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SHORT RANGE RADIO CON'.HNUOUS ·COMMtJHICftTIQ!f MB'fHOD AND SYSTEM 

BACKGROUND OF THE INVEN'rION 

Field of the Invention 

The present invention relates to a DSRC system that is a 

short range radio continuous communication system considered 

as an important technique for supporting Intelligent Transport 

Systems (ITS) . 

Description of the Related Art 

The short range radio communication (hereafter, referred 

to as DSRC (Dedicated Short Range Conununication) ) system will. 

be described below. . 

An example of a communication frame used in the DSRC is 

·shown in FIG. 8A and FIG. SB. In the case of the full-duplex: 

communication system, there are two kinds of periods: 3.91 ms 

and 2. 34 ms as the period of the frame, and either frame is applied 

according to the size of the conanunication range. The 

transmitting and receiving slot allocation info:cmation 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 info:cmation, 

a roadside device and an on-vehicle device perfo:cm the 

transmitting and receiving of data by using a MOS (Message Data 

SlQt). 

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 the·tollga'te. First ·of-all, an-example 

of the exit tollgate is shown. 

An example of the configuration of the roadside device at 

the exit tollgate is shown in FIG. 4. The roadside device 

com.prises: 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 perfo:ans 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 

conanunication frame, a genelation of transmitting data, and an 

error check. of receiving data or the like: and a DSRC control 

section 213 which perfo:ans 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 device is shown 

in FIG. 7. The on-vehicle device comprises: an application 

processing section 405 which perfo:cms a toll accounting notice 

to a driver and a toll accounting info:cmation writing to an IC 

card or the like: an on-vehicle antenna 401 which perfonns 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 perfonns a synchronization of the conununication frame, and 

which perfonns a generation of transmitting data and an error 

check of receiving data or the like: and a DSRC control section 

404 which perfonns 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 device 203 searches the FCMS from the roadside antenna 

201 at all times. When the on-vehicle device 203 enters a 

conununication range 202 of the roadside antenna 201, it starts 

to receive the FCMS from the roadside antenna 201, and if it 

continuously and nonnally receives the FCMS, it issues a request 

of link establishment to the roadside antenna 201, cµid perfonns 

a accounting process of an expressway toll or the like. 

On the other hand, at the entrance tollgate, for the 

processing of the detection of the infonnation on the type of 

a vehicle or the like. two roadside devices are provided in the 

direction of movement of the vehicle. An example of the entrance 

tollgate is shown in FIG. SA and FIG. SB. By the ra~io 

conununication between the on-vehicle devices 303, 3·06 and the 

first roadside antenna 301 that is the front roadside antenna 

in the direction of movement and the second roadside antenna 

304 that is the rear antenna, the receiving and transmitting 

of the entrance infonnation and the infonnation on the type of 

a vehicle are perfonned. 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. SA is adopted, as shown in FIG. SB, 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 i.s shown i.n FIG. 6. Simila.:c:ly to the 

example at the exit tollgate, each of two roadside devices 

comprises: antenna sections 301 and 304: hi.gh frequency sections 

321 and 331: base band sections· 322 and 332; an application 

processing sec·tion 324: and DSRC control sections 323 and 333. 

The application processing section 324 is connected to both the 

DSRC control. sections 323 and 333 to perfo.nn a series of processing 

as an application. 

Furthe.nnore, the DSRC control sections 323 and 333 are 

synchronized by receiving and transmitting a synchronizing 

s:ignal 341, and the operation of the communication frames is 

perfo:cmed so that at the timing when one roadside device 

communicates, the other stops. 

Next, the concrete processing at the entrance tollgate will 

be described by referring to FIGS. SA, SB and FIG. 6. FIG. SA 

is a drawing showing the communication range, and FIG. SB is 

a drawing showing the communication frame. At the timing when 

the first roadside antenna 301 operates, the first roadside 

antenna 301 and the on-vehicle device 303 in the conununication 
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range 302·of the first roadside ·antenna 301 ·perform the 

conununioationbytheconanunicationframe3llof thefirstroadside 

antenna 301, and during that period, the second roadside antenna 

304 and the on-vehicle device 306 in the conununication range 

305 of the second roadside antenna 304 do not perform the 

conununioation (timing of the stopping frame 314 of the second 

roadside antenna 304). 

Similarly, at the timing when the second roadside antenna 

304 and the on-vehicle device 306 perform the conanunication by 

the communication frame 313, the first roadside antenna 301 and 

the on-vehicle device 303 are .in the timing of the stoppi.ng frame 

312, and do not perform the conmunication. Thus, in the case 

of two adjacent antennas, the 1.nterference of the ra<tio wave 

is avoided by usi.ng the time sharing operation where at the timing 

when one perfo:cms the conanunication, the other does not perform 

the conanuni.cation at all. 

Next, the operation of the on-vehicle device will be 

descri.bed in detail. When started, the on-vehicle device enters 

the. ·F'CMS 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 FCMS, 1 t moves 

to the FCMS monitoring mode·. At the FCMS monitoring mode, the 

timing of receiving 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 

continuouslyfailsinthenormalreceivingoftheFCMS,itreleases 
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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 action is as follows. In FIG. SA, 

the on-vehicle device 303 enters the connnunication range 302 

of the first roadside antenna 301 whi_le operating in . the· FCMS 

search mode. The boundary area of the conmunication 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 moni tor.ing 

mode. 

When the on-vehicle device 303 advances to enter the 

communication range 302, the area becomes an area where the radio 

wave is stable. and it becomes possible to stably and normally 

receive the FCMS. and therefore, the mode becomes the FCMS 

monitoring mode. After that, furthennore 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 system where roadside antennas are arranged 

in a line :Ln the direction of movement of the vehicle on an 

expressway or the like, and the DSRC is continuously performed 

during the period when a vehicl~ runs on the expressway, as 

described above, the on-vehicle device perfonns the 
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communication with one antenna, -and-continues the communication 

as long as it can no:cmally perform the communication with that 

antenna. If it becomes impossible to no:cma.lly perform the 

communication with that antenna, the on-vehicle device once 

resets the state, and searches a roadside antenna with which 

it can no:anally 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 perfo:cm the no:cmal 

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 noi:mally 

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 

perfonned 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 me.thod, in which a DSRC 
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(Dedicated Short Range Communication) that±s·a·short range radio 

communication used for an ETC (Electronic Toll Collection) that 

is a non-stop toll collection system is applied, and roadside 

antennas that are provided at a roadside are continuously arranged, 

andtimesharingoperationisperfonnedbysynchronizingsending 

timing of a communication frame in all of said roadside antennas, 

comprises: 

a ~tep for receiving a conmunication frame transmitted from 

an adjacent roadside antenna during the connnunication with one 

of said roadside antennas in an on-vehicle device which is a 

radio set mounted on a vehicle and perfonns the conmunication 

with said roadside antennas. 

According to the second aspec~ of the.present invention, 

a short range radio communication system, in which a DSRC 

(Dedicated Short Range Communication) that is a short range radio 

conmunication used for an ETC (Electronic Toll Collection) that 

is a non-stop toll collection system is applied, and roadside 

antennasthatareprovidedataroadsidearecontinuouslyarranged, 

andtimesharingoperationisperfonnedbysynchronizingsending 

timing of a communication frame in all. of said roadside antennas, 

comrises: 

an on-vehicle device which is a radio set mounted on a vehicle 

and perfonns the conununication with said roadside antennas, 

wherein said on-vehicle device includes means for receiving a 

communication frame transmitted from an adjacent roadside 

antenna during the conmunication with one of said roadside 

antennas. 
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In order to solve the above described problems, in the· case 

ofthepresentinvention,whenantennasarecontinuouslyarranged 

in the direction of movement of the vehicle, they are arranged 

so that the conmunication 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 stopp.ing, the 

on-vehicle 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 adjacent antenna continuously several times, it 

performs a processing for switching the roadside antenna that 

is the partner of the conmunication, to the adjacent roadside 

antenna. By doing so, it is possible to continuously perform 

the communication between the roadside antennas and the 

on-vehicle device. 

Furthennore, the roadside antennas are arranged so that 

the communication ranges are overlapped onto each other, and 

the operation is performed by the time sharing, and accordingly, 

. not onl.y the conmunication is performed with a certain roadside 

antenna, but also the roadside antenna that is the partner of 

theconununicationisinstantaneousl.yswitched,andconsequently, 

the communication can continuously be performed, in the case 

where the FCMS from the adjacent antenna is searched at the timing 

of stopping, and it can be judged that the conununication channel 

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

FIG. lA 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. lB is a drawing showing a 

configuration of a conununication frame; 

FIG. 2 is a block 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. 5Ais a drawing showing communication ranges of roadside 

antennas at an entrance to~lgate. and FIG. SB is a drawing showing 

an example of the config\iration 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 communication frame 

used in the DSRC. and FIG. SA 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 is a block diagram showing a configuration of road~ide 

devices according to an example of a . second embo~ent 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. lA is a drawing showing an overlapping of communication 

rangesofroadsideante~asoftheshortrangeradiocommunication 

system of the present invention, and FIG. lB is a drawing showing 

a communication. frame used in a DSRC of the present invention. 

As shown in FIG. lA, 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 adjacent roadside antenna·. 

All these roadside antennas are operated by the time sharing. 

Each roadside antenna and the adjacent antenna transmit the 

communication frame alternately. 

In the case of the present invention, as descr.1.bed above, 

the roadside·antennas are arranged so that the communication 

ranges are overlapped onto each other, and all are operated by 

the time sharing. First of all, the on-vehicle device starts 

the communication with the nearest roadside antenna. Since the 

communication frame is operated by the time sharing, the 

connunicating 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 perfonns 
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the transmitting and receiving of the data with that ·antenna, 

similarly to the prior art, but at the stopp1.ng 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-4------­

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 conanunicat1.on 

can stably be performed with the adjacent roadside antenna, and 

starts the communication with the adjacent roadside antenna. 

By doi.ng this, it becomes possible to continuously perform the 

communication between the roadside devices provided 

correspondingtotheroadsideantennasandtheon-v~cledevice. 

Next. the example of the first embodiment of the present 

invention will be described by referring to FIGS. lA, lB. As 

shown i.n FIG. lA, the roadside antennas 101 to 109 are arranged 

so that the areas of the respective roadside antennas 

(communication ranges 111 to 119) where the conanunication can 

stably be performed, are overlapped. The roadside antennas 101 

to 109 are operated by the time sharing. In the case of FIG. 

lA, when the roadside antennas 101, 103, 105, 107, 109 perform 

the communication by using the conanunication frame 131 shown 

in FIG. lB, 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 time, 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 

i; 
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in FIG. 2. In FIG. 2,··the description wi11 ·be ·given ·by taking 

the roadside devices shown by the roadside antennas 101and102 

shown in FIG. lA 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(roadsideantennas)101and102;highfrequencysections 

141 and 151; base band sections 142 and 152; an application 

processing section 144: and DSRC control sections 143 and 153. 

The application processing section 144 perfonns the 

transmitting and receiving of the data with all DSRC control 

sections. and perfonns the·processing as the application. The 

.DSRC control sections 143 and 153 are synchronized by using the 

synchronizing signals ( synchroniz.ing signals 161, 162. and 163 

in the example in FIG. 2) with the adjacent DSRC control sections. 

and consequently. they op_erate to st~p 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. lA and lB, the on-vehicle device 121 exists 

in the conmunication range 111 of the roadside antenna 101, and 

perfonns the communication with the roadside antenna 101. For 

example, if the roadside antenna 101 and the on-vehicle device 

121 perfonn the conununication by using the communication frame 

131, the roadside antenna 102 that is the next roadside antenna 

in the direction of movement of the vehicle perf onns the 

communicationbyusingthecommunicationframe133. Atthetiming 

of the communication frame 131, the ·roadside antenna 102 becomes 

in the stopping frame 134. and does not transmit the conununication 

frame. On the contrary, at the timing of the communication frame 
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133, the roadside antenna lQl -similarly becomes in the stopping 

frame 1~2, 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 

conununication 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 connnunication 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 

andthecomnrtmicationframel33. Theon-vehicledevicel22which 

has no:cmal.ly 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, FIG. 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, the signal 171 for the synchronization of each DSRC control 

i: 
i. 
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section is issued· from· -a· -synchrorr.tzing -s::t:gnal ·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 perfoDD 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 perfollDing the continuous selection of the roadside antennas 

of the ti.me sharing operation, and it has such an advantageous 

e~fect that it is possible to provide various infoDDation 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 

commun.icatin frame from the comm.inicating J;Oadside antenna and 

the conununication frame from the adjacent roadside antenna can 

be mutually. different communication contents. 
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What is claimed is: 
111111111111111111111111111111 

* C L M S * 

1. A short range radio communication method, 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-stop toll. col.lection system is applied, and roadside 

antennas that are providedat a roadside are continuously arranged, 

andtimesharingoperationisperformedbysynchronizingsending 

timing of a communication frame in all of said roadside antennas, 

comprising: 

a step for receiving a communication frame transmitted from 

an adjacent roadside antenna during the commun;l.cation with one 

of said roadside antennas in an on-vehicle device which is a 

radi.o set mounted on a vehicl.e and performs the communication 

with said roadside antennas. 

2. The short range radio conmunication method, according to 

claim l, 

wherein said step comprises: 

an FCMS detecting step for .detecting an FCMS (Frame Control 

Message Slot) of the communication frame transmitted from said 

adjacentroadsideantennaatstoppingtimingof thecommunicating 

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 cmmmm.'1.cat±on·inethod according to· 

claim l, 

wherein said roadside antennas are continuously 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 

step is performed when said on-vehicle device exists in an 

overlapped part of said effective communication ranges. 

4. The short range radio connnunication method accordi~g to 

claim l, further comprising a DSRC control step for perfo:cming 

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 connnunication system. in which a DSRC 

(Dedicated Short Range Connnunication) that is a short range radio 

communication used for 8Il ETC {E1ectronic Toll Collection) that 

is a non-stop toll collection system is applied, and roadside 

antennasthatareprovidedataroadsidearecontinuouslyarranged, 

and time sharing operation is performed by synchronizing sending 

timing of a communication frame in all of said roadside antennas, 

comprising: 

an on-vehicle device which is a radio set mounted on a vehicle 

and 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 comrmmicat1on·nth ·one of sai:d roadside 

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 

adjacentroadsideantennaatstoppingtimingofthecommunicating 

roadside antenna; and 

means for switching 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 conmunication system according to 

cl.aim 5, 

wherein said roadside antennas are continuously arranged 

so that part of the effective communication range of each of 

said roadside antennas is overl.apped onto the effective 

communication range of the adjacent roadside antenna, and said 

. meansreceivesthecommunicationframefromtheadjacentroadside 

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

of said effective communication r~ges. 

8. The short range radio communication system according to 

claim 5, 

wherein each of roadside devices provided corresponding 

to said roadside antennas includes a DSRC control section £or 

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

DSRC control sections. 

9. The short range radio communication system according to 

claim 5, 

wherein the conununication contents which are concurrently 

taken· in a conmunication frame from the communicating roadside 

antenna and a conununication frame from the adjacent roadside 

antenna are mutually different conununication contents. 


