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PORTABLE DEVICE FOR SMART ENTRY

BACKGROUND OF THE INVENTION

& 1. Field of the Invention
[0001]  The invention relates to a portable device for smart entry, which is adapted

to lock and unlock a door of a vehicle, or the like.

- 2. Description of Related Art »

10 - [0002] ConQentionally, an electronic key systém that permits locking and
unlocking of a door of a vehicle, by performing ID matching through wireless .
communication between an electronic key cafried by the user and a vehicle-mounted |
device, is used. In the electronic key system, the electronic key needs to be constantly
held in a standby state for monitoring radio waves received from the vehicle-mounted

15 device; therefore, power of a battery incorporated in>the electronic key is constantly
consumed irrespective of whether so-called smart communication, or the like, for ID
mafching is being conducted. | V

{0003] Therefore, aAknown example of the electronic key system is arranged to
inform the user, via an alanm lamp, or tﬁe like, that the remaining battery level of the

20  electronic key is low, when the battery level is reduced. Also, as a method of curbing

" power consumption of the battery of the electronic key, an eiectronic key. system ‘is
_ proposed which is arranged to supply electric power required to hold the electronic key in
the standby state, via radio waves transmitted from a vehicle-mounted dévice (see, for
example, Japanese Patent Application Publication No. 2011-24332 (JP 201 1-24332 A).
25 | | |
SUMMARY OF THE INVENTION
[0004]  When the remaining battery level of the electronic key is reduced in the
known electronic key system, the user is informéd of this situation via the alarm lamp, or

the like, of the vehicle. However, since the electronic key can be used as usual even after
CONFIRMATION COPY
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turn-on of the alarm lamp, it may be difficult for the user to recognize the necessity of
replacing the battery with a new one. If the user is not informed of the necessity of
replacing the battery, the user will continue 1o use the electronic key without replacing the
battery. Finally, the electronic key runs out of battery, and becomes inoperative.

[0605]  Thus, the known electronic key system is not sufficient to enable the user
to surely recognize the necessity of replacing the battery because of the low battery level or
charge, after warning about reduction of the remaining battery level of the electronic key.

[0006]  Also, in the known electronic key, the battefy aﬁd the electronic circuit are

kept connected even when reduction of the battery voltage is detected. Therefore, the

battery whose voltage has been reduced is further discharged. As a result, the effect of

voltage reduction during the standby period ‘becomes non-negligible. _

[0007]  In the electronic key system as described in JP 2011-24332 A identified
above, power consumption of the battery during the standby period can be reduced.
However, the system suffers from the following problems. Firstly, there are many
restrictions on the location at which the electronic key is placed so that the key can

efficiently receive radio waves that provide electric power. Secondly, extensive or

significant design additions are needed in hardware and system on the vehicle so that the

vehicle can transmit and receive radio waves that provide' electric power. Thirdly, the
user who does not frequently get in the vehicle has a small chance of having the user’s key
receive radio waves that provide electric power. ‘
[0008]  The invention provides a portable device for smart entry, which can
eliminate or reduce standby power consumption after the voltage of a battery is reduced,
and enable the user to recognize the necessity of replacing the battery with higher certainty.
[0009] A portable device for smart entry, the portable device configured to lock
and unlock a door, according to one aspect of the invention, includes an electronic circuit,
a battery, and a controller. The electronic circuit is configured to vperform wireless
communication for locking and unlocking the door. The battery is configured to supply
electric power to the electronic circuit.. The controller is cénﬁgured to control the

wireless communication. The controller is configured to shut off conduction of electric

PCT/IB2014/000508
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current between the battery and the electronic circuit when the controller determines that a

~ remaining capacity of the battery is equal to or lower than a reference value. The

controller is configured to resume conduction of electric current between the battery and
the electronic circuit when a particular operation on the portable device is detected _after the
conduction of the electric current -is shut off. |

[0010]  With the above arrangement, after the remaining capacity of the battery
becomes equal to or lower than the reference value, conduction of electric current between
the battery and the electronic circuit is shut off, except when the ﬁm’ticular operation is

"detected. Therefore, power consumption in the electronic circuit when it is in the standby
state can be eliminated. This contributes to prolonging the life of the battery.

[0011]  Also, the user needs to perform> a particular operation when unlocking the
door, for example, through wireless communication with the electronic circuit, after the
remaining capacity of the battery becomes equal to or smaller than the reference value.
Thus, the portable device for smart entry can make the user recognize the weak battery (or
low battery level) and the necessity of replacing the battery, with higher certainty. -

[0012]  The portable device for smart entry according to the above aspect of the
invention may further inclﬁde an information provider. The coniroller may be configured
to cause the information provider to provide information that prompts replacemeni of the
battery when the controller determines that the remaining capacity of the battery is equal to
or lower thén the reference value and when the controller determines that the battery has
not been replaced after the conduction of electric current between the battery and the
electronic circuit is resumed. ‘

[0013] With the above arrangement, the portable device for smart entry provides
information that prompté the user to replace the battery when the remaining capacity of the |
battery is reduced to be equal to or lower than the reference value, and provides
information that prompts replacement of the battery again when the battery has not been
replaced after the battery and.the electronic circuit are connected.. It is thus possible.to
make the user even more strongly aware of the necessity of replacing the battery.

'[0014] - The portable device for smart entry according to the above aspect of the
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invention may further include a voltagé booster configured to increase a voltage of the
battery apblied to the electronic circuit when the controller resumes conduction of electric
current between the battery and the electronic circuit.

[0015] With fhe above érrangeme‘nt, even whf:n the battery has not been replaced
by a new one when conduction of electric current betweenvthe battery and the electronic
circuit is resumed, the battery voltage applied to the electronic circuit can be increased, so
that the life of the battery until the smart-entry portable device becomes completely

inoperative can be further prolonged.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]  Features, ad\;antages, and technical and indus_triél .signiﬁcanée of
exemplary embodiments of the inventioﬁ will be described below with reference to the
accomﬁanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 ié a block diagram showing the configuration of a smart entry system that uses
an electronic key as a portable device for smart entry according to one embodiment of the
invention; | |

FIG, 2A is a view useful for explaining an emergency button and a mechanical key of
the electronic key shown in FIG. :1, which view shows a condition in which the mechanical
key is pulled out of a recess for storage; .

FIG. 2B is a view useful for explaining the emergency button and mechanical key of
the electronic key shown in FIG. 1, which view shows a condition in which the mechanical
key 1s stored in the recess;

FIG. 3A is a view useful for explaining a smart communication region in the smart
entry system shown in FIG 1, which view shows a transmission regioﬁ of a request signal
trarlsmitteé via a vehicle-exterior antenna;

FIG. 3B is a view useful for explaining a smart communication region in the smart
entry system shown in FIG. 1, which view shows a transmissidn region of a requeét signal
transmitted via a vehicle-interior antenna;

. FIG. 4A is a view useful for explaining locking and ﬁnlocking of a vehicle door in the



10

15

20

25 -

WO 2014/167403 PCT/IB2014/000508

5

‘smart entry system shown in FIG 1, which view shows a smart entry function when the

battery is in a normal condition;

FIG. 4B is a view useful fdr explaining locking and unlocking of a vehicle door in the
smart entry system shown in FIG. 1, which view shows a smart entry function when the
battery is in a low-voltage condition;

FIG. 5 is a flowchart illustrating one example of process performed by an ECU in the
electronic key shown in FIG 1 for prompting battery replacement because of reduction of
the battery voltage; | |

FIG 6 is a circuit diagram showing the configuration of a principal part of an
electronic key as a portable device for smart entry according to another embodiment of the
invention; and

FIG. 7 is a circuit diagram showing the conﬁguration of a principal part of an
electronic key as a portable device for smart entry according to a further embodiment of

the invention.

- DETAILED DESCRIPTION OF EMBODIMENTS

[0017] A portable device for smart entry according to one embodiment of the
invention will be described with reference to the drawings. In the following, the case
where the portable device for smart entry according to the inventioh is applied to or used
for a vehicle (which will be hereinafter called “own vehicle”), such as a hybrid vehicle or
an electric vehicle, will be described. | ,

[0018] - Initially, the configuration of the sinart—entry portable device according to
this embodiment will be described.

[0019] As shown in FIG 1, an electronic kéy 10 according to this embodiment,
and a security device 20 and a vehicle control device 30 as vehicle-mounted devices
installed on the own vehicle, constitute a smart entry system 1. The user of the own
vehicle carries the electronic key 10, and the electronic key 10 can communicate with the
security device 20 installed on the own vehicle.

[0020]  The electronic key 10 is used for locking and unlocking a door or doors of



10

15

20

25

WO 2014/167403 PCT/IB2014/000508

6
the own vehicle, and also used for. starting and stopping an engine of the own vehicle.
Accordingly, the electronic key 10 provides the portable device for smart entry according
to the invention. ‘

[0021]  The electronic key 10 as the portable device for smart entry includes a
transmitting/receiving circuit 12, a battery 14, an ECU 13, an information provider 16, and
a voltage booster. The transmitting/receiving circuit 12 is configured as an electronic
circuit used for pefforming wireless communication for locking and unlocking the door.
The battery 4 supplies electric power to the transmi_tting/receiving_ circuit 12. The ECU

' 13 serving as a controller controls wireless communication. The voltage booster consists
of a battery 14a and a battery 14b connected in series, for example, as will be described
later. | v

[0022]  The ECU 13 shuts off conduction of electric current between the battery
14 and the transmitting/receiving circuit 12 when it detects that the reméining capacity or
charge of the battéry 14 is equal to or smaller .than a reference value, and resumes
conduction of electric current between the battery 14 and the transmitting/receiving circuit
12 only when it detects a particular operation performed on the electronic key 10.

" [0023]  When the ECU 13 detects that the remaining capacity of the baﬁery 14 1s
equal to or smaller than the reference value, and when it determines that the battery has not
been replaced with a new one after the conduction of electric current between the battery
14 and the transmitting/receivi_ng circuit 12 is resumed, the ECU 13 causes the information
provider 16 to provide information that prompts the user to replace the battery.

[0024] When the conduction of electric current between the battery 14 and the
transmitting/receiving circuit 12 is resumed, the ECU 13 causes the voltage booster to
increase the battery voltage applied to the transmitting/receiving circuit 12.

[0025]  The smart entry system 1 will be further described in detail. In the smart
entry system 1, the security device 20 installed on the own vehicle receives a signal
transmitted from the electronic key 10, and genel;ates a comma;ld to the vehicle control
device 30 of the own vehicle. The vehicle control device 30 is configured to control

locking and unlocking of power door-locks provided in the own vehicle, and also control
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7
starting and stopping of the engine, according to the command from the security device 20.

[0026] As shown in FIG. 1, the electronic key 10 includes an antenna 11,
transmitting/receiving circuit 12, ECU (Electronic Control Unit) 13, battery 14, switch 15,
information provider 16, operating portion 17, and a mechanical key 8.

[0027]  The antenna 11 is a medium for receiving a request signal transmitted
from the security device 20>, and transmitting an [D-code signal generated from the
transmitting/receiving circuit 12, to the seéurity device 20,

[0028]  The transmitting/receiving circuit 12 is an electronic circuit for performing
communication between the electronic kéy 10 and the secuﬁty device 20 via the antenna
11. More specifically, the transmitting/receiving circuit 12 receives a request signal
transmitted from the security device 20 via the antenna 11. Then, the
transmitting/receiving circuit 12 produces a received signal by demodulating the received
request signal, and outputs the received signal to the ECU 13.

[0029]  Also, the transmitting/receiving circuit 12 demodulates an ID-code signal
received from the ECU 13, into a signal having a given frequency (e.g., 300 MHz). Then,
the transmitting/recei{/ing circuit 12 transmits the demodulated ID-code signal to the
security device 20 via the antenna 11. .

{0030]  The request signal and ID-code signal transmitted and received between
the transmitting/receiving circuit 12 and the security device 20 are used for locking and
unlocking a door or doors, as will be described later. Thus, the transmitting/receiving
circuit 12 provides the eleétronic circuit used for performing wireless communicétion for
locking and unlocking the door according to the invention. | |

[0031] The ECU 13 is comprised of a microprocessor including CPU (Central
Processing Unit), ROM (Read-Only Memory), RAM (Random Access Memory) and iﬁput
and output interfaces, which are not shown in FIG. 1, and a non-volatile memory 13aand a
detector 13b.

(0032] The ROM of the ECU 13 stores programs that cause the microprocessor to
function as the ECU 13.  Namely, the CPU of the ECU 13 eiecutés the programs stored

in the ROM, using the RAM as a work area, so that the microprocessor functions as the



10

15

20

25

WO 2014/167403 PCT/IB2014/000508

8
- ECU 13. The programs stored in the ROM of the ECU 13 includes a program that
specifies a pfocess for prompting the user to replace the battery with a new one because of
reduction of the battery voltage as will be described later.

[0033]  An ID code that is set individually for the electronic key 10 is stored in the
memory 13a of the ECU 13. When the ECU 13 receives the received signal derived from
the above-mentioned request signal, from the transmitting/receiving.circuit 12, the ECU 13
reads the ID code from the memory 13a, and produces an ID-code signal including the ID
code. Then, the ECU 13 outputs the ID code to the transmitting/receiving circuit 12, in
response to the request signal.

[0034]  Thus, the ECU 13 controls the transmitting/receiving circuit 12 used for
performing wireless communication for lockihg and unlocking the door. Thus, the ECU
13 provides the controller that controls wireless communication according to the invention.

[0035]  The detector 13b of the ECU 13 is adapted to detect the voltage of the
battery 14. During a period in which communication is performed between the electronic
key 10 and the security device 20, the ECU 13.monitors. or checks if thé battery voltage
detected via the detector 13b has been reduced to be equal to or lower than a reference
level. More specifically, the ECU 13 determines that the battery voltage is in a normal
condition when the battery voltage exceeds the reference level, and determines that the
battery voltage is in a low-voltage condition when the battery voltage is equal to or lower
than the reference levél.

-{0036]  The reference level mentioned herein refers to a voltage level that is high
enough to operate the transmitting/receiving circuit 12 in the electronic key 10, but is not
sufficient to enable the eleétronic key 10 to reliably accomplish the functions to be
essentially fulfilled in the smart entry system 1. For exmnple, the reference level refers to
a voltage level at which a door of a vehicle cannot be unlocked unless an operation
required to unlock the door is performed on the electronic key 10 two or more times,
though the door can be normally unlocked with certainty by performing the operation only
once, for example. ‘

[0037]  Thus, even if the battery 14 is brought into a low-voltage condition, it does
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not in_stémly becomes impossible to lock and unlock the door of the own vehicle through
commﬁnication with the security device 20, but the door can be locked and unlocked for a
while, i.e., durmg a period in which the user is prompted to replace the battery with a new
one. In view of this point, the above- 1nd1cated reference level is set to a level higher than '
the minimum operating voltage of the electromc key 10.

{0638] The battery 14 is a power supply from which electric bower is supplied to
the transmitting/receiving circuit 12 and the ECU 13. For example, the battery 14 is a
primary battery, such as a button-shaped battery. The battery 14 is able to supply electric
power to the transmitting/receiving circuit 12 via the switch 15.

[0039] ‘The switch 15 has a contact a that is electrically connected to the
transnuitti’ng/re%iving circuit 12,'and a contact b that is not connected to any circuit.. The
switch 15 is switched between two positions, i.e., the contact a and the contact b, based on
control of the ECU 13, so that the battery 14 and the transmitting/reéeiving circuit 12 are
electrically connected to each other or electrically disconnected from each other.

[0040] | When the ECU. 13 determines that the voltage of the battefy 14 is equal to
or lower than the reference level, the switch 15 is switched from the contact a to the
contact b.. As a result, the battery. 14 and the transmitﬁng/receiving circuit 12 are
electrically disconnected from each other, and discharge of electric power from the battery
14 to the transmjttirig/réceiving circuit 12 s stopped. - A

[0041]  The information provider 16 includes, for example, a display device that
displays information, such as letters, characters, and symbols, and a speaker that generates
Qoice messages. The information provider 16 visually or auciitoriiy notifies the user of
information that prompts the user to replace the battery, under certain conditions as will be
described later. |

{0042] The opérating portidn 17 includes an emergency button 17a. The
emergency button 17a is a button operated by the user for locking and unlocking the
vehicle door when the voltage of the battery 14 is in a low-voltage condition.

[0043]© As schematically shown in FIG. 2A and FIG 2B, the emergency button

17a is provided on a surface of a key main body 10a of the electronic key 10. A
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normally-off type electric contact (not shown), for example, is provided within the key
main body 10a of the electronic key 10, such that the contact ‘is in contact with the
emergency button 17a. '

[0044]  In this embodiment, when the user pushes the emergency button 17a, the
normally-off type electric contact is placed in an ON state, and an ON signal of the electric
contact is transmitted to the ECU 13.  Accordingly, the ECU 13 is configured to detect an
operation to push the emergency button 17a. -

[0045] In case of emergency, the mechanical key 18 is inserted into a cylinder
lock of the own vehicle and used for locking and unlocking theb door. The case of
emergency means a condition in which the smart entry function is disabled due to run-out
of the battery of the electronic key 10, for example, and the door cannot be locked and
unlocked via wireless communication by use of the electronic key 10.

[0046]  As shown in FIG. 2A and FIG. 2B, the mechanical key 18 includes a key
plate portion. 18a and a grip portion 18b, and is detachably housed within the key main
body 10a of the electronic key 10. The key plate portion 18a is made of a metal, or the
like, and has key grooves or spline designed for locking and unlocking the door when
inserted into the cylinder lock of the own vehicle. The grip portion 18b, which is
provided at the rear end of the‘key plate portion 18a, is gripped by the user when he/she
uses the mechanical key 18.

- [0047]  As shown in FIG 2A and FIG. 2B, a distal end portion of the key plate |
portion 18a is formed as a stepped, protruding portion 18c that protrudes in a stepped
fashion. In the interior of the key main body 10a of the electronic key 10, a switch 191is
provided in a portion located at an end portion of a recess 18d that receives the mechanical
key 18, and the switch 19 is pro;fided with an electric contact (not shown) such that the
contact caﬁ contact with the switch 19.

[0048]  As shown in FIG 2B, when the key plate portion 18a of the mechanical
key 18 is inserted into the recess 18d in a given direction, the protruding portion 18c¢ of the
key -1 8 is brought into contact with the switch 19, and pushed in while sliding the switch 19

in the right direction as viewed in FIG, 2B. On the other hand, when the mechanical key
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18 is pulled out, the switch 9 slides in the left direction.
| [0049]  When the user pulls out the mechanical key 18, as shown in FIG. 2A, the
above-mentioned electric contact comes into the switch 19 that has slid, and a signal of the
electric contact is transmitted to the ECU 13. Thus, the ECU 13 is configured to detect
the operation to pull out the mechaﬁical key 18.

[0050]  The security device 20 includes an antenna 21, a transmitter/re;eiver 22,
and a security controller 23. In this embodiment, the security controller 23 vmainly
performs security control in connection with electric key authentication as will be
described later.

[0051] The antenna 21 serves both functions of transmitting and receiving, and
has vehicle exterior antennas 21a, and vehicle interior antennas 21b. The antenna 21 is a
medium for receiving the ID code signal transmitted from the electronic key 10, and
transmitting the request signal generated from the transmitter/receiver 22, to the electronic
key 10. _

[0052]  As shown in FIG 3A, the vehicle exterior antennas 21a that constitute the
antenna 21 are incorporated in door handles 40R, 40L on the right and left front sides,
respectively. The request signal transmitted frorﬁ each of the vehicle exterior antennas
21a is transmitted, outside the vehicle, within a range of a given radius (e.g., Im) of a
circle whose center lies on a corresponding one of the door handles 40R, 40L. InFIG 3A,
transmission regions of the request signal are indicated by two-dot chain lines, as vehicle
exterior smart communication regions Al. |

[0053]  The smart entry system 1 according to this embodimént permits two-way
or bidireétional communication between the electronic key 10 and the security device 20
within the vehicle exterior smart communication regions Al. Namely, when the
electronic key 10 is brought into one of the vehicle exterior smart communication regions
Al, in a condition where a request signal is transmitted in the vehicle exterior smart
communication region Al, the electronic key 10 receives the request signal, and an ID
code signal is transmitted from the electronic key 10.

[0054]  Referring back to FIG. 1, the transmitter/receiver 22 receives the ID code
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signal transmitted from the electronic key 10, via the antenna 21, produces a received .
signal by demodulating the received ID code signal, and outputs the received signal to the
security controller 23.

[0055]  Also, the transmitter/receiver 22 modulates the request signal received
from the security controller 23, into a signal having a given frequency (e.g., 134kHz), and
transmits the modulated request signal to the electronic key 10 via the antenna 21. |

[0056]  The security controller 23 includes a non-yolaiile memory 23a. The
memory 23a stores a reference 1D code that is identical with the ID code of the certiﬁed‘ ’
electronic key 10 that matches the own vehicle on which the security device 20 is installed.

[0057] The sccuﬁty controller 23 generates a request signal to the
tranémitter/receiver 22, in a condition where the door is locked, so as to monitor the user as -
the holder of tlEe certified electronic key 10 approaching the own vehicle for boarding

- (namely, entry into the vehicle exterior smart communication region Al). Namely, the
security controller 23 performs first vehicle exterior smart communication control. As a
result, ;he request signal is transmitted from the vehicle exterior antenna 21a to within the
vehicle exterior smart communication region Al.

[0058] When the secﬁrity controller 23 receives the received signal associated

. with the ID code signal from the transmitter/receiver 22, through execution of the first

vehicle exterior smart communication control, the controller 23 carries out ID code
matching to determine whether the ID code included in the received signal coincides with
the above-indicated reference ID code. Then, when the security controller 23 determines,
through the ID code matching, that the received ID code‘ coincides with the reference ID
code, the controller 23 recognizes that the certified electronic key 10 exists within thé
vehicle exterior smart communication region'Al. ‘

. [0059]  Further, when the security controller-23 detects a touching operation (i.e.,
the user’s touch) on the door handle 40R, 40L, via a door handle sensor 31 incorporated in
the door handle 40R, 40L as shown in FIG. 3A, while recognizing the exiétence of the
certified electronic key 10, the controller 23 recognizes an intention of the user as the

holder of the certified electronic key 10 to get in the vehicle, and therefore, unlocks the '
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door. In this maﬁner, the user as the holder of the electronic key 10 is permitted to get'in
the vehicle. |

[0060] Also, in order to monitor the user as the holder of the certified electronic
key 10 being close to the own vehicle when he/she géts out~ of the vehicle (namely, entry
into the vehicle exterilor smart communication reéion Al), the security controller 23
generates -a request signal to the transmitter/receiver 22 when a door lock switch 32
provided in each bf the door handles 40R, 40L as shown in FIG. 3A is operatéd by the user.

Namely, the security controller 23 performs second vehicle exterior smart communication

control. As a result, the request signal is transmitted from the vehicle exterior antenna

21a to within the vehicle exterior smart communication region Al.

[0061]  When the security controller 23 receives the received signal associated
with the ID code signal from the transmitter/receiver 22, through execution of the second
vehicle exterior smart. communication control, the controller 23 carries out ID code
matching to determine whether the ID code included in the received signal coincides with
the above-indicated reference 1D code. Then, when the security controller 23 determines,
through the ID code matching, that the received ID code coincides with the reference ID
code, the controller 23 recognizes fhat the certified electronic key 10 exists within the
vehicle exterior smart COmmunicatiop regipn Al. In this case, the security controller 23
locks the door since it recognizes an intention of the user as the holder of the certified
electronic key 10 to get out of the vehicle. 4

[0062] Thu‘s,‘ the smart entry system 1 accofding to this embodiment is provided
with the smart entry function of locking and unlocking the door under a condition that a
certain operation is pgrformed by the user, when it is determined, through electric key

authentication, that the certified electronic key 10 exists within the vehicle exterior smart

. communication region Al.

[0063]  Also, in the smart entry system 1 according to this embodiment, the
vehiclé interior antennas 21b that constitute the antenna 21 included in the secuﬁty device
20 are provided at appropriate locations (e.g., ceiling portions in the vicinity of front and

rear seats) of the vehicle interior, as shown in FIG. 3B. Request signals transrrﬁtted from
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these vehicle interior antennas 21b propagate through substantially the entire region of the
vehicle interior, but hardly extend to the outside of the vehicle. In FIG 3B, a
transmission region of the reciuest signal is indicated by a two-dot chain line as a vehicle
interior smart communication region A2.

[0064]  The smart entry system 1 according to this embodiment also permits
bidirectional communication between the electronic key 10 and the security device 20
within the vehicle interior smart communication région A?_. Namely, when the electronic
k:y 10 is brought into the vehicle interior smart communication region A2, in a condition
where a request signal is transmitted within the vehicle ihterior smart communication
region A2, the electronic key 10 receives the request signal, and an ID code signal is
transmitted from the electronic key 10.

[0065]  In order to monitor the user as the holder of the certified electronic key 10
getting in the vehicle (namély, entry into the ifehicle interior smart communication region
A2), the security controller 23 generates a request éignal o the transmitter/receiver 22,
under conditions that unlocking of the door was detected, and that loc.king of the door was
subsequently detected. Namely, the security controller 23 performs vehicle interior smart
communication control. As a result, the request signal is transmitted from the vehicle
interior antennas 21b to within the vehicle interior smart communication region A2.

[0666]  When the security controller 23 receives the received signal associated
with the ID code signal from the transmitter/receiver 22, fhrough execution of the vehicle
interioxj smart communication control, the controller 23 carries out ID code matching to
determine whether the ID code included in the received signal coincides with the
above-indicated reference 1D code. Then, if the security controller 23 determines,
through the ID code matching, that the received ID code coincides with the reference ID
code, the controller 23 recognizes that the certified electronic key 10 exists within the
vehicle interior smart communication region A2.

| [0067]  Further, when a power switch 33 is operated by the user, in a condition
where the existence of the certified electronic key 10 in the vehicle interior smart

communication region A2 is recognized, the security controller 23 starts the engine, under
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a condition that a braking operation is performed.

[0068]  Thus, the smart entry system' 1 according to this embodiment is also
provided with a so-called one-push-type smart ignition function, namely, a function of
étarting the engine under a condition that the power switch 33 is pushed or operated, when
it 1s determined, through electric key authenﬁcaﬁon,»that the certified electronic key 10
exists within the vehicle interior smart communication region A2.

- [0069] FIG 4A and FIG 4B schematically illustrate the smart entry function of
locking and unlocking the door under a condition that a certain operation is performed by
the user as described above. FIG. 4A illustrates the smart entry function when the battery
14 incorporated in thve electronic key 10 is in a normal condition, and FIG 4B illustrates
the smart entry function when the battery 14 is in a low-voltage condition.

[0070]  When the battery 14 is in the normal | condition, the door of the own
vehicle is unlocked if the user grips the door handle 40R, in # condition where the
electronic key 10 is put in a pocket, for example (namely, a condition where no operation is
p'erformeci on the electronic key 10}, as shown in FIG. 4A.

| [0071] On the other hand, when the battery 14 is in the low-voltage condition, the
door of the own vehicle is unlocked if the "user grips the door handle 40R while
intentionally performing a.particular operation on the electronic key 10, as shown in FIG.
4B. Namely, when the battery 14 is in the low-voltage condition, the smart entry function
is enabled only while the particular operation‘is being performed.

[0072]  The particular operation‘mentioned herein means an intentional operation
performed in parallelv.with a direct operation (more specifically, an operation to push the
door lock switch 32, or an operation to gﬁp the door handle 40L, 40R so as to cover the
area in which the door handle sensor 31 is mounted) performn_ad by the user so as to lock or
unlock the door of the own vehicle.

[0073]  In this embodiment, the particular operation includes an operation to push
the emergency button 17a of the operating portion 17, or an operatioh to pull the
mechanical key 18 out of the key main body 10a of the electronic key 10.

[0074]  In the following, a process performed by the ECU 13 in the electronic key
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10 according to this embodiment, for prompting the user to replace the battery with a new
one because of reduction of the battery voltage, will be described. The process as
describéd below is impleménted according to a program stored in advance in the ROM of
the ECU 13, and is executed at given time intervals by the CPU of the ECU 13.

[0075]  As preconditions, information about the remaining battery. level in the
electronic key 10 is sent to the security device 20, through' communication between the
electronic key 10 and the.security device 20 as described above, and, when the remaining
battery level is reduced, the vehicle control device 30 that recéives the information via the
security device 20 provides a warning about the reduction of the battery level, using an
alarm lamp of the own vehicle, for example.

[0076]  As shown in FIG. 5, the ECU 13 initially determines whethgr the voltage
of the battery 14 has been reduced to be equal to or lower than the reference value (step
S1).  When the ECU 13 determines that the voltage of the battery 14 has not been reduced
to be equal to or lower than the reference value (NO in step S1), step S1 is repeatedly
executed until the voltage of the battery 14 is reduced to be equal to or lower than the
reference value. ‘ |

{0077]  On the other hand, when the ECU 13 determines that the voltage of the
battery 14 has been reduced to be equal to or lower than the reference value (YES in step
S1), the ECU 13 proceeds to step S2, and shuts off conduction of electric ‘current between
the battery 14 and the transmitting/receiving circuit 12 (step S2). Namely, when the
voltage of the battery 14 is reduced to be equal to or lower than the reference value, the
ECU 13 éontrols the switch 15 to switch from the contact a to the contact b, so as to cut off -
electric connection between the battery 14 with the reduced voltage and the
transmitting/receiving circuit 12.

[0078]  Thus, since the battery 14 is ele(‘;txically disconnected from the
transmitting/receiving circuit 12, the battery 14 is prevented from discharging electric
current to the transmitting/receiving circuit 12, and no electric power consumption occurs
in the transmitting/receiving circuit 12 (i.e., no electric power is consumed by the

transmitting/receiving circuit 12. During a period in which no electric power is supplied
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to the transmitting/receiving circuit 12, the electronic key 10 and the security device 20
cannot communicate with each other, and therefore, the smart entry function is disabled.

[0079] During the period in which no- electric power is supplied to the
transmitting/receiving circuit 12, the information on the remaining battery level in the
electronic key 10 is not transmitted to the security device 20, and the warming about
reduction of the battery level is not provided in the own vehicle; therefore, the user may
not be able to recognize that the battery level is being reduced.

[0080] = After conduction of electric current between the battery 14 an'd-the

transmitting/receiving circuit 12 in the electronic key 10 is shut off, the ECU 13 notifies

" the user of information that prompts the user to replace the battery with a new one (step

S3). For example, if the information provider 16 includes a display device, the ECU 13
causes the display device to display a message that “PLEASE REPLACE BATTERY”. If

~ the information provider 16 includes a speaker, the ECU 13 may prompt the user to replace

the battery by luse of a voice message, viathe speaker.

[0081]  Thus, the user can recognize tha; the battery 14 of the electronic key 10
needs to be replaced.  Accordingly, the user can replace the battery 14 whose voltage has
been reduced, with a new battery, at this point in time, or at an appropriate point in time
later than this point. |

[0082]  Next, the ECU 13 determines whether a particular operation on the
electronic key 10, namely, an operation to push the emergency button 17a, or an operation
to pull out the mechanical key 18, is performed by the user (Step S54).

{0083]  If the ECU 13 determines ’[hé.t the particular operation is not performed
(NO in step S4), it returns to step S3 to perform the above-described operation to prompt
replacement of the battery, and repeatedly executes step S3 and step S4. ‘

[0084]  If the ECU 13 determines that the particular operation on the electronic.
key 10 is performed by the user (YES in step S4), it proceeds to step S5, and resumes
conduction of electric current between the battery 14 and the transmitting/receiving circuit
12. Namely, when the particular. operation is performed on Athe electronic key 10, the

ECU 13 controls the switch 15 to switch from the contact b to the contact a, so as to
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electrically connect the battery 14 with the transmitting/receiving circuit 12.

[0085]  As a result, electric power is supplied from tﬁe battery 14 to the
transmitting/receiving circuit 12, so that the electronic key 10 and the security device 20
can communicate with each other, and the smart entry function is enabled.

[0086]  Then, the ECU 13 determines whether the ba&ery 14 has been replaced
with a new one (step S6). More specifically, the ECU 13 determines whether the voltage |
of the battery 14 detected by the detector 13b immediately after thé battery 14 is
electrically connected to the transmitting/receiving circuit 12 is equal to or higher than the
reference value, so as o determine whether replacement of the battery has already been
done at this point, or replacement of the battery lllas' not been done.

[0087]  If the ECU 13 determines that réplacement of the battery has not been
done (NO in step S6), it returns to step S3 to perform the above-described operation to
prompt battery replacemém, and repeatedly executes step S3 through step S6. ‘

[0085] If, on the other hand, the ECU 13 determines that replacement of the
battery has been d‘one (YES in step S6), it returns to étep S1, and repeats this control
routine. _ '

[0089]  As explained above, the electronic key 10 used in the smart entry system 1
according to this embodiment can yield the following effects.

[0090] fn the electronic key 10 according to this embodiment, conduction of
electric current befween the battery 14 and the transmitting/receiving circuit 12 is shut off
(ie., no electric current flows between the battery 14 and the transmitting/receiving circuit
12), after the battery 14 is brought into a low-voltage condition and a warning about
reduction of the remaining battery level is provided in the own vehicle, except when the
user performs a particular operation (i.e., an operation to push the emergency Buttdn 173,
or an operation to pull out the mechanical key 18) on the electronic key 10.

[0091]  As a result, supply of electric power to the transmitting/receiving circuit
12 is interrupted or stopped, so that no electric power is consumed in the
traﬁsmitting/receiving circuit 12 when the electronic key 10 is in a standby state.

Accordingly, the powér of the battery 14 having the reduced battery level is less likely or
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uhlikely to be wasted, and the battery 14 can be used for a prolonged period of tirhe.

[0092]  In this connection, in a conventional electronic key, a battery and a circuit
are kept connected even when reduction of the battery voltage is detected; therefore, the
battery that is in a low-voltage condition is further discharged, and the amount of electric
power consumed while the key is in a standby state is increased. In a button-shaped
battery, in particular, its discharge characteristics indicate a rapidly increased discharge as
the remaining battery level becomes lower than one half of the full level, and therefore, the
electric power consumption is significantly or remarkably increased.

[0093]  On the other hand, in the electronic key 10 according to this embodiment,
after the battery 14 is brought into a low-voltage condition, and a warning about re(_:luction
of the remaining battery level is provided, the battery 14 is electrically disconnected from
the transmitting/recei#ing circuit 12 unless as the user intentionally performs a particular
operation. Therefore, the life of the battery 14 until the electronic key 10 becomes
completely inoperative can be further prolonged. '

[0094]  Also, when the electronié key 10 according to this embodiment is used for
unlocking the door, for example, through wireless communication using the
transmitting/receiving circuit 12, after the battery 14 is brought into a low-voltage
condition and a warning about reduction of the remaining battery level is provided in the
own vehicle, the user is required to perform a particular operation on the electronic key 10,
as shown in FIG. 4B. Thus, the electronic key 10 of this embodiment can enable the user
to recognize the reduction of the batterj voltage and the necessity of replacing the battery
with improved certainty. | '

[0095])  Namely, after the battery 14 is brought into the loW-voltage condition and
the warning about reduction of the remaining battery level is provided, the electronic key
10 according to this embodiment forces the user to perform a particular operation that
deliberately reduces convenience for the user, so as to surely remind the user of the low
power level of the battery each time the user uses the own vehicle, and constantly make the
user gonscidus of the necessity of replacing the battery.

[0096]  Also, the electronic key 10 according to this embodiment is useful when a
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family, or the like, shares the own vehicle, as described below.

[0097]  Generally, two or more electronic keys are often registered for a single
vehicle, so that two or more persons can share the vehicle. In this case, it is necessary to
make a determination with respect to each electronic key in the system, namely, determine
which of the electronic keys has its battery voltage reduced, which makes the system
complicated, and also makes the system design complicated.

[0098]  If the user and one or more passengers have two or more electronic keys,
respectively, and the voltage of only one of the electronic keys is at a low level, the system
operates unstably, which may induce confusion. As a result, erroneous replacement of
system components may take place at the dealer.

[0099] In view of the above-described inconvenience, the electronic key 10
according to this embodiment prompts the user to replace the battery with a new one when
the battery voltage is reduced, and then urges the user to replace the battery again if
replacement of the battery has not been done. Thus, the electronic key 10 makes it
possible to avoid a situation where the electronic key 10 becomes inoperative due to
reduction of the voltage of the battery 14.

[0100]  Accordingly, when two o.r more electronic keys 10 are registered for the
own vehicle, it is possible to surely inform the user of which of the electronic keys 10 has
its voltage battery reduced, by simply changing the design of each electronic key 10,
without changing the design of the smart entry systém 1 as a whole. |

[0101}  Thus, it becomes unnecessary to make a determination with respect to
each electronic key 10 in the smart entry sysfem 1, so‘ that the system can be simplified.
Also, it is possible to avoid a situation where only one of the electronic keys 10 has its
battery voltage reduced in the smart entry system 1; therefore, the operation of the system
can be stabilized.

[0102]  In the electronic key 10 as the portable device for smart entry according to
the above-described embodiment, the battery 14 and the transmitting/receiving circuit 12
are electrically connected to each other when the user performs a particular operation on

the electronic key 10. Namely, the voltage corresponding to the remaining capacity of the
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battery 14 at the time when the particular operation is performed is applied as.1t is to the
transmitting/receiving circuit 12.

[0103] At this time, if the battery 14 has not been replaced with a new one, the

electronic key 10 may run out of battery soon, and there is a high possibility that the smart

entry system 1 using the electronic key 10 does not function normally. In this case, when
the battery voltage is épplied to the transmitting/receiving circuit 12 at the time when the
particular operation is performed by the user, it is desirable to raise the battery voltage by
some means. Embodiments of this case are shown in FIG. 6 and FIG. 7.

[0104]  FIG. 6 shows the circuit configuration of a principal part of an electronic
key 10A as a portable device for smart entry according to another bembodimcnt of the
invention. Portions of the configuration of the electronic key 10A in common with those
of the configuration of the electronic key 10 according to the above-described embodiment
will not be described, and only differences between the electronic key 10A and the
electronic key 10 will be described. \

- [0105]  As shown in FIG. 6, the electronic key 10A includes two.batteries 14a, 14b,
and a switch 15A.  The battery 14a and the battery 14b have the same capacity and the
same battery voltage. The switch 15A is a twin-structure switch consisting of two switch
elements that are simultaneously turned on and off, and each switch element includes a
contact al and a contact a2 Each switch element of the switch 15A is switched between
two positions corresponding to the contact al and the 'contact a2, based on control of the
ECU 13.

[0106]  When each switch element of the switch 15A is connected to the contact
alv, thé two batteries 14a, 14b are connectéd in parallel, as indicated by solid lines in FIG. 6,
an\d the voliage of each battery 14a, 14b is applied to the tranémitting/receiving circuit 12.
On the other hand, when each switch element of the switch 15A is connected to the contact
a2, the two batteries 14a, 14b are connected in series, as indicated by broken lineé in FIG. 6,
and the total voltage of the batteries 14a, 14b is applied to the transmitting/receiving circuit
12.

[0107]  Thus, in the electronic key 10A accérding to this embodiment, the ECU 13
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causes each switch element of the switch 15A to be connected to a selected one of the
contact al and the contact a2, so that ‘a selected one of the voltage of each of the batteries
14a, 14b connected in parallel, and the total voltage of the batteries 14a, 14b connected in .
Series, is applied as the battery voltage to the transmitting/receiving ciféuit 12.

[0108]  Accordingly, when the battery voltage 1is applied to the
transmitting/receiving circuit 12 at the time when the particular operation is performed by
the user, each switch element' of the switch 15A is switched to the contact a2 so that the
battery 14a and the battery 14b are connected in series, whereby the battery voltage applied

to the transmitting/receiving circuit 12 can be raised. In this case, the battery 14a and

“battery 14b connected in series constitute the voltage booster according to the invention.

[0109]  In the electronic key 10A according to this embodiment, even in the case

where replacement of the battery has not been done when conduction of electric current

~ between each battery 14a, 14b and the transmitting/receiving circuit 12 is resumed, the

battery voltage applied to the transmitting/receiving circuit 12 can be raised, so that the life
of each battery 14A, 14B until the electronic key 10A becomes completely inoperative can
be prolénged.

[0110) FIG 7 shows the circuit configuration of a principal part of an electronic
key 10B as a portable device for smart entry according to a further embodiment of the
invention. | Portions of the configuration of thé electronic key 10B in common with those
of the configuration of the electronic key 10 according to the above-described embodiment

will not be described, and 6nly differences betwéen the electronic key 10B and the

“electronic key 10 will be described.

[0111]  -As shown in FIG. 7, the electronic key 10B includés a step-up regulator
circuit 50, and a switch 15B. The swi_tch 15B is a twin-structure switch consisting of two
switch elements that are simultaneously turned on and off. Each of the switch elements
includes a contact a3 and a contéct a4. Each switch element of the switch 15B is
switched between two positions corresponding to the contact a3 and the contact a3, based
on control of the ECU 13. v

[0112] - When each switch element of the switch 15B is connected to the contact

PCT/IB2014/000508
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a3, the voltage of the battery 14 is applied to the transmitting/receiving ciréuif 12 as
indicated by solid lines in FIG. 7. On the other hand, when each switch element of the
switch 15B is connected to the contact a4, the voltage of the battery 14 is applied to the
transmifting/receiving circuit 12 via the step-up regulator circuit 50, as indicated by broken
lines in FIG. 7.

[01j3] Thus, in thé electronic key 10B according to this embodiment, the ECU 13
causes each switch element of the switch 15B to be connect\ed to a selected one of the
contact a3 and the contact a4, so that a selected one of the voltage of the battery 14 and the
voltage raised via the step-up regulator ci_rcuit 50 is applied as the battery voltage to the
transmitting/receiving circuit 12. _ ‘

[0114) Accordingly, when th¢ battery  voltage is applied to the
transmitting/receiving circuit 12 at the time when the particular operation is performed by
the usér, each switch element of the switch 15B is-switched to the contact a4 so that the
step-up regulator -circuit 50 is interposed between the battery 14 and the
transmitting/receiving circuit 12. In this manher, the battery voltage applied to the
transmitting/receiving circuit 12 can be raised. In this case, the step-up regulator circuit
50 provides the voltage booster according to the invention.

[0115]  In the electronic key 10B according to this embodiment; even in the case
where replacement 6f the battery has not been done when conduction of electric current
between the battery 14 and the transmitting/receiving circuit 12 is resumed, the battery

voltage applied to the transmitting/receiving circuit 12 can be raised via the step-up

 regulator circuit 50, so that the life of the battery 14 until the electronic key 10B becomes

completely inoperative can be prolonged. .

[0116] In each of the above-described émbodiments, the information provider 16
for notifying the user of information that promﬁts the user to replace the battery is provided
in the electronic key 10, 10A, 10B. However, the information provider 16 may be
provided in the own vehicle. - In this case, the configuration of the smart entry system
usihg the electronic key is substantially identical with the _cénﬁguratidn according to each

of the above-indicated embodiments, except for the location of the information provider 16,
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and therefore, will not be particularly illustrated. In the following, only differences will
be described.

{0117]  For example, the information provider 16 is connected to the security

| controller 23 within the security device 20. In the process flow shown in FIG 5, when the
ECU 13 determines that the baitery voltage has been reduced to be equal 16 or lower than
the reference value (YES in step S1), the ECU 13 transmits information that indicates the
reduction of the battery voltage, to the security device 20, via the transmitting/receiving
circuit 12 and the antenna 11, before conduction of electric current between the battery 14
and the transmitting/receiving circuit 12 is shut off.

[0118] In -the security device 20, the security controller 23 receives the
information indicating the reduction of the battery voltage, via the antenna 21 and the
transmitter/receiver 22, and notifies the user of infprmaﬁon that prompts the user to replace
the b‘attéry, via the information provider 16 (step S3 in FIG. 5).

[0119] On the other hand, in the electronic key 10, the ECU 13 shuts off
conduction of electric current between the battery 14 and the transmitting/receiving circuit
12, after transmitting the information indicating the reduction of the battery \?oltage to the
security device 20 (step S2 in FIG. 5). Then, if the ECU 13 determines that no particular
operation is performed on the electronic key 10 (NO in step S4), it repeatedly executes step
S4 until a particular operation is performed.

[0120]  When the ECU 13 determines that the battery has not been replaced with a
new one (NO in step S6), after executing step S5, the ECU 13 transmits information that
the battery has not been replaced, to the security device 20. In the security device 20, the

security controller 23 receives the information that the battery has not been replaced, and

- notifies the user of information that prompts the user to replace the battery again, via the

information proVider 16. Thereafter, the above-described process is repeated.

[0121]  According to the embodiment in which the information provider 16 is
provided in the own vehicle, as described above, electric power of the battery 14, 14a, 14b
is less likely to be consumed, by an amount of power needed for providing the information,

as compared with the embodiments in which the information provider 16 is provided in the
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electronic key 10.

[0122] While the electronic key 10, 10A, 10B is applied to or used in the smart
entry system for the vehicle, in each of the above-described embodiments, the invention is
not limited to this application, but the smart entry function as described above may be
applied to an electronic key system for a building, or the like.

{0123)  In this case, when the voltage of a battery incorporated in an electronic
key for building is reduced to be equal to or lower than a given reference value, the user
performs an intentional operation (e.g., an operation on a door knob, or a remote operation
using the electronic key) so as to lock or unlock the front door, for example, and the door is
locked or unlocked under a condition that the intentional operation is performed.

[0124] In each of the above-described embodiments, a primary battery is used as
one form of the battery 14, 14a, 14b incorporated in the electronic key 10, 10A, 10B.
However, the battery 14, 14a, 14b is not limited to this type, but a rechargeable secondary
battery may be used. In this case, in step S3 of the process flow shown in FIG 5, the
ECU 13 may notify the user of information that prompts the user to charge the battery, for
example, a message that “PLEASE CHARGE BATTERY?”, in place of information that
prompts the user to replace the battery.

[0125]  As described above, the portable device for smart entry according to the
invention has an effect of enabling the user to recognize the necessity of replacing the
battery with improved certainty, while eliminating or reducing standby power consumption.
Thus, the invention is usefully applied to portable devices for smart entry in general, which

are adapted to lock and unlock doors of vehicles, or the like.
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CLAIMS:

1.-A portable device for smart entry, the-portable device configured to lock and
unlock a do§r, the portable device comprising:

an electronic circuit configured to perform wireless communication for locking and
uniocking the door;

a battery configured to supply electric power to the electronic circuit;

a controller configured to control the wireless co‘rﬁmunication, the controller being
conﬁgizred to shut off conduction of electric cufrc_ent between the battery and the electronic
circuit when the controller deiermineé that a remaining capacity of the battery is equal to or
lower than a reference value, the controller being configured to resume conduction of
electric current between the battery and the electronic circuit when a particular operation

~ on the portable device is detected after the conduction of the electric current is shut off.

2. The portéble device according to claim 1, further comprising an information
provider, wherein |

the controlleriis configured to cause the information provider to provide information
that prompts replacement of the battery when the controller determines that the remaining
capacity of the battery is equal to or lower than the reference value and when the controller
determines that the battery has not been replac'ed after the conduction of electric current

‘between the battery and the electronic circuit is resumed.

3. The portable device according to claim 1 or 2, further comprising a voltage booster
configured to increase a voltage of the battery applied to the electronic circuit when the
controller resumes the conduction of electric current between the battery and the electronic

circuit.
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