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SHORT RANGE RADIO CONTINUOUS COMMUNICATION METHOD AND SYSTEM

BACKGROUND OF THE INVENTION
'Field of the Invention .

The present invention relates to a DSRC system that is a
short range radio cﬁntinuous communication system conslidered
as an important technique for supporting Intelligent Transport
SYstems (ITS).

Description of the Related Art

| The short range rad:l.é communication (hereafter, referred
to ds DSRC (Dedicated Short Range Communication)) system will
be de__scribéd below. :

An example of a communication frame used in the DSRC is
-shown in FIG. 8A and FIG. 8B. In the case of the full-duplex
communication system, there a.fe two kinds of periods: 3.91 lﬁs
and 2.34ms as the period of the frame, and either frame is applied
according to the siie of the communication range. The
transmitting and receiving slot allocation information in each
frame is stored in a FCMS (Frame Control Message Slot) that is
- the head slot of the .frame, and on the basis of this information ,'
a roadside device and an on-vehicle device perform the
transmitting and receixiing of data by using a MDS (Message Data
Slot).

The concrete operation of the DSRC will be described by
taking the ETC (Electronic Toll Collection) as an example. In

the case of the ETC, the number of roadside devices to be provided
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is different depending on thetollgate. Firstofall, anexample
of the exit tollgate is shown.

An example of the conf:i_.gu:':ation of the roadside device at
the exit tollgate is shown in FIG. 4. The rdadside device
comprises: an application processing section 214 which performs
an application processing of the ETC that is a non-stop toll
collection system of a toll calculation or the like; a roadside
antenna 201 which performs the radio communication by using a
frequency of 5.8 GHz with the on-vehicle device; a high frequency
section 211 which down-converts a signal of 5.8 GHz from the
roadside antenna 201 and makes it a base band signal, and which
up-converts a base band signal to 5.8 GHz on the contrary; a
base band section 212 which performs a generation of a
communication frame, a genelation of transmitting data, and an
error check of receiving data or the like; and a DSRC control
section 213 which performs a DSRC protocol processing on _the
basis of signals from the application processing section 214
and the base band section 212. |

Next, the configuration of the on-vehicle devicé is shown
in FIG. 7. The on~vehicle device qomprises: an application
processing section 405 which performs a toll accounting notice
to a driver and a toll accounting information writing to an IC
card or the like; an on-vehicle antenna 401 which performs the

radio communication by using a frequency of 5.8 GHz with the

roadside antenna; a high frequency section 402 which

down-converts a signal of 5.8 GHz from the on-vehicle antenna
401 and makes it a base band signal, and which up-converts a

base band signal to 5.8 GHz on the contrary; a base band section
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403 which searches or monitors the FCMS from the roadside antenna
and performs a synchronization of the communication frame, anﬁ
which 'performs a generation of transmitting data and an error
check of receiving ldata or the like; and a DSRC control section
404 which performs the DSRC protocol processing on the basis
of signals from the application processing section 405 and the.
base band section 403. |

An example of the exit tollgate is shown in FIG. 3A and
FIG. 3B. At the exit tollgate, one roadside device is provided
in the direction of movement of the vehicle. When started, the _
on-vehicle &evice 203 searches the FCMS from the roadside antenna
201 at all times. When the on-vehicle device 203 enters a
communication range 202 of the roadside antenna 201, it starts
to receive the FCMS from the roadside antenna 201, and if it
continuously and normally receives the FCMS, if. issues a request
of link establishment to the roadside antenna 201, and performs
a accounting pfocess of an expressway toll or the like.

On the other hand, at the entrance tollgate, for the
processing of the detection of the information on the type of
a vehicle or the like, two roadside devices are provided in the
direction of movement of the vehicle. Anexample of the entrance
tollgate is shown in FIG. 5A and FIG. 5B. By the radio
communication between the on-vehicle devices 303, 306 and the
first roadside antenna 301 thatl is the front roadside antenna
in the direction of movement and the second roadside antenna
304 that is the rear antenna, the receiving and transmittiﬁg
of the entrance information and the information 6n the type of

a vehicle are performed. The above described two antennas (the
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first roadside antenna 301 and the second roadside antenna 304)
are provided adjacently, and therefore, there is a possibility
of causing a communication obstacle because of the radio wave

interference. Therefore, in the case where the configuration

- shown in FIG. 5A is adopted, as shown in FIG. 5B, the communication

frames are alternately operated. This action where
communication frames are alternately operated by the front and
rear antennas is called the time sharing operation.

An example of the configuration of two roadside devices
at the entrance tollgate is shown in FIG. 6. Similarly to the
example at the exit tollgaté, each of two roadside devices |
comprises: antenna sections 301 and 304; high frequency sections
321 and 331; base band sections 322 and 332; an application
processing section 324; and DSRC control sections 323 and 333.
The application processing section 324 is connécted to both the
DSRCcontrol sections 323 and 333 toperforma series of processing
as an application. |

Furthermore, the DSRC control sect:l.oﬁs 323 and 333 are
synchronized by receiving and transmitting a synchronizing
signal 341, and the operation of the communication frames is
performed so that at the timing when one roadside device
communicates, the other stops.

Next, the concrete processing at the entrancé tollgatewill
be described by referring to FIGS. 5A, 5B and FIG. 6. FIG. 5A

is a drawing showing the communication range, and FIG. 5B is

a drawing showing the communication frame. Ai: the timing when

the first roadside antenna 301 operates, the first roadside

antenna 301 and the on-vehicle device 303 in the communication




range 302 - of the first roadside antenna 301 'perfoxin the
communicationby the communication frame 311 of the firstroadside
antenna 301, and during that period, the second roadside antenna
304 and the on~vehicle device 306 in the communication range
305 of the second roadside antenna 304 do not perform the
communication (timing of the stopping frame 314 of the second
roadside antenna 304).

Similarly, at the timing when i:he second roadside antenna
304 and the on-vehicle device 306 perform the communication by
the communication frame 313, the first roadside antenna 301 and
the on-vehicie device 303 are in the timing of the stopping frame
312, and do not perform the communication. Thus, in the case
of two adjacent antennas, the interference of the radio wave
is avoided by using the time sharing operation where at the timing |
when one performé the coomunication, the other does not perform
the communication at all. |

Next, the operation of the on-vehicle device will be
described indetail. When started, the on-vehicle device enters
the FCMS search mode to attempt the receiving of the FCMS from
.the roadside antenna.

When the on-vehicle device succeeds in the receiving of
the FCMS, it attempts the receiving of the FCMS again, and if
it continuously succeeds in the receiving of the FCﬁS, it moves
to the FCMS monitoring mode. At the FCMS monitoring mode, the
timing of recelving the FCMS is fixed, and whether the FCMS can
normally be received at the fixed timing or not is monitored.

In the FCMS monitoring mode, when the on-vehicle device

continuouslyfails inthenormal receivingof the FCMS, it releases




the fixing of the FCMS receiving timing, and returns again to
the mode of searching the FCMS.

When taking the above described entrance tollgate as an
example, the above described actiori is as follows. In FIG. 5A,
the on~vehicle device 303 enters the communication range 302
of the first roadside antenna 301 while operating in.the'FCMS
search mode. The boundary area of the communication range 302
is an area where the radio wave is unstable, and hence the
on-vehicle device 303 repeats the action of succeeding in or
failing in the receiving of the FCMS, and becomes in the state
where it enters the FCMS search mode or enters the FCMS monitoring
mode.

When the on-vehicle device.303 advances to enter the
communication range 302, the area becomes an area where the radio
wave is étable, and it becomes possible to stably and normally
receive the FCMS, and therefore, the mode becomes the FCMS
monitoring mdde. After that, furthermore advancing to the area
to come out of the communication range 302, the area becomes
an area where the radio wave is unstable again, and similarly '
to the time of entering, the FCMS search mode and the FCMS
monitoring mode are repeated. Finally, the FCMS from the first
roadside antenna 301 cannot arrive at all, and the on-vehicle
device 303 returns again to the FCMS search mode.

In the case of a systemwhere roadside antennas are arranged
in a line in the direction of movement of the vehicle on an
expressway or the like, and the DSRC is continuously performed
during the period when a vehicle runs on the expressway, as

described above, the on-vehicle device performs the
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communication with one anténna, and continues the communication
as long as it can normally perform the communication with that
antenna. If it becomes impossible to normally perform the
communication with that antenna, the on-vehicle device once
resets the state, and searches a roadside antenna with which
it can normally perform the communication. Therefore, at the
boundary area where the on-vehicle device enters the
communication range of the next antenna from the communication
range of a certain antenna, the communication is inevitably
interrupted.

- Furthermore, the method of providing the roadside antennas
is also difficult. If the roadside antennas are provided so
that the communication ranges are overlapped onto each other,
an interference of the radio wave is caused at the overlapped

part, and it becomes impossible to perform the normal

communication, and the communication is interrupted. On the

contrary, if the roadside antennas are provided with a distance
to avoid the interference, it also becomes impossible to normally
perform the communication at the part where a space is made,

and the communication is interrupted.

SUMMARY OF THE INVENTION

An object of the present invention is‘ to provide an
environment where the communication can continuously be
performed between the roadside devices and the on-vehicle device
by using the DSRC.

According to the first aspect of the present invention,

a short range radio communication method, in which a DSRC
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{Dedicated Short Rahge Conuﬁunication) that is-ashort range radio
communication used for an ETC (Electronic Toll Collection) that
is a non-stop toll collection system is applied, and roadside
antenhas that areprovidedat aroadside are continuouslyarranged,
and time sharing operation is performed by synchronizing sending
timing of a communication frame in all of said roadside antennas,
comprises:

a step for receiving a communication frame transmitted from
an adjacent roadside antenna during the communication with one
of said roadside antennas in an on-vehicle device which is a
radio set mounted on a vehicle and performs the communication
with said roadside antennas.

According to the second aspect of the present invention,
a short range radio communication system, in which a DSR(":
(Dedicated Short Range Communication) that is a short ranée radio
communication used for an ETC (Electronic Toll Collection) that
is a non-stop toll collection system is applied, and roadside

antennas that are providedat aroadside are continuouslyarranged,

-and time sharing operation is performed by synchronizing sending

timing of a conmunication frame in all of said _t*oadside antennas,
comrises:

anon-vehicledevicewhichis aradio setmountedonavehicle
and performs the communication with said roadside antennas, .
wherein said on-vehicle device includes means for receiving a
communication frame transmitted from an adjaqent roadside

antenna during the communication with one of said roadside

antennas.




In order to soive the above described problems, in the case
ofthépresentinvention;whenantennasarecontinuouslyarranged
in the direction of movement of the vehicle, they are arranged
so that the communication ranges of the front and rear antennas
are overlapped onto each other, and that the adjacent antennas
perform the time sharing operation with each other. In the case
of the time sharing operation, at the timing of stopping, the
on-vehicie device is not arranged to wait for the next timing
and stop, but arranged to search the FCMS from the next antenna.
If the on-vehicle device can correctly detect the FCMS of the
frame from the a&jacent antenna continuously several times, it
performs a processing for switching the roadside antenna that
is the partner of the communication, to the adjacent roadside
antenna. By doing so, it is possible to continuously'perform
the communication befween the roadside antennas aﬁd the
on-vehicle device.

Furthermore, the roadside antennas are arranged so that
the coomunication ranges are overlapped onto each other, and
the operation is performed by the time sharing, and accordingly,
. not only the communication is performed with a certain roadside
antenna, but also the.roadside antenna that is the partner of
thecommunicationisinstantaneouslyswitched, andconsequently,
the communication can continuously be performed, in the case
wheretheFCMSfrqmthéadjacentantennaissearchedatthetiming
of sfopping, apd it can be judged that the communication channel

with the adjacent antenna is stable.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a drawing showing an overlapping of communication
ranges of roadside antennas according to an example of a first
embodiment of a short range radio continuous communication system
of the present invention, and FIG. 1B is a drawing showing a
configuration of a communication frame; |

FIG. 2isablock diagram showing a configuration of roadside
devices according to an example of the first embodiment of the
present invention;

FIG. 3A shows an example of a communication range of a
roadside antenna at an exit tolgate employed in the short range
radio communication system, and FIG. 3B is a drawing showing
the frame configuration thereof:

FIG. 4 is a block diagram of a conventional roadside device
provided at the exit tollgate;

FIG. 5A is adrawing showing communication ranges of roadside
antex_mas. at an entrance tollgate, and FIG. 51§ isa dréwing showing
an example of the configuration of the communication frame
thereof; |

FIG. 6 is a block diagram showing a connecting state of
two roadside devices provided at the entrance tollgate;

FIG. 7 is a conventional block diagram of an on-vehicle
device in a DSRC system; |

FIG. 8 shows examples of a conventional commun:l.cafion frame
used in the DSRC, and FIG. 8A is a drawing showing a used frame
for 3.91 ms, and FIG. 8B is a drawing showing a used frame for |

2.34 ms; and
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FIG. 9 isablock diagram showing a configuration of roadside
devices according to an. example of a second embodiment of the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A first embodiment of a short range radio communication
system of .the present invention will be described by referring
to FIG. 1.

FIG. 1A is a drawing showling an overlapping of communication
ranges of roadside antennas of the short range radio communication
system of the presenf invention, and FIG. 1B is a drawing shc_:wing
a communication frame used in a DSRC of the present invention.
As shown in FIG. 1A, the roadside antennas are arranged
continuously in the direction of movement of the vehicle so that
the communication range of each roadside antenna is overlapped
onto the communication range of an adjaéent roadside antenna.
All these roadside antennas are operated by the time sharing.
Each roadside antenna and the adjacent antenna transmit the
conmunication frame alternateiy.

In the case of the present invention, as described above,
the roadside antennas are arranged so that the communication
ranges are overlapped onto each otﬁer, and all are operated by
the time sharing. First of all, the on-vehicle device starts
the comunication with the nearest roadside antenna. Since the
communicatiox_l frame is opérated by the time sharing, the
communicating timing and the stopping timing come alternately.
In the case of the present invention, at the communicating timing

of the nearest roadside antenna, the on-vehicle device performs |
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the transmitting and receiving of the data with that antenna,
similarly to the prior art, but at the stopping timing of that
antenna, it not only stops but also attempts to receive the FCMS

at the timing when the FCMS from the adjacent-antenna-is

transmitted. If the FCMS can continuously and normally be
received at the stopping timing of that antenna, the on-vehicle
device judges that it has entered the area where the communication
can stably be performed with the adjacent roadside antenna, and
starts the communication with the adjacent roadside antenna.
By doing this, it becomes possible to continuously perform the .
communication between the roadside devices provided
corresponding to the roadside ant_ennas and the on-vehicledevice.
Next, the example of the first embbdiment of the present
invention will be described by referring to FIGS. .].'A, 1B. As
shown in FIG. 1A, the roadside antennas 101 to 109 are arranged
so that the areas of the respective roadside antennaé
(communication ranges 111 to 119) where the communication can
stably be performed, are overlapped. The roadside antennas 101
to 109 are operated by the time sharing. In the case of FIG.
1A, when the roadside antennas 101, 103, 105, 107, 109 perform
the communication by using the communication frame 131 shown
in FIG. 1B, the roadside antennas 102, 104, 106, 108 are in the
timing of a stopping frame 134, and transmit no radio wave.
Consequently, the adjacent roadside antennas do not perform the -
communication with each other at the same tme; and therefore,
the interference of the radio wave is not | caused.
| An example of the detailed configuration of the roadside

devices arranged corresponding to the roadside antennas is shown
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in FIG. 2. In FIG. 2, the description will be given by taking
the roadside devices shown by the roadside antennas 101 and 102
shown in FIG. 1A as examples. Actually, roadside devices with
~ the similar configuration are connected. Similarly to the case
. of an example of the ETC, the roadside devices comprise: antenna
sections (roadside antennas) 101 and 102; high frequency sections
141 an;l 151:' base band sections 142 and 152; an application
processing section 144; and DSRC control sections 143 and 153.
The application processing section 144 performs the
transmitting and receiving of 1;he data with all DSRC control
sections, and performs the processing as the application. The
DSRC control sections 143 and 153 are synchronized by using the
synchronizing signals (synchronizing signéls 161, 162, and 163
in the example in FIG. 2) with the adjacent DSRC control sections,
and consequently, they oﬁ_erate to stop at the timing when the
adjacent roadside devices transmit the communication frame.
The operation of the example will be described by using
FIG. 1. In FIGS. 1A and 1B, the on-vehicle device 121 exists
in the communication range 111 of the roadside antenna 101, and
performs the communication with the roadside antenna 101. For
example, if the roadside antenna 101 and the on-vehicle device
121 perform the communication by using the communication frame
131, the roadside antenna 102 that is the next roadside antenna
"~ in the direction of movement of the vehicle performs the
communicatiohbyusing thecommunicationframel133. Atthetiming
of the communication frame 131, the roadside antenna 102 becomes
in the stopping frame 134, and does not transmit the communication

frame. On the contrary, at the timing of the communication frame
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133, the roadside antenna 101 similarly becomes in the stopping
frame 132, and does not transmit the communication frame.
Here, the on-vehicle device 121 which performs the

communication with the roadside antenna 101 attempts to receive
the FCMS of the communication frame 133 at the timing of the
stopping frame 132 after performing the_ communication by the
communication frame 131. The above described action is similar
in the case of the on-vehicle device 122. The on-vehicle device
121 exists in the communication range 111 of the roadside antenna
101, and does not exist in the_ communication range 112 of the
roadside antenna 102, and therefore, it cannot receive the FCMS

(communication frame 133) from the roadside antenna 102, but

‘the on-vehicle device 122 exists in the communication ranges

of both the roadside antenna 101 and the roadside antenna 102,
and therefore, it can receive both the communication frame 131
and the coomunication frame 133. The on-vehicle device 122which
has normally received the communication frame 133 attempts to
receive the FCMS from the roadside antenna 102 after that, and
if it continuously succeeds in normal receiving of the FCMS,
it instantaneously switches the partner of the communication
from the roadside antenna 101 to the roadside antenna 102. By
doing this, it becomes possible to continuously perform the
communication between the roadside devices and the on-vehicle
device without any interrupting. |

Furthermore, F;IG. 9 is a drawing showing a second embodiment
of the present invention, and the parts similar to those in FIG.
2 are denoted by the same reference numbers. In the case of

FIG. 9, thesignal 171 for the synchronization of each DSRC control
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sectién is issu'ed-'from- a synchronizing signal -control section
145 to each DSRC control section to synchronize all DSRC control
sections. The similar effect can also be obtained by this
structure.

As described above, the present invention makes it possible
to continuously perform the communication without interrupting
between the on-vehicle device mounted on a running vehicle and
the roadside antennas (roadside devices) by using the DSRC and
by performing the continuous selection of the roadside antennas
of the time sharing operation, and it has such an advantageous
effect that it is possible to provide various information for
supporting the driving, and to provide various services such
as the internet connection from the inside of a vehicle.

Moreover, according to the present invention, the
communication contents which are concurrently taken in the
communicatin frame from the comminicating roadside aﬁtenna and
the coomunication frame from the adjacent roadside antenna can

be mutually different communication contents.
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A, )

What is claimed is:

1. A short range radio communication method, in which a DSRC
(Dedicated Short Range Communlication) that is a short range radio
communication used for an ETC (Electronic Toll ColJ.ection) that
is a non-stop toll collection system is applied, and roadside
antennas that are providedat aroadside are continuously arranged,
and time sharing operation is performed by synchronizing sending
timing of a communication frame in all of said roadside antennas,
comprising:
a step for receiving a communication £rame transmitted £rom
an adjacent roadside ahtenna during the communication with one
of said roadside antennas in an on-vehicle device which is a
radio set mounted on a vehicle and performs the communication

with said roadside antennas.

2. The short range radio communication method according to
claim 1,

wherein said step comprises:

an FCMS detecting step for detecting an FCMS (Frame Control
Message Slot) of the communication frame transmitted from said
adjacent roadside antennaat stopping timingof the com:mmicatihg
roadside antenna; and

a step for switching the communication from the
communicating roadside antenna to the adjacent roadside antenna

on the basis of results detected by said FCMS detecting step.
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3. The short range radio communication method according to-
claim 1,

wherein said roadside antennas are continuously afranged
so that part of the effective communication_ range of each 'of
sald roadside antennas is overlapped onto the effective
communication range of the adjacent roadside antenna, and said
step 'is performed when said on-vehicle device exists in an

overlappéd part of said effective communication ranges.

4. The short range radio communication method according to
claim 1, further comprising a DSRC cdntrol step for performing
DSRC protocol processing in each of roadside devices, provided
corresponding to said roadside antennas,

wherein said time sharing operation is performed by

practicing synchronization among all DSRC control steps.

5. A short range radio communication system, in which a DSRC
(Dedicated Short Range Communication )' that is a short range radio
communication used for an ETC (Electronic Toll Collection) that
is a non- sfop toll collection system is applied, and roadside
antennas thé.t areprovided at aroadside arecontinuously arranged,
and time sharing opefation is performed by synchronizing sending -
timing of a communication frame in all of said roadside antennas,
comprising:

. anon-vehicle devicewhich is a radio setmountedonavehicle
ahd performs the communication with said roadside antennas,
wherein said on-vehicle device includes means for receiving a

communication frame transmitted from an adjacent roadside
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antenna during the communication with one of said roadsidé
antennas. |

6. The short range radio communication system according to
claim 5,

wherein said means comprises:

FCMS detecting means for detecting an FCMS (Frame Control
Message Slot) of the communication frame transmitted from said
adjacent roadside antennaat stopping timingof the communicating
roadside antenna; and

means for swit‘(.:hing the communication from the
communicating roadside antenna to the adjacent roadside antenna

on the basis of results detected by said FCMS detecting means.

7. The short range radio communication system according to
claim 5,

wherein sald roadside antennas are c:ontinuous'.l].'y'v arranged
so that part of the effective communication range of each of
said roadside antennas is overlapped onto the effective

communication range of the adjacent roadside antenna, and said

. means recelves the communication frame fromthe adjacent roadside

antenna when said on-vehicle device exists in an overlapped part

of said effective communication ranges.

8. The short range radio communication system accbrding to
claim 5,

wherein each of roadside devices provided corresponding
to sald roadside antennas includes a DSRC control section for

performing DSRC protocol processing, and said time sharing
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operation is performed by practicing synchronization among all

DSRC control sections.

9. The short range radio communication system according to
claim 5,

wherein the communication contents which are concurrently
taken in a coomunication frame from the communicating roadside
antenna and a communication frame from the adjacent roadside

antenna are mutually different communication contents.



