsequently, the CPU 11 a proceeds to step 545 so as to store a 15
charge record as in the case of step 530, and then proceeds to step 550.
When the vehicle has not traveled beyond the predetermined distance A
within the same area at the time of execution of the above-described step
535, the result of the determination in step 535 becomes "No," and the CPU
11 a proceeds direct to step 550. In step 550, the CPU 11 a stores the
present area determined in the above-described step 515, as a previous area
to be used for calculation of the next time, and proceeds to step 595 so as
to ends the present routine. In this manner, the charge processing is
performed. Notably, the above-described steps 530 and 545 constitute
distribution information write means for writing into the prepaid card 18,
serving as a recording medium, distribution information (charge record)
which is necessary for specifying the charge amount and a party (management
company) to which fee corresponding to the charge amount is to be
distributed. Next, operation of the card issuing machine 20 will be
described with reference to FIGS. 7 and 8. FIG. 7 shows a routine for
updating the charge information stored in the card issuing machine 20 to
the newest information. FIG. 8 shows a routine for updating the charge
information stored in the prepaid card 18, transmitting the charge record
stored in the prepaid card 18 to the center computer 30, and updating the
balance of the prepaid card 18. The CPU 21 a of the card issuing machine 20
performs these routines every time a predetermined period of time elapses.
Specifically, at a predetermined timing, the CPU 21 a starts the processing
of the routine of FIG. 7 from step 700 thereof. After having proceeded to
the step 705, the CPU 21 a determines whether charge information has been
received from the center computer 30. Meanwhile, 16   as will be described
later, the center computer 30 is configured to transmit the newest charge
information to the card issuing machine 20 at a proper timing (see FIG.
10). Therefore, when the newest charge information has been transmitted
from the center computer 30, the result of the determination in step 705
becomes "Yes," and the CPU 21 a proceeds to step 710 so as to update the
charge information stored in the external memory 23 of the card issuing
machine 20 on the basis of the received information and store the updated
charge information in the external memory 23. Subsequently, the CPU 21 a
proceeds to step 795 and ends the present routine. When the newest charge
information has not yet been transmitted from the center computer 30, the
result of the determination in step 705 becomes "No," and the CPU 21 a
proceeds directly to step 795 and ends the present routine. In this way,
the charge information stored in the card issuing machine 20 is updated to
the newest information. Further, the CPU 21 a starts the processing of the
routine of FIG. 8 from step 800 thereof at a predetermined timing. After
having proceeded to step 805, the CPU 21 a determines whether the prepaid
card 18 has been inserted into the holding section 22a of the card issuing
machine 20. When the prepaid card 18 has been inserted, the CPU 21 a
proceeds to step 810. When the prepaid card 18 has not yet been inserted,
the CPU 21 a proceeds to step 895 and ends the present routine. Further,
the CPU 21 a determines in step 810 whether money has been placed in the
money placement opening 22c. When money has been placed, the CPU 21 a
proceeds to step 820. When money has not yet been placed, the CPU 21 a
proceeds to step 815 so as to eject the inserted prepaid card 18 and then
proceeds to step 895 so as to end the present routine. 17 



The description will be continued on the assumption that the prepaid card
18 has been inserted into the holding section 22a and money has been placed
in the money placement opening 22c. Since the result of the determination
in step 805 and the result of the determination in step 810 both become
"Yes," the CPU 21 a proceeds to step 820 and writes into the prepaid card
18 the newest charge information (i.e., the charge information updated in
the above-described step 710) stored in the external memory 23.
Subsequently, the CPU 21 a proceeds to step 825 so as to read the
above-described charge record (see Table 2) from the prepaid card 18 and
stores the read charge record in the external memory 23. Notably, step 825
constitutes distribution information read-out means for reading the
distribution information (charge record) from the prepaid card 18.
Subsequently, the CPU 21 a proceeds to step 830 and transmits the charge
record stored in the external memory 23 to the center computer 30. Thus,
the center computer 30 becomes able to identify the time at which a fee has
been charged, the area in which the fee has been charged, the type of the
fee (charge type), and the type (large, medium, compact) of a vehicle to
which the fee has been charged. Notably, the function of step 830 serves as
transmission means for transmitting the distribution information to the
center computer 30. Next, the CPU 21 a proceeds to step 835 so as to erase
the charge record stored in the prepaid card 18 and then proceeds to step
840 so as to write into the prepaid card 18) as a new balance, the amount
obtained through addition of the placed money to the balance stored in the
prepaid card 18. Subsequently, the CPU 21 a ejects the prepaid card 18 from
the holding section 22a (issues an updated prepaid card). As described
above, 1s   step 840 constitutes balance changing means for changing the
balance of the prepaid card 18. By means of the above-described processing,
update of the charge information of the prepaid card 18, transmission of
the charge record stored in the prepaid card 18 to the center computer 30,
and update of the balance of the prepaid card 18 are accomplished. Next,
operation of the center computer 30 will be described with reference to
FIGS. 9 and 10. FIG. 9 shows a routine for distributing to the respective
management companies the charges collected by the card issuing machine 20.
FIG. 10 shows a routine for transmitting the newest charge information to
the card issuing machine 20. The center computer 30 performs these routines
every time a predetermined period of time elapses. Specifically, the center
computer 30 starts the processing of the routine of FIG. 9 from step 900
thereof at a predetermined timing, and proceeds to step 905 so as to
determine whether charge record information transmitted from the card
issuing machine 20 has been received. When the charge record information
has been received, the result of the determination in step 905 becomes
"Yes," and the center computer 30 proceeds to step 910. When the charge
record information has not yet been received, the center computer 30
proceeds to step 995 so as to end the present routine. Here, the
description will be continued on the assumption that the card issuing
machine 20 has transmitted the charge record to the center computer 30 upon
execution of the above-described step 830. In this case, 



the result of the determination in step 905 becomes "Yes," and the center
19   computer 30 proceeds to step 910 so as to calculate, on the basis of
the received charge record, amounts to be distributed to the management
companies which manage the respective charged areas. In an example case in
which the areas A, B, C, etc. are under management of the management
companies A, B, C, etc., respectively, the totals of fees charged in each
area serves as a distribution amount for the management company of the
area. Subsequently, the center computer 30 proceeds to step 915 in order to
perform distribution processing for distributing the calculated
distribution amounts to the computers of the respective management
companies, and then proceeds to step 995 so as to end the present routine.
Thus, the collected fees are distributed properly. Further, the center
computer 30 starts the processing of the routine of FIG. 10 from step 1000
thereof at a predetermined timing, and proceeds to step 1005 so as to
monitor whether an operator's "instruction for transmitting updated charge
information" is present. When, after updating the charge information of the
center computer 30, the operator inputs an instruction for transmitting the
updated charge information to the card issuing machine 20, the result of
the determination in step 1005 becomes "Yes," and the center computer 30
proceeds to step 1010 so as to transmit the updated charge information
(newest charge information) to the card issuing machine 20. Subsequently,
in step 1015, the center computer 30 ends the present routine. In the
above-described manner, the newest charge information is transmitted to the
card issuing machine 20, and the charge information within the prepaid card
18 is updated when the card issuing machine 20 executes the above-described
steps 710 and 820. 20   Next will be described operation of the on-vehicle
automatic charging apparatus 10 at the time the charge information within
the prepaid card 18, which has been updated in the above-described manner,
is stored in the on-vehicle automatic charging apparatus 10. A description
will be started after the point at which the prepaid card 18 having the
newest information written thereinto has been inserted into the holding
means 17a. The CPU 11 a of the on-vehicle automatic charging apparatus 10
repeatedly executes the charge information update routine shown in FIG. 11
from step 1100 every time a predetermined period of time elapses, and in
step 1105, determines whether the prepaid card 18 has been inserted into
the holding means 17a. In this case, since the prepaid card 18 has been
inserted, the result of the determination in step 1105 becomes "Yes," and
the CPU 11 a proceeds to step 1110 in order to determine whether the charge
information stored in the external memory 16 differs from the charge
information stored in the prepaid card 18. In this case, since the charge
information stored in the external memory 16 differs from the charge
information stored in the prepaid card 18, the result of the determination
in step 1110 becomes "Yes," and the CPU 11 a proceeds to step 1115 in order
to determine whether the charge information stored in the prepaid card 18
is newer than the charge information stored in the external memory 16. In
this case, since the charge information stored in the prepaid card 18 is
newer than the charge information stored in the external memory 16, the
result of the determination in step 1115 becomes "Yes," and the CPU 11 a
proceeds to step 1120 in order to update the charge information stored in
the external memory 16 on the basis of the charge information stored in 21
the prepaid card 18, stores the updated charge information into the
external memory 16, and then proceeds to step 1195 so as to end the present
routine. When the prepaid card 18 has not been inserted, when the charge 



information stored in the external memory 16 is the same as that stored in
the prepaid card 18, or when the charge information stored in the prepaid
card 18 is not newer than that stored in the external memory 16, the result
of the determination in step 1105, 1110, or 1115 becomes "No," and the CPU
11 a proceeds to step 1195 so as to end the present routine. In the
above-described manner, update of the charge information of the on-vehicle
automatic charging apparatus 10 is accomplished. As described above, in the
present embodiment, the card issuing machine 20, which serves as a ground
terminal apparatus, and the center computer 30 can obtain, via the prepaid
card 18, a charge record which constitutes information that the on-vehicle
automatic charging apparatus 10 used in order to calculate a charge amount
(i.e., distribution information for specifying the charge amount and a
party to which a fee corresponding to the charge amount must be
distributed). Therefore, the charge amount (collected fees) can be
distributed to a party (management company, public institution, etc.) which
naturally must receive the fee. Since the card issuing machine 20 is
provided with the function for increasing the balance of the prepaid card
18 and the function for writing new charge information, the user must
insert the prepaid card 18 into the card issuing machine 20. This
guarantees that the card issuing machine 20 can have a chance to obtain the
charge record. The present invention is not limited to the above-described
22   embodiment, and various modifications may be employed within the scope
of the present invention. For example, instead of the prepaid card 18, an
IC card, floppy disk, memory, or any other type of information-readable,
writable recording medium can be used. Although the card issuing machine 20
has both the function for increasing the balance of the prepaid card 18 and
the function for writing charge information into the prepaid card 18, the
card issuing machine 20 may be configured to have only one of these
functions and may be an apparatus which has at least a function of reading
charge records from the prepaid card 18. Although the card issuing machine
20 is connected to the center computer 30 by means of wire, the card
issuing machine 20 and the center computer 30 may be configured to exchange
information by means of radio. The types of charge are not limited to the
above-described entry charge and distance charge. For example, charging may
be performed in accordance with time over which a vehicle stays within the
same area. Alternatively, charging may be performed in such a manner that
time charge is applied when a vehicle travels at a speed less than a
predetermined speed, and the above-described distance charge is applied
when the vehicle travels at a speed greater than the predetermined speed.
Moreover, the system may be configured in such a manner that the center
computer 30 transmits charge information by radio, and the on-vehicle
automatic charging apparatus 10 receives the charge information via the
ground-wave communication apparatus 13 of the on-vehicle automatic charging
apparatus 10. 23   CLAIMS 1. A collected-charge distribution system for a
vehicle which comprises an on-vehicle automatic charging apparatus mounted
on a vehicle and a ground terminal apparatus disposed on the ground, and
which is adapted to distribute charges collected thorough said on-vehicle
automatic charging apparatus, wherein said on-vehicle automatic charging
apparatus comprises: holding means for removably holding an information
readable, writable recording medium having a balance recorded thereon;
charge processing means for calculating a charge amount to be charged to
the vehicle on the basis of position information representing the position
of the vehicle, reading the balance from the recording medium held by said
holding means, subtracting the calculated charge amount from the balance,
and writing the subtracted balance into the recording medium; and 



distribution information write means for writing into the recording medium
distribution information which is necessary for specifying the charge
amount and a party to which a fee corresponding to the charge amount is to
be distributed, and wherein said ground terminal apparatus comprises:
holding means for removably holding the recording medium; and distribution
information read-out means for reading out the distribution information
from the recording medium held by said holding means. 2. A collected-charge
distribution system according to claim 1, wherein 24   the distribution
information includes information that said charge processing means used in
order to calculate the charge amount. 3. A collected-charge distribution
system according to claim 1 or 2, wherein the system includes a computer
which is connected to a plurality of ground terminal apparatuses in a
communicatable manner; and each of the ground terminal apparatuses includes
transmission means for transmitting to said computer the distribution
information read out from the recording medium. 4. A collected-charge
distribution system according to any one of claims 1 to 3, wherein said
charge processing means of said on-vehicle automatic charging apparatus is
configured to read out from the recording medium charge information used
for determining the charge amount and determine the charge amount with
reference to the charge information; and said ground terminal apparatus
comprises charge information write means for writing the charge information
into the recording medium held by 



said holding means. 5. A collected-charge distribution system according to
any one of claims 1 to 4, wherein said ground terminal apparatus comprises
balance changing means for changing the balance of the recording medium
held by said holding means. 25   6. An on-vehicle automatic charging
apparatus which is mounted on a vehicle and constitutes a collected-charge
distributions system in cooperation with a ground terminal apparatus
disposed on the ground, said on-vehicle automatic charging apparatus
comprising: holding means for removably holding an information readable,
writable recording medium; charge processing means for calculating a charge
amount to be charged to the vehicle on the basis of position information
representing the position of the vehicle, reading the balance from the
recording medium held by the holding means, subtracting the calculated
charge amount from the balance, and writing the subtracted balance into the
recording medium; and distribution information write means for writing into
the recording medium distribution information which is necessary for
specifying the charge amount and a party to which a fee corresponding to
the charge amount is to be distributed. 7. A ground terminal apparatus
which is disposed on the ground and cooperates with an on-vehicle automatic
charging apparatus mounted on a vehicle so as to constitute a
collected-charge distributions system for distributing charges collected
through said on-vehicle automatic charging apparatus, said ground terminal
apparatus comprising: holding means for removably holding an information
readable, writable recording medium having a balance recorded thereon) said
on-vehicle automatic charging apparatus writing into the recording medium a
new balance obtained through subtraction from the balance of a charge 26
amount calculated on the basis of position information representing the
position of the vehicle, as well as distribution information which is
necessary for specifying the calculated charge amount and a party to which
a fee corresponding to the charge amount is to be distributed; and read-out
means for reading out the distribution information from the recording
medium held by said holding means. 27 
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