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(57) Abstract: A radio communication system, in which radio communication is carried out between an in-vehicle communication
device (10), mounted in a vehicle (100), and a radio communication terminal (11) to detect a relative distance therebetween, includes
an output control unit (15) that controls a radio wave intensity of a measuring signal, which is sent from one of the in-vehicle com-
munication device and the radio communication terminal, at a pre-set predetermined value; and a measuring unit (14) that performs
distance measuring on a vehicle side based on the radio wave intensity of the measuring signal controlled at the predetermined value
or on a signal to which a value of the radio wave intensity of the measuring signal is added as information.
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RADIO COMMUNICATION SYSTEM AND DISTANCE MEASURING METHOD

BAKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The present invention relates to a radio communication system and a

distance measuring method.

2. Description of the Related Art

[0002] As a system for carrying out radio communication between an in-vehicle
communication device and a user-owned radio communication terminal, a system is
already known that can locks/unlocks the door of a vehicle without using a mechanical
key. According to this system, when a user carrying an electronic key approaches the
vehicle, the in-vehicle communication device checks the ID code of the electronic key:
When the validity of the electronic key is successfully authenticated as a result of the
checking and the electronic key enters a predetermined distance range from the vehicle
position, the vehicle can be unlocked without having to insert the mechanical key into the
cylinder lock of the vehicle. As an electronic key, though only a terminal conforming to
the specification of the in-vehicle communication device is used today, study has been
conducted on the use of a user-owned general-purpose radio communication device.

{0003] Meanwhile, the relative distance not only between an in-vehicle
communication device and a radio communication terminal such as an electronic key but
also between any two devices that carry out radio communication with each other is
calculated in many cases based on the reception radio wave intensity of the radio signal.
For example, Japanese Patent Application Publication No. 2005-328231 (JP 2005-328231
A) discloses a system in which the relative distance is detected by a radio terminal device
that ‘wirelessly communicates with a fixed access point. The radio terminal device

receives a radio signal sent from the access point, detects its radio wave intensity and,
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based on the detected reception radio wave intensity, estimates the distance to the access
point. In addition, based on the distance estimated in this manner, the radio terminal
device determines the radio wave intensity of radio communication via which it sends a
signal and, at the same time, gradually increases the level of the determined sending radio
wave intensity.

[0004] However, in a radio communication system composed of an in-vehicle
communication dévice and a mobile radio communication terminal, the following
problem may arise. That is, when the in-vehicle communication device measures the
distance by communicating with the mobile radio communication terminal that has the
function to make variable the sending radio wave intensity as with the device described in
the above document, the relative distance between them may be incorrectly detected. In
other words, it is difficult to measure the distance when a general-purpose radio
communication terminal is used as a terminal that wirelessly communicates with an

in~-vehicle communication device.

SUMMARY OF THE INVENTION

[0005] The present invention provides a radio communication system and a
distance measuring method capable of measuring the distance to a radio communication
terminal even when general-purpose radio commiunication is used.

[0006] A first aspect of the present invention relates to a radio communication
system in which radio communication is cartied out between an in-vehicle
communication device, mounted in a vehicle, and a radio communication terminal to
detect a relative distance therebetween. The radio communication system includes an
output control unit that controls a radio wave intensity of a measuring signal at a pre-set
predetermined value, the measuring signal being sent from one of the in-vehicle
communication device and the radio communication terminal; and a measuring unit that

performs distance measuring on a vehicle side based on the radio wave intensity of the
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measuring signal conirolled at the predetermined value or on a signal to which a value of

the radio wave intensity of the measuring signal is added as information.

[0007] A second aspect of the present invention relates to & distance measuring
method for carrying out radio communication between an in-vehicle communication
device, mounied in a vehicle, and a radio communication terminal to detect a relative
distance therebetween. The distance measuring method of the radio commiunication
system includes controlling a radio wave intensity of a measuring signal at a pre-set
predetermined value, the measuring signal being sent from one of the in-vehicle
communication device and the radio communication terminal; and performing distance
measuring on a vehicle side based on the radio wave intensity of the measuring signal
confrolled at the predetermined value or on a signal to which a value of the radio wave
intensity of the measuring signal is added as information.

[0008]  According to the aspects described above, the radio wave intensity of the
measuring signal is controlled at a pre-set intensity and, then, distance measuring is
performed based on the radio wave intensity of the measuring signal or on a signal to
which the radic wave intensity of the measuring signal is added as information. This
configuration therefore allows distance measuring to be performed even for a radio
communication terminal that has the general-purpose communication function that makes
variable the sending radio wave intensity.

[0009] In the first aspect described above, the output control unit may send an
output intensity maintaining request that requests a sending radio wave intensity of the
radio communication terminal be maintained at a predetermined intensity and the
measuring unit, provided in the in-vehicle commumcation device, may calculate a
distance to the radio communication terminal based on a reception radio wave intensity
of a response signal that is sent from the radio communication terminal with the
predetermined intensity.

[0010] In the second aspect described above, with the use of an output control

unit that requests that a sending radio wave intensity of the radio communication terminal
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be maintained at a predetermined intensity; and a measuring unit that, provided in the
in-vehicle cornmunication device, performs distance measuring based on the radio wave
intensity of the measuring signal controlled at the predetertnined value, the distance
measuring method may include sending, by the output control unit, an output intensity
maintaining request that requests that the sending radio wave intensity of the radio
communication terminal be maintained at & predetermined intensity; sending, by the radio
communication terminal, a response signal with the sending radio wave intensity
maintained at a predetermined intensity; and calculating, by the distance measuring unit,
a distance to the radio communication terminal based on a reception radio wave intensity
of the response signal sent from the radio communication terminal.

[0011] According to the aspects described above, after the above-described output
control signal is received, the sending radio wave intensity of the radic communication
terminal becomes constant. This configuration therefore allows distance measuring to
be performed even for a radio communication terminal that has the general-purpose
communication function that makes variable the sending radio wave intensity.

[0012] In the first aspect described above, the output control unit may send the
output intensity maintaining request to an authenticated radio communication terminal.
According to this aspect, the above-described output control signal is sent only to an
authenticated radio communication terminal. This configuration therefore prevents
unnecessary output control from being performed for a radio communication terminal
that is present around the vehicle but is not authenticated.

[0013] In the first aspect described above, the output control unmit, provided
outside the vehicle, may send the output intensity maintaining request to all the radio
communication terminals each of which has identification information indicating that the
radio communication terminal is capable of communicating. with the in-véhicle
communication device.

[0014] According to this aspect, the above-described output control signal is sent

to all the radio communication terminals each of which has the above-described
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identification information. This configuration therefore prevents the request, which sets

the sending radio wave intensity to a predetermined level, from being sent at least to a
mobile radio communication terminal that has not the identification i'nfonnation.
[0015] In the first aspect described above, the output .control unit, provided in the
: in-vehicle ;:ommunidation device, may send a request signal with a predetermined radio
wave infensity,. the r'eques.t‘ signal requesting for a response signal from the radio
conununicétion terminal and, when the request signal is received from tl.m in-vehicle
éommunic'ation Jevice, the radio communication terminal may detect a reception radio
. wave intensity of the request signal and send the response signal as the measuring éigrlél,
the 'resl.)onse signal inciuch’ng the detected reception radie wave "ix_lténsity as thé
information. _ . '
{0016] In the second aspect described above, with the use of an output control
unit that, provided in the in-vehicle communication device, sends a request signal with a
predetermined intensity, the request signai requesting for a respbnse signal from the radio
communication terminal; and a distance measuring unit that, p'roﬁzided in the in-vehicle
communication device, performs distance measuring based on a signal to which the value
of the radio wave inxénsity of the measuring signal is added as the informaﬁon, the
distahce measuring method may include sending, by the output control unit, the req.uest.
31gna1 with a_'predetennihed intensit&; ‘detecting, by the radio cdmnurﬁcaﬁon terminal, a
récep’don radio wave inténsity of the ;equést signal and then sending the response signal
including the recc;,ption radio wave intensity; and calculéﬁng, by the distance measuring
. unit, a distance to the radio communication terminal based on the reception radio wave
intensity included in the response signai.
’ [0017] According to these aspects, thc‘ reception iﬁtensity of a radio wave sent
from the in-vehicle communication device to the radio communication terminal with a
. predetermined intensity is detected by the radio communication terminal and its intensity
| information is returned to the in-vehicle communication device. Therefore, distance

measuring may be performed on the vehicle side without having to control the sending
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radio wave intensity of the radio communication terminal, This configuration therefore

allows distance measuring to be performed even for a radio communication terminel that
has the general-purpose communication function that makes variable the sending radio

‘ wave intensity.
BRIEF DESCRIPTION OF THE DRAWINGS

[0018) Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a block diagram showing a general configuration of an in-vehicle
‘radio communication system and a mobile radio communication terminal in a first
embodiinent of a radio communication system and its distance measuﬁng method of the
present invention; '

FIG. 2 is a schematic diagram showing a method of radio communication
between a radio cémmunidation system and a mobiie radio communication terminal in

" the embodiment; o

FIG. 3 is a sequence chart showing a procedure of radio _cornmunication
performed by an in-vehicle communication device and a mobile radio communication
terminal in the embodiment; | |

FIG. 4 is a block diagram showing a general configuration of an in-vehicle
radio communication system and a mobile radio communication terminal in a second
embodiment of a radio communication system and its distance measuring method of the
present invention; |

FIG. 5§ is-a schematic diagram shbwing a method of radio communication
between'. an in-vehicle communication device and a mobile radio communication terminal
in the embodiment; |

FIG. 6 is a sequence chart showing a procedure of radio communication
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performed by an in-vehicle communication device and a mobile radio comimunication
terminal in the embodiment; .

FIG. 7 is a block diagram showing a general configuration of an in-vehicle
radio communication system and a mobile radio communicaﬁon terminal in a third
embodiment of a radio commiumication systeﬁ and its distance measuring method of the
.prescnt invention; and ‘

- FIG. 8 is a sequence chart showing a procedure of radio communication
performed by an in-vehicle communication device and a mobile radio communication

terminal in the embodiment,
DETAILED DESCRIPTION OF EMBODIMENTS .

(First embodiment) - ‘

. {0019] A first embodiment is described below in which a radio communication
system for vehicles and the distance measuring method used in the radio communication:
system are embodied. ,

[0020]' As shown in FIG 1, a \'zr;,hicle 100 in which the radio communication
system and the radiQ communication method, both specifically designed for vehicles, are
ﬁsed is equipped: with an electronic key system 110. This elgctrc;nic key system 110 is
used for radio commurication with a-mobile radio commaunication terminal 11. The
mobile radio communicaﬁoﬁ terminal 11 in this embodiment is a multi-function phone
(smartphone) connectable to'a general-purpose comrmunication netvs;ork with its function
varying according to the machine tyi:e.

[0021] The electronic key system 110 includes an in-vehicle. communication
device 10 that wirelessly communicates with the mobile radio communication terminal
11. The in-vehicle communication device 10 includes an in-vehicle communication unit

‘.12 that performs radio ;:ommunication, an in-vehicle device 15 that acts as an output

control unit and a distance measuring unit, and an ID checking unit 16 that authenticates
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the mobile radio communication terminal 11. In this embodiment, the in-vehicle

* communication unit 12, a communication unit-for radio communication according toa .
protocol based on the Bluetooth (registered trademark) standard, communicates with an
external radio communication terminal conforming to the standard. The in-.vehicle
communication unit 12 includes an in-vehicle communication antenna 13 and a receptidn
intensity detection unit 14 that detects the recepﬁon radio wave intensity of a signal sent
from the mobile radio communication témﬁnal 11. The in-.vehic'le communication unit
12 outputs a radio signal, the maximum communication distance of which is 10 m to 100

-m (for gxampie, clas_s 1 to class 2), to the in-vehicle communication antenna 13. .
[0022] - The ID checking unit 16 checks the ID information, received from the
mobile radio communication thII']ip.aI 11, wiﬁa the registered ID information on the
vehicle. The ID checking unit 16 outputs the checking result to the in-vehicle device 15.
If it is determined as a result of the checking that the mobile radio communication
terminal 11 is authentic, the in-vehicle device 15 performs an operation, such as door
locking/unlocking and engine start, in response to an operation perfonﬁed by the user.
[0023]  As devices for locking and unlocking the door, the vehicle 100 includes an
operation detection unit 17,tha't detects whether the user operates the door hx;ndle, a door
lock contrél unit 18 that conp‘ols the lo'cking/unlocking of the door, and.a door lock
detection unit 19.' The operation detection unit 17 detects that the user operates the door |
handle, provided outside the door of the vehicle 100; and outputs the detection
information to the door lock control unit 18 and the in-vehicle device 15. The door lock
detection unit 19 detects the locking/unlocking of the door and outputs the detection
information to the door lock control unit 18 and the in-vefiicle communication umt 12.
[0024] If the mobile radic communication terminal 11 is successfully
authenticated, the in-vehicle device 15 sends an output iIlfensity ﬁlaihtaining réquest, :
which includes a command that maintains the output to the antenna at a predetermined
output ievel, to the authenticated mobile radio communication terminal 11, This request

causes the authenticated mobile radio communication terminal 11 to control the output of
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the antenna at a predetermined output-level, thus making it possible to measure the

distance based on the radio wave intensity received by the in-vehicle communication unit
12. . That is, if the mobile radio communication terminal 11 is suéc'essﬁﬂly authenticated
and if the distance ﬁom the vehicle 100 is the same, the reception radio wave intensity is
the same regardless of the device type. Based on the reception radio wave intensity
detected by the in-vehiclé communication unit 12, the in-vehicle device 15 references the
table or' the map, which associates reception radio wave intensity With a relétivc distance
to the communication terminal, to detect the relative distance to the mobile radio
communication ferminal 11. _ .

[0025] If the mobile radio communication terminal 11 is succéssﬁllly
suthenticated and if the relative distance between the authenticated mobile radio
comﬁmniéation terminal 11 and the vehicle 100 is equal to or shorter than a
predetermined distance, the in-vehicle device 15 unlocks the door at the ﬁme the door
handle is operated. Similarly, if the mobile radio communication terminal 11 is

' successfully authenticated and if the refative distance between the auﬂ1enticafedl mobile
radio communication terminal 11 and the vehicle 100 is longer than a predetermined
distance, the in-vehicle device 15 locks the door. The door lock detection unit 19 .
.detect's‘the locking and unlocking of the door and sends the detection result to the mobile
radio communication terminal 11 via the in-vehicle communication unit 12. .

[0026] - In addition, the vehicle 100 includes an engine switch 20 that starts or-
stops the éngine and an engine control unit 21 that controls the engine, -If the mobile .
radio communication terminal 11 is successfully authenticated end if the relative distance
between the authenticated mobile radio communication terminal 11 and the vehicle 100 is
equal to or shorter than a predetermined distance, the in-vehicle device 15 outputs a start
request to the engine control unit 21 at the time the engine sv;ritch 20is tumed on.

[0027] Next, the configuration of the mobile radio communication terminal .11 .is
described below. The mobile radio oommunic;cltioh ferminal 11 includes a

communication modile 30, an application execution unit 32, and a display 34. The
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communication module 30 is a module that communicates with an external radio

communication terminal via a communication antenna 31 according to a protocol based
on the Bluetooth (registered trademark) standard. In the communication between the
in-vehicle communication unit 12 and the mobile radio communication terminal 11 in
this embodiment, the in-vehicle communication unit 12 acts as a master (master unit) and
the mobile radie communication terminal 11 acts as a slave (slave unit). Once a slave
ID is assigned and pairing with the in-vehicle communication unit 12 is established, the
. communication module 30 responds only to a command to which the slave ID is
assigned. A
'[0028] The communication module 30. makes varigble the output to the
comfnunicaﬁon antenna 31, for example, tb change the eﬁ'cc‘qive communication distance :
Arange. For example, to extend tﬁe commuﬁcaﬁon.dis@w range, the communication
‘module 30 increases the output to the communication antenna to increase the Sendigg :
‘radioc wave intensity; conversely, to redgce the communication distance range, the |
. communication module 30 decreases the output to the communication antenfxa to
_decrease the sending fadio wave intensity. ‘ . |
[0029] The application execution umit 32 wirelessly communicates- with the
in-vehicle communication unit 12 to execﬁte an application that causes the electronic key
sysfem to function. This application is installed by the. uéer in advance. " The
épplication execution unit 32 sends registered ID informatgi.on 33 to the in-vehicle
mmmi@on device 10 in response to an ID request from the in-vehicle
cqmmunication unit 12. 'In addition, when an output control signal from the in-vehicle
communication unit 12‘is recetved ﬁa the communication module 30, the application
execution unit 32 controls the outpui, sent from the communication module 30 to the
communication antenna '31, at a predetermined output level. _
| [0030] Next, with reference to FIG 2 and FIG. 3, the following deséribes the
operation performed by the in-vehicle communication device 10 to measure the distance

to the mdbile radio commmxication terminal 11. First, if the distance measuring start
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condition is satisfied, for example, if the vehicle 100 is parked, the in-vehicle device 15

starts the in-vehicle communication .unit 12 described above. The in-vehicle
communication unit .12, once started, s.énds a signal for detecting a slave to detect an
external radio communication terminal around the vehicle. |
[0031] If external radio communication terminals 101, which are a slave, is
detected around the vehicle as shown in FIG. 2, the in-vehicle commﬁnication device 10
assigns a slave ID to the external radio communication términal 101 and establishes
pairiqg wifh the detected external radio _communication terminals 101. 1In this dase, the
in-vehicle communication device 10 can also acquire the profile that indicates the devices _
provided on the external radio communication_ terminal 101 and the function of the -
terminal. ‘ .
: [0032] Next, as shown in FIG. 3, the in-vehiicle device 15 éends an [D request,'
which requests for the ID information 33 on the electronic key s;ystem, to one or more'
.extemali radio corﬁmunication terminals 101 via the in-vehicle communication unit 12
(step S1). At this time, if the profile is acquired as déscn’bed above and the mobile radio
‘communication terminal 11 that has an application for .the electronic key system is
already identified, the in-vehicle device 15 sends an ID request with the slaye ID of that
terminal specified. Conversely, if the mobile radio communication terminal 11 that has
an application fof the electronic key system is nbt identified, the in-vehicle device 15
sends an ID request to all external redio communication terminals 101. -~
[0033] When the ID request.is received, the mobile radio communication terminal
1t sends the ID moﬁnaﬁon 33 to the in-vehicle device 15 with its slave ID attached to_
th_é ID information 33 (step $2). For example, even when an ID request is sent to aH.
external radio communication terminals 101 in step S1, only the mobile radio
communication terminal 11 having the D ﬁ;foﬁnation 33 responds to the ID request.
[0034] When the ID information 33 is received, the in-vehicle device 15 checks
the ID information 33 using the ID checking unit 16 (step S3). Ifitis authenticated as a
fesult of the checking that the ID information 33 is valid (step S4), ';hé in-vehi_cle
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- communication device 10 sends the above-described output intensity maintaining request

with the slave ID of the authenticated mobile radio communication terminal 11 specified
for the request (step S5). |
[0035] At this time, tllle output intensity maintaining request is sent only to the
authenticated miobile radio communication terminal 11 as shown in FIG. 2. Theréfore,
the output control is not perfornied for the mobile radio communication terminal 11 that
* has no application for the electronic key system and fof the mobile radio com;nunication
terminal 11 that has the application but is not aqthenticéted. This prevents unnecessary
output cqntrdl"from being pefforméd for the external radio communication terminal 101.
[0036] As shown' in FIG. 3, wﬁen the above-described output intensity
mairﬁainin'g request is received ‘via the oommunicaﬁon module 30, the application
execution unit 32 of tl_1e mobile radio communication terminal 11 contrdls the
comrﬁﬁnica.ﬁon ‘module 30 and, with the outpu.t. to the communication antepna 31
maintained at a predefsrmihed value, . sends the response sigﬂal to the in-vehicle
communication device 10 as the measuring signal (step S6).
| [0037) When the response signal is received, the in-vehicle device 15 measures
the distancé_ to fhe authenticated mobile radio communication terminal 11 (step S7). Té
-do so, the in-vehicle device 15 acquires the reception radio wave intensity (for ekarx_lple,
“-30dB”) of the response signal, detected by ﬂ1e reception intensity cietec’sion unit 14, and.
* .measures the distance as de;scﬁbed above based on this reception radio wave intensity.
After that, the in-vehicle device 15 determines whether the mobile radio communication
terminal 11 is within area Z that is within a predetermined distance from the vehicle 100
(see FIG. 2). For example, if the operation detection unit 17 detects a door handle
0pemﬁon when the mobile radio communication terminal 11 in area Z, the door lock
control unit 18 unlocks the door. - For example, if the mobile radio communication
: terminal 11 gets out of area Z with the door unlocked, the door lock control unit 18 locks
the door.

[0038] - As described above, the radio communication system for vehicles and its
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distanice measuring method in this embodiment give the following effects. (1) The

in-vehicle device 15 sends the output intensity maintaining request, which sets the
sending radio wave intensity to a pre-set intensity, to the authenticated mobile radio
communication terminal 11, IThis réquest sets the sending radio wave intensity of the
response signal, which is sent from the mobile radio communication terminal 11 to the
in-vehicle device 15, af a level. Therefore, even if tﬁe mobile radio communication
terminal 11 has the general-purpose communication function that makes .variable the
sending .radio wave intensity, tﬁis mpbile'conmmnication system makes it possible to
acclﬁately measure the distance to the mobile radio communication terminal 11 using its
general-purpose dommunication, 4
[0039] (2) The in-vehicle device 15 outputs the above-described.butput intensity
| maintaining .request only to the-authenticated mobile radio communication ‘;erminal 11.
This prevents uﬁnecessary output con&(;lfro'm being performed for the external radio
communication terminal 101 that is present around the vehicle but is not authenticated.
(Second embodiment) )
[0040] cht,' a second embodiment of a radio communication system and its
distance measuring method is ‘d:escrihed with emphasis on the difference from the first
_embodiment. Note that the basic configuration of the radio ‘communication system and
“its distance measuring method in this embodiment is similar to that of the first
embodiment. . In the drawings, the same reference numeral is given to substantially the
same component as that in the first embodiment, and the duplicﬁated description will be
omitted, ' V
[0041] As shown in FIG 4, the in-vehicle communicatién unit 12 of the vehicle
100 may have a reception intensity detection unit for contfolling the radio wave sending
rangé but may have a reception intensity detection unit omitted that is prdvided only for
measuring the distance,  In addition, the in-vehicle communication umit 12 has the
function to control thé output to the in-vehicle communication antenna 13.

[0042] The communication module 30 of the mobile radio communication
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terminal 11 has a reception intensity detection unit 35 that detects the reception radio

~wave intensity of a signal sent from the in-vehicle communication unit.12. In eddition,
as shown in FIG. 5, when the request signal is received from the in-vehicle device 15, the
application executioﬁ unit 32 of the ﬁ.tobile radio f\coxnrnun.ication terminal 11.controls the
reception intensity detection unit 35 to apquiré the radio wave intensity of the rgceived :
réquest signal. - After that, using the communication module 30, the application
execution unit 32 sends-the information, which indicates the detected reception radio
wave intensity, as well as the slave ID to tﬁe in-vehicle communication device 10. The
in—vehicle device 15 measures the distance based on the information on the reception
: radio vs;ave intensity sent from the mobile radio communication terminal 11. That is,
.,instead of detecting the intensity of the signal, sent from the electronic key terminal, on
the vehicle side as in the conventional electronic key syétem, the radio wave intensity of
the signal, sent from the vehicle 100 side and received by the mobile radio
' communication terminal 11, is-fed back to the' in-vehicle communication devicg 10 for -
measuring the aistance. | .

[0043] Next, with refereﬁée to FIG 6, the distance measuring operation '
performed by the in-vehicle communication de\}ice 10 in this embodiment to measure the
distaﬁce‘ to the mobile radio communication terminal 11 is described bel;)w. The ID |

| request (step S1) and the ID transmission (step S2) are performed between the in-vehicle |
device 15 and the mobile radio communication terminal 11 as in the first embodiment.
After thét, the in-vehicle device 15 perfdrms the checkjng (step 835 and the
authentication (step 54) asin the first embodiment.

[0044] Next,‘ via the in-vehicle mmM@on unit 12, the in-vehicle device 15
sends the requést signal, which.requests for the reception radic wave intensity, to the
authenticated mobile radio communication terminal 11 as the distance measuring signal
with the output to the in-*-vehicle communication antenna 13 set to a predetermined output
level (step S20). N

[0045] 'When' the request signal is received, the application execution unit 32
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controls the communication module 30 to detect the reception radio wave intensity of the

request signal (step S21). After that, the applicaﬁox} execution unit 32 sends the
_response.signal', which includes the information on the detected reception radio wave
intensity and the slave ID, to the :in-vehicle device 15 (step S22).
| [0046] © When the response signal, which includes the information on the reception
radio wave intensity, is received, the in-vehicle c.levice 15 references the value of the
© reception radio wave intensity, included in the response signal, and the table or the map
described above and measures the distance to the ﬁobilé radio communication terminal
11 (step S23). |
[0047] In this manner, the mobile radio communication tefminal_ 11, with no
limitation on the communication function that makes variable the sending radio wave
intensity, can unlock/lock the door and start the engin;: while maintaining the original
. general-purpose communication funption; | . |
[0048]  As described above, the radjo communication system for vehicles and its
distance measuring n;etﬁod in this embodiment give the following effects. (3) The
reception intensity of the radio wave, sent from the in-vehicle communication device 10
‘to the mobile radio communication terminal 11 with a predetermined intensity, is detected
by the ﬁx‘obile radio communicaﬁon_terminal 11 and its intensity information is returned :
to the in-vehicle communication device 10. This method allows the vebicle side to -
measure the distance to the mobile zjadio'communicatibn terminal 11 based on the value
of tﬁewreception radio wave intensity without h'aving to control the sénding radio wave
intensity of the mobile radioc communication termin'al. 11. Therefore, even if the mobile
radio communication ‘terminal 11 has the general-purpose communication function that
makes variable the sending radio wave intensity, th'i's mobile communication system
makes it possible to accurately measure the distance to the mobile radio communication
terminal 11 using its general-purpose communication. In addition, the mobile radio
communication terminal 11, which has no limitation on the sénding radio wave intensity,

can maintain its original general-purpose communication function.
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(Third embodiment) .

[0049] Next, a third embodiment of a radio communication system and its
distance measuring method is described with emphasis on the difference from the first
embodiment.” Note that the basic configuration of the radio communication system and
its distance measuring ﬁzethod in this embodiment is similar to that of the first
embodiment. In the drawingé, the same reference numeral is given to substantially the
same component as that in the first embodiment, and the duplicated descriptioﬁ will be
omitted. | _

[0050] ~ As shown in FIG 7, the mobile radiq communication terminal 11
communicates also with an output management device 50, an ou;tput control unit capable
of communication via Bluetooth (registef‘ed tr:ademark), in this embodiment.. In the
mobile radio communication terminal 11, identification ,information 511is registeféd to
indicate that the application for the electronic key system is installed. In other words,
all mobile radio cormhunipation terminals 11, in whicil the application for the electronic
key system is installed, have this ic_l_entiﬁcation informatipn"SI. The output management

. device 50 sends'a message to the sﬁromding extermal radio communication terminals
'101 to ask whether they have the identification information 51. When the identification
information 51 is received from the external radio communication terminal 101, the
output management device 50 identifies that the application for the electronic key system
is installed in that external radio communicafion terminsl 101. | '

[0051] In addition, the output managemenf device 50 sends the output intensity
maintaining request to all mobile radio communication terminals 11 'ea..ch of which has
the application for the electronic key system. This output management device 50,
usually installed at the entrance of a parking lot, controls the output of the mobile radio
communication terminal 11 before the user approaches the vehicle 100.

[6052] Next, with reference to FIG. 8, the distance measuring operation

. performed by the in-vehicle communication device 10 in this embodiment to measure the

distance to the mobile radio communication terminal 11 is described below. The output
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management device 50 sends a request for the identification information 51 to the

surrounding external radio ‘qomrﬁunicaﬁon terminals 101 (step S30). The mobile radio .
communication terminal 11, which has the identification information 51, sends its
.idcritiﬁcation information- 51 to the output management device 50 with fhe slave ID
attached (step S31). , ' ) .

[0053] ' The output management device 50 checks. the identification information
51 .for ’authenﬁcation (step S32). After successful - authentication, thé output -
management device 50 sends the above-described' output intensit'y maintaining request to
the mobile radio communication terminal 11 from which the identiﬁcaﬁon information 51
is received (step S33). When the output intensity maintaining request is received, the
mobile radio communication terminal 11 sets the output to the communication antenna 31
“to a predetermined output level..

[0054] After that, when the user carrying thg iﬁobile' radio communication
terminal 11 approaches he vehicle 100, pairing is established between the mobile radio
communication temunai 11 and the in-vehicle communication unit 12 The in-vehicle
device 15 sends the request signal, which requires a response s'ignal, to the mobile radio

~ communication terminal 11 (step $34). When the request signal is received, the mobile
radio communication terﬁlinal ii sends the response signal to the in-vehicle
comuhunication _device 10 (step 835). The reception intensity detection unit 14 of the
_in-ve]ﬁicle coppmunication unit 12 detects the reception radio wave in%ensity of the
response signal and measures the distance to the mobile radio communication terminal 11

. (step S7). Aﬁer distance measuring .is completed, the application’ execution unit 32
sends ﬂ1e_0utpﬁt control release request to ﬂmé mobile radio communicgtidn terminal 11 .
via the communication module 30 (step S36). When the output control release request
is received, the mobile radio communication terminal 11 releases the limitation on the
output to the communication antenna 31 (step $37).

[0055] As described above, the radio communication system for vehicles and its

. distance measuring method in this embodiment give the effect, described in (1) above, as
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well as the following effects. _

[0056] (4) The output managcxhent device 50 sends the above-described output
control signal to all mobile radio cbmmunication terminals 11 eaph of which has the-
identification information 51. This at least prevents the request, which sets the sending
radio wave intensity to a predetermined level, from being sent to the mobile radio
communication terminal 11 that has not the identification information 51. In this
manner, the outi:;ut managem’eni device 50 perfom the o’utﬁut confrol of the mobile
radio communication terminal 11 in advance before 'ﬁ;easuring the distance, reducing the
operation load oh the in-vehicle device 15. | '

" (Other embodiments)
~ [0057]  The above embodiments rhay be implemented also in the fgﬂowing mode.
» In the second embodiment, if the reciues't signal is received, the application execution
unit'32 detects the reception radio wave intensity of the request signal. Instead of this,
the requiest signal, sent from the in-vehicle device 15, may include a command, which
detects the reception radio wave intensity and sends the detected inténsity back to the
in-vehicle device 15, so'thatthis command detects the reception radio wave intensity.
. [0058] e The identification information 51 in'the third embodiment may be the ID
' infoﬁnaﬁbn 33. on the electronic key system. ¢ The condition for 100king/unlockin§ the
door of the w./ehicle 100 and for starting the engine is not limited to the condition
described in the embo@iments described above but may be changed. For example, the
door may be unlocked only on condition that the mobile radio communication terminal
11 is successfully authenticated or on condition that the relative distance between the
authenticated mobile radio communication terminal 11 and the vehicle iOO is a
predetermined distance or shorter. In addition, the engine may be started based not only
on-the operation to turn on the engine switch 20 but a1s6 on the time the ignition switch is
turned on. |
[0059] e The in-vehicle communication unit 12 and the communication module

30 of the mobile radio communication terminal 11 may carry out communication based
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on the Wircless Fidelity (Wi-Fi, registered trademark) communication protocol

conforming to the IEEE.802.11 standard. In this case, the in-vehicle communication
unit 12 and the mobile radio communication terminal 11 perform terminal-to-terminal
communication (peer-to-peer communication) that does not require an intermediate node'
such as a router. In addition, the in-vehicle communication unit 12 and the
communication module 30 of the mobile radio communication terminal 11 masr carry out
communication based ori other radio communication standards such as Infrared Data
Association (IfDA) or ZigBee (registered trademark).

[0060]. e The radioc communication terminal fhat communicates with the
in-vehicle deﬁce 15 is not limited 10 a smartphone. The radio communication terminal

‘may be any device that has the general-purpose communication function, for example, a
music pléygr, a headphone, or a wrist watch may be used.

[0061] = Although embodied.in the electronic key system in tﬂs embodiment, tfxe
radio communicétion system may embodied in oﬁher systems that requiré distance -
measuring, for example, in a system for starting the au conditioner in a vehicle before
riding in the vehicle or in a car finder system fqr detecting the-_position of the user’s

vehicle:
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CLAIMS

1. Aradio communication system in which radio communication is carried out
between an in-vehicle 60mmunication device, mounted in a vehicle, and a radio
communication terminal to detect a relative distance therebetween, the radio
communication system comprising:

an output control unit that controls a radio wave intensity of a measuring signal at
a pré-set predetermined value, the measuring signal being sent from one of the in-vehicle

" communication de{rice and the radio communication terminal; and
. 2 measuring unit that performs distance measuﬁn?g on a vehicle side based on the
radio wave inteﬂsity of the measuring .signai controlled at the predetermined value orona
signal to which a ;1a]ue of the radio wave intensity of the measuring signal is added as

information.

-2. The radio com'municaﬁon system according to claim 1, wherein

the output control unit sends an output intensity maintaining request that requests
a sending radio wave intensity of the radio communication ferminal be maintained at a
predétenﬁined intensity and

the measuring unit, provided in the in-ve.hicle.communication device, calculates a
distance to the radio communication fcerminal basedon a recéptibn radio wave intensity.
of a response sigﬁal that is Sent from the radio coinmuniéaﬁon terminal with the

predetermined intensity.

3. The radio communication system according to claim 2, wherein
the oﬁtput control unit sends the output intensity maintaining request to an

authenticated radio communication terminal.

4. The radio communication system according to claim 2, wherein
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' the output control unit, provided outside the vehicle, sends the output intensity

maintaining request to all the radio communication terminals each of which has
identification information indicating that the radio communication terminal is capable of

communicating with the in-vehicle communication device.

5. The radio communication system acwrding to claim 1, wherein

the butput control unit, provided in the in-vehicle communication device, sends a
request signal with a predetermined radio wave intensity, the request signal requesting for
a response signal from the radio communicﬁtioh terminal and B |

when the request signal is received ﬂom the ip-vehicle communication device, the
radio communicétioﬁ terminal detects a reception radio wave intensity of the request
signal and'sends the response signal as the measuring sighal, the response signal

including the detected reception radio wave intensity as the information.

6. A distancé measuring method for carrying out radio communication
betwéeﬁ an in-;/ehicle communication device, mounted in a vehicle, and a radio‘
communication terminal to detect a relative distance therebetween, the distance

. measuring method comprising: |
controlling a fadio wave intenéity of'a measuring signal at a pre-set predetermined'
value, the measuring signal béi'ng sent from one of the in-vehicle communication device
and the radio communication tefminal; and
performing distance measuring on a vehicle side Based‘ on the radio wave intensity
of the measuring signal controlled at the predetermined value or on a signal to which a

value of the radio wave intensity of the measuring signal is added as information.

7. The distance measuring method according to claim 6, further comprising:
with the use of an output control unit that requests that a sending radio wave

intensity of the radio communication terminal be maintained at a predetermined intensity;
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and a measuring unit that, provided in the in-vehicle communication device, performs

distance measunng based on the radio wave intensity of the measuring signal controlled
at the predetermmed value,

sending, by the output control uﬁit, an output intensity maintaining request that
requests that the sending radio wave intensity of the radio communication terminal ‘be

. aintained ata predetermmed intensity;

sending, by the radio commumcatlon términal, a response signal with the -
sending radio wave intensity maintained at a predetcm:uned intensity; and

calculating, by t;ne distance rneas1_1ring unit, & distance to the radio -
commﬁnication terminal based on a reception radio wave intensity of the response signal

sent from the radio communication terminal.

8. The distance measuring methé)d according to claim 6, further comprising:

with the use of an outpuf .control unit that, provided in the in-vehicle
communication device, sends a request s1gnal with a predetermmed intensity, the request
signal requesting for a response S1gnal from the radio commumca’uon terminal; and a
distance measuring umt that, provided in'the in-vehicle co_mmumcanon device, performs
distance measuring based ona signal to which the value of the radio wave intensity of the

" measuring signal is added as the ir;fofmaﬁon,

sending, by the output contrdl unit, the request signal w1ﬂ1 a predetermined
intensity; '

‘ detecting, by the radio (.aommunication terminal, a reception radio wave intensity
of the request signal and then sending the response signal including the ,reoept'ion radio
wayve intensity; and |

 caloulating, by the distance measuring unit, a distance fo the radio
communication te1mina1_ based on. the reception radio wave intensity included in.the

response signal.
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