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(57) ABSTRACT

A mobile-terminal detection apparatus that detects a location
of'a mobile terminal inside a vehicle cabin is provided. The
mobile-terminal detection apparatus is configured to receive
the radio wave through an interior antenna disposed inside
the vehicle cabin; receive the radio wave through a leaky
cable disposed inside the vehicle cabin; detect a time dif-
ference between a timing of reception of the radio wave
from the mobile terminal through the interior antenna and a
timing of reception of the radio wave through the leaky
cable; and detect, based on the time difference, the location
of'the mobile terminal relative to a path over which the leaky
cable is laid.
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MOBILE-TERMINAL DETECTION
APPARATUS AND MOBILE-TERMINAL
DETECTION METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation applica-
tion of International Patent Application No. PCT/JP2017/
042934 filed on Nov. 30, 2017, which designated the United
States and claims the benefit of priority from Japanese
Patent Application No. 2017-6599 filed on Jan. 18, 2017.
The entire disclosures of all of the above applications are
incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a technique for
detecting the location of a mobile terminal capable of
transmitting radio waves.

BACKGROUND

[0003] It may be conceivable that various services are
provided for a vehicle occupant if a location of the occupant
in the cabin or in the vicinity of the vehicle is detected.
Vehicle occupants may carry a mobile terminal capable of
wireless communication. Based on this situation, a tech-
nique has been proposed where radio waves from a mobile
terminal are received using antennas installed on a vehicle or
inside the vehicle cabin and thereby the location of the
mobile terminal (and thus the location of the occupant) is
detected.

SUMMARY

[0004] The present disclosure provides apparatus and
method that detects a location of a mobile terminal. The
apparatus is configured to receive the radio wave through an
interior antenna; receive the radio wave through a leaky
cable; detect a time difference; and detect the location of the
mobile terminal.

BRIEF DESCRIPTION OF DRAWINGS

[0005] The above and other objects, features, and advan-
tages of the present disclosure will become more apparent
from the following detailed description with reference to the
accompanying drawings. In the drawings:

[0006] FIG. 1A is a diagram for describing a schematic
structure of a vehicle including a wireless communication
apparatus according to a present embodiment;

[0007] FIG. 1B is a diagram for describing the schematic
structure of the vehicle including the wireless communica-
tion apparatus according to the present embodiment;
[0008] FIG. 2 is a block diagram of an inner structure of
the wireless communication apparatus according to the
present embodiment;

[0009] FIG. 3 is a flowchart for describing processing of
the wireless communication apparatus according to the
present embodiment for performing wireless communica-
tion with a mobile terminal;

[0010] FIG. 4A is a diagram for describing a principle on
which the wireless communication apparatus according to
the present embodiment detects the location of the mobile
terminal inside a vehicle cabin;
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[0011] FIG. 4B is a diagram for describing the principle on
which the wireless communication apparatus according to
the present embodiment detects the location of the mobile
terminal inside the cabin;

[0012] FIG. 4C is a diagram for describing the principle on
which the wireless communication apparatus according to
the present embodiment detects the location of the mobile
terminal inside the cabin;

[0013] FIG. 4D is a diagram for describing the principle
on which the wireless communication apparatus according
to the present embodiment detects the location of the mobile
terminal inside the cabin;

[0014] FIG. 5Ais a diagram for describing how reception
timings of an interior antenna and a leaky cable vary with the
location of the mobile terminal inside the cabin;

[0015] FIG. 5B is a diagram for describing how the
reception timings of the interior antenna and the leaky cable
vary with the location of the mobile terminal inside the
cabin;

[0016] FIG. 5C is a diagram for describing how the
reception timings of the interior antenna and the leaky cable
vary with the location of the mobile terminal inside the
cabin;

[0017] FIG. 5D is a diagram for describing how the
reception timings of the interior antenna and the leaky cable
vary with the location of the mobile terminal inside the
cabin;

[0018] FIG. 6A is a diagram for describing a principle on
which the wireless communication apparatus according to
the present embodiment detects the location of the mobile
terminal outside the cabin;

[0019] FIG. 6B is a diagram for describing the principle on
which the wireless communication apparatus according to
the present embodiment detects the location of the mobile
terminal outside the cabin;

[0020] FIG. 6C is a diagram for describing the principle on
which the wireless communication apparatus according to
the present embodiment detects the location of the mobile
terminal outside the cabin;

[0021] FIG. 6D is a diagram for describing the principle
on which the wireless communication apparatus according
to the present embodiment detects the location of the mobile
terminal outside the cabin;

[0022] FIG. 7A is a diagram for describing how reception
timings of an exterior antenna and a leaky cable vary with
the location of the mobile terminal outside the cabin;
[0023] FIG. 7B is a diagram for describing how the
reception timings of the exterior antenna and the leaky cable
vary with the location of the mobile terminal outside the
cabin;

[0024] FIG. 7C is a diagram for describing how the
reception timings of the exterior antenna and the leaky cable
vary with the location of the mobile terminal outside the
cabin;

[0025] FIG. 7D is a diagram for describing how the
reception timings of the exterior antenna and the leaky cable
vary with the location of the mobile terminal outside the
cabin;

[0026] FIG. 8 is a flowchart for describing the first half of
processing of the wireless communication apparatus accord-
ing to the present embodiment for detecting the location of
the mobile terminal;

[0027] FIG. 9 is a flowchart for describing the latter half
of the processing of the wireless communication apparatus
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according to the present embodiment for detecting the
location of the mobile terminal;

[0028] FIG.10A is a diagram illustrating an example table
to be referenced when the location of the mobile terminal is
detected inside the cabin;

[0029] FIG. 10B is a diagram illustrating locations relative
to the path of the interior cable which are divided into nine
segments;

[0030] FIG. 10C is a diagram illustrating an example table
to be referenced when the location of the mobile terminal is
detected inside the cabin;

[0031] FIG. 11A is a diagram illustrating an example table
to be referenced when the location of the mobile terminal is
detected outside the cabin;

[0032] FIG. 11B is a diagram illustrating an example table
to be referenced when the location of the mobile terminal is
detected outside the cabin;

[0033] FIG. 11C is a diagram illustrating an example table
to be referenced when the location of the mobile terminal is
detected outside the cabin;

[0034] FIG. 12 is a block diagram of an inner structure of
a wireless communication apparatus according to a modifi-
cation;

[0035] FIG. 13A is a diagram for describing an operation
of a change-over switch included in the wireless communi-
cation apparatus according to the modification;

[0036] FIG. 13B is a diagram for describing an operation
of the change-over switch included in the wireless commu-
nication apparatus according to the modification; and
[0037] FIG. 14 is a diagram for describing how the wire-
less communication apparatus according to the modification
switches the direction of coupling of a leaky cable.

DETAILED DESCRIPTION

[0038] A technique according to a related art estimates
distances from the antennas to the mobile terminal based on
the reception strength at each antenna using properties of
radio waves that the reception strength at an antenna reduces
as the distance from the antenna to the transmitter of the
radio waves increases. The location of the mobile terminal
(and thus the location of an occupant holding the mobile
terminal) may be detected by placing at least three antennas.
[0039] In reality, the related technique requires many
antennas to detect the location of a mobile terminal with
sufficient accuracy. This is for the reasons described below.
[0040] If a radio wave transmitted by the mobile terminal
encounters an obstacle (a human body, for instance) before
reaching an antenna, the radio wave is attenuated and thus
the reception strength at the antenna is reduced. As a result,
the distance from the antenna to the mobile terminal is
estimated to be longer than it actually is. This may result in
erroneous detection of the location of the mobile terminal. In
order to avoid such errors, the number of antennas may be
increased. If a distance estimated at one antenna is incon-
sistent with those estimated at other antennas, the inconsis-
tent distance may be eliminated from the detection of the
mobile terminal location or given less weight for the detec-
tion. Accuracy may be maintained with greater ease when a
greater number of antennas are provided. Although only
three antennas are needed in principle, more antennas (eight
antennas, for example) may be needed in reality to maintain
the accuracy.

[0041] The present disclosure provides a technique that
allows accurate detection of the location of a mobile termi-
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nal in the vicinity of a vehicle or inside the vehicle cabin
without increasing the number of antennas.

[0042] According to one aspect of the present disclosure,
a mobile-terminal detection apparatus that detects a location
of'a mobile terminal inside a vehicle cabin is provided. The
mobile terminal is capable of transmitting a radio wave
wirelessly. The mobile-terminal detection apparatus may
include: an antenna receiver that receives the radio wave
through an interior antenna disposed inside the vehicle
cabin; a leaky-cable receiver that receives the radio wave
through a leaky cable disposed inside the vehicle cabin; a
time difference detector that detects a time difference
between a timing of reception of the radio wave from the
mobile terminal through the interior antenna and a timing of
reception of the radio wave through the leaky cable; and a
mobile-terminal detector that detects, based on the time
difference, the location of the mobile terminal relative to a
path over which the leaky cable is laid.

[0043] According to another aspect of the present disclo-
sure, a mobile-terminal detection method for detecting a
location of a mobile terminal inside a vehicle cabin is
provided. The mobile-terminal detection method may
include: receiving the radio wave through an interior
antenna disposed inside the vehicle cabin; receiving the
radio wave through an leaky cable disposed inside the
vehicle cabin; detecting a time difference between a timing
of reception of the radio wave from the mobile terminal
through the interior antenna and a timing of reception of the
radio wave through the leaky cable; and detecting, based on
the time difference, the location of the mobile terminal
relative to a path over which the leaky cable is laid.
[0044] According to the mobile-terminal detection appa-
ratus and the mobile-terminal detection method, the leaky
cable is placed inside the vehicle cabin so that a radio wave
from the mobile terminal is received not only through the
interior antenna but also through the leaky cable. The
location of the mobile terminal relative to the path over
which the leaky cable is laid is detected based on a time
difference between when the radio wave from the mobile
terminal is received through the interior antenna and when
that is received through the leaky cable. The mobile-terminal
detection method may be referred to as a portable terminal
detection method.

[0045] In this way, the location of the mobile terminal can
be determined based on the time difference, in place of the
reception strength. Furthermore, the range in which the
location is detected can be determined in relation to the path
over which the leaky cable is placed as needed. Thus, it is
possible to determine the location of the mobile terminal
with accuracy without increasing the number of antennas.
[0046] Embodiments of the present disclosure are
described below.

[0047] (Configuration Of The Apparatus)

[0048] FIG. 1A is a diagram illustrating a schematic
structure of a vehicle 1 including a wireless communication
apparatus 100 according to a present embodiment. As illus-
trated in FIG. 1A, an interior antenna 20 is placed inside a
cabin of the vehicle 1. An exterior antenna 211 is placed on
a left side portion of the vehicle 1. An exterior antenna 21R
is placed on a right side portion of the vehicle 1. The interior
antenna 20 and the exterior antennas 21L. and 21R may be
coupled to the wireless communication apparatus 100 via
cables (not shown). The wireless communication apparatus
100 can communicate wirelessly with a wireless device (a
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mobile terminal, for instance) present inside the cabin by
using the interior antenna 20. The wireless communication
apparatus 100 can communicate wirelessly with a wireless
device present outside the cabin in a location on the left side
or right side of the vehicle 1 by using the exterior antenna
21L or the exterior antenna 21R.

[0049] While one interior antenna 20 is placed at the
center of the cabin and one each exterior antenna (21L. and
21R) is placed in the middle of the left and right side
portions of the vehicle 1 in the present embodiment for
purposes of brevity, more than one interior antenna 20
and/or more than one each of exterior antennas 211 and 21R
may be provided. For example, three interior antennas 20
may be placed inside the cabin, and two each of exterior
antennas 211 and 21R may be placed on the left and right
side portions of the vehicle 1.

[0050] A leaky cable 10 is placed inside the cabin of the
vehicle 1 according to the present embodiment. As illus-
trated in FIG. 1B, the leaky cable 10 may be a type of coaxial
cable and may include a central conductor, an insulator
surrounding the central conductor, an outer conductor placed
outside the insulator, and a sheath placed outside the outer
conductor in the outermost layer. The leaky cable 10 may
have openings, called slots, at regular spacings in the outer
conductor. The leaky cable forms a type of communication
region around the leaky cable, allowing radio waves passing
through the central conductor to leak to the outside through
the slots and allowing nearby radio waves to leak into the
central conductor through the slots. The radio waves may be
referred to as electrical wave.

[0051] As illustrated in FIG. 1A, the leaky cable 10
according to the present embodiment may be laid (or wired,
placed) in a path that goes under a left seat 3L and passes
rightward under a three-person rear seat 3B and then under
a right seat 3R to make one circuit in the cabin of the vehicle
1. A leading end and trailing end of the leaky cable 10 may
be coupled to the wireless communication apparatus 100.
[0052] A leaky cable 11 is also placed outside the cabin of
the vehicle 1 according to the present embodiment. With a
leading end of the leaky cable 11 coupled to the wireless
communication apparatus 100, the leaky cable 11 may be
drawn out from the wireless communication apparatus 100,
laid from a forward and leftward location toward the rear of
the vehicle 1 on a bottom surface of a body of the vehicle,
and then laid on a bottom surface side of a rear portion of the
body to reach a rearward and rightward location. The leaky
cable 11 may be then laid on the right side of the vehicle 1
on the bottom surface past a forward and rightward location
of the vehicle 1 and coupled to the wireless communication
apparatus 100.

[0053] As described above, the leaky cable 11 is placed
outside the cabin of the vehicle 1, while the leaky cable 10
is placed inside the cabin of the vehicle 1. The leaky cable
10, which is placed inside the cabin, is hereinafter referred
to as the interior cable 10. The leaky cable 11, which is
placed outside the cabin, is referred to as the exterior cable
11 for distinction between the two. When there is no need to
distinguish between the interior cable 10 and the exterior
cable 11, they are simply referred to as the leaky cables 10
and 11.

[0054] While one interior cable 10 and one exterior cable
11 are placed in the present embodiment for purposes of
brevity, more than one interior cable 10 and/or more than
one exterior cable 11 may be provided.
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[0055] The wireless communication apparatus 100
according to the present embodiment can communicate with
a mobile terminal 2 present inside the cabin using the
interior antenna 20 and communicate with the mobile ter-
minal 2 present outside the cabin using the exterior antennas
21L and 21R. The wireless communication apparatus 100
according to the present embodiment can also detect a
location of the mobile terminal 2 present inside or outside
the cabin. When the location of the mobile terminal 2 inside
the cabin is detected, the interior antenna 20 and the interior
cable 10 are used in combination. When the location of the
mobile terminal 2 outside the cabin is detected, the exterior
antennas 21L and 21R and the exterior cable 11 are used in
combination. The wireless communication apparatus 100
according to the present embodiment thus corresponds to a
mobile-terminal detection apparatus or portable terminal
detector according to the present disclosure.

[0056] FIG. 2 is a diagram illustrating a schematic inner
structure of the wireless communication apparatus 100
according to the present embodiment. As illustrated in FIG.
2, the wireless communication apparatus 100 according to
the present embodiment includes an antenna communication
portion 101, a leaky-cable receiver 102, a time difference
detector 103, a mobile-terminal detector 104, and a control-
ler 105. The leaky-cable receiver may be referred to as a
leakage cable receiver.

[0057] These portions represent an abstract concept for
classifying the inside of the wireless communication appa-
ratus 100 for convenience and are based on the functions of
the wireless communication apparatus 100, such as commu-
nication with the mobile terminal 2 and the like and detec-
tion of the location of the mobile terminal 2. This concept
does not necessarily mean that the wireless communication
apparatus 100 is physically sectioned into these portions.
These portions can be achieved as a computer program
executable by a CPU or as an electronic circuit including an
LSI and a memory; alternatively, these portions can be
achieved by combining them. In the present embodiment,
the wireless communication apparatus 100 is mainly con-
figured by using a microcomputer including a CPU, a ROM,
a RAM, and the like, and the portions described above may
be achieved by a computer program executed by the CPU.
[0058] The antenna communication portion 101 may be
coupled to the interior antenna 20 and the exterior antennas
21L and 21R. The antenna communication portion 101 can
receive or transmit radio waves through the interior antenna
20 and the exterior antennas 211 and 21R. The antenna
communication portion 101 in the present embodiment
corresponds to an antenna receiver of the present disclosure.
In other words, the antenna communication portion 101 is
configured to receive radio wave through the exterior anten-
nas 21L and 21R oriented toward outside of the cabin.
[0059] The leaky-cable receiver 102 may be coupled to the
leading ends of the leaky cables 10 and 11 through com-
munication drivers 16. When the leaky cable 10 or 11 picks
up a radio wave, the leaky-cable receiver 102 receives the
radio wave through the corresponding communication
driver 16. A trailing-end resistor 17 may be attached to the
trailing end of each of the leaky cables 10 and 11 to inhibit
reflection of radio waves passing through the respective
cable.

[0060] The time difference detector 103 is coupled to the
antenna communication portion 101. The time difference
detector 103 acquires information on a timing of reception
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of a radio wave through the interior antenna 20, the exterior
antenna 21L, or the exterior antenna 21R. The time differ-
ence detector 103 is also coupled to the leaky-cable receiver
102 and acquires information on a timing of reception of a
radio wave through the interior cable 10 or the exterior cable
11. The time difference detector 103 then detects a time
difference between the timing of reception of a radio wave
through the interior antenna 20, the exterior antenna 211, or
the exterior antenna 21R and the timing of reception of a
radio wave through the interior cable 10 or the exterior cable
11 and outputs a result to the mobile-terminal detector 104.
[0061] The mobile-terminal detector 104 detects the loca-
tion of the mobile terminal 2 on the basis of the time
difference received from the time difference detector 103.
Reasons why the location of the mobile terminal 2 can be
detected based on the time difference and a method for
detecting the location will be described below.

[0062] The controller 105 controls the overall operation of
the wireless communication apparatus 100. Specifically, to
detect the location of the mobile terminal 2, the controller
105 outputs an instruction to detect the location to the
antenna communication portion 101 and the leaky-cable
receiver 102. The location of the mobile terminal 2 detected
by the mobile-terminal detector 104 is output to the con-
troller 105 so that the controller 105 recognizes the presence
or absence of, and location of, the mobile terminal 2.
Furthermore, to transmit a radio wave toward the mobile
terminal 2, the controller 105 actuates the antenna commu-
nication portion 101 so that the interior antenna 20, the
exterior antenna 21L, or the exterior antenna 21R transmits
a radio wave.

[0063] (Wireless Communication Processing)

[0064] FIG. 3 is a flowchart of processing of the wireless
communication apparatus 100 according to the present
embodiment to communicate wirelessly with the mobile
terminal 2 by using the interior antenna 20, the exterior
antenna 21L, or the exterior antenna 21R. The wireless
communication apparatus 100 detects the location of the
mobile terminal 2 in this processing.

[0065] As illustrated in FIG. 3, on starting the wireless
communication processing, the wireless communication
apparatus 100 first determines (S100) whether to detect the
location of the mobile terminal 2. While it is assumed in the
present embodiment that the location of the mobile terminal
2 is detected every time a certain period (3 to 5 seconds, for
instance) elapses, this is not a limitation. For example, the
location of the mobile terminal 2 may be detected when
there is a request from another in-vehicle device or the like.
[0066] If the certain period has not elapsed since the
previous detection of the location of the mobile terminal 2
(8100: NO), it is determined not to detect the location of the
mobile terminal 2. Subsequently, it is determined (S101)
whether a radio wave has been detected through the interior
antenna 20, the exterior antenna 211, or the exterior antenna
21R. If a radio wave has been detected (S101: YES), its data
is received (S102) by using one of the antennas through
which the radio wave has been detected.

[0067] If a radio wave has not been detected through the
interior antenna 20, the exterior antenna 21L, or the exterior
antenna 21R (S101: NO), data is not received and it is
determined (S103) whether there is data to be transmitted. If
there is data to be transmitted (S103: YES), a radio wave is
transmitted (S104) from the interior antenna 20, the exterior
antenna 21L, or the exterior antenna 21R. If there is no data
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to be transmitted (S103: NO), data is not transmitted. The
processing goes back to the top and it is re-determined
(S100) whether to detect the location of the mobile terminal
2.

[0068] After the processing described above is repeated
until the certain period elapses, it is determined to detect the
location of the mobile terminal 2 (S100: YES). Then,
mobile-terminal location detection processing is started
(S200) to detect the location of the mobile terminal 2.

[0069] (Mobile-Terminal Location Detection Processing)
[0070] (Principle On Which Location Of Mobile Terminal
Is Detected)

[0071] A principle on which the wireless communication

apparatus 100 according to the present embodiment detects
the location of the mobile terminal 2 is described below. As
described above with reference to FIG. 1A and FIG. 1B, the
vehicle 1 including the wireless communication apparatus
100 according to the present embodiment includes the
interior antenna 20, the exterior antennas 21L and 21R, the
interior cable 10, and the exterior cable 11. A radio wave is
thus received through the interior antenna 20 and the interior
cable 10 redundantly when the mobile terminal 2 is present
inside the cabin. When the mobile terminal 2 is present
outside the cabin, a radio wave is received through the
exterior cable 11 and one of the exterior antennas 211 and
21R on the left and right sides redundantly. The wireless
communication apparatus 100 according to the present
embodiment uses this redundancy to detect the location of
the mobile terminal 2.

[0072] FIG. 4Ato FIG. 4D are diagrams for describing the
principle on which the location of the mobile terminal 2 is
detected when the mobile terminal 2 is present inside the
cabin. For example, it is assumed that the mobile terminal 2
is in a location illustrated in FIG. 4A. This assumption
corresponds to a case in which the mobile terminal 2 is
present near the left seat 3L (see FIG. 1A). When the mobile
terminal 2 transmits a radio wave in this case, the radio wave
passes through the air in the cabin and is received through
the interior antenna 20. The radio wave is also received
through the communication driver 16 via the interior cable
10 as marked with a thick broken-line arrow in FIG. 4A.
Here, the speed at which a radio wave passes through the
leaky cable 10 or 11 is slower than the speed at which the
radio wave passes through the air. A timing ta of reception
of the radio wave through the interior antenna 20 and a
timing tc of reception of the radio wave through the com-
munication driver 16 of the interior cable 10 has a time
difference.

[0073] It is assumed that the mobile terminal 2 is then
moved to a location illustrated in FIG. 4B. This assumption
corresponds to a case in which the mobile terminal 2 is
present near a left portion of the rear seat 3B (see FIG. 1A).
When the mobile terminal 2 transmits a radio wave in this
case, the radio wave is received also through the interior
antenna 20 and the communication driver 16 of the interior
cable 10. The distance over which the radio wave travels
through the interior cable 10 increases as marked with a
thick broken-line arrow in FIG. 4B. The timing tc of
reception of the radio wave through the communication
driver 16 is thus later than that in the case of FIG. 4A. The
timing ta of reception of the radio wave through the interior
antenna 20 is not very different from that in the case of FIG.
4A. Thus, when the mobile terminal 2 moves from the
location in FIG. 4A to that in FIG. 4B, the time difference
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increases between the timing ta of reception of the radio
wave through the interior antenna 20 and the timing tc of
reception of the radio wave through the communication
driver 16 of the interior cable 10.

[0074] When the mobile terminal 2 is in a location illus-
trated in FIG. 4C or a location illustrated in FIG. 4D, the
distance over which the radio wave travels through the
interior cable 10 further increases. The timing tc of reception
of the radio wave through the communication driver 16 of
the interior cable 10 is thus further delayed. The time
difference with the timing ta of reception of the radio wave
through the interior antenna 20 further increases accord-
ingly. As described above, the time difference between the
timing ta of reception of the radio wave from the mobile
terminal 2 through the interior antenna 20 after the radio
wave passing through the air and the timing tc of reception
of the radio wave through the interior cable 10 varies in
accordance with the location of the mobile terminal 2.
[0075] A wireless communication device, such as the
mobile terminal 2, may transmit a search signal with a
certain cycle (for example, every 100 msec) to find a device
to communicate with and establish the connection. For
example, in a telecommunications standard using a commu-
nication frequency band of 2.4 GHz, a search signal, called
advertise signal, is transmitted with a certain cycle. The
location of the mobile terminal 2 is detected based on the
time difference between when the search signal is received
through the interior antenna 20 and when that is received
through the interior cable 10.

[0076] FIG. 5A to FIG. 5D are charts for describing how
a search signal from the mobile terminal 2 is received
through the interior antenna 20 and the interior cable 10
(through the communication driver 16 of the interior cable
10, to be more precise) in the cases illustrated in FIG. 4A to
FIG. 4D, respectively.

[0077] When the mobile terminal 2 is present near the left
seat 3L (see FIG. 4A), for instance, a time difference dt
between when the search signal is received through the
interior antenna 20 and when that is received through the
interior cable 10 is small as illustrated in FIG. 5A because
the distance over which the radio wave travels through the
interior cable 10 is short.

[0078] When the mobile terminal 2 is present near the left
portion of the rear seat 3B (see FIG. 4B), the distance over
which the radio wave travels through the interior cable 10
increases. Accordingly, the timing of reception of the search
signal through the interior cable 10 is delayed as illustrated
in FIG. 5B. The time difference dt between when the search
signal is received through the interior antenna 20 and when
that is received through the interior cable 10 thus increases.
[0079] When the mobile terminal 2 is present near a
middle portion of the rear seat 3B (see FIG. 4C), the distance
over which the radio wave travels through the interior cable
10 further increases. Thus, the time difference dt between
when the search signal is received through the interior
antenna 20 and when that is received through the interior
cable 10 further increases as illustrated in FIG. 5C.

[0080] When the mobile terminal 2 is present near the
right seat 3R (see FIG. 4D), the distance over which the
radio wave passes through the interior cable 10 even further
increases. Thus, the time difference dt between when the
search signal is received through the interior antenna 20 and
when that is received through the interior cable 10 further
increases as illustrated in FIG. 5D.
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[0081] Even when the timing of reception of the search
signal through the interior cable 10 is delayed, the time taken
for the search signal to be received through the interior cable
10 is sufficiently shorter than the time interval at which the
mobile terminal 2 transmits the search signal with the certain
cycle as illustrated in FIG. 5D. There is no risk of the interior
antenna 20 receiving a next search signal before the search
signal is received through the interior cable 10 and thus of
erroneous detection of the time difference.

[0082] The location of the mobile terminal 2 relative to the
path of the interior cable 10 can thus be obtained by
detecting the time difference dt between when the search
signal is received through the interior antenna 20 and when
that is received through the interior cable 10. In other words,
the location of the mobile terminal 2 on the path of the
interior cable 10 can be obtained.

[0083] When the mobile terminal 2 is present outside the
cabin, the location of the mobile terminal 2 can be detected
in a roughly similar manner, with a difference being that the
search signal is received through one of the exterior anten-
nas 21L and 21R on the left and right sides.

[0084] FIG. 6A to FIG. 6D are diagrams for describing a
principle on which the location of the mobile terminal 2 is
detected when the mobile terminal 2 is present outside the
cabin. For example, as illustrated in FIG. 6A, when the
mobile terminal 2 transmits a radio wave (which is a search
signal here) from a forward location on the left side of the
vehicle 1, the search signal is received through the exterior
antenna 211 on the left side of the vehicle 1 and through the
communication driver 16 of the exterior cable 11 via the
exterior cable 11. In this case, the timing ta of reception of
the search signal through the exterior antenna 211, and the
timing tc of reception of the search signal through the
communication driver 16 of the exterior cable 11 has a time
difference.

[0085] As illustrated in FIG. 6B, when the mobile terminal
2 moves to a rearward location on the left side of the vehicle
1, the distance over which the search signal from the mobile
terminal 2 travels through the exterior cable 11 increases.
Accordingly, the timing tc of reception of the search signal
through the communication driver 16 of the exterior cable 11
is delayed. The time difference between the reception
through the exterior antenna 211, and the reception through
the communication driver 16 of the exterior cable 11 thus
increases.

[0086] As illustrated in FIG. 6C, when the mobile terminal
2 transmits the search signal from a location rightward and
rearward of the vehicle 1, the search signal is received
through the exterior antenna 21R on the right side of the
vehicle 1. The search signal is also received through the
communication driver 16 of the exterior cable 11 via the
exterior cable 11. The distance over which the search signal
travels through the exterior cable 11 increases; thus, the
timing tc of reception of the search signal through the
communication driver 16 of the exterior cable 11 is delayed.
The time difference between the reception through the
exterior antenna 21R and the reception through the commu-
nication driver 16 of the exterior cable 11 is longer than that
in a case where the mobile terminal 2 is present on the left
side of the vehicle 1 (in the case of FIG. 6B, for instance).
[0087] Asillustrated in FIG. 6D, when the mobile terminal
2 further moves from the rearward location on the right side
of'the vehicle 1 to a forward location on the right side of the
vehicle 1, the distance over which the search signal from the
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mobile terminal 2 travels through the exterior cable 11
further increases. Thus, the timing tc of reception of the
search signal through the communication driver 16 of the
exterior cable 11 is further delayed. The time difference
between when the search signal is received through the
exterior antenna 21R and when it is received through the
communication driver 16 of the exterior cable 11 thus
further increases.

[0088] FIG. 7A to FIG. 7D are charts for describing how
a search signal from the mobile terminal 2 is received
through the exterior cable 11 (or the communication driver
16 of the exterior cable 11 to be more precise) and one of the
exterior antennas 21, and 21R on the left and right sides
when the mobile terminal 2 is present outside the cabin. FIG.
7 A represents a case in which the mobile terminal 2 is in the
location in FIG. 6A. FIG. 7B represents a case in which the
mobile terminal 2 is in the location in the FIG. 6B. FIG. 7C
represents a case in which the mobile terminal 2 is in the
location in FIG. 6C. FIG. 7D is represents a case in which
the mobile terminal 2 is in the location in FIG. 6D.

[0089] When the mobile terminal 2 is in a location on the
left side of the vehicle 1 (i.e., in the case of FIG. 6A or FIG.
6B), the search signal is received through the exterior
antenna 211 on the left side and through the exterior cable
11 as illustrated in FIG. 7A and FIG. 7B. The distance over
which the search signal travels through the exterior cable 11
varies with the location of the mobile terminal 2. Thus, the
time difference dt between when the search signal is
received through the exterior antenna 21L on the left side
and when the search signal is received through the exterior
cable 11 also varies.

[0090] When the mobile terminal 2 is in a location on the
right side of the vehicle 1 (i.e., in the case of FIG. 6C or FIG.
6D), the search signal is received through the exterior
antenna 21R on the right side and through the exterior cable
11 as illustrated in FIG. 7C and FIG. 7D. The distance over
which the search signal travels through the exterior cable 11
also varies with the location of the mobile terminal 2 in this
case. Thus, the time difference dt between when the search
signal is received through the exterior antenna 21R on the
right side and when the search signal is received through the
exterior cable 11 also varies.

[0091] Even when the timing of reception of the search
signal through the exterior cable 11 is delayed, the time
taken for the search signal to be received through the
exterior cable 11 is sufficiently shorter than the time interval
at which the mobile terminal 2 transmits the search signal
with the certain cycle as illustrated in FIG. 7D also for cases
where the mobile terminal 2 is present outside the cabin.
There is no risk of the exterior antenna 21R on the right side
receiving a next search signal before the search signal is
received through the exterior cable 11 and thus of erroneous
detection of the time difference.

[0092] The location of the mobile terminal 2 relative to the
path of the exterior cable 11 can thus be determined also for
cases where the mobile terminal 2 is present outside the
cabin by detecting the time difference dt between when the
search signal is received through one of exterior antennas
21L and 21R on the left and right sides and when the search
signal is received through exterior cable 11.

[0093] (Procedure Of Mobile-Terminal Location Detec-
tion Processing)

[0094] FIG. 8 and FIG. 9 are flowcharts for describing the
flow of the mobile-terminal location detection processing of
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the wireless communication apparatus 100 according to the
present embodiment for detecting the location of the mobile
terminal 2. This processing is started when it is determined
to detect the location of the mobile terminal 2 (S100: YES)
in the wireless communication processing described above
with reference to FIG. 3.

[0095] As described in FIG. 8, the communication drivers
16 coupled to the leaky cables 10 and 11 (i.e., the interior
cable 10 and the exterior cable 11) are activated (S201) first
in the mobile-terminal location detection processing (S200).
The wireless communication apparatus 100 according to the
present embodiment performs communication using the
interior antenna 20 and the exterior antennas 211 and 21R
on the left and right sides, but not the leaky cables 10 and
11, when the detection of the location of the mobile terminal
2 is not performed. To curb the consumption of electric
power, the communication drivers 16 coupled to the leaky
cables 10 and 11 are deactivated when the detection of the
location of the mobile terminal 2 is not performed. The
communication drivers 16 coupled to the leaky cables 10
and 11 are thus activated first upon the start of the mobile-
terminal location detection processing (S200).

[0096] Then, a time-measuring timer is started (S202) to
acquire a difference in time when a search signal from the
mobile terminal 2 is received.

[0097] It is then determined (S203) whether a search
signal from the mobile terminal 2 has been received. As
described above, a search signal is a signal that a wireless
communication device, such as the mobile terminal 2,
transmits with a certain cycle (for example, every 100 msec)
to find a device to communicate with and establish the
connection. For example, a signal called an advertise signal
in a telecommunications standard using a communication
frequency band of 2.4 GHz can be used as a search signal.
[0098] When the mobile terminal 2 is present inside the
cabin, the search signal is received through the interior
antenna 20 and the leaky cable 10 (i.e., the interior cable 10)
laid inside the cabin. When the mobile terminal 2 is present
outside the cabin, the search signal is received through the
leaky cable 11 (i.e., exterior cable 11) laid outside the cabin
and one of the exterior antennas 211 and 21R on the left and
right sides. As described above with reference to FIG. 4A to
FIG. 7D, the search signal is often received through the
interior antenna 20 before it is received through the interior
cable 10, or it is often received through one of the exterior
antennas 211 and 21R on the left and right sides before it is
received through the exterior cable 11.

[0099] The search signal, however, may be received
through the interior cable 10 or the exterior cable 11 before
it is received through the interior antenna 20, the exterior
antenna 211, or the exterior antenna 21R depending on the
relationship between the location of the mobile terminal 2
and the locations of the interior antenna 20 and exterior
antennas 211 and 21R. It is thus determined in S203 whether
the search signal from the mobile terminal 2 has been
received through any of the interior antenna 20, the exterior
antenna 21L on the left side, the exterior antenna 21R on the
right side, the interior cable 10, and the exterior cable 11.
[0100] If it is determined that the search signal has not
been received (S203: NO), it is determined (S204) whether
the time elapsing since the start of the detection of location
of the mobile terminal has reached a predefined maximum
detection time (10 seconds, for instance). The time elapsing
does not reach the maximum detection time for a certain
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time after the start of the detection of the location of the
mobile terminal (S204: NO). It is then re-determined (S203)
whether the search signal from the mobile terminal 2 has
been received.

[0101] After this processing is repeated, the search signal
from the mobile terminal 2 is received eventually if the
mobile terminal 2 is in the vicinity of the vehicle 1 or inside
the cabin. If the maximum detection time has elapsed
without receiving the search signal (S204: YES), an assump-
tion may be made that the mobile terminal 2 is not present.
The communication drivers 16, which have been activated
in S201, are deactivated (S205) and the time-measuring
timer, which has been started in S202, is stopped (S205).
The mobile-terminal location detection processing in FIG. 8
is finished and the wireless communication processing
described in FIG. 3 is resumed.

[0102] If the search signal from the mobile terminal 2 is
received through any of the interior antenna 20, the exterior
antenna 21L on the left side, the exterior antenna 21R on the
right side, the interior cable 10, and the exterior cable 11
(S203: YES), a timer value is acquired (S207) at the time of
reception of the search signal.

[0103] Itis determined (S208) whether it is the leaky cable
10 or 11 (i.e., the interior cable 10 or the exterior cable 11)
through which the search signal from the mobile terminal 2
has been received.

[0104] As described above with reference to FIG. 5A to
FIG. 5D or FIG. 7A to FIG. 7D, the search signal is often
received through the interior antenna 20 before it is received
through the interior cable 10, or it is often received through
the exterior antenna 21L. or 21R before it is received through
the leaky cable 11. In such cases, “NO” is determined in
S208. Then, it is determined (S209) whether the search
signal has been received through the leaky cable 10 or 11.
[0105] If the search signal has not been received (S209:
NO), the same determination is repeated, which will bring
about a standby state. When it is finally determined that the
search signal has been received through the leaky cable 10
or the leaky cable 11 (S209: YES), a time difference is
acquired (S210) between when the search signal is received
through the interior antenna 20, the exterior antenna 211, or
the exterior antenna 21R and when it is received through the
leaky cable 10 or 11. In this case, a time difference is
acquired between a timer value obtained at the time of
reception of the search signal through the leaky cable 10 or
the leaky cable 11 and the timer value already obtained in
S207, which is for the reception of the search signal through
the interior antenna 20, the exterior antenna 21L., or the
exterior antenna 21R.

[0106] If “YES” is determined in S208, it means that the
search signal has been received through the leaky cable 10
or 11 before it is received through the interior antenna 20, the
exterior antenna 21L, or the exterior antenna 21R. It is then
determined (S211) whether the search signal has been
received through the interior antenna 20, the exterior
antenna 21L, or the exterior antenna 21R.

[0107] If the search signal has not been received (S211:
NO), the same determination is repeated, which will bring
about a standby state. It is eventually determined that the
search signal has been received through the interior antenna
20, the exterior antenna 21L, or the exterior antenna 21R
(S211: YES). A time difference is then acquired (S210)
between when the search signal is received through the
leaky cable 10 or 11 and when it is received through the
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interior antenna 20, the exterior antenna 21L, or the exterior
antenna 21R. In this case, specifically, a time difference is
acquired between a timer value obtained at the time of
reception of the search signal through the interior antenna
20, the exterior antenna 21L, or the exterior antenna 21R and
the timer value already obtained in S207, which is for the
reception of the search signal through the leaky cable 10 or
11.

[0108] When the time difference is acquired (S210), the
communication drivers 16, which have been activated in
S201, are deactivated (S212 in FIG. 9) and the time-
measuring timer is stopped (S213).

[0109] It is then determined (S214) whether the search
signal has been transmitted from inside the cabin. When the
mobile terminal 2 transmits the search signal from inside the
cabin, the search signal is received through the interior cable
10, but not through the exterior cable 11, which is placed in
a location separated by an iron plate from the mobile
terminal 2. When the mobile terminal 2 transmits the search
signal from outside the cabin, the search signal is received
through the exterior cable 11, but not through the interior
cable 10, which is placed in a location separated by the iron
plate from the mobile terminal 2. It can thus be determined
whether the search signal has been transmitted from inside
the cabin on the basis of whether the signal has been
received through the interior cable 10 or the exterior cable
11.

[0110] If the search signal has been transmitted from
inside the cabin, that is, if the search signal has been
received through the interior cable 10 (S214: YES), it is
determined (S215) whether the timing of reception of the
search signal through the interior antenna 20 is earlier than
that through the interior cable 10. As described above with
reference to F1G. 4A to FIG. 4D and FIG. 5A to FIG. 5D, the
search signal is often received through the interior antenna
20 at a timing earlier than it is received through the interior
cable 10. In such cases, “YES” is determined in S215.
[0111] The search signal may be, however, received
through the interior cable 10 at a timing earlier than it is
received through the interior antenna 20 if the mobile
terminal 2 is present in a location near the communication
driver 16 in a case, for instance, described in FIG. 4A. In
such cases, “NO” is determined in S215.

[0112] If “YES” is determined in S215, that is, if the
mobile terminal 2 is present inside the cabin and the search
signal has been received through the interior antenna 20
earlier than it has been received through the interior cable
10, the location of the mobile terminal 2 is detected (S216)
by reference to a table A. In the table A, locations of the
mobile terminal 2 relative to the path of the interior cable 10
are set in correspondence with time differences between
when the signal is received through the interior antenna 20
and when it is received through the interior cable 10. As
described above with reference to FIG. 4A to FIG. 4D and
FIG. 5A to FIG. 5D, this correspondence can be obtained in
advance.

[0113] FIG. 10A is a diagram conceptually illustrating the
table A described above. In FIG. 10A, locations relative to
the path of the interior cable 10 are divided into nine
segments, namely, a segment A to a segment I, and a time
difference corresponding to each of the segments is set. In
FIG. 10B, locations relative to the path of the interior cable
10 are divided into the nine segments, namely, the segment
A to the segment 1.
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[0114] Although it is assumed here that locations relative
to the path of the interior cable 10 are divided into nine
segments, locations relative to the path may be divided into
more segments and a time difference corresponding to each
of the segments may be set.

[0115] If“NO”is determined in S215, that is, if the mobile
terminal 2 is present inside the cabin and the search signal
has been received through the interior cable 10 earlier than
it has been received through the interior antenna 20, the
location of the mobile terminal 2 is detected (S217) by
reference to a table B. In the table B, locations of the mobile
terminal 2 relative to the path of the interior cable 10 are set
in correspondence with time differences between when the
signal is received through the interior cable 10 and when it
is received through the interior antenna 20.

[0116] FIG. 10C is a diagram conceptually illustrating the
table B described above. The search signal is received
through the interior cable 10 earlier than it is received
through the interior antenna 20 in limited cases where the
mobile terminal 2 is located in a small range near the
communication driver 16 of the interior cable 10. The
number of segments set in the table B is smaller than that of
the table A commensurately with the small range.

[0117] The processing to determine the location of the
mobile terminal 2 inside the cabin, which is performed when
it is determined that the search signal is transmitted from
inside the cabin (S214: YES), is described above.

[0118] When it is determined that the search signal has
been transmitted from outside the cabin (S214: NO), the
location of the mobile terminal 2 outside the cabin is
determined in the following manner.

[0119] Itis determined (S218) whether an exterior antenna
through which the search signal has been received is the
exterior antenna 211 on the left side. If the search signal has
been received through the exterior antenna 211 on the left
side (S218: YES), it is then determined (S219) whether the
timing of reception of the search signal through the exterior
antenna 211 is earlier than that through the exterior cable 11.
As described above with reference to FIG. 6A to FIG. 6D
and FIG. 7A to FIG. 7D, the search signal is often received
through the exterior antenna 21L at a timing earlier than it
is received through the exterior cable 11. In such cases,
“YES” is determined in S219.

[0120] The search signal may be, however, received
through the exterior cable 11 at a timing earlier than it is
received through the exterior antenna 21L if the mobile
terminal 2 is present in a location near the communication
driver 16 of the exterior cable 11 (for example, in a location
leftward and forward of the vehicle 1) in a case, for instance,
described in FIG. 6A. In such cases, “NO” is determined in
S219.

[0121] If “YES” is determined in S219, that is, if the
mobile terminal 2 is present outside the cabin in a location
on the left side of the vehicle 1 and the search signal has
been received through the exterior antenna 21L earlier than
it has been received through the exterior cable 11, the
location of the mobile terminal 2 is detected (S220) by
reference to a table C. In the table C, locations of the mobile
terminal 2 relative to the path of the exterior cable 11 are set
in correspondence with time differences between when the
signal is received through the exterior antenna 211 and when
it is received through the exterior cable 11. As described
above with reference to FIG. 6A to FIG. 6D and FIG. 7A to
FIG. 7D, this correspondence can be obtained in advance.
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[0122] FIG. 11A is a diagram conceptually illustrating the
table C described above. Although, in FIG. 11A, a range on
the left side of the vehicle 1 relative to the path of the
exterior cable 11 is divided into six segments and a time
difference corresponding to each of the segments is set, the
range may be divided into more segments and a time
difference corresponding to each of the segments may be set.
[0123] If“NO” is determined in S219, that is, if the mobile
terminal 2 is present outside the cabin in a location on the
left side of the vehicle 1 and the search signal has been
received through the exterior cable 11 earlier than it has been
received through the exterior antenna 21L, the location of
the mobile terminal 2 is detected (S221) by reference to a
table D. In the table D, locations of the mobile terminal 2
relative to the path of the exterior cable 11 are set in
correspondence with time differences between when the
search signal is received through the exterior cable 11 and
when it is received through the exterior antenna 21L.
[0124] FIG. 11B is a diagram conceptually illustrating the
table D described above. The search signal is received
through the exterior cable 11 earlier than it is received
through the exterior antenna 21L in limited cases where the
mobile terminal 2 is located in a small range leftward and
forward of the vehicle 1. The number of segments set in the
table D is smaller than that of the table C commensurately
with the small range.

[0125] The processing to determine the location of the
mobile terminal 2 on the left side of the vehicle 1, which is
performed when it is determined that the search signal is
received through the exterior antenna 21L on the left side
(S218: YES), is described above.

[0126] If the search signal has been received through the
exterior antenna 21R on the right side (S218: NO), the
mobile terminal 2 is present outside the cabin on the right
side of the vehicle 1. In this case, the search signal will not
be received through the exterior cable 11 earlier than it is
received through the exterior antenna 21R, as described
above with reference to FIG. 6A to FIG. 6D and FIG. 7A to
FIG. 7D. The location of the mobile terminal 2 is thus
detected (S222) by reference to a table E, without determin-
ing whether the search signal has been received earlier
through the exterior cable 11 or through the exterior antenna
21R. In the table E, locations of the mobile terminal 2
relative to the path of the exterior cable 11 on the right side
of the vehicle 1 are set in correspondence with time differ-
ences between when the signal is received through the
exterior antenna 21R and when it is received through the
exterior cable 11.

[0127] FIG. 11C is a diagram conceptually illustrating the
table E described above. Although, in also FIG. 11C, a range
on the right side of the vehicle 1 relative to the path of the
exterior cable 11 is divided into six segments and a time
difference corresponding to each of the segments is set, the
range may be divided into more segments and a time
difference corresponding to each of the segments may be set.
[0128] After the location of the mobile terminal 2 inside
the cabin or outside the cabin is detected (S216, S217, S220,
S221, and S222) in relation to the path of the interior cable
10 or the exterior cable 11 as described above, the mobile-
terminal location detection processing described in FIG. 8
and FIG. 9 are finished, and the wireless communication
processing described in FIG. 3 is resumed.

[0129] As described above, the wireless communication
apparatus 100 according to the present embodiment detects
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the location of the mobile terminal 2 inside or outside of the
cabin of the vehicle 1, based on a difference in time when a
radio wave is received, but not on a reception strength of the
radio wave. The wireless communication apparatus 100 is
not affected by attenuation of a radio wave, enabling suffi-
ciently accurate detection of the location of the mobile
terminal 2 without installing many antennas on the vehicle
1. For example, in the embodiment described above, the two
leaky cables 10 and 11 (i.e., the interior cable 10 and exterior
cable 11) installed in addition to the interior antenna 20 and
the exterior antennas 211, and 21R on the left and right sides
enable sufficiently accurate detection of the location of the
mobile terminal 2 inside or outside the cabin.

[0130] The leaky cables 10 and 11 have a high degree of
freedom in the layout of their paths and thus allow relatively
arbitrary routing via locations where the detection of the
mobile terminal 2 is desired. Additionally, the leaky cables
10 and 11 do not need to be laid via locations where the
detection of the mobile terminal 2 is not needed because an
occupant is not supposed to be located there, such as, for
example, a center console.

[0131] The leaky cables 10 and 11 are thus laid via
locations where the detection of the mobile terminal 2 is
desired; additionally, a somewhat reduced sensitivity range
may be set for the leaky cables 10 and 11 to prevent the leaky
cables 10 and 11 from picking up radio waves in locations
where the detection of the mobile terminal 2 is not needed.
In this way, the location of the mobile terminal 2 where the
detection is desired can be detected reliably; whereas the
detection of the location of the mobile terminal 2 that is
present in a range where the detection is not needed can be
prevented. The accuracy with which the location of the
mobile terminal 2 is detected can be thus enhanced.
[0132] (Modification)

[0133] A modification of the wireless communication
apparatus 100 according to the present embodiment will be
presented. A wireless communication apparatus 150 accord-
ing to the modification is described in brief below, with a
focus on differences from the wireless communication appa-
ratus 100 according to the present embodiment described
above.

[0134] In the wireless communication apparatus 100
according to the present embodiment described above, one
end (also referred to as a first end) of each of the leaky cables
10 and 11 is coupled to the trailing-end resistor 17 while the
other end (also referred to as a second end) of each of the
leaky cables 10 and 11 is coupled to the communication
driver 16. Radio waves received through the leaky cables 10
and 11 thus travel therethrough to the communication driv-
ers 16 in any circumstances. The designations of the one end
and the other end are used for convenience; the one end may
also be referred to as the other end, and the other end may
also be referred to as the one end.

[0135] The direction in which a radio wave received
through the leaky cables 10 and 11 travels therethrough,
however, may be switched as required.

[0136] FIG. 12 is a diagram illustrating a schematic inner
structure of the wireless communication apparatus 150
according to the modification. The wireless communication
apparatus 150 according to the modification is different from
the wireless communication apparatus 100 according to the
present embodiment described above with reference to FIG.
2 in that leaky cables 10 and 11 are each coupled to a
communication driver 16 through a change-over switch 18.
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Other structural features are similar to those of the wireless
communication apparatus 100 according to the present
embodiment described above and are designated with iden-
tical symbols, and their description is omitted. The change-
over switch 18 in the modification corresponds to a switch-
ing portion of the present disclosure.

[0137] FIG. 13A and FIG. 13B are diagrams illustrating
operations of the change-over switch 18 included in the
wireless communication apparatus 150 according to the
modification. The change-over switch 18 can switch
between a state illustrated in FIG. 13 A where the one end of
the leaky cable 10 or 11 (an end “a” in the figures) is coupled
to the communication driver 16 and the other end thereof (an
end “b” in the figures) is decoupled from the communication
driver 16 and a state illustrated in FIG. 13B where the other
end of the leaky cable 10 or 11 (the end “b” in the figures)
is coupled to the communication driver 16 and the one end
thereof (the end “a” in the figures) is decoupled from the
communication driver 16.

[0138] In the state illustrated in FIG. 13A, a radio wave
received through the leaky cable 10 or 11 travels from an end
“b” side to an end “a” side as marked with a broken line
arrow. In the state illustrated in FIG. 13B, a radio wave
travels from the end “a” side to the end “b” side as marked
with a broken line arrow.

[0139] It is determined whether to select the state of FIG.
13A or the state of FIG. 13B under the control of a
leaky-cable receiver 102.

[0140] The wireless communication apparatus 150
according to the modification may experience a situation as
illustrated in, for example, a part (a) of FIG. 14 where the
time difference between when a radio wave is received
through an interior antenna 20 and when it is received
through the interior cable 10 is small. This situation corre-
sponds to the case where the distance over which the radio
wave from the mobile terminal 2 travels through the interior
cable 10 until it reaches the communication driver 16 is
short. In such cases, the coupling state of the change-over
switch 18 can be switched.

[0141] The direction in which the radio wave travels can
be then reversed as described above with reference to FIG.
13A and FIG. 13B, which increases the distance over which
the radio wave from the mobile terminal 2 travels through
the interior cable 10 until it reaches the communication
driver 16. This makes the time difference between when the
radio wave is received through the interior antenna 20 and
when the it is received through the interior cable 10 suffi-
cient for accurate measurement of the time difference as
illustrated in a part (b) of FIG. 14, enabling accurate
detection of the location of the mobile terminal 2.

[0142] It is noted that a flowchart or the processing of the
flowchart in the present application includes multiple steps
(also referred to as sections), each of which is represented,
for instance, as S100. Further, each step can be divided into
several sub-steps while several steps can be combined into
a single step.

[0143] Controllers and methods described in the present
disclosure may be implemented by a special purpose com-
puter created by configuring a memory and a processor
programmed to execute one or more particular functions
embodied in computer programs. Alternatively, the control-
lers and the methods described in the present disclosure may
be implemented by a special purpose computer created by
configuring a processor provided by one or more special
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purpose hardware logic circuits. Further alternatively, the
controllers and the methods described in the present disclo-
sure may be implemented by one or more special purpose
computers created by configuring a combination of a
memory and a processor programmed to execute one or
more particular functions and a processor provided by one or
more hardware logic circuits. The computer programs may
be stored, as instructions being executed by a computer, in
a tangible non-transitory computer-readable medium.
[0144] While various embodiments, configurations, and
aspects of a mobile-terminal detection apparatus and
mobile-terminal detection method according to the present
disclosure have been exemplified, the embodiments, con-
figurations, and aspects of the present disclosure are not
limited to those described above. For example, embodi-
ments, configurations, and aspects obtained from an appro-
priate combination of technical elements disclosed in dif-
ferent embodiments, configurations, and aspects are also
included within the scope of the embodiments, configura-
tions, and aspects of the present disclosure.

What is claimed is:

1. A mobile-terminal detection apparatus that detects a
location of a mobile terminal inside a vehicle cabin, the
mobile terminal being capable of transmitting a radio wave
wirelessly, the mobile-terminal detection apparatus compris-
ing:

an antenna receiver that receives the radio wave through

an interior antenna disposed inside the vehicle cabin;

a leaky-cable receiver that receives the radio wave

through a leaky cable disposed inside the vehicle cabin;

a time difference detector that detects a time difference

between a timing of reception of the radio wave from
the mobile terminal through the interior antenna and a
timing of reception of the radio wave through the leaky
cable; and

a mobile-terminal detector that detects, based on the time

difference, the location of the mobile terminal relative
to a path over which the leaky cable is laid.

2. The mobile-terminal detection apparatus according to
claim 1, wherein:

the leaky cable is laid under each seat disposed inside the

vehicle cabin.

3. The mobile-terminal detection apparatus according to
claim 1, wherein:

the antenna receiver is configured to receive the radio

wave through an exterior antenna oriented toward
outside of the vehicle cabin;
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the leaky-cable receiver is configured to receive the radio
wave through a different leaky cable disposed outside
the vehicle cabin; and

the time difference detector is configured to detect a time
difference between a timing of reception of the radio
wave from the mobile terminal through the exterior
antenna and a timing of reception of the radio wave
through the different leaky cable.

4. The mobile-terminal detection apparatus according to

claim 1, further comprising:
a switching portion that switches between a state where
the leaky-cable receiver is coupled to a first end of the
leaky cable and is decoupled from a second end of the
leaky cable and a state where the leaky-cable receiver
is decoupled from the first end of the leaky cable and
is coupled to the second end of the leaky cable.
5. A mobile-terminal detection method for detecting a
location of a mobile terminal inside a vehicle cabin, the
mobile terminal being capable of transmitting a radio wave
wirelessly, the mobile-terminal detection method compris-
ing:
receiving the radio wave through an interior antenna
disposed inside the vehicle cabin;
receiving the radio wave through an leaky cable disposed
inside the vehicle cabin;
detecting a time difference between a timing of reception
of the radio wave from the mobile terminal through the
interior antenna and a timing of reception of the radio
wave through the leaky cable; and
detecting, based on the time difference, the location of the
mobile terminal relative to a path over which the leaky
cable is laid.
6. A mobile-terminal detection apparatus comprising:
a processor connected with a memory, the processor being
configured to:
receive a radio wave from a mobile terminal through an
interior antenna disposed inside the vehicle cabin;

receive the radio wave through a leaky cable disposed
inside the vehicle cabin;

detect a time difference between a timing of reception
of the radio wave from the mobile terminal through
the interior antenna and a timing of reception of the
radio wave through the leaky cable; and

detect, based on the time difference, a location of the
mobile terminal relative to a path over which the
leaky cable is laid.
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