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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to aradio system,
which enables operations of an entry system, an engine
control system and the like for the vehicle (e.g., unlocking
operation of the doors, and permission of engine start)
to be performed without bothersome operations by the
user.

2. Description of the Related Art

[0002] An example of a system including this type of
radio system is a smart entry system for use with a ve-
hicle, recently emerged in the market. This system is de-
veloped from the keyless entry system, and is also called
a passive or hands free entry system. This system in-
cludes a portable device that may be carried by a user,
and a stationary device (in this case, it is a device mount-
ed on a vehicle) mounted on the vehicle at side of an
object to be controlled (in this case, it is a vehicle side).
The authentication codes (also called ID codes or key
codes) are automatically verified by a wireless commu-
nication between those parties. If those codes are coin-
cident with each other, predetermined operations (lock-
ing and unlocking operations) of the object to be control-
led (in this case, a lock device for the vehicle door) is
automatically realized.

[0003] In the general keyless entry system, the user
operates a specific button of a portable device. In re-
sponse to the button operation, a specific operation sig-
nal (e.g., an unlocking command for unlocking the door)
containing an authentication code is wirelessly transmit-
ted from the portable device to a stationary device. Upon
receipt of the authentication code, the stationary device
compares the received authentication code with an au-
thentication code presetin the stationary device (i.e., ver-
ifies the received authentication code). Then, if those
codes are coincident with each other, the stationary de-
vice outputs a predetermined signal for controlling a pre-
determined object to be controlled (e.g., a control signal
for unlocking the vehicle door). Thus, the communication
in this system is a unidirectional communication, viz.; the
signals are transmitted unidirectionally from the portable
device (a transmitter) to the stationary device (a receiv-
er).

[0004] In the smart entry system, a wireless commu-
nication (bi-directional communication) for the code ver-
ification is automatically carried out when the portable
device is located within a communication range within
which the portable device is communicable with the sta-
tionary device (vehicle). For example, the code verifica-
tion is automatically carried out when some condition
(e.g., the signal output of the sensor which detects the
user approaches to the vehicle) holds as trigger, or when
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the portable device receives a signal intermittently trans-
mitted from the stationary device. If those codes are co-
incident with each other, the stationary device automat-
ically executes a control process (e.g., a process to un-
lock the vehicle door being locked) in accordance with
the current situation. In this case, a given operation of
the controlled object is achieved without any intentional
operation by the user. In this respect, this entry system
is extremely high in convenience.

[0005] In such a system (having the function of the
smart entry system or the functions of the keyless entry
system and the smart entrysystem), the market demands
further improvements on various items, such as added
value, convenience, crime prevention and the like. With
this, multifunctional features and enhancement of the
function are required for the system. There is a proposal
to control a plurality of objects to be controlled on the
basis of the result of the verification which is performed
through a wireless communication between a portable
device and a stationary device. Specifically, the market
demands a system (which controls a plurality of objects
to be controlled on the basis of the verification carried
outthrough the wireless communication) having the func-
tion of a called immobilizer system and the function of
the smart entry system. The immobilizer system permits
the vehicle engine start on the basis of the result of the
conventional physical verification by the key and the re-
sult of the verification of the authentication codes.
[0006] Anexample of the system as demanded is such
that when a user carrying a given portable device ap-
proaches to a vehicle, the vehicle door having been
locked is automatically unlocked, and then when he gets
in the vehicle, the immobilizer function automatically op-
erates to permit the engine start of the vehicle (as the
engine is ignited to operate by operating the ignition
switch in a usual manner).

[0007] Inthe smart entry system as mentioned above,
it is necessary to automatically lock the door after it is
confirmed that the portable device is out of the vehicle.
If the door is locked in a state that the portable device is
placed within the vehicle cabin, the called "in lock" (the
key is confined to within the cabin) occurs. This should
be avoided. Further, if it is uncertain that the portable
device is out of the cabin, the door is left unlocked and
there is a danger that the vehicle is stolen. In the system
having also the function of the immobilizer system, for
the purpose of crime prevention, it is desirable that the
authentication code for the locking/unlocking of the ve-
hicle door is different from that for the engine control, and
the transmission output power is selectively used. In this
case, the authentication code and the transmission out-
put power transmitted/received after it is confirmed that
the user carrying the portable device gets on the vehicle
must be selected forthe engine control. Thus, inthe smart
engine system as mentioned above, it is very important
to reliably determine a position of the portable device
(determine as to whether the portable device is inside or
outside the vehicle).
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[0008] So far as we know, there is no proposal of ef-
fective technique to reliably determine a position of the
portable device. Accordingly, it is very difficult to realize
a quality smart entry system being almost free from the
in-lock or others.

[0009] A possible approach is that antennae are pro-
vided inside and outside the stationary device, and the
position of the portable device is determined depending
on the antenna actually used for the communication with
the portable device. This approach, however, can uncer-
tainly determine the device position when the device is
located at a delicate position inside or outside the vehicle.
[0010] Anotherapproachisdisclosedin Japanese Pat-
ent Unexamined Publication No. Hei. 11-107592. In the
approach, monitor means for monitoring a reception in-
tensity of an authentication code signal is provided on
the stationary device. An intensity (absolute value) of the
field strength of the signal received by a single antenna
of the stationary device and detected by the monitor
means is used for determining a position of the portable
device (distance measured from the stationary-device
side antenna) . In this approach, when the portable de-
vice is located near the stationary-device side antenna,
the field strength is saturated and hence does not vary.
Accordingly, to clearly determine the device position out-
side the vehicle, it is required that the portable device is
located at a position apart from the vehicle by a certain
distance. Further, the position of the portable device is
detected in terms of a distance measured from one an-
tenna. Therefore, it is impossible to exactly determine
the device position. When the portable device is located
at a delicate position inside or outside the vehicle, the
determined position is still uncertain.

[0011] A radio system according to the preamble of
claim 1is commonly known in the art, e.g EP 980 800 A1.

SUMMARY OF THE INVENTION

[0012] An object of the present invention is to provide
a radio system including a portable device and a station-
ary device, which can determine a position of the portable
device exactly and in finer steps.

[0013] The above-mentioned object can be achieved
by a radio system as defined in claim 1. [deletion(s)]
[0014] In each of the radio systems, the position de-
termination of the portable device may determine a po-
sition of the portable device as viewed in the direction in
which paired antennae of stationary-device side anten-
nae are arrayed, by using the magnitude relations be-
tween the reception intensity data of the paired antennae.
[0015] Accordingly, the device position is determined
by the communication result (the magnitude relations be-
tween the reception intensity data items), which is inde-
pendent of a variation of the absolute value (or dispersion
of the absolute values) of the transmission output power
or the reception intensity in the transmission and recep-
tion of the portable-device finding signal. Therefore, the
device position determination is little affected by a per-
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formance variation of the communication circuit of the
portable device and the stationary device and the anten-
nas or a dispersion of the performance values. The de-
termination of the position of the portable device is always
highin reliability. Further, to avoid the unwanted situation,
e.g., the saturation of the reception intensity data, it is
easy to vary the absolute value of the transmission output
power or the reception intensity in the transmission and
reception of the portable-device finding signal as a whole
in accordance with distance from the portable device to
the antennae (e.g., the transmission output power is in-
creased when the portable device is located at a long
distance from each antenna , and it is increased when
the portable device is located at a near distance from
each antenna).

[0016] Preferably, the stationary device is mounted on
a vehicle (e.g., automobile, bicycle, small air plane).
Then, the stationary device and/or the portable device
judges from the position determination result that the
portable device is inside or outside a vehicle, that a user
carrying the portable device gets on the vehicle, or that
the user gets off the vehicle.

[0017] In this case, the determination as to whether
the portable device is inside or outside the vehicle and
whether or not the user carrying the portable device gets
off the vehicle is exact.

[0018] Further, the stationary device may be a control
device which is mounted on the vehicle and communi-
cates with the portable device to verify that the portable
device is a predetermined one, and automatically exe-
cutes a control process for realizing a predetermined op-
eration of an object to be controlled (e.g., a device mount-
ed on the vehicle which forms the smart entry system) in
the vehicle.

[0019] The controlled object includes a lock device for
locking and unlocking the vehicle door and/or other de-
vices (except the lock device).

[0020] The control process contains a signal output for
locking or unlocking the lock device and/or a signal output
or the data setting permitting the mounted device to op-
erate, or a signal output for instructing the mounted de-
vice to operate. The device mounted on the vehicle may
be a drive power source for the engine or motor, a device
for driving transmission or the like, steering device, e.g.,
handle, an audio system, navigation system, or air con-
ditioner. The "the data setting permitting the mounted
device to operate" means an internal process, for exam-
ple, for setting a flag to permit the mounted device to
operate in the information processing within the station-
ary device.

[0021] Whenjudgingthatthe usercarryingthe portable
device got on the vehicle, the stationary device may se-
lect a kind of the controlled object or the contents of the
control. In the smart entry system also having the immo-
bilizer function, as already stated, it is preferable to con-
firm that the user carrying the portable device gets on
the vehicle, and to change the authentication code to be
sent and the transmission output power, which are for



5 EP 1 184 236 B9 6

the locking/unlocking of the vehicle door, to those for the
engine control. The position determining process of the
invention may be applied to the judgment as to whether
or not the user gets on the vehicle. If so done, the mode
select is exactly performed, and hence a quality smart
entry system is realized.

[0022] Whenthe stationary device is the control device
mounted on the vehicle as mentioned above, it is pref-
erable that when judging that the user carrying the port-
able device got on the vehicle, the stationary device
and/or the portable device selects such wireless trans-
mission output power for the verification as to reduce a
communication range (a position range of the portable
device within which itis communicable with the stationary
device).

[0023] In this embodiment, degradation of the crime
prevention (against the stealing of the authentication
code), due to the radiation of a signal containing the au-
thentication code for the verification in such abroad range
that it may be received in an area around the vehicle
although the user carrying the portable device is within
the vehicle, is avoided without fail.

[0024] Particularly, in such a device that the transmis-
sion output power selecting process changes the wire-
less communication range for the verification from the
relatively broad remote control range including positions
outside the vehicle, which are remote from the vehicle
by predetermined distance, to the narrow range within
the vehicle (may contain an area near the vehicle), the
communicable range is always within the least, but nec-
essary range. Accordingly, good crime prevention is se-
cured against the authentication code stealingwhile
keeping good convenience.

[0025] Further, the selecting of the controlled object
and the selecting of the wireless transmission output
power for the verification may be both carried out. Spe-
cifically, when the position determining process confirms
that the user carrying the portable device gets on the
vehicle, the stationary device changes the controlled obj
ect from the lock device to the mounted device (engine
orthe like). Further, the stationary device and/or the port-
able device selects the wireless transmission output pow-
er for the verification so that wireless communication
range for the verification is changed to the narrow range.
[0026] The selection process of the transmission out-
put power may be carried out for the portable device
and/or the stationary device.

[0027] The selection process may be executed such
that every position of the portable device, a correspond-
ing transmission output power value is selected and read
from nonvolatile memory which previously stores the
transmission output power value for each position of the
portable device. In some case (case where the load of
the control process is not in question), itis preferable that
the transmission output power is adjusted to the least,
but necessary communicable value when it is selected
(details of the output adjustment will be described in detail
in the description of the preferred embodiments).
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[0028] In acase where the stationary device is mount-
ed on the vehicle, the plurality of antennae are respec-
tively located on both side corners of the vehicle as
viewed in the direction in which the user gets on or off
the vehicle (the direction: a direction in which the pas-
senger gets on and off the vehicle, and which is normally
perpendicular to the vehicle advancing direction) . With
such an arrangement, the determination as to whether
the portable device is inside or outside the vehicle and
whether the user gets on or off the vehicle is exactly and
easily carried out on the basis of the magnitude relations
between the reception intensity data between the sta-
tionary-device side antennae located on both side cor-
ners.

[0029] In a case where the transmission output power
of the portable-device finding signal and the reception
sensitivity of the antenna are fixed in value for each an-
tenna, if the reception intensity data of one antenna is
substantially equal to that of the other antenna, it may be
considered that the portable device or the user is posi-
tioned at the center (the center of the vehicle) as viewed
in the getting-on and off directions. When the reception
intensity data of one antenna is somewhat larger than
that of the other antenna, it may be considered that the
portable device or the user is located at a position closer
to one of the antennae in the getting-on and off directions
(usually, near the vehicle door). If the reception intensity
data of one antenna is considerably larger than that of
the other antenna, it may be considered that the portable
device or the user is located at a position outside the
vehicle and on one of the side of the vehicle as viewed
in the getting-on and off directions. Thus, whether the
portable deviceisinside or outside the vehicle and wheth-
er or not the user carrying the portable device gets on
the vehicle are easily and exactly judged on the basis of
the comparison of the reception intensity data items.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030]

Figs. 1A and 1B are block diagrams showing an over-
all arrangement of a radio system (smart entry sys-
tem);

Fig. 2 is a table showing the principle to determine
a position of a portable device;

Fig. 3 is a diagram showing position areas for deter-
mining a position of a portable device;

Figs. 4A and 4B show tables for explaining the data
for determining a position of the portable device;
Fig. 5 is a flow chart showing an overall operation of
the radio system;

Fig. 6 is a flow chart showing an adjusting operation
of a transmission output signal;

Fig. 7 is a flow chart showing another adjusting op-
eration of a transmission output signal;

Figs. 8A-8C are diagrams showing a first use of the
radio system (at the time of getting on);
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Figs. 9A and 9B diagrams showing a second use of
the radio system (at the time of getting off); and
Figs . 10A and 10B diagrams showing a third use of
the radio system (at the time of getting off).

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0031] The preferred embodiments of the present in-
vention will be described with reference to the accompa-
nying drawings.

<First Embodiment>

[0032] A first embodiment of the present invention will
first be described. In the embodiment, the present inven-
tion is applied to a radio system for an entry system and
an engine control system (with the immobilizer function)
in a motor vehicle 1 of the two door type, as shown in
Fig. 1B.

[0033] The radio system, as shownin Fig. 1A, includes
a portable device 10, a stationary device 20 mounted on
the motor vehicle 1, and an adjusting antenna 40 for ad-
justing a transmission output power.

[0034] In Fig. 1A, reference numerals 28 and 29 are
door sensors for sensing the opening and closing of the
right and left doors of the motor vehicle 1. Reference
numeral 31 is adoorlock actuatoras adrive power source
for a door lock device of the motor vehicle 1. Reference
numeral 32 is a control unit for an engine control system
of the motor vehicle 1.

[0035] Those sensors 28 and 29 are used for triggering
the position determining process of the portable device
and the selecting (adjusting) process of the transmission
output signal.

[0036] The portable device 10 includes power receiv-
ing means (not shown), portable-device side communi-
cation means (including an antenna and a transceiving
circuit; not shown), reception intensity measuring means
(notshown), a control circuit (not shown), a built-in battery
(notshown), apower source circuit (not shown), and pow-
er-source control circuit (not shown) . The power receiv-
ing means receives electric power (wake-up signal) in a
non-contact manner by electromagnetic wave. The port-
able-device side communication means performs a wire-
less communication by using a communication frequen-
cy (e.g., a frequency within the UHF frequency band),
which is different from a frequency (e.g., 100 to 200kHz)
used for power transmission. The reception intensity
measuring means detects a field strength of a signal re-
ceived by the portable-device side communication
means. The control circuit includes a microcomputer (re-
ferred to as a micon) which performs the control process-
ing of the overall portable device and stores authentica-
tion codes and the like. The power source circuit supplies
electric power from the battery to power consuming ele-
ments (the portable-device side communication means,
the control circuit and the like). The power-source control
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circuit performs a power-source control on the electric
power transmission (reception of the wake-up signal). A
locking switch 11 and an unlocking switch 12 (see Fig.
1B), which are push buttons, are provided on an opera-
tion surface of the portable device 10.

[0037] The control circuit of the portable device 10 in-
cludes a nonvolatile portable-device side storage means
(e.g., E2PROM,; not shown), which is rewritable and eras-
able, for the storing means for storing authentication
codes and the like. The power source control circuit is
triggered by electric power (wake-up signal) received by
the power receiving means to shift the mode of the control
circuit from a sleep mode (little consuming electric power)
to a normal mode (not sleep mode) . In this case, the
shifting of the control circuit from the normal mode to the
sleep mode is performed through a control process of
the control circuit per se. When the locking switch 11 or
the unlocking switch 12 is operated, the control circuit
shifts from the sleep mode to the normal mode if neces-
sary, and accepts an operation of the switch.

[0038] The control circuit of the portable device 10, in
a normal mode, has a function to perform the following
processing operations by setting an operation program
to its the micon.

[0039] As shownin Fig. 1B, when the portable device,
which is in an operating state, wirelessly receives a re-
quest signal from the stationary device 20, it sends to the
stationary device through a transceiving circuit, an an-
swer signal. The answer signal contains a control mode
at that time, which is one of authentication codes (for
door locking control, engine start/stop control and output
adjustment), which are previously registered in the port-
able-device side storage means. When a portable-device
finding signal from the stationary device 20 is received
by the portable-device side communication means, the
portable device sends (returns) a portable-device finding
answer signal to the stationary device by the portable
device communication means. The portable-device find-
ing answer signal contains reception intensity data de-
tected by the reception intensity measuring means and
antenna identifying codes (to be described later) con-
tained in the received portable-device finding signal. Fur-
ther, in response to a mode select signal from the sta-
tionary device 20, the portable device changes a control
mode from a door lock control mode to an engine start/
stop control mode, and performs an output adjustment
(this will be described in detail later).

[0040] When the locking switch 11 or the unlocking
switch 12 is operated, the portable device sends a locking
command signal containing a door locking control au-
thentication code, or an unlocking command signal con-
taining the same in a wireless manner. When the station-
ary device 20 receives the locking command signal or
the unlocking command signal from the portable device,
the stationary device 20 verifies the received signal, and
then the door of the motor vehicle 1 is locked or unlocked.
Thus, the radio system including the portable device 10
and the stationary device 20 has the same function as
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of a general radio system or the keyless entry system (of
the unidirectional communication type already describe).
[0041] As shown in Fig. 1A, the stationary device 20
includes a control unit 21 and cabin antennae 24 and 25.
For the antennae of the stationary device, the cabin an-
tennae may be substituted by outside antennae or the
cabin antennae and outside antennae may be both used.
[0042] In this instance, the cabin antennae 24 and 25
are installed at both side positions in the front part of the
cabin of the motor vehicle 1 (e.g. on the instrument
panel) . The adjustingantenna40is provided at a position
near the window (near the pillar) in the cabin of the motor
vehicle 1.

[0043] The cabin antennae 24 and 25 are used for the
wake-up signal transmission (power transmission) and
the normal signal transmission/reception (wireless com-
munication by using the communication frequency al-
ready referred to) . If required, an antenna exclusively
used for the normal signal transmission/reception and
another antenna exclusively used for the power trans-
mission may be used separately.

[0044] The controlunit21includes a control circuit21a,
a transceiving circuit 21b, and a circuitry (not shown).
The portable-device finding answer signal contains a mi-
con. The transceiving circuit 21b transmits electric power
and wirelessly transmits and receives signals at the com-
munication frequency. The circuitry includes a power
source circuit, a timer circuit for intermittent driving.
[0045] The transceiving circuit 21b and the circuitry in-
cluding the power source circuit are not essential to the
present invention, and known circuits maybe employed
for the invention. The control circuit 21a contains a micon,
and storage means for storing authentication codes and
the like, which is rewritable and erasable nonvolatile sta-
tionary-device side storage means (e.g., E2PROM; not
shown). The control circuit 21a is intermittently driven by
the timer circuit already referred to, whereby its power
consumption is minimized.

[0046] The control circuit 21a has a function to execute
the following processing operations by setting operation
programs to its micon.

[0047] Specifically, every time it is driven by the timer
circuit, the transceiving circuit 21b sends to the portable
device a predetermined electric power which will serves
as a wake-up signal of the portable device 10 (Fig. 1B).
Then the transceiving circuit 21b sends a request signal
to requesting the return of an answer signal to the port-
able device in a wireless manner. When the stationary
device receives the answer signal from the portable de-
vice 10 after sending the request signal, it judges whether
or not an authentication code contained in the answer
signal corresponds to an authentication code previously
registered in the stationary-device side storage means.
If the result of the judgment is affirmative, it recognizes
that the authentication codes are coincident with each
other, and executes a predetermined process based on
the current control mode (the detail of this will be de-
scribed later). The control circuit 21a of the stationary
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device 20 operates for determining the current position
of the portable device 10 at a predetermined timing (as
will be described later).

[0048] The operation and principles of determining a
position of the portable device 10 in the radio system will
be described. The determination of a position of the port-
able device 10 will be made in the following manner.
[0049] To start, such a communication that portable-
device finding signals respectively containing different
antenna identification codes are concurrently or sequen-
tially emitted from either of the cabin antennae 24 and
25 under control of the control circuit 21a of the stationary
device 20, and the portable-device finding answer signals
that are returned from the portable device 10 are re-
ceived, is repeated for the following three conditions (out-
put power setting conditions).

[0050] The antenna identification codes are used for
identifying which of the cabin antennae 24 and 25 is used
for sending the signal.

[0051] The three conditions are: (1) Pt(D) > Pt(A), (2)
Pt(D) = Pt(A), and (3) Pt(D) < Pt(A), where Pt(D) is a
transmission intensity at the cabin antenna 25 on the
drive’s seat side (indicated by "D")’, and Pt(A) is a trans-
mission intensity at the cabin antenna 24 on the assistant
driver’s seat side (indicated by "A"). In Fig. 2, D1 and A1
indicate the first condition; and D2 and A2, and D3 and
A3 indicate the second and third conditions.

[0052] Itisrequired that an absolute value of the trans-
mission output power of the portable-device finding sig-
nal is set at such a value as not to saturate the reception
intensity data, if possible, even when the portable device
10 is within the cabin. Preferably, the absolute value of
the transmission output power of the portable-device
finding signal is adjusted to be a minimum value in ac-
cordance with the position of the portable device 10 (dis-
tance from each of the cabin antennae 24 and 25 or itis
within or outside the cabin), each time it is done.

[0053] The portable-device finding signal contains
condition codes as well as the antenna identification
code. The condition codes are each used for specifying
which of the three conditions was used for the portable-
device finding signal communication.

[0054] In the communication, every time the portable
device 10 receives the portable-device finding signals
containing antenna identifying codes received from the
cabin antennae 24 and 25, reception intensity data (an
absolute value, in this case) of the portable-device finding
signal, and a portable device finding answer signal con-
taining the antenna identifying code and the condition
codes, which are contained in the portable-device finding
signal received are returned by the portable-device side
communication means.

[0055] Thereafter, the control circuit 21a of the station-
ary device 20 judges to find a position area, which the
portable device 10 is located therein, from those position
areas being present as viewed in the getting-on and off
direction (vehicle width direction) of the motor vehicle 1,
on the basis of a total of six reception intensity data items
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E (D1),E (Al), E (D2), E(A2), E (D3), E(A3) thus obtained.
In the embodiment, nine position areas are provided as
shown in Figs. 2 and 3: outside the vehicle on the drive’s
seat (Dout), near the door (Dd) on the driver’s seat side ,
center of the driver’s seat (Dc), near the center of the
vehicle (Dcc) on the driver’s seat side, on the center line
of the vehicle (C), near the center of the vehicle (Acc),
center of the assistant driver’s seat (Ac), near the door
(Ad) on the assistant driver’ s seat side, and outside the
vehicle on the assistant drive’s seat (Aout) . With this,
fine position determination, which is preferable in deter-
mining whether the portable device 10 is present inside
and outside of the vehicle, is made depending on the
reception intensity data magnitude.

[0056] Specifically, where the first condition, pt (DI) >
Pt (Al), is set up, if the portable device 10 is located on
the center line of the vehicle (C), the reception intensity
data items satisfy E(DI) > E(Al). If it is located on the
center of the assistant driver’s seat (Ac), the data items
satisfy E(DI) = E(Al). Ifit is located near the door (Ad) on
the assistant driver's seat side, E(DI) < E(Al). For the
remaining conditions, as seen from Fig. 2, the amplitude
relation of the reception intensity data items at the an-
tennae varies in accordance with a position area in which
the portable device 10 is present, as a matter of course.
If the data item amplitude relations are classified into five
modes (mode 1 to mode 5) (Fig. 4A), combinations of
those modes on the three conditions (mode combina-
tions) are related to the position areas in one-to-one cor-
respondence (Fig. 4B). Therefore, the current position of
the portable device 10 can definitely be determined in a
manner that the six reception intensity data items are
compared for each condition to obtain mode combina-
tions, and those combinations are applied to the relations
shown in Fig. 4B.

[0057] Operations of the radio system (entry system
and immobilizer system) will be described together with
the control processes of the portable device 10 and the
stationary device 20.

[0058] Fig. 5 is a flow chart showing an operation flow
of the radio system.

[0059] To first, a step S1 is executed to check as to
whether or not a control mode is a door lock control mode,
as a result of a process (a process by the control circuit
21a) of the stationary device 20. In an initial state, the
door lock mode has been set up. The door lock control
mode is a control mode for executing the locking and
unlocking control of the door (the control of the entry sys-
tem). In the door lock control mode, the transmission out-
put power of the portable device 10 and the stationary
device 20 takes at relatively large initial values suitable
for the entry system (values for providing a relatively
broad range with which a remote control communication
is possible).

[0060] When in the door lock control mode, a prede-
termined electric power to be a wake-up signal is trans-
mitted from the stationary device 20. When the portable
device 10 is located within the remote-control communi-
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cation range and it receive the wake-up signal, the mode
of the control circuit of the portable device 10 shifts from
a sloop mode to a normal mode. A request signal that is
subsequently transmitted from the stationary device 20
is also received by the portable device 10. In turn, a step
S2is executed in which in response to the request signal,
the portable device 10 processes under control of its con-
trol circuit and sends an answer signal containing a door
lock control authentication code (locking/unlocking 1D
code)

[0061] When the locking switch 11 or the unlocking
switch 12 of the portable device 10 is operated, the step
S2 is also executed. In this case, a locking command
signal containing the door lock control authentication
code or an unlocking command signal containing the
same authentication code is sent under control of the
control circuit of the portable device 10.

[0062] In this case, after the answer signal, the locking
command signal or the unlocking command signal are
transmitted, the control circuit of the portable device 10
resumes its sleeve mode to save consumption power.
[0063] The answer signal, the locking command signal
or the unlocking command signal, as a matter of course,
are received by the stationary device 20 if those signals
come from the portable device located within the remote-
control communication range and unless some trouble,
e.g., abnormal drop of the transmission output power of
the portable device 10, occurs. Upon receipt of the an-
swer signal, the control circuit 21a of the stationary device
20 compares the door locking control authentication code
contained in the received answer signal or the like with
the door locking control authentication code stored in the
stationary-device side storage means, and judges
whether or notthose codes are coincident with each other
(step S3).

[0064] If those codes are coincident with each other,
the control circuit 21a controls the door locking/ unlocking
operation in accordance with a situation at that time. In
this case, when the reception intensity data of the re-
ceived answer signal takes a value in excess of a pre-
determined value and the door is in a locked state (it is
estimated that the user approaches to the locked door
of the vehicle), or when the received signal is an unlock-
ing command signal, a control signal for instructing the
door lock actuator 31 to operate for unlocking is sent to
the door lock actuator 31. When the reception intensity
data of the answer received signal takes a value smaller
than the predetermined value (or when the stationary de-
vice 20 is changed from a state that it can receive the
answer signal to a state that it cannot receive the answer
signal) and the door is in an unlocked state (it is assumed
that the user leaves the unlocked door of the vehicle), or
when the received signal is a locking command signal,
a control signal for instructing the door lock actuator 31
to operate for locking is sent to the door lock actuator 31
(step S4).

[0065] When a locking/unlocking control executed un-
der control of the control circuit 21a is a locking operation
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(outputting a control signal for instruction a locking oper-
ation), the sequence ofthe operations ends, and the proc-
ess starting with the step S1 is executed again (step S5).
When the locking operation is executed, the operation to
determine the position of the portable device 10 is pre-
formed, by way of precaution, before the sequence of
operations. In this case, when the portable device 10 is
located within the cabin, an alarm (to sound a horn or to
light on the lamp) is issued. Or the door is forcibly un-
locked so as to prevent the in-lock of the portable device
10 without fail.

[0066] When the locking/unlocking control executed
under control of the control circuit 21a is an unlocking
operation (outputting a control signal for instructing an
unlocking operation), the control circuit 21a of the sta-
tionary device 20 starts a time counting operation of a
timer which is previously set (step S6). Several minutes,
for example, will suffice for a set time of the timer.
[0067] Thereafter, the control circuit 21a receives the
output signals of the door sensors 28 and 29, and judges
whether or not the door is opened (step S7). If any of the
doors is not opened till the timer counts up (till a set time
of the timer elapses from the unlocking operation), the
locking control (to output a control signal for instructing
the door lock actuator 31 to operate for locking) is exe-
cuted to lock the door of the motor vehicle 1 (steps S8
and S9). This operation is such that since the unlocking
operation is executed, but the door is not opened, it is
judged that an unnecessary unlocking operation is per-
formed, and the door is automatically locked for securing
a crime prevention.

[0068] When itis judged that the door was opened till
the timer counts up, a process of determining the portable
device 10 position is executed (step S9a). Judgment is
made as to whether or not the portable device 10 enters
the cabin from outside (the user carrying the portable
device 10 got in the cabin of the motor vehicle 1), on the
basis of the position determining result (step S9b). When
the position of the portable device 10 is changed from
the area Dout to the area Dd, and further to the area Dc,
it may be considered that the portable device entered the
cabin. In this case, the device position determining proc-
ess (the transmitting and receiving the portable-device
finding answer signal, the comparing of the reception in-
tensity data magnitudes, and the like) is repeated till it is
judged that the portable device 10 entered the cabin or
that the door once opened is closed (step S9b and S9c).
Wheniitis judged that the door is closed before itis judged
that the portable device 10 enters the cabin, the step S9
is executed to lock the door for securing a crime preven-
tion, and the execution of the subsequent sequential op-
eration is ended (step S9c and S9).

[0069] When the portable device 10 is left outside the
vehicle and the door is left open during the execution of
the steps S9a and S9b, the operation will not progress
forever (the position determining operation will repeated
forever). This may be avoided with such an arrangement
that when a predetermined time elapses in a state that
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the portable device 10 is left outside the vehicle and the
door is left open, a sequence of process steps (during
the next process cycle, the sequential operation starting
with the step S1 is repeated) is ended under control of
the control circuit 21a.

[0070] When it is judged that the portable device 10
entered the cabin, it may be estimated that the user car-
rying the portable device 10 entered the cabin of the mo-
tor vehicle 1. Accordingly, the control circuit 21a of the
stationary device 20 shifts the control mode to the engine
start/stop control mode, and sends again a wake-up sig-
nal to the portable device 10 and then sends to it a mode
select report signal for reporting a mode select. Further,
the control circuit 21a selects such an output power of
the tranceiving circuit 21b as to be suitable for the engine
start/stop control mode. The control circuit of the portable
device 10 which has shifted its mode from the sleep mode
to the normal mode in response to the wake-up signal
and has received the mode select report signal, also se-
lects such transmission output power of the transceiving
circuit as to be suitable for the engine start/stop control
mode (step S10, S11).

[0071] Incidentally, the transmission output power se-
lecting operation is to merely change the transmission
output power of the transceiving circuit 21b and the like
from its initial value to a relatively small value (e.g., such
a value as to limit the communication area to within a
relatively narrow area including the cabin and its periph-
ery), which is preset for the engine start/stop control
mode. Of the output power of the stationary device 20
and the portable device 10, the transmission output pow-
er of the power transmission signal (i.e., the wake-up
signal) and the transmission output power of the device
position determining signal (portable-device finding sig-
nal and the portable-device finding answer signal) are
not always changed for selection. The reason for this is
that there is no need of putting the authentication codes,
which may raise a question in crime prevention, in those
signals. The transmission output power of the portable-
device finding signal may decrementally be adjusted in
order to avoid the saturation of the reception intensity
data without fail.

[0072] The transceiving circuit 21b of the stationary
device 20 checks if the door once opened is closed again
within the set time before a step S10 (after the step S9b).
If it is not closed again within the set time, the step sub-
sequent to the step S10 and the subsequent ones are
not executed and the sequence of steps maybe ended.
This step is taken for the following reason. When the user
A (Fig. 8) gets in the motor vehicle 1, a common practice
is to open the door and then to close the door. After this
user’ s behavior is confirmed, the engine start/stop con-
trol is carried out.

[0073] When, as mentioned above, the control mode
is selected and the output power adjustment is carried
out (mere selection of the output power in this case), a
predetermined electric power which will be the wake-up
signal is sent again from the stationary device 20, the
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control circuit of the portable device 10 shifts its mode
from the sleep mode to the normal mode. Thereafter,
when the portable device 10 receives a request signal
from the stationary device 20, the control circuit of the
portable device 10 responds to the request signal and
forms an answer signal containing engine start/stop con-
trol authentication code (engine start/stop control ID
code), and it is transmitted from the portable device 10
(step S12).

[0074] In this case, after the answer signal is transmit-
ted, the control circuit of the portable device 10 executes
its control process and returns to the sleep mode.
[0075] Thereafter, as already referred to, the answer
signal transmitted is received by the stationary device 20
unless some trouble, e.g., abnormal drop of the trans-
mission output power of the portable device 10, occurs.
The control circuit 21a of the stationary device 20 com-
pares the engine start/stop control authentication code
contained in the answer signal received with that stored
in the stationary-device side storage means, and checks
if those codes are coincident with each other (step S13).
[0076] If those codes are coincident with each other,
the control circuit 21a outputs a signal permitting the en-
gine start/stop to the control unit 32 of the engine control
system, and hence a state that the engine start/stop is
permitted is set up (step S14). If those codes are not
coincident, the control circuit 21a sends a signal for in-
hibiting the engine start/stop to the control unit 32 of the
engine control system, and a state that the engine start/
stop is inhibited is maintained (step S15).

[0077] Ina state that the engine start/stop is permitted,
the engine start/stop is possible by a normal key opera-
tion (operation of the ignition key switch). In a state that
the engine start/stop is inhibited, the engine start/stop is
impossible only by the normal key operation.

[0078] In a state that the engine start/stop is permitted,
it should be arranged for the sake of crime prevention
such that under control of the control circuit 21a, the en-
gine start/stop permission is automatically removed (i.e.,
the engine start/stop inhibition is set up) when the door
is opened after the engine stops and then is closed (it is
estimated that the user gets off the vehicle), or when a
step S18 judges that the portable device 10 is carried out
of the vehicle.

[0079] As described above, after the engine start/stop
control mode is set up, the step S1 in the next processing
cycleis executed and a step S16 is executed. In this step,
the control circuit judges as to whether or not the vehicle
door is operated (e.g., it having being closed is opened) .
When the door remains opened or closed after the engine
start/stop control mode is set up, nothing is executed and
the sequence of steps ends (i.e., the engine start/stop
control mode is maintained).

[0080] When the door having been closed is opened
(or the door having been opened is closed) after the en-
gine start/stop control mode is set up, the process of de-
termining the position of the portable device 10 is exe-
cuted again (step S16, S17). When the position deter-
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mining result is that the portable device 10 is carried out
of the vehicle (or is present outside the vehicle), the con-
trol circuit 21a of the stationary device 20 changes the
control mode from the engine start/stop control mode to
the door lock control mode, sends a wake-up signal to
the portable device 10, sends a mode select report signal
for reporting the mode select, and selects the transmis-
sion output power of the transceiving circuit 21b for suit-
able for the door lock control mode (step S19, S20). In
response to the wake-up signal, the portable device is
changed form the sleep mode to the normal mode. The
control circuit having received the mode select report sig-
nal also selects the transmission output power of the
transceiving circuit of the portable device 10 suitable for
the door lock control mode (step S19, S20). When the
position determining result is that the portable device 10
is not carried out for the vehicle (i.e., the portable device
10is left within the cabin), the device position determining
process (step S17) is repeated.

[0081] The judgment of the step S18 as to whether or
not the portable device 10 is carried out for the vehicle
should exactly be made in the follow manner. When the
position of the portable device 10 is changed from the
area Dc to the area Dd and further to the area Dout, the
judgment that the portable device is carried out of the
cabin is correct.

[0082] When the portable device 10 is still located in
the cabin during the processing of the steps S17 and
S18, nofurther progress of the process executionis made
(the device position process execution is repeated
forever) . To avoid this, it is arranged such that after a
predetermined time elapses in a state that the portable
device 10 is left within the cabin, the execution of the
sequence of steps is ended (the process is started again
from the step S1) or the step S12 and the subsequent
ones are executed again.

[0083] As described above, when the radio system of
the embodiment is used, as shown in Figs. 8A-C, the
user remotely controls the locking/unlocking operation of
the door of the motor vehicle 1 without any bothersome
key operation. Further, after the door of the motor vehicle
1 is unlocked, the user is permitted to start and stop the
engine in a hands free manner.

[0084] Specifically, even when the user A is located
apart from the motor vehicle 1, if the user A is within the
remote control communication range, the control opera-
tion of the steps S1 to S4 is carried out, so that, as shown
in Fig. 8A, the door of the motor vehicle 1 is automatically
unlocked through the verifying process by the smart entry
function (in this case, no operation is required), or is au-
tomatically locked or unlocked through the verifying of
the door of the motor vehicle 1 by operating the locking
switch 11 or unlocking switch 12.

[0085] When after the door of the motor vehicle 1 is
unlocked, the user A opens the door and gets on the
motor vehicle as shown in Figs. 8B and 8C, the control
operation of the steps S7 to S14 is carried out, so that
the getting-on action of the user A is reliably judged on
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the basis of the determining process of the position of
the portable device 10, and then the mode select is ex-
ecuted. As aresult, the function of the immobilizer system
is automatically executed (in this case, the start/stop per-
mission of the engine based on the verifying process).
[0086] After driving the motor vehicle 1, the user A
stops the vehicle (Fig. 9A), and gets off the vehicle (Fig.
9B). At this time, the control operation of the steps S16
to S29 is performed and the getting off of the user A is
reliably confirmed through the process of determining the
position of the portable device 10. The mode select proc-
ess is executed. The function of the smart entry system
(in this case, automatic locking of the motor vehicle 1
door based on the verifying process) is automatically ex-
ecuted through the control operation of the steps S1 to
S4. In other words, when the user A gets off the motor
vehicle 1 and leaves the vehicle (Figs. 10A and 10B), the
door is automatically locked when it comes to be incom-
municable (it cannot receive the answer signal).

[0087] The fact that the portable device 10 is located
in the cabin is certainly grasped by the control circuit 21a
of the stationary device 20 by the process of determining
whether the motor vehicle 1 is within or outside the ve-
hicle (steps S9a and S9b, and S17 to S18). When the
portable device 10 is within the vehicle, the engine start/
stop control mode is maintained for the control mode by
the process of the steps S10 and S18. It is certain that
the locking/unlocking operation (step S4) in the door lock-
ing control mode is not carried out. Accordingly, there is
no chance that as the result of the locking operation by
the door locking control mode, the called "in-lock" state
is set up (the portable device 10 is confined to within the
cabin). As already stated, the in-lock may be avoided
with such an arrangement when the locking operation is
executed in the step S4, the operation to determine the
position of the portable device 10 is preformed, by way
of precaution, after the step S5, for example, and if the
portable device 10 is left in the cabin, an alarm is issued.
No description has been made about a case where the
vehicle door is locked with a normal mechanical key. Also
in this case, the in-lock trouble of the portable device 10
as the result of using the normal key can be avoided in
a manner that the process of determining the position of
the portable device 10 is carried out under control of the
stationary device 20, and if the portable device 10 is left
in the cabin, an alarm is issued.

[0088] The radio system of the invention realizes the
function of the entry system (the object to be controlled
is the locking device of the motor vehicle 1) and the func-
tion of the immobilizer system (controlled object is the
engine control system of the motor vehicle 1), with a sim-
ple arrangement in which communication means are pro-
vided respectively in the portable device 10 and the sta-
tionary device 20. With such a simple arrangement, the
controlled object is appropriately selected in accordance
with current situation, and a communication range is ap-
propriately set up depending on the controlled object.
Accordingly, the invention succeeds in providing a quality
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radio system (a smart entry system also serving as the
immobilizer system) which secures both the crime pre-
vention and the convenience in good conditions.

[0089] Specifically, the control mode (the controlled
object) is exactly selected based on the exact judgment
as to whether the portable device 10 (viz., the user A) is
inside or outside the vehicle, which is made by the control
operation of the steps S9ato S11, and S17 to S20. Fur-
ther, the transmission output power is exactly selected
based on the control mode (controlled object) . In this
case, arelatively large transmission output power (broad
communication range) is selected for the door lock con-
trol mode serving as the entry system. For the engine
start/stop control mode serving as the immobilizer sys-
tem, the least transmission output power (narrow com-
munication range) necessary for the communication only
within the cabin is selected. For this reason, the respec-
tive function (the smart entry function, the immobilizer
function or the like) is appropriately selected and exactly
exercised in accordance with current situation. The trans-
mission output power (or the communication range) of
the portable device 10 or the stationary device 20 for the
communication using signals containing authentication
codes necessary for crime prevention is appropriately
changed to the least output power necessary for securing
the convenience, whereby the convenience and the
crime prevention are both secured in high level.

[0090] In the radio system of the invention, portable-
device finding signals are transmitted from a plurality of
(two in the embodiment) the stationary-device side cabin
antennae 24 and 25, which are located at different posi-
tions, to the portable device. A position of the portable
device 10 is determined by using the reception intensity
data of the portable-device finding signals at the portable
device. Therefore, if the portable device 10 is located
close to the cabin antenna 24 and a reception intensity
of the portable-device finding signal from the cabin an-
tenna 24 is saturated, a magnitude difference of the re-
ception intensity data appears without fail since a recep-
tion intensity (field strength) of the portable-device finding
signal from the cabin antenna 25 varies. Accordingly, the
position determination as mentioned above is performed
in very fine steps . Therefore, even if the portable device
10 is located at a delicate position inside or outside the
vehicle, it is possible to determine whether the portable
device 10 is located inside or outside the vehicle. Such
a radio system which includes an antenna located at a
corner and determines the position of the portable device
10 in the terms of a distance from the antenna by using
the reception intensity data from the antenna, cannot de-
termine an absolute position of the portable device 10
(although it can detect only whether or not the portable
device 10 approaches to the antenna) . In this connec-
tion, the position determining technique of the invention
is able to continuously detect a changing position of the
portable device 10 since an absolute position of it in the
direction in which the user gets on and off the motor ve-
hicle 1 (width direction) is detected as described above.
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Accordingly, it is easy to detect whether the user having
the portable device 10 gets on or off the motor vehicle 1,
or just move inside the vehicle. Further, it can obtain the
information about the position and behavior of the port-
able device 10, which is useful in realizing the quality
function of the systems as mentioned above.

[0091] Particularly, the present embodiment uses, in
communication, a portable-device finding signal as a sig-
nal being different from the verifying signals (the request
signal and the answer signal. Therefore, it is easy to set
the transmission output power of the portable-device
finding signal to be suitable transmission output power
(e.g., which is lower than the transmission output power
of a request signal in the door lock control mode, and at
which the reception intensity data is hard to saturated)
for the device position determination process (in this
case, mostly the device position determination within the
cabin), without depending on the verification signal. With
this, there is little chance of saturating the reception in-
tensity data. This fact additionally proves that the position
determination process is highly reliable.

[0092] Additionally, in the embodiment, to transmit the
portable-device finding signal, the amplitude relations of
the transmission output power of the portable-device
finding signals emitted from the cabin antennae 24 and
25 are varied for each of the first to third conditions. The
stationary device 20 determines the position of the port-
able device 10 by using a number of reception intensity
data items (in this case, six data items) obtained for each
setting (conditions) . Therefore, the device position may
be determined finely and precisely, by using on a variety
of reception intensity data items. In the embodiment, the
setting of the amplitude relations between the transmis-
sion output power of the portable-device finding signals
emitted from the cabin antennae 24 and 25 maybe set
only for the first condition (the transmission output power
emitted from the cabin antenna 24 is equal to that from
the cabin antenna 25). In this case, the areas Dd, Dc and
Dcc, and Ad, Ac and Acc shown in Fig. 2 or 3 are recog-
nized as the same position area. Accordingly, the reso-
lution (a measure of ability to distinguish between nearly
device positions) decreases correspondingly. Therefore,
itis impossible to minutely detect a motion of the portable
device 10 within the cabin.

[0093] A position of the portable device 10 as viewed
in the array of the paired stationary-device side antennae
24 and 25 is determined by the magnitude relations of
the reception intensity data between the antennae 24
and 25.

[0094] Accordingly, the device position is determined
by the communication result, which is independent of a
variation of the absolute value (or dispersion of the ab-
solute values) of the transmission output power or the
reception intensity in the transmission and reception of
the portable-device finding signal (the magnitude rela-
tions between the reception intensity data items). There-
fore, the device position determination is little affected
by a performance variation of the transceiving circuit of
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the portable device 10 and the stationary device 20, an-
tennae and the like or a dispersion of the performance
values. The determination of the position of the portable
device 10 is always high in reliability. Further, to avoid
the unwanted situation, e.g., the saturation of the recep-
tion intensity data, it is easy to vary the absolute value
of the transmission output power or the reception inten-
sity in the transmission and reception of the portable-
device finding signal as a whole in accordance with dis-
tance from the portable device 10 to the cabin antennae
24 and 25 (e.g., the transmission output power is in-
creased when the portable device 10 is outside the ve-
hicle, and it is increased when the portable device is in-
side the vehicle).

[0095] In the embodiment, the stationary-device side
antennae are the cabin antennae 24 and 25 located on
both side corners as viewed in the direction in which the
user gets on and off the motor vehicle 1 (viz., in the width-
wise direction) (the cabin antennae 24 and 25 are arrayed
in the getting-on and off direction of the vehicle 1). For
this reason, a position of the portable device 10 as viewed
in the getting-on and off direction is finely and exactly
determined by a simple process of comparing the mag-
nitudes of the reception intensity data items between the
antennae, and further whether the portable device 10 is
located inside or outside the cabin and the action of the
user A when he get on and off the vehicle are also finely
and exactly determined.

<Second Embodiment>

[0096] A second embodiment of the invention will be
described. In the second embodiment, a part of the Fig.
5 process of the first embodiment is modified.

[0097] Inthe process of selecting the transmission out-
put power (step S1 in Fig. 5), an output adjustment proc-
ess as shown in Fig. 6 is executed for each selection,
and the transmission output power in the engine start/
stop control mode is set (adjusted) to a preferable value
for each selection. The transmission output power ad-
justing technique to be described hereunder may be ap-
plied to the adjustment of the transmission output power
of the portable-device finding signal (the same thing is
true for other embodiments to be described later).
[0098] In this case, the control circuit of the portable
device 10 having received the mode select report signal
sets a parameter N (integer) used for determining the
transmission output power to "1" (step S21). Then, the
adjusting transmission output power of the transceiving
circuit of the portable device 10 is set to "KN" (step S22).
"K" is a unit used for the transmission output power ad-
justment.

[0099] The control circuit of the portable device 10 then
sends an adjusting signal in a state that the transmission
output power is KN (step S23).

[0100] The adjusting signal is a signal for requesting
the return of a reception ready signal for reporting that
the reception is ready. Itis preferable that the signal does
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not contain authentication codes for verification (door
lock control authentication code and engine start/stop
control authentication code), for the crime prevention. In
this case, the adjusting signal contains another authen-
tication code for the output adjustment (adjusting authen-
tication code), so that it is distinguished from an adjusting
signal received from another radio system of the same
type. When the stationary device 20 receives this adjust-
ing signal by way of the adjusting antenna 40 (or the
antenna 24, 25), it sends a reception ready signal (con-
taining the adjusting authentication code stored in the
stationary-device side storage means) at sufficiently
large power if the adjusting authentication code con-
tained in the adjusting signal is coincident with the ad-
justing authentication code stored in the stationary-de-
vice side storage means.

[0101] The control circuit of the portable device 10 sets
the parameter N (integer) to "N + 1" (step S24), and then
judges whether or not a reception ready signal containing
a given adjusting authentication code is received (the
adjusting signal is received by the stationary device 20).
If it is not received (viz., the adjusting signal is not re-
ceived by the stationary device), the control returns to
the step S22, and repeats the sequence of steps (viz.,
the transmission output power is increased by the ad-
justing unit K, and the adjusting signal is sent again to
execute the above judgment).

[0102] If it is received (viz., the adjusting signal is re-
ceived by the stationary device 20), a step S26 is exe-
cuted to set the transmission output power of the trans-
ceiving circuit 21b to "K(N - 1)" at least at the time of
wireless communication for the verification (the step S12
in the previous case) (viz., the transmission output power
is incremented every adjusting unit K, and it is set to a
value at which the reception is first possible.).

[0103] Inthis control operation, the output power of the
signal transmitted from the portable device 10 (containing
at least the authentication code for operating an obj ect
to be controlled) is set, at that time, to the least, but nec-
essary transmission output power which can be received
by the stationary device 20 (by the adjusting antenna 40
or cabin antennae 24 and 25). It is noted that the trans-
mission output power is not set to a fixed value (a preset
value) selected for the controlled object, but it is adjusted
to the best transmission output power in accordance with
the current situation. Accordingly, the reliability of the de-
vice operation is increased, and the crime prevention ef-
fect is maximized. Specifically, an answer signal (con-
taining the engine start/stop control authentication code),
which is transmitted from the portable device 10 for the
engine start/stop permission control of the immobilizer,
is reliably received by the stationary device 20. Further,
there is no chance that the answer signal is radiated to
an excessively broad area to deteriorate the crime pre-
vention. It is finely suppressed (viz., the communication
range within which the answer signal can be received
may be set to the least, but necessary range in fine
steps.).
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[0104] The Fig. 6 control process (the transmission
output power adjustment for the output power selection)
mentioned above may be executed in the stationary de-
vice 20.

[0105] The control circuit21a, which judges the control
mode selection (selection of the engine start/stop control
mode) from the setting up of a given trigger (the answer
to the step S7, and S9b is affirmative), first sends an
adjusting signal of the output power of KN(N - 1) to the
portable device. It judges whether or not the portable
device 10 succeeds in receiving the adjusting signal (or
through the adjusting antenna 40). If it fails to receive the
adjusting signal, N is incremented in the steps of "1", and
the sending of the adjusting signal is repeated. When it
firstreceives the adjusting signal, the transmission output
power used for the step S12 is set to the transmission
output power when the adjusting signal is first received.
[0106] By so doing, the request signal, which is trans-
mitted from the stationary device 20 for the engine start/
stop permission control of the immobilizer system (some-
times containing a request authentication code for dis-
tinguishing from another device), is reliably received by
the portable device 10. Further, there is no chance that
the request signal is radiated to an excessively broad
area to deteriorate the crime prevention. It is finely sup-
pressed (viz., the communication range within which the
request signal can be received may be set to the least,
but necessary range in fine steps.) . Particularly, when
the output power is adjusted on the basis of the result of
the judgment whether or not the sending of the adjusting
signal to the adjusting antenna 40 is possible, the com-
munication range (i.e., a receivable range of the portable
device 10) of the signal sent from the stationary device
20 to the portable device 10 is set extending to a position
near the cabin of the motor vehicle 1. For this reason,
when the portable device 10 is located within the motor
vehicle, the communication is possible, and the function
of the immobilizer system is fully utilized with good con-
venience. The signal (request signal) transmitted from
the stationary device 20 is little leaked, and hence the
crime prevention on the request signal is maximized in
degree.

[0107] The illegal listening of the request signal does
not lead to the stealing of the vehicle. However, the port-
able device 10 is caused to send an answer signal by
using the request signal. To avoid this, it is preferable to
employ such an arrangement as to protect the request
from its illegal listening.

<Third Embodiment>

[0108] Now, a third embodiment of the invention will
be described. Also in this embodiment, the Fig. 5 control
process in the first embodiment is modified partly.

[0109] In the embodiment, an output power adjusting
process shown in Fig. 5 is adjusted every time the output
power selection of the step S11in Fig. 5 is executed. The
transmission output power for the engine start/stop con-
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trol mode is optimized every output power selection.
[0110] In this case, the control circuit of the portable
device 10, when receiving the mode select report signal,
first sets the parameter N (integer) for determining the
transmission output power to "10" (step S31). Thereafter,
the transmission output power for adjustment of the
transceiving circuit of the portable device 10 is set to "KN"
(step S32).

[0111] Then, the control circuit of the portable device
10 sends an adjusting signal of the output power KN (step
S33).

[0112] Then, the control circuit judges whether or not
the reception ready signal containing a given adjusting
authentication code is received (viz., the adjusting signal
is received by the stationary device 20) (step S34). If it
is received (the adjusting signal is received by the sta-
tionary device 20), the parameter N (integer) is set to "N
- 2" (step S35), and thereafter, the control returns to the
step S32, and the sequence of steps is repeated (the
output power is decreased by the amount of two adjusting
units K, and the adjusting signal is sent again to execute
the above-mentioned judgment again.) .

[0113] If the given reception ready signal is not re-
ceived (the adjusting signal is not received by the sta-
tionary device 20), a step S36 is executed to set the out-
put power of the transceiving circuit 21b to "K(N+1)" at
least when the wireless communication for verification is
performed (when the step S12 is executed) (the output
power is progressively decremented in the steps of the
two adjusting units K, and is set to a value being larger
than a value at which the signal reception is impossible,
by the adjusting unit K). Subsequently, the adjusting sig-
nal is sent again with the output power by the step S36
(step S37).

[0114] When the reception ready signal containing the
given adjusting authentication code is received (viz., the
adjustmentis received again by the stationary device 20),
the output power of the transceiving circuit 21b is finally
set to "K(N + 1)" at least at the time of the wireless com-
munication for verification (step S38, S39).

[0115] When the reception ready signalis not received
(viz., the adjustment is not received again by the station-
ary device 20), the output power of the transceiving circuit
21b is finally set to "K (N + 2)" at least at the time of the
wireless communication for verification (step S38, S40).
[0116] Also in this control operation, the output power
ofthe signal transmitted from the portable device 10 (con-
taining at least the authentication code) is set, at that
time, to the least, but necessary transmission output pow-
er. Thus, it is adjusted to the best transmission output
power in accordance with the current situation. Accord-
ingly, the reliability of the device operation is increased,
and the crime prevention effect is maximized.

[0117] A unique feature of the third embodiment re-
sides in that the adjusting step width of the output power
is first set at a large value (it is incremented in the steps
of 2K), and when the impossible communication first oc-
curs, the wireless communication is performed again,
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and depending on the result of the re-communication,
the adjusting step width is changed to a small step width
(in this case, steps S37 to S40). With this feature, the
time taken for the adjustment is reduced when comparing
with the case in which the output power is gradually ad-
justed in the small steps (as in the second embodiment).
[0118] The control process of Fig. 7 (another example
of the output power at the time of selecting the output
power) maybe executed in the stationary device 20.

<Other embodiments>

[0119] It should be understood that the present inven-
tion is not limited to the above-mentioned embodiments,
but may variously be modified, altered and changed with-
in the true spirits of the invention.

[0120] In the embodiments, as described above, the
position of the portable device 10 is determined by com-
paring (the magnitudes of) the reception intensity data
of the portable-device finding signals from the cabin an-
tennae 24 and 25. If required, the absolute values of
those reception intensity data may be used for the same
purpose. Specifically, distances from the cabin antennae
24 and 25 to the portable device 10 are detected by using
the absolute values of the reception intensity data. Posi-
tions satisfying the two distances on a horizontal plane
(parallel to the road surface) are specified by using the
positions of the cabin antennae 24 and 25, whereby the
absolute value of the portable device 10 on the horizontal
plane is judged.

[0121] In the above-mentioned embodiments, the re-
ception intensity data is sent as intact as the portable-
device finding signal returned from the portable device
10. The position determination of the portable device 10
based on the reception intensity data is carried out in the
stationary device 20. In alternative, the process of com-
paring the reception intensity data (Fig. 2) is carried out
in the portable device 10. The portable device 10 returns
to the stationary device 20 a portable device finding an-
swer signal containing data indicative of the result of the
device position determination process based on the com-
paring process (containing a mode connection data
shown in Fig. 4 or data indicating an area in which the
portable device 10 is located). ’

[0122] The position determining process by the sta-
tionary device 20 may be realized in the following way.
[0123] The portable device 10 responds to a request
signal for portable device finding from the stationary de-
vice 20, and sends a portable device finding signal. The
portable device finding signal from the portable device
10 is received by the stationary-device side cabin anten-
nae 24 and 25 located at different positions. A position
of the portable device 10 is determined by using the re-
ception intensity data of the portable-device finding sig-
nals from the cabin antennae 24 and 25. In this case, the
portable device finding signal is sent three times from the
portable device 10. The stationary device receives the
portable-device finding signal in three conditions of the
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reception sensitivities of the cabin antennae 24 and 25
(reception sensitivity of one antenna = reception sensi-
tivity of the other antenna; reception sensitivity of one
antenna > reception sensitivity of the other antenna; and
reception sensitivity of one antenna < reception sensitiv-
ity of the other antenna) . If so done, the present embod-
iment produces useful effects (finer position determina-
tion) comparable with those in the case where the output
power of the portable device finding signal is set on the
basis of the three conditions.

[0124] In the embodiments, the one-dimensional ab-
solute position determination of the portable device 10
is performed by using the two antennae. The number of
antennae may be increased. Those antennae are han-
dled in pairs. The position determination is carried out
for each pair of antennae. In the case, the two-dimen-
sional position determination and finer position determi-
nation are possible (the position determination in the ve-
hicle advancing direction is also possible.). To increase
the resolution of the position determination, the output
power and the reception sensitivity conditions may be
set in finer steps.

[0125] Inthe embodiments, the portable device 10 ex-
ecutes the output power selection process in accordance
with the selection of the object to be controller. The sta-
tionary device 20 also executes the same process. If re-
quired, one of the portable device 10 and the stationary
device 20 may execute the same process. In the above-
mentioned embodiments, the signal containing the most
important authentication code information is the answer
signal transmitted from the portable device 10. Only the
transmission output power of the answer signal of the
portable device 10 may be selected by the object to be
controlled. Great practical effect is obtained.

[0126] Inthe above-mentioned embodiments, the sig-
nal (adjusting signal) being wirelessly transmitted and
received contains the adjusting authentication code. To
improve the output adjusting rate, such an authentication
code is removed from the signal and the verifying process
is omitted.

[0127] Inthe embodiments, the output adjusting proc-
ess shown in Fig. 6 or 7 is executed separately by the
portable device 10 and the stationary device 20. If re-
quired, the process is executed by only the stationary
device 20, and a signal reporting the adjustment result
is sent to the portable device 10. The portable device 10
changes the output power to a power value based on the
received signal (the portable device 10 does not send
the adjusting signal for the output adjustment).

[0128] In the embodiments, the mode of the control
circuit of the portable device 10 is changed, for commu-
nication, from the sleep mode to the normal mode by the
wake-up signal by the power transmission. If required,
the control circuit of the portable device 10 may be inter-
mittently operated under control of a timer circuit (not
shown) . In this case, there is no need of sending the
wake-up signal.

[0129] The invention is operable without the general
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keyless entry system (in this case, the switches 11 and
12 are not used.).

[0130] Inthe embodiments, the case of using two types
of objects to be controlled (the lock device of the vehicle
door and the engine control system) is presented. The
number of the controlled objects may be increased fur-
ther. The trigger for starting the process to determine a
position of the portable device 10 and select the control-
led object and the output power is the door operation,
but it is not limited to it. In the case where the lock device
for the vehicle door and the engine start/stop control sys-
tem are used for the controlled objects as in the embod-
iments, a door knob operation sensor for detecting an
operation of the door knob by the user and a door knob
sensor for detecting a state that the hands of the user
approaches to or touches the door know may be used.
The position determination process for the portable de-
vice 10 starts in response to a signal output from any of
those sensors. And itis detected that the portable device
10 entered the cabin. The control mode is changed to
the engine start/stop control mode. The output power
suitable for the mode is selected (selection for the engine
start/stop control mode).

[0131] In the above-mentioned embodiments, the
case where the wake-up signal (or the request) is inter-
mittently sent from the stationary device is described. To
save power consumption, the wake-up signal or the re-
quest signal is not sent till some trigger is set up. In a
specific example, the wake-up signal (or the request sig-
nal) is not sent till the door knob operating sensor or the
door knob sensor is operated, and the locking/unlocking
control is executed.

[0132] Inthe embodiments, the position determination
for the portable device 10 is carried out only when it is
estimated that the user gets on or off the vehicle. When
the user gets off, or when a set time terminates, the po-
sition determination is stopped. If required, the position
determination may be continued for a long time. The po-
sition determination may be repeated from an instant that
the user carrying the portable device 10 opens the door
and gets in the vehicle till the engine actually starts, or
from an instant that thereafter the door is closed till the
door is locked, or till the position of the portable device
10 does not change.

[0133] The presentinvention may be appliedto various
objects to be controlled and control contents while not
limited to the locking and unlocking of the door and the
engine start, as already stated referred to in the discus-
sion of the related art.

[0134] Forthe same object to be controlled, the control
contents and the output power may be selected depend-
ing on the position determination of the portable device.
[0135] The portable device 10 may have a plurality of
switches. In this case, various remote controls (manual
operations) may be made by using those switches. Ex-
amples of those switches are switches for remotely open-
ing and closing the trunk, engine room or cap device for
fuel tank or the like, a panic switch for sounding a horn
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against the ruffian.

[0136] The invention may be applied to any other sys-
tem than the vehicle entry system if it is based on a wire-
less communication between the portable device and the
stationary device.

[0137] Inaradiosystem,a position of a portable device
is determined by reception intensity data of portable-de-
vice finding signals received by a plurality of stationary-
device side antennae located at different positions.
Therefore, if the portable device is located close to the
stationary-device side antenna and a reception intensity
of the portable-device finding signal from the antenna is
saturated, the position determination as mentioned
above is made in very fine steps since a reception inten-
sity of the portable-device finding signal from another sta-
tionary-device side cabin antenna varies. The position
determination is made atfiner steps when comparing with
a case using a single antenna. Therefore, even when
stationary device is located at a delicate position inside
or outside the vehicle, the position of the portable device
can exactly be determined. A radio system, which deter-
mines the position of the portable device in terms of dis-
tance from one antenna by using reception intensity data
at the antenna, cannot detect an absolute position of the
portable device (although it can detect only whether or
not the portable device approaches to the antenna). In
this connection, the radio system of the invention grasps
an absolute position of the portable device and can con-
tinuously detect a changing position of the portable de-
vice.

Claims
1. Aradio system comprising:

a portable device that may be carried by a user;
and

a stationary device (20) for wirelessly commu-
nicating with said portable device,

said portable device (10) being arranged to operate
such that when said portable device receives first
signals from said stationary device, said portable de-
vice sends second signals including reception inten-
sity data representing the reception intensity of said
first signals back to said stationary device,

said stationary device (20) being arranged to send
said first signals from a plurality of stationary-device
side antennae located at different positions respec-
tively, and, when said stationary device receives said
second signals from said portable device (10)
through the respective stationary-device side anten-
nae, to determine a position of said portable device
(10) by using said reception intensity data included
in said second signals,

said stationary device (20) being arranged to vary
the setting of the relation between transmission in-
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tensities of said first signals from said respective sta-
tionary-device side antennae, said stationary-device
side antennae comprising a first cabin antenna (25)
located on a driver’s seat side of a vehicle and a
second cabin antenna (24) located on an assistant
driver’s seat side of the vehicle, and

said stationary device being arranged to determine
the position of said portable device by using the re-
ception intensity data obtained for different settings
of said relation, characterized in that

said stationary device is arranged to vary the setting
of the relation between transmission intensities of
said first signals among three conditions: [1] trans-
mission intensity of first cabin antenna (25) > trans-
mission intensity of second cabin antenna (24); [2]
transmission intensity of first cabin antenna (25) =
transmission intensity of second cabin antenna (24);
[3] transmission intensity of first cabin antenna (25)
< transmission intensity of second cabin antenna,
the said first signal includes an antenna identification
code identifying the cabin antenna by which the said
first signal is being sent,

the said first signal further includes a condition code
specifying which of said three conditions is being
used when sending said first signals,

a said second signal in addition to containing said
reception intensity data, contains said antenna iden-
tification code and said condition code, and

control means (21) are provided in said stationary
device (20) arranged to determine the position of
said portable device (10) from the reception intensity
data corresponding to the first and second cabin an-
tennae (25, 24) received for each of said three con-
ditions.

The radio system according to claim 1, wherein said
stationary device (20) is arranged to verify that said
portable device is a predetermined one and to auto-
matically execute a control process for realizing a
predetermined operation of an object to be controlled
in said vehicle, and, when it is determined by said
control means (21) that the user carrying said port-
able device got on the vehicle, said stationary device
(20) is arranged to select a kind of the controlled
object or control contents of the controlled object.

The radio system according to claim 2, wherein the
controlled object includes a device (31) for locking
and unlocking the doors of the vehicle, and the con-
trol process includes a signal output for causing said
device to operate for locking or unlocking.

The radio system according to claim 1, wherein said
stationary device (20) is arranged to verify that said
portable device (10) is a predetermined one and to
automatically execute a control process for realizing
a predetermined operation of an object to be con-
trolled in said vehicle, and, when it is determined by
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said control means (21) that the user carrying said
portable device got on the vehicle, said stationary
device (20) and/or said portable device (10) arefis
arranged to select such transmission intensity as to
reduce the a communication range to the inside of
the vehicle.

Patentanspriiche

Funksystem, welches aufweist:

eine tragbare Vorrichtung, die ein Benutzer tra-
gen kann; und

eine stationare Vorrichtung (20) zur drahtlosen
Kommunikation mit der tragbaren Vorrichtung,

wobei die tragbare Vorrichtung (10) fir ein solches
Arbeiten eingerichtet ist, dass, wenn die tragbare
Vorrichtung erste Signale von der stationaren Vor-
richtung empfangt, die tragbare Vorrichtung zweite
Signale an die stationdre Vorrichtung zurlicksendet,
die Empfangsintensitdtsdaten enthalten, welche die
Empfangsintensitat der ersten Signale darstellen,
wobei die stationdre Vorrichtung (20) so eingerichtet
ist, dass sie die ersten Signale aus einer Anzahl sta-
tionarvorrichtungsseitiger Antennen sendet, die an
unterschiedlichen Stellen angeordnet sind, und,
wenn die stationare Vorrichtung die zweiten Signale
von der tragbaren Vorrichtung (10) tber die betref-
fenden stationarvorrichtungsseitigen Antennen
empfangt, sie eine Position der tragbaren Vorrich-
tung (10) unter Verwendung der in den zweiten Si-
gnalen enthaltenen Empfangsintensitatsdaten be-
stimmt,

die stationdre Vorrichtung (20) so eingerichtet ist,
dass sie die Einstellung der Beziehung zwischen
Sendeintensitdten der ersten Signale aus den be-
treffenden stationarvorrichtungsseitigen Antennen
verandert, wobei die stationarvorrichtungsseitigen
Antennen eine erste Fahrgastraumantenne (25), die
auf einer Fahrersitzseite eines Fahrzeugs angeord-
net ist, und eine zweite Fahrgastraumantenne (24),
die auf einer Beifahrersitzseite des Fahrzeugs an-
geordnet ist, aufweisen, und

die stationare Vorrichtung so eingerichtet ist, dass
sie den Ort der tragbaren Vorrichtung unter der Ver-
wendung der Empfangsintensitatsdaten, die fur un-
terschiedliche Einstellungen der Beziehung gewon-
nen sind, bestimmt, dadurch gekennzeichnet,
dass

die stationare Vorrichtung so eingerichtet ist, dass
sie die Einstellung der Beziehung zwischen Send-
eintensitaten der ersten Signale zwischen drei Be-
dingungen verandert: [1] Sendeintensitat der ersten
Fahrgastraumantenne (25) > Sendeintensitat der
zweiten Fahrgastraumantenne (24); [2] Sendeinten-
sitat der ersten Fahrgastraumantenne (25) = Send-
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eintensitat der zweiten Fahrgastraumantenne (24);
[3] Sendeintensitat der ersten Fahrgastraumanten-
ne (25) < Sendeintensitat der zweiten Fahrgastrau-
mantenne (24),

das erste Signal einen Antennenidentifikationskode
enthalt, der die Fahrgastraumantenne identifiziert,
von welcher das erste Signal gerade gesendet wird,
das erste Signal ferner einen Bedingungskode ent-
hélt, der spezifiziert, welche der drei Bedingungen
verwendet wird, wenn die ersten Signale gesendet
werden,

ein zweites Signal, zusétzlich zu den Empfangsin-
tensitatsdaten, den Antennenidentifikationskode
und den Bedingungskode enthalt, und

Steuermittel (21) in der stationaren Vorrichtung (20)
vorgesehen sind, die so eingerichtet sind, dass sie
die Position der tragbaren Vorrichtung (10) anhand
der der ersten und der zweiten Fahrgastraumanten-
ne (25, 24) entsprechenden Empfangsintensitatsda-
ten bestimmen, die firr jede der drei Bedingungen
empfangen werden.

Funksystem nach Anspruch 1, wobei die stationdre
Vorrichtung (20) so eingerichtet ist, dass sie verifi-
ziert, dass die tragbare Vorrichtung eine bestimmte
ist, und dass sie automatisch einen Steuervorgang
zur Realisierung eines bestimmten Arbeitens eines
zu steuernden Objekts in dem Fahrzeug ausfihrt,
wobei, wenn von den Steuermitteln (21) festgestellt
wird, dass der die tragbare Vorrichtung tragende Be-
nutzer in das Fahrzeug eingestiegen ist, die statio-
nare Vorrichtung (20) eingerichtet ist, eine Art des
gesteuerten Objekts oder Steuerinhalte des gesteu-
erten Objekts auszuwahlen.

Funksystem nach Anspruch 2, wobei das gesteuerte
Objekt eine Vorrichtung (31) zur Verriegelung und
Entriegelung der Turen des Fahrzeugs enthalt, und
der Steuervorgang eine Signalausgabe zur Bewir-
kung, dass die Vorrichtung verriegelnd oder entrie-
gelnd arbeitet, enthalt.

Funksystem nach Anspruch 1, wobei die stationdre
Vorrichtung (20) so eingerichtet ist, dass sie verifi-
ziert, dass die tragbare Vorrichtung (10) eine be-
stimmte ist, und automatisch einen Steuervorgang
zur Realisierung eines bestimmten Arbeitens eines
zu steuernden Objekts in dem Fahrzeug ausfihrt,
wobei, wenn von den Steuermitteln (21) festgestellt
wird, dass der die tragbare Vorrichtung tragende Be-
nutzer in das Fahrzeug eingestiegen ist, die statio-
nare Vorrichtung (20) und/oder die tragbare Vorrich-
tung (10) zur Auswahl einer solchen Sendeintensitat
eingerichtet ist/sind, dass der Kommunikationsbe-
reich aufdas Innere des Fahrzeugs beschrankt wird.
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Revendications

1.

Systéme de radio comprenant :

un dispositif portable qui peut étre transporté par
un utilisateur ; et

un dispositif fixe (20) destiné a communiquer
sans fil avec ledit dispositif portable,

ledit dispositif portable (10) étant disposé pour fonc-
tionner de maniéere a ce que lorsque ledit dispositif
portable recoit des premiers signaux provenant dudit
dispositif fixe, ledit dispositif portable envoie en re-
tour des seconds signaux incluant des données re-
latives a I'intensité de réception représentant I'inten-
sité de réception desdits premiers signaux audit dis-
positif fixe,

ledit dispositif fixe (20) étant disposé pour envoyer
lesdits premiers signaux a partir d’une pluralité d’an-
tennes du coté du dispositif fixe située a différentes
positions respectivement et, lorsque ledit dispositif
fixe recoit lesdits seconds signaux provenant dudit
dispositif portable (10) au travers des antennes du
coté du dispositif fixe respectives, pour déterminer
une position dudit dispositif portable (10) en utilisant
lesdites données relatives a I'intensité de réception
incluent dans lesdits seconds signaux,

ledit dispositif fixe (20) étant disposé pour varier le
réglage de la relation entre les intensités de trans-
mission desdits premiers signaux a partir desdites
antennes du c6té du dispositif fixe respectives, les-
dites antennes du c6té du dispositif fixe comprenant
une premiére antenne de cabine (25) située du cboté
du siége du conducteur d’un véhicule et

une seconde antenne de cabine (24) située du coté
du siége du copilote du véhicule, et

ledit dispositif fixe étant disposé pour déterminer la
position dudit dispositif portable en utilisant les don-
nées relatives a l'intensité de réception obtenues
pour différents réglages de ladite relation, caracté-
risé en ce que

ledit dispositif fixe est disposé pour varier le réglage
de la relation entre les intensités de transmission
desdits premiers signaux parmi trois conditions : [1]
l'intensité de transmission de la premiére antenne
de cabine (25) > l'intensité de transmission de la se-
conde antenne de cabine (24); [2] lintensité de
transmission de la premiére antenne de cabine (25)
= l'intensité de transmission de la seconde antenne
de cabine (24) ; [3] 'intensité de transmission de la
premiere antenne de cabine (25) < l'intensité de
transmission de la seconde antenne de cabine,
ledit premier signal inclut un code d’identification
d’antenne identifiant 'antenne de cabine au moyen
de laquelle ledit premier signal est envoyé,

ledit premier signal inclut en outre un code de con-
dition spécifiant laquelle desdites trois conditions est
utilisée lors de I'envoi desdits premiers signaux,
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ledit second signal, en plus de contenir lesdites don-
nées relatives al'intensité de réception, contient ledit
code d’identification d’antenne et ledit code de con-
dition, et

des moyens de contrdle (21) sontdisposés dans ledit
dispositif fixe (20) disposé pour déterminer la posi-
tion dudit dispositif portable (10) a partir des données
relatives al'intensité de réception correspondant aux
premiére et seconde antennes de cabine (25, 24)
regues pour chacune desdites trois conditions.

Systéme de radio selon la revendication 1, dans le-
quel ledit dispositif fixe (20) est disposé pour vérifier
que ledit dispositif portable est un dispositif prédé-
terminé et pour exécuter automatiquement un pro-
cessus de controle pour réaliser une opération pré-
déterminée d’'un objet devant étre contrélé dans ledit
véhicule et, lorsqu’il est déterminer par lesdits
moyens de contréle (21) que I'utilisateur transportant
ledit dispositif portable est présent dans le véhicule,
ledit dispositif fixe (20) est disposé pour sélectionner
un type de I'objet contrélé ou du contenu de contrdle
de 'objet contrdleé.

Systéme de radio selon la revendication 2, dans le-
quel I'objet contrélé inclut un dispositif (31) pour ver-
rouiller et déverrouiller les portes du véhicule et le
processus de contréle inclut une sortie de signal pour
demander audit dispositif de fonctionner pour ver-
rouiller ou déverrouiller.

Systéme de radio selon la revendication 1, dans le-
quel ledit dispositif fixé (20) est disposé pour vérifier
que ledit dispositif portable (10) est un dispositif pré-
déterminé et pour exécuter automatiquement un
processus de contrdle pour réaliser une opération
prédéterminée d’un objet devant étre contrélé dans
ledit véhicule et, lorsqu’il est déterminer par lesdits
moyens de contréle (21) que I'utilisateur transportant
ledit dispositif portable est présent dans le véhicule,
ledit dispositif fixe (20) et/ ou ledit dispositif portable
(10) est/sontdisposé(s) pour sélectionner l'intensité
de transmission qui permettra de réduire la plage de
communication a l'intérieur du véhicule.
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FIG. 4A
MODE

1 E(D)>>E (A)

2 E(D)>E(A)

3 E (D) = E(A)

4 E (D)< E(A)

5 E (D) <<E (A)
FIG. 4B

AREA | MODE CONBINATION

Dout 112
Dd 222
Dc 223
Dec 224
C 234
Acc 244
Ac 344
Ad 444
Aout 455
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FIG. 7
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FIG. 8A | 1. UNLOCKING OPERATION
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FIG. 8B [ A

2. GET IN THE VEHICLE WHILE >
CARRYING THE PORTABLE
DEVICE. AT THIS TIME, SPECIFY
A POSITION OF THE PORTABLE
DEVICE AND ITS MOTION.

FIG. 8C

3. MAKE AN AUTHENTICATION FOR THE
PERMISSION OF ENGINE START.
SELECT THE NARROWEST
COMMUNICATION RANGE (IN-CABIN
COMMUNICATION RANGE) NECESSARY
FOR THE AUTHENTICATION.
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FIG. 9A

1. THE USER HOLDS THE PORTABLE DEVICE, AND
THE DEVICE HAS AN AUTHENTICATION CODE.

r~ ™

FIG. 9B

2. GET OFF THE VEHICLE WHILE HOLDING THE PORTABLE
DEVICE. AT THIS TIME, SPECIFY A POSITION OF THE
PORTABLE DEVICE AND ITS MOTION.
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FIG. 10A

3. LEAVE VEHICLE WHILE HOLDING THE PORTABLE DEVICE. AT THIS TIME, DETECT
THE USER GETS OFF THE VEHICLE, FROM THE PORTABLE DEVICE'S MOTION.
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FIG. 10B

4. THE STATIONARY DEVICE CANNOT COMMUNICATE WITH THE
PORTABLE DEVICE, AND RECOGNIZES THAT THE PORTABLE
DEVICE IS NOT WITHIN THE CABIN, AND LOCKS THE DOOR.
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