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(57) ABSTRACT

A keyless entry device is provided. The keyless entry device
includes a transceiver, a drive circuit coupled to a haptic
actuator, and a processor coupled to the transceiver and the
drive circuit. The transceiver is configured to communicate,
over a communication channel, with an apparatus operated
by a user. The processor is configured to send a command to
the apparatus, receive a response, including a control signal,
from the apparatus, determine proximity information
between the keyless entry device and the apparatus, and
output the control signal to the drive circuit, based on the
proximity information, to cause the haptic actuator to peri-
odically or continuously generate a haptic effect.
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KEYLESS ENTRY DEVICE FOR HAPTIC
COMMUNICATIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 15/582,726 (filed on Apr. 30, 2017),
which is a continuation of U.S. patent application Ser. No.
13/926,828 (filed on Jun. 25, 2013) now U.S. Pat. No.
9,666,040 (issued on May 30, 2017), which is a continuation
of U.S. patent application Ser. No. 12/696,388 (filed on Jan.
29, 2010) now U.S. Pat. No. 8,493,177 (issued on Jul. 23,
2013), the contents of which are incorporated herein by
reference in their entireties.

FIELD

[0002] The invention relates to systems, devices, and
methods for communicating information from an apparatus
operated by a user to a keyless entry device using haptic
feedback.

BACKGROUND

[0003] Keyless entry devices enable a user to control
various vehicle functions. For example, the user may use a
key fob to send one or more commands to a car that causes
the car to lock and unlock doors, open and close windows,
arm and disarm a security system, and perform other vehicle
functions.

[0004] Typically, the vehicle does not communicate infor-
mation to the keyless entry device. Thus, although the
vehicle may respond to such commands, the vehicle does so
by generating audio and/or visual cues at the vehicle and not
at the keyless entry device. For instance, a car may sound a
horn or flash its lights in response to a user sending a
command to lock the car doors.

[0005] However, one or both of these responses may be
inappropriate when the user wishes to discretely control
vehicle functions or when the user is unable to discern such
responses. For example, a user may not wish to disturb
neighbors with an audible sound or flashing lights; a hear-
ing-impaired user may not hear a horn and/or other sound
that responds to a command to lock the car doors.

[0006] Another result of failing to communicate vehicle
information to keyless entry devices is that existing systems
communicate vehicle information (such as maintenance
reminders or warnings) to the user in the form of lights or
messages that are displayed inside the vehicle. Accordingly,
the user must typically be inside the vehicle to receive the
vehicle information. However, the user may ignore, not
notice, forget about, or otherwise not receive the vehicle
information. Another result of failing to communicate
vehicle information to keyless entry devices is that existing
systems may fail to notify the user of warnings before the
user arrives at the vehicle. For example, a car may determine
that there exists a dangerous condition (such as a break-in in
progress or unauthorized entry into the car). Existing sys-
tems may not alert the user before the user arrives at the car.
Another result of failing to communicate vehicle informa-
tion to keyless entry devices is that existing systems fail to
help a user locate a vehicle. Thus, oftentimes users employ
inadequate techniques to locate the vehicle using existing
systems. For instance, the user may park a car in a crowded
parking lot and forget where the car is parked. The user may
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attempt to find the car by sending a command to the car and
then looking for flashing lights Or listening for an audible
sound made by the car in response to the command. How-
ever, flashing lights may be difficult to see during daylight
while the audible sound may be difficult to hear in a noisy
parking lot.

[0007] These and other drawbacks exist.
SUMMARY
[0008] Embodiments of the present invention advanta-

geously provide a keyless entry device, a method for gen-
erating haptic feedback at a keyless entry device, and a
computer-readable medium storing instructions that, when
executed by a processor of a keyless entry device, cause the
keyless entry device to generate haptic feedback.

[0009] In certain embodiments, the keyless entry device
includes a transceiver, a drive circuit coupled to a haptic
actuator, and a processor coupled to the transceiver and the
drive circuit. The transceiver is configured to communicate,
over a communication channel, with an apparatus operated
by a user. The processor is configured to send a command to
the apparatus, receive a response, including a control signal,
from the apparatus, determine proximity information
between the keyless entry device and the apparatus, and
output the control signal to the drive circuit, based on the
proximity information, to cause the haptic actuator to peri-
odically or continuously generate a haptic effect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram of an exemplary system
for haptically communicating vehicle information from a
vehicle to a keyless entry device via a communication
channel and/or to a secondary contact via another commu-
nication channel, according to various implementations of
the invention.

[0011] FIG. 2 is a block diagram of an exemplary vehicle
device for communicating vehicle information from a
vehicle to a keyless entry device, according to various
implementations of the invention.

[0012] FIG. 3 is a block diagram of an exemplary keyless
entry device for communicating vehicle information from a
vehicle using haptic feedback, according to various imple-
mentations of the invention.

[0013] FIG. 4 illustrates examples of a keyless entry
device, according to various implementations of the inven-
tion.

[0014] FIG. 5 illustrates examples of a vehicle interface
component, according to various implementations of the
invention.

[0015] FIG. 6 is a flow diagram of an exemplary process
for generating haptic feedback at a keyless entry device
based on a response from a vehicle, according to various
implementations of the invention.

[0016] FIG. 7 is a flow diagram of an exemplary process
for generating haptic feedback at a keyless entry device
when in communication range with a vehicle, according to
various implementations of the invention.

[0017] FIG. 8 is a flow diagram of an exemplary process
for generating a control signal at a vehicle that causes haptic
feedback at a keyless entry device, according to various
implementations of the invention.
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DETAILED DESCRIPTION

[0018] Various implementations of the invention relate to
systems, devices and methods for communicating vehicle
information from a vehicle communicably coupled to a
keyless entry device operated by a user. The system may
include a vehicle device coupled to the vehicle that may
obtain vehicle information that is related to the vehicle. The
vehicle device may generate a control signal based on the
vehicle information such that different control signals may
be generated for different vehicle information. The vehicle
device may communicate the control signal to the keyless
entry device. The control signal may cause the keyless entry
device to output one or more haptic effects (interchangeably
referred to hereinafter as “haptic effect” or “haptic effects”),
thereby haptically communicating the vehicle information at
the keyless entry device.

[0019] In some implementations of the invention, the
keyless entry device may communicate to the vehicle a
command to perform one or more vehicle functions. The
vehicle may communicate to the keyless entry device a
response, which may include the control signal, to the
command. In some implementations of the invention, the
response may acknowledge receipt of the command. In
some implementations of the invention, the response may be
related to the command. For example, the response may
include a confirmation that the command has been success-
fully performed. Thus, the user may receive a haptic effect
at the keyless entry device that indicates that the command
is complete. In some implementations of the invention, the
response may be unrelated to the command. For example,
the response may include vehicle information (such as an oil
change reminder), thereby causing a haptic effect at the
keyless entry device that communicates the oil change
reminder. In this manner, the user may receive haptic effects
at the keyless entry device in response to commands com-
municated from the keyless entry device to the vehicle.
[0020] In some implementations of the invention, the
keyless entry device may receive the control signal prior to
communicating the command to the vehicle. For example, a
communication channel between the keyless entry device
and the vehicle may be established when the two are in
communication range of one another. The vehicle may
communicate the control signal to the keyless entry device
before the keyless entry device communicates the command
to the vehicle, thereby proactively alerting the user of the
vehicle information. For instance, the vehicle may commu-
nicate proximity information that may indicate that the
vehicle and the keyless entry device are within communi-
cation range of one another. In this manner, the user may
receive haptic effects corresponding to vehicle information
at the keyless entry device without handling the keyless
entry device (such as when the keyless entry device is in the
user’s pocket).

[0021] Insome implementations of the invention, different
haptic effects may be output by the keyless entry device
depending on a distance and/or signal strength of the com-
munication channel between the vehicle and the keyless
entry device. In this manner, the user may receive different
haptic effects at the keyless entry device based on the
distance between the vehicle and the keyless entry device.
[0022] In some implementations of the invention, the
keyless entry device may store the control signal for periodic
or substantially continuous haptic effects that remind the
user of the vehicle information.
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[0023] In some implementations of the invention, the
vehicle device may communicate the vehicle information to
a secondary contact. The vehicle information may be com-
municated to the secondary contact when the keyless entry
device does not indicate receipt of the vehicle information.
In this manner, when a user ignores or otherwise does not
respond to a vehicle warning that indicates a safety problem
of the vehicle, for example, the vehicle device may com-
municate the vehicle information to the secondary contact.
[0024] FIG. 1 is a block diagram of an exemplary system
100 for haptically communicating vehicle information from
vehicle 110 to keyless entry device 140 via communication
channel 102 and/or to secondary contact 160 via commu-
nication channel 104, according to various implementations
of the invention. “Haptically communicating” or haptic
communication refers to communicating information by
causing an output of one or more different haptic effects for
different information. A haptic effect may include one or
more vibratory sensations, pulse sensations, and/or other
touch sensations.

[0025] Vehicle 110 may be a car, a boat, a motorcycle, or
other vehicle operated by a user and having one or more
vehicle functions that may be controlled by keyless entry
device 140. Keyless entry device 140 may include a remote
key fob, a smart key, a cellular device, and/or other device
that may be used to communicate one or more commands to
a vehicle instructing the vehicle to perform one or more
vehicle functions. Vehicle functions may include, for
instance, locking and/or unlocking doors, opening and/or
closing windows, arming and/or disarming a security sys-
tem, and/or other vehicle functions that may be remotely
controlled.

[0026] Secondary contact 160 may include, for instance, a
computing and/or other communication device used by a
third party such as a spouse of the user, an emergency
services operator (such as a police operator, fire department
operator, or other emergency call center operator), and/or
other person or entity that may receive the vehicle informa-
tion.

[0027] According to various implementations of the
invention, the vehicle information may include maintenance
information, warning information, response information,
proximity information, and/or other information related to
vehicle 110. In some implementations, the vehicle informa-
tion may be communicated to keyless entry device 140 as a
control signal.

[0028] Maintenance information may include, for
instance, an oil change reminder, low fuel indication, and/or
other information related to maintaining the vehicle. Thus,
the user may be informed of maintenance information, for
example, through keyless entry device 140.

[0029] Warning information may include, for instance, an
indication that a security system of vehicle 110 has been
triggered, an indication that an individual is inside and/or
nearby vehicle 110, an indication that one or more tires of
vehicle 110 have an unsafe level of tire pressure, and/or
other information that may alert the user to a dangerous
condition of vehicle 110. In this manner, the user may be
alerted to dangerous conditions at keyless entry device 140
before arriving at vehicle 110.

[0030] Response information may include, for instance,
information that is a reply to one or more commands from
keyless entry device 140. For example, the response infor-
mation may include a status of the one or more commands
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such as confirmation that one or more commands have been
received and/or that one or more vehicle functions have been
performed by vehicle 110. In this manner, the user may
receive from vehicle 110 a response to the command.
[0031] Proximity information may include, for instance,
information indicating a signal strength and/or distance
between vehicle 110 and keyless entry device 140. Proxim-
ity information may indicate to the user of keyless entry
device 140 that the user is within communication range of
vehicle 110. For example, the proximity information may
indicate that vehicle 110 and keyless entry device 140 are
within communication range of one another (i.e., commu-
nication channel 102 may be established). This may be
useful when, for instance, a user attempts to locate vehicle
110, when a user is unaware that a smart key has established
a communication with vehicle 110, when different haptic
effects should be communicated to the user as the user
approaches or gets further from vehicle 110, and/or other
situations where indicating proximity between keyless entry
device 140 and vehicle 110 are useful.

[0032] According to various implementations of the
invention, vehicle 110 may include a vehicle device 120
(described below with reference to FIG. 2) that obtains the
vehicle information and generates a control signal based on
the vehicle information. The control signal may be output to
keyless entry device 140 (described below with reference to
FIGS. 3 and 4) over communication channel 102 and/or to
a vehicle interface device 130 (described below with refer-
ence to FIG. 5).

[0033] According to various implementations of the
invention, communication channel 102 may include a short-
range radio transmission channel or other known short-range
communication transmissions used for keyless entry sys-
tems. In some implementations of the invention, the control
signal may cause keyless entry device 140 and/or vehicle
interface device 130 to output a haptic effect.

[0034] According to various implementations of the
invention, vehicle device 120 may communicate the vehicle
information to secondary contact 160 using communication
channel 104. Communication channel 104 may include a
network such as the Internet, a telephone network such as a
Public Switched Telephone Network, a long-range radio
transmission network, and/or other long-range communica-
tion network.

[0035] According to some implementations of the inven-
tion, the vehicle information is communicated to secondary
contact 160 when vehicle device 120 does not receive an
indication that a user of keyless entry device 140 and/or
vehicle interface device 130 has received the vehicle infor-
mation. In this manner, secondary contact 160 may receive
the vehicle information when the user has not indicated
receipt of the vehicle information. In other words, according
to some implementations, secondary contact 160 may be a
backup contact when the user does not respond to or
otherwise does not acknowledge receipt of the vehicle
information.

[0036] FIG. 2 is a block diagram of an exemplary vehicle
device 120 for communicating vehicle information from
vehicle 110 to keyless entry device 140, according to various
implementations of the invention. Through various modules,
vehicle device 120 may obtain the vehicle information,
receive commands to perform vehicle functions, generate
and output a control signal that causes a haptic effect to
communicate the vehicle information, and/or perform other
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functions. Vehicle device 120 may include, for instance, a
vehicle information module 222, a proximity module 224, a
command response module 226, an output module 228, a
secondary contact module 230, a memory 232, a processor
234, and/or other suitable modules.

[0037] According to various implementations of the
invention, vehicle information module 222 may obtain (i.e.,
receive and/or retrieve) the vehicle information. To obtain
the vehicle information, vehicle information module 222
may include or otherwise interface with one or more known
computing systems (not otherwise illustrated in FIG. 2) that
report or otherwise monitor vehicle information functions of
vehicle 110 that report the vehicle information. The vehicle
information functions may include, for example, diagnostic
functions that troubleshoot problems with the vehicle, main-
tenance functions that keep track of scheduled or other
vehicle maintenance, monitoring functions that monitor a
presence of individuals inside or nearby vehicle 110, sensor
functions that determine whether the security system of
vehicle 110 has been or should be triggered, and/or other
functions that may observe a condition of vehicle 110.
[0038] According to various implementations of the
invention, proximity module 224 may determine whether
vehicle 110 and keyless entry device 140 are in communi-
cation range. According to various implementations of the
invention, vehicle 110 and keyless entry device 140 are in
communication range when there exists sufficient signal
strength of a communication transmitted from vehicle 110
and received by keyless entry device 140 and/or vice versa.
Proximity module 224 may measure the signal strength
using known techniques. According to various implementa-
tions of the invention, the signal strength may be sufficient
when a distance between vehicle 110 and keyless entry
device 140 is sufficiently small.

[0039] According to various implementations of the
invention, proximity module 224 may determine the dis-
tance by Global Positioning System information from key-
less entry device 140 and vehicle 110, estimating signal
strength of a communication keyless entry device 140,
Doppler shift effects of a signal communicated from keyless
entry device 140, and/or other appropriate technique to
determine the distance.

[0040] According to various implementations of the
invention, proximity module 224 may determine the dis-
tance and/or signal strength at one or more time points such
that the distance between vehicle 110 and keyless entry
device 140 may be tracked over time. In this manner, vehicle
110 may determine whether keyless entry device 140 is
moving closer to or moving away from vehicle 110 and/or
whether a user is moving from an area having one level of
signal strength to another area having a different level of
signal strength.

[0041] According to various implementations of the
invention, vehicle device 120 may vary the haptic effects as
a function of the distance. In these implementations, vehicle
device 120 may cause different haptic effects based on the
distance and/or signal strength between vehicle 110 and
keyless entry device 140. In other words, vehicle device 120
may cause different haptic effects by, for instance, increasing
(or decreasing) the magnitude of force, changing a type of
vibration (such as from constant vibration to pulsing vibra-
tion), and/or otherwise altering the haptic effects that are
generated at keyless entry device 140 and/or vehicle inter-
face device 130.
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[0042] In some implementations, vehicle device 120 may
cause different haptic effects by generating a first control
signal that causes a first haptic effect and generating a
second control signal that causes a second haptic effect.
Vehicle device 120 may communicate the first control signal
at a first distance between vehicle 110 and keyless entry
device 140 and may communicate the second control signal
at a second distance between vehicle 110 and keyless entry
device 140, thereby causing different haptic effects at dif-
ferent distances.

[0043] In some implementations, the first control signal
and the second control signal may be communicated to
keyless entry device 140 at substantially the same time. In
this manner, keyless entry device 140 may receive the first
control signal and the second control signal at substantially
the same time and use the first control signal to generate the
first haptic effect at the first distance and use the second
control signal to generate the second haptic effect at the
second distance. In some implementations, a single control
signal may cause keyless entry device 140 to output different
haptic effects at different distances.

[0044] In some implementations, when keyless entry
device 140 is moved away from vehicle 110, vehicle device
120 may detect an increased distance and/or decreased
signal strength as compared to a prior distance and/or signal
strength. Vehicle device 120 may cause keyless entry device
140 to output a different haptic effect as compared to when
keyless entry device 140 is closer to vehicle 110. For
example, vehicle 110 may determine that the user is moving
away from vehicle 110 and may cause a stronger haptic
effect to be generated at keyless entry device 140 as com-
pared to when the user is closer, thereby communicating a
stronger message before the user moves out of communi-
cation range.

[0045] In some implementations, as keyless entry device
140 approaches vehicle 110, vehicle device 120 may cause
a different haptic effect (such as a stronger haptic effect) as
compared to when the user is further from vehicle 110. For
example, a user may attempt to locate vehicle 110 in a
parking lot. Vehicle device 120 may determine that keyless
entry device 140 and vehicle 110 are within communication
range and cause a first haptic effect to be output at keyless
entry device 140. As the user carrying keyless entry device
140 gets closer to vehicle 110, vehicle device 120 may cause
keyless entry device 140 to output a second haptic effect
different from the first haptic effect, thereby communicating
to the user that the distance has changed. In an example
operation, the user may feel a stronger (or otherwise differ-
ent) haptic effect from keyless device 140 as the user
approaches vehicle 110. Thus, vehicle device 120 may
haptically convey the proximity information to the user at
keyless entry device 140, assisting the user to locate vehicle
110.

[0046] According to various implementations of the
invention, when vehicle device 120 determines that keyless
entry device 140 and vehicle 110 are within communication
range of one another, vehicle device 120 may obtain the
vehicle information and cause keyless entry device 140 to
output a haptic effect that corresponds to the vehicle infor-
mation, thereby communicating the vehicle information at
keyless entry device 140.

[0047] In some implementations, vehicle device 120 may
communicate the vehicle information prior to receiving a
command from keyless entry device 140. For example, the
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vehicle information may include the proximity information
to keyless entry device 140, thereby alerting the user that
keyless entry device 140 is within communication range of
vehicle 110. This may be useful when keyless entry device
140 is a smart key that may perform vehicle functions such
as unlocking a car door without a user pressing a button or
otherwise interacting with keyless entry device 140. Thus,
vehicle device 120 may proactively alert the user by hapti-
cally communicating the vehicle information to keyless
entry device 140 after communication channel 102 is estab-
lished and before vehicle device 120 receives a command
from keyless entry device 140.

[0048] According to various implementations of the
invention, command response module 226 may receive an
indication that a command to perform one or more vehicle
functions has been received from keyless entry device 140.
Once the indication is received, command response module
226 may respond to the command by communicating a
response to keyless entry device 140. In some implementa-
tions, the response may cause keyless entry device 140 to
output a haptic effect, thereby haptically communicating the
response at keyless entry device 140.

[0049] According to various implementations of the
invention, the response may be related to the command. For
example, the response may include vehicle information that
indicates a status of the command. The status may include an
indication of whether the command has been successfully
performed. In some implementations, the status may
acknowledge receipt of the command, indicate whether the
one or more functions in response to the command have
been completed, and/or other information that indicates the
status of the command. In operation, a user may press a lock
button (for example) of keyless entry device 140, causing
keyless entry device 140 to communicate a command to
vehicle 110 to lock car doors. Command response module
226 may receive an indication that the command has been
received and may communicate a response to keyless entry
device 140. The response may cause keyless entry device
140 to output a haptic effect, thereby haptically communi-
cating the response at keyless entry device 140.

[0050] According to various implementations of the
invention, the response may be unrelated to the command.
For example, the response may include vehicle information
such as maintenance information when the command is
unrelated to vehicle maintenance. In some implementations,
a user may press a lock button of keyless entry device 140,
causing keyless entry device 140 to communicate a com-
mand to vehicle 110 to lock car doors. Command response
module 226 may receive an indication that the command has
been received and may communicate a control signal cor-
responding to an oil change reminder to keyless entry device
140. The oil change reminder may cause keyless entry
device 140 to output a haptic effect, thereby haptically
communicating the oil change reminder at keyless entry
device 140. In this manner, when command response mod-
ule 226 receives an indication that a command has been
communicated from keyless entry device 140, vehicle
device 120 may haptically communicate vehicle information
that is unrelated to the command to keyless entry device 140.
[0051] According to various implementations of the
invention, output module 228 may communicate the vehicle
information to keyless entry device 140. In some implemen-
tations, output module 228 may encode the vehicle infor-
mation as a control signal that causes keyless entry device
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140 to output a haptic effect. The control signal may include,
for instance, a signal that directly causes keyless entry
device 140 to output a haptic effect, a signal that includes a
code (such as binary, text, or other code) that is decoded at
or otherwise translated by keyless entry device 140 to cause
the haptic effect, and/or other information that causes key-
less entry device 140 to output the haptic effect.

[0052] According to various implementations of the
invention, output module 228 may include or otherwise
interface with a transceiver (not otherwise illustrated in FIG.
2) in order to establish communication channel 102 and/or
communication channel 104. Output module 228 may
secure communication channel 102 using known techniques,
such as, for example, rolling code verification. Communi-
cation channel 102 may be secured to prevent vehicle 110
from communicating with a keyless entry device not paired
with or otherwise configured to receive communication with
vehicle 110 (and vice versa).

[0053] In some implementations, a new rolling code may
be established when vehicle device 120 responds to keyless
entry device 140, thereby preventing communications from
vehicle 110 from being received by keyless entry devices not
paired with or otherwise not configured to communicate
with vehicle 110.

[0054] In some implementations, “communication chan-
nel” may include more than one such instance of generating
a new rolling code between vehicle 110 and keyless entry
device 140. For example, a rolling code may be used to
establish communication channel 102 when keyless entry
device 140 sends a command to vehicle 110. In response,
vehicle 110 may use a new rolling code to send a response
on communication channel 102 to keyless entry device 140.
In this manner, more than one rolling code may be used to
establish and maintain communication channel 102.

[0055] According to various implementations of the
invention, secondary contact module 230 may communicate
the vehicle information to a third party individual or other
entity via secondary contact 160. In some implementations,
secondary contact module 230 may communicate the
vehicle information to the third party when keyless entry
device 140 has not acknowledged receipt of the vehicle
information communicated from vehicle 110.

[0056] According to various implementations of the
invention, memory 232 may store the vehicle information
and/or other information for communicating with keyless
entry device 140. In some implementations, memory 232
may store a control signal table that maps the vehicle
information to different haptic effects. For example, the
control signal table may associate an “oil change reminder”
maintenance information with a control signal that causes a
particular haptic effect that haptically communicates the oil
change reminder to be output by keyless entry device 140.
According to various implementations of the invention,
processor 234 may include one or more processors config-
ured to perform various functions, such as the functions
provided by vehicle device 120.

[0057] FIG. 3 is a block diagram of an exemplary keyless
entry device 140 for communicating vehicle information
from vehicle 110 using haptic feedback, according to vari-
ous implementations of the invention. Through various
modules, keyless entry device 140 may communicate one or
more commands to vehicle 110, receive responses from
vehicle 110, generate haptic effects caused by the responses,
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and/or perform other functions that facilitate communication
to and from a user operating keyless entry device 140.

[0058] According to various implementations of the
invention, keyless entry device 140 may include, for
instance, a processor 302, a memory 304, a bus 308,
input/output devices CIO device 310"), a drive circuit 312,
a haptic actuator 314, a transceiver 316, and/or other appro-
priate modules that may facilitate communication to and
from a user operating keyless entry device 140. In some
implementations, various modules of keyless entry device
140 may use bus 308 to communicate with one another.

[0059] According to various implementations of the
invention, processor 302 may include one or more proces-
sors that are configured to perform the functions provided by
keyless entry device 140. Memory 304 may store the vehicle
information, responses from vehicle 110, a table such as the
control signal table described above, and/or other informa-
tion for communicating with vehicle 110 and/or generating
haptic effects.

[0060] According to various implementations of the
invention, /O device 310 may include user interface mem-
bers (not otherwise illustrated in FIG. 3) that receive input
from a user operating keyless entry device 140 and/or
generate output to the user. [/O device 310 may include, for
instance, a mechanical button, a touch screen, a touch panel,
a microphone, a Light Emitting Diode, an audio speaker,
and/or other mechanism for receiving input from the user
and/or generating output to the user. When receiving input
from the user, /O device 310 may cause one or more
commands to be communicated from keyless entry device
140 to vehicle 110. In some implementations, I/O device 310
may output visual and/or audio to the user. For example, the
control signal from vehicle 110 may cause keyless entry
device 140 to output haptic effects, audio effects, and/or
visual effects (such as text, lights, and/or other visual out-
put).

[0061] According to various implementations of the
invention, drive circuit 312 may be coupled to haptic actua-
tor 314. Drive circuit 312 may receive the control signal that
causes haptic actuator 314 to generate one or more haptic
effects. Haptic actuator 314 may include, for instance, a
piezoelectric actuator, a rotating mass actuator, a solenoid,
and/or other mechanism for generating haptic effects.

[0062] According to various implementations of the
invention, transceiver 316 may send and/or receive commu-
nications from vehicle 110, thereby establishing communi-
cation channel 102 described above. In some implementa-
tions, transceiver 316 may secure communication channel
102, such as by using rolling code verification described
above with regard to vehicle device 120. Transceiver 316
may communicate to vehicle 110 a command that causes
vehicle 110 to perform one or more vehicle functions. In
some implementations, transceiver 316 may receive a com-
munication (such as the vehicle information) from vehicle
110.

[0063] According to various implementations of the
invention, keyless entry module 318 may use transceiver
316 to establish communication channel 102, communicate
one or more commands to vehicle 110, receive and react to
communications from vehicle 110, and/or perform other
functions of keyless entry device 140. Keyless entry module
318 may receive the control signal described above in
relation to vehicle device 120 from vehicle 110. Keyless
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entry module 318 may cause haptic actuator 314 to output a
haptic effect in response to the received control signal.

[0064] In some implementations, keyless entry module
318 may directly apply the control signal to haptic actuator
314 (via drive circuit 312, for example), thereby causing
haptic actuator 314 to output a particular haptic effect. Thus,
according to some implementations, the control signal may
be encoded to directly cause haptic actuator 314 to output
the particular haptic effect.

[0065] In some implementations, keyless entry module
318 may determine a particular haptic effect by mapping the
control signal using the control signal table. In some imple-
mentations, keyless entry module 318 may decode the
control signal and map the decoded control signal to a
particular haptic effect. For example, the control signal may
be decoded such that the decoded control signal indicates the
vehicle information, such as an oil change reminder. Keyless
entry module 318 may perform a lookup of the decoded
control signal using control signal table (or otherwise using
other haptic effect mappings stored in memory 304), which
may map the vehicle information to the particular haptic
effect to be output. Keyless entry module 318 may then
cause haptic actuator 314 to output the particular haptic
effect. In some implementations, keyless entry module 318
may use 10 device 310 to display the vehicle information at
keyless device 140 and/or output an audio sound that
corresponds to the vehicle information. In some implemen-
tations of the invention, the control signal may directly cause
the visual and/or audio effects. In some implementations, the
control signal may be decoded (as described above) at
keyless entry device 140 to cause the visual and/or audio
effects.

[0066] According to various implementations of the
invention, keyless entry module 318 may communicate a
command to vehicle 110. For example, keyless entry module
318 may receive an indication that JO device 310 has been
manipulated to communicate the command (such as lock car
door). Keyless entry module 318 may attempt to initiate or
otherwise attempt to establish communication channel 102
in order to communicate the command on communication
channel 102. In some implementations, when the commu-
nication channel cannot be established (such as when key-
less entry module 318 and vehicle 110 are not in commu-
nication range of one another) or when the command cannot
otherwise be communicated to vehicle 110, keyless entry
module 318 may cause haptic actuator 314 to generate a
haptic effect that conveys the failure.

[0067] In some implementations, when communication
channel 102 is established and after the command is com-
municated, keyless entry module 318 may receive the con-
trol signal from vehicle 110. In other words, keyless entry
module 318 may receive a response to the command from
vehicle 110.

[0068] In some implementations, the response may be
related to the command. For example, the response may
confirm receipt of the command or otherwise indicate a
status of the command, as discussed above in relation to
vehicle device 120. In some implementations, the response
may be unrelated to the command. For example, the
response may indicate vehicle information (that does not
confirm receipt of the command or is otherwise unrelated to
the command). For example, keyless entry device 140 may
communicate a command to lock car doors and may receive
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a response from vehicle 110 that includes an oil change
reminder, thereby receiving a response unrelated to the
command.

[0069] According to various implementations of the
invention, keyless entry module 318 may store the control
signal or information derived from the control signal (col-
lectively, “stored control signal”) in memory 304. In some
implementations, the control signal itself may be stored. For
example, the control signal may be decoded and information
from the decoded control signal may be stored.

[0070] In some implementations, keyless entry module
318 may periodically or continuously cause haptic actuator
314 to output a haptic effect based on the stored control
signal. For example, the stored control signal may periodi-
cally cause haptic actuator 314 to output a haptic effect
associated with the oil change reminder. In this manner,
when keyless entry device 140 is moved out of communi-
cation range with vehicle 110, keyless entry module 318
may continue to haptically communicate the oil change
reminder (or other vehicle information) at keyless entry
device 140, thereby reminding the user of the oil change
reminder when the user is away from vehicle 110 but still in
contact (e.g., visual, audio, and/or tactile contact) with
keyless entry device 140.

[0071] In some implementations, the stored control signal
may cause actuator 314 to continuously output a haptic
effect. For example, when keyless entry device 140 is moved
out of communication range with vehicle 110, keyless entry
module 318 may cause a continuous haptic effect to be
output by actuator 314, thereby alerting the user of the
vehicle information (such as a warning indicating a danger-
ous condition). In some implementations, keyless entry
module 318 may deactivate the continuous haptic effect
when the dangerous condition is resolved and/or otherwise
acknowledged by the user (such as by returning to vehicle
110 or using JO device 310 to acknowledge receipt of the
warning). In some implementations, keyless entry module
318 may cause haptic actuator 314 to output the haptic effect
at a later time when the dangerous condition is not resolved.
In other words, keyless entry device 140 may include a
snooze feature to temporarily discontinue the haptic effects
for a predetermined time.

[0072] According to various implementations of the
invention, keyless entry module 318 may determine prox-
imity information such as a distance and/or signal strength
between keyless entry device 140 and vehicle 110. Thus,
keyless entry module 318 may perform functions similar to
functions provided by proximity module 224 described
above in relation to vehicle device 120.

[0073] In some implementations, keyless entry module
318 may determine that keyless entry device 140 is in
communication range with vehicle 110. In some implemen-
tations, keyless entry module 318 may establish communi-
cation channel 102 with vehicle 110 when keyless entry
module 318 and vehicle 110 are in communication range of
one another. Vehicle 110 or keyless entry module 318 may
initiate establishment of communication channel 102. In
other words, keyless entry device 140 may actively or
passively establish communication channel 102.

[0074] In some implementations, when communication
channel 102 is established, keyless entry module 318 may
receive the control signal from vehicle 110 prior to com-
municating a command to vehicle 110. For example, keyless
entry device 140 may include a smart key that does not
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require user intervention to communicate a command to
vehicle 110. In this manner, when keyless entry device 140
is within communication range of vehicle 110, keyless entry
module 318 may receive the control signal before sending
the command.

[0075] According to various implementations of the
invention, keyless entry module 318 may cause different
haptic effects at different distances from vehicle 110 and/or
signal strengths with vehicle 110.

[0076] In some implementations, keyless entry module
318 may receive a first control signal corresponding to a first
distance and may receive a second control signal corre-
sponding to a second distance. The first control signal may
cause haptic actuator 314 to output a first haptic effect and
the second control signal may cause haptic actuator 314 to
output a second haptic effect different from the first haptic
effect, thereby outputting different haptic effects at different
distances and/or signal strengths. In this manner, keyless
entry module 318 may cause a different haptic effect when
keyless entry device 140 is moved closer to or further away
from vehicle 110.

[0077] In some implementations, keyless entry module
318 may receive the first control signal and the second
control signal at substantially the same time. In some
implementations, keyless entry module 318 may store the
first control signal and the second control signal in memory
304 such that the first haptic effect is output when keyless
entry device 140 arrives at or otherwise exceeds the first
distance and the second haptic effect is output when keyless
entry device 140 arrives at or otherwise exceeds the second
distance.

[0078] In some implementations, keyless entry module
318 may receive the first control signal and the second
control signal at different times. For example, keyless entry
device 140 may receive the first control signal when at or
past the first distance thereby causing the first haptic effect
and may receive the second control signal when at or past
the second distance thereby causing the second haptic effect.

[0079] In some implementations, keyless entry module
318 may receive a single control signal that causes the first
haptic effect at or past the first distance and the second haptic
effect at or past the second distance. For example, the single
control signal may be encoded such that keyless entry
module 318 decodes the instructions encoded therein. The
instructions may indicate the first distance, the first haptic
effect, the second distance and the second haptic effect such
that upon reaching or passing the first distance and the
second distance, keyless entry module 318 causes actuator
314 to output the appropriate haptic effect.

[0080] Insome implementations, keyless entry device 140
may use the proximity information to locate vehicle 110. For
example, a user of keyless entry device 140 may attempt to
find vehicle 110 in a parking lot. In some implementations,
the user may send a command to vehicle 110 to initiate a
vehicle locator function that helps a user locate vehicle 110.
Vehicle 110 may respond to the command to initiate the
vehicle locator function by communicating proximity infor-
mation to keyless entry device 140. In other implementa-
tions, the user may manipulate 10 device 310 to instruct
keyless entry device 140 to begin locating vehicle 110.
Keyless entry device 140 may respond by, for example,
determining the proximity information and generating hap-
tic effects based on the proximity information.
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[0081] In some implementations, as keyless entry device
140 gets closer to vehicle 110, keyless entry module 318
may cause haptic actuator 314 to output a stronger (or
otherwise different) haptic effect as compared to when
keyless entry device 140 is further from vehicle 110 and vice
versa. In this manner, the user may be provided with a
stronger (or otherwise different) haptic effect at keyless
entry device 140 in order to help the user to locate vehicle
110, for example.

[0082] In some implementations, as keyless entry device
140 gets further from vehicle 110, keyless entry module 318
may cause haptic actuator 314 to output a stronger (or
otherwise different) haptic effect as compared to when
keyless entry device 140 is closer to vehicle 110 and vice
versa. In this manner, the user may be provided with a
stronger (or otherwise different) haptic effect at keyless
entry device 140 in order to increase the likelihood that the
user will notice the haptic communication before moving
keyless entry device 140 out of communication range with
vehicle 110.

[0083] Thus, based on the strength (or different type) of
haptic effect generated at keyless entry device 140, the user
may discern whether the user is getting closer to or further
away from vehicle 110.

[0084] FIG. 4 illustrates examples of keyless entry device
140, according to various implementations of the invention.
The example devices illustrated in FIG. 4 and other example
devices in drawing figures are not exhaustive and are
therefore non-limiting examples.

[0085] According to various implementations of the
invention, keyless entry device 140 may include, for
instance, a key fob 140q, a key fob with integrated key 1405,
a smart key 140c¢, a cellular communication device 1404,
and/or other device that may communicate one or more
commands to vehicle 110 and receive one more communi-
cations from vehicle 110. Keyless entry device 140a and
1405 implementations may include various remote control
key fobs known in the art. Keyless entry device 140c may
include a smart key. The smart key may include various
known devices that enable a user of the smart key to operate
a vehicle without pressing buttons on the smart key. Such
smart keys may also enable the user to start the vehicle
engine by pressing a button inside the vehicle without using
a mechanical key. Keyless entry device 1404 may include a
cellular communication device, such as a cellular telephone
that is configured to communicate with the vehicle. In these
implementations, for example, the cellular telephone may be
configured to operate vehicle functions. In some implemen-
tations, keyless entry device 1404 communicates with the
vehicle via a telephone network, and/or via short-range
communication protocol such as protocols used by key fobs
known in the art.

[0086] FIG. 5 illustrates examples of vehicle interface
component 130, according to various implementations of the
invention. According to various implementations of the
invention, vehicle interface component 130 may include, for
instance, a steering wheel 130aq, a transmission shifter 1305,
a radio control 130c¢, seat 140d, and/or other interface device
of vehicle 110. Vehicle interface component 130 may
include an actuator (not otherwise illustrated in FIG. 5) that
outputs a haptic effect in response to a control signal from
vehicle 110. In this manner, vehicle 110 may communicate
the vehicle information to user while the user is interfacing
with or otherwise in contact with vehicle 110. For example,
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vehicle 110 may cause vehicle component 130 to generate a
haptic effect that haptically communicates the vehicle infor-
mation when the user starts vehicle 110 or otherwise inter-
faces with vehicle 110 (by turning on the radio, for
example).

[0087] In some implementations, vehicle 110 may com-
municate the control signal to both vehicle interface com-
ponent 130 and keyless interface device 140.

[0088] FIG. 6 is a flow diagram of an exemplary process
600 for generating a haptic effect at keyless entry device 140
based on a response from vehicle 110, according to various
implementations of the invention. The described operations
for the flow diagram illustrated in FIG. 6 and in other
drawing figures may be accomplished using some or all of
the system components described in detail above and, in
some implementations, various operations may be per-
formed in different sequences. According to various imple-
mentations of the invention, additional operations may be
performed along with some or all of the operations shown in
the depicted flow diagrams. In yet other implementations,
one or more operations may be performed simultaneously.
Accordingly, the operations as illustrated (and described in
greater detail below) are examples by nature and, as such,
should not be viewed as limiting.

[0089] According to various implementations of the
invention, in an operation 602, a communication channel
(such as communication channel 102) may be established by
a keyless entry device (such as keyless entry device 140)
with a vehicle (such as vehicle 110). In an operation 604
keyless entry device 140 may communicate a command to
vehicle 110 to perform one or more vehicle functions. For
example, a user operating keyless entry device 140 may
press a lock button on keyless entry device 140 to lock car
doors.

[0090] In an operation 604, keyless entry device 140 may
receive a response from vehicle 110. In some implementa-
tions, the response may be related to the command. For
instance, the response may acknowledge that the command
has been received by vehicle 110 and/or otherwise indicate
a status of the command such as a confirmation that the one
or more vehicle functions have been successfully performed.
In some implementations, the response may be unrelated to
the command. For instance, the response may be include
vehicle information that is unrelated to the command, such
as a maintenance reminder and/or a warning that alerts the
user to a dangerous condition related to vehicle 110. In this
manner, when the keyless entry device 140 is used to
communicate a command to lock car doors, for example,
vehicle 110 may respond with a maintenance reminder,
warning information, and/or or other vehicle information. In
an operation 608, keyless entry device 140 may output a
haptic effect based on the response from vehicle 110, thereby
communicating the response at keyless entry device 140.

[0091] FIG. 7 is a flow diagram of an exemplary process
700 for generating haptic feedback at keyless entry device
140 when in communication range with vehicle 110, accord-
ing to various implementations of the invention. According
to various implementations of the invention, in an operation
702, a keyless entry device (such as keyless entry device
140) may establish a communication channel (such as
communication channel 102) with a vehicle (such as vehicle
110) when keyless entry device 140 and vehicle 110 are
within communication range of one another. In other words,
communication channel 102 may be established when a
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determination is made that keyless entry device 140 and
vehicle 110 are within communication range. In some imple-
mentations, vehicle 110 may make the determination. In
other implementations of the invention, keyless entry device
140 may make the determination. In an operation 704,
keyless entry device 140 may receive a control signal from
vehicle 110 prior to communicating a command to vehicle
110 on communication channel 102. In this manner, vehicle
110 may communicate the vehicle information from vehicle
110 to keyless entry device 140 without user intervention
(for example, without the user having knowledge that
vehicle 110 and keyless entry device 140 are in range and/or
when the user has not otherwise communicated a command
to vehicle 110 using keyless entry device 140). In an
operation 706, keyless entry device 140 may output a haptic
effect based on the control signal. Thus, the user operating
or otherwise in contact with keyless entry device 140 may be
notified of vehicle information. For example, vehicle 110
may communicate proximity information that alerts the user
that keyless entry device 140 is within communication range
of vehicle 110 or otherwise provide the user with other
vehicle information at keyless entry device 140.

[0092] FIG. 8 is a flow diagram of an exemplary process
800 for generating a control signal at vehicle 110 that causes
haptic feedback at keyless entry device 140, according to
various implementations of the invention. According to
various implementations of the invention, in an operation
802, a vehicle (such as vehicle 110) may establish a com-
munication channel (such as communication channel 102)
with a keyless entry device (such as keyless entry device
140). In an operation 804, vehicle 110 may obtain the
vehicle information by retrieving and/or receiving the
vehicle information from a memory (such as memory 234)
or other vehicle component.

[0093] In an operation 806, vehicle 110 may determine a
control signal based on the vehicle information. In other
words, different control signals may be determined for
different vehicle information. For example, a first control
signal may be determined for an oil change reminder, a
second control signal may be determined for a tune-up
reminder, a third control signal may be determined for a low
tire pressure warning, and/or other control signals may be
determined for other vehicle information. In an operation
808, the control signal may be output to keyless entry device
140. The control signal may cause keyless entry device 140
to output a haptic effect that corresponds to the vehicle
information. Thus, vehicle 110 may communicate the
vehicle information by generating a corresponding control
signal that causes keyless entry device 140 to output a haptic
effect that haptically communicates the vehicle information.

[0094] Implementations of the invention may be made in
hardware, firmware, software, or any suitable combination
thereof. Implementations of the invention may also be
implemented as instructions stored on a machine-readable
medium, which may be read and executed by one or more
processors. A tangible machine-readable medium may
include any mechanism for storing or transmitting informa-
tion in a form readable by a machine (e.g., a computing
device). For example, a tangible machine-readable storage
medium may include read only memory, random access
memory, magnetic disk storage media, optical storage
media, flash memory devices, and other tangible storage
media. Intangible machine-readable transmission media
may include intangible forms of propagated signals, such as
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carrier waves, infrared signals, digital signals, and other
intangible transmission media. Further, firmware, software,
routines, or instructions may be described in the above
disclosure in terms of specific exemplary implementations
of the invention, and performing certain actions. However,
it will be apparent that such descriptions are merely for
convenience and that such actions in fact result from com-
puting devices, processors, controllers, or other devices
executing the firmware, software, routines, or instructions.
[0095] Implementations of the invention may be described
as including a particular feature, structure, or characteristic,
but every aspect or implementation may not necessarily
include the particular feature, structure, or characteristic.
Further, when a particular feature, structure, or characteristic
is described in connection with an aspect or implementation,
it will be understood that such feature, structure, or charac-
teristic may be included in connection with other implemen-
tations, whether or not explicitly described. Thus, various
changes and modifications may be made to the provided
description without departing from the scope or spirit of the
invention. As such, the specification and drawings should be
regarded as exemplary only, and the scope of the invention
to be determined solely by the appended claims.

What is claimed is:

1. A keyless entry device, comprising:

a transceiver configured to communicate, over a commu-
nication channel, with an apparatus operated by a user;

a drive circuit coupled to a haptic actuator; and

a processor, coupled to the transceiver and the drive

circuit, configured to:

send, over the communication channel, a command to
the apparatus;

receive, over the communication channel, a response
from the apparatus, the response including a control
signal,

determine proximity information between the keyless
entry device and the apparatus, and

output the control signal to the drive circuit, based on
the proximity information, to cause the haptic actua-
tor to periodically or continuously generate a haptic
effect.

2. The keyless entry device according to claim 1, wherein
the proximity information includes a distance between the
keyless entry device and the apparatus.

3. The keyless entry device according to claim 2, wherein
the processor determines the distance based on a strength of
a signal communicated over the communication channel
between the keyless entry device and the apparatus.

4. The keyless entry device according to claim 2, wherein
the processor determines the distance based on a Doppler
shift of a signal communicated over the communication
channel between the keyless entry device and the apparatus.

5. The keyless entry device according to claim 2, further
comprising:
a Global Positioning System (GPS) receiver, coupled to
the processor, configured to generate GPS position
information for the keyless entry device,

wherein the processor determines the distance based on
the GPS position information for the keyless entry
device and GPS position information for the apparatus
received over the communication channel.
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6. The keyless entry device according to claim 2, wherein:

the control signal includes a first distance, a first control
signal, a second distance different than the first dis-
tance, and a second control signal different than the first
control signal,

the proximity information includes the first distance deter-
mined at a first time and the second distance deter-
mined at a second time, and

the processor is further configured to output the first
control signal to the drive circuit at the first time, and
output the second control signal to the drive circuit at
the second time.

7. The keyless entry device according to claim 6, wherein
the command is a locator function, and the second control
signal causes the haptic actuator to generate a stronger or
weaker haptic effect than the first control signal.

8. The keyless entry device according to claim 1, wherein
the haptic actuator periodically or continuously generates
the haptic effect after the keyless entry device is out of
communication range with the apparatus.

9. The keyless entry device according to claim 1, wherein,
when the communication channel cannot be established, the
processor is further configured to output a different control
signal to the drive circuit to cause the haptic actuator to
generate a different haptic effect.

10. The keyless entry device according to claim 1,
wherein the response includes a status of the command, the
status including at least one of confirmation that the com-
mand has been received or that a function has been success-
fully performed by the apparatus.

11. A method for generating haptic feedback at a keyless
entry device having a processor, the method comprising:

sending, over a communication channel, a command to an
apparatus operated by a user;

receiving, over the communication channel, a response
from the apparatus, the response including a control
signal,

determining proximity information between the keyless
entry device and the apparatus, and

outputting the control signal to a drive circuit, based on
the proximity information, to cause a haptic actuator to
periodically or continuously generate a haptic effect.

12. The method according to claim 11, wherein the
proximity information includes a distance between the key-
less entry device and the apparatus, and the distance is
determined based on at least one of:

a strength of a signal communicated over the communi-
cation channel between the keyless entry device and the
apparatus,

a Doppler shift of a signal communicated over the com-
munication channel between the keyless entry device
and the apparatus, or

Global Positioning System (GPS) position information
for the keyless entry device and GPS position infor-
mation for the apparatus received over the communi-
cation channel.

13. The method according to claim 11, wherein:

the command is a locator function,

the control signal includes a first distance, a first control
signal, a second distance different than the first dis-
tance, and a second control signal that causes the haptic
actuator to generate a stronger or weaker haptic effect
than the first control signal,
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the proximity information includes the first distance deter-
mined at a first time and the second distance deter-
mined at a second time, and

the method further comprises outputting the first control

signal to the drive circuit at the first time, and output-
ting the second control signal to the drive circuit at the
second time.

14. The method according to claim 11, wherein the haptic
actuator periodically or continuously generates the haptic
effect after the keyless entry device is out of communication
range with the apparatus, the method further comprising:

when the communication channel cannot be established,

outputting a different control signal to the drive circuit
to cause the haptic actuator to generate a different
haptic effect.

15. The method according to claim 11, wherein the
response includes a status of the command, the status
including at least one of confirmation that the command has
been received or that a function has been successfully
performed by the apparatus.

16. A computer-readable medium including instructions
stored thereon that, when executed by a processor, generate
haptic feedback at a keyless entry device, the instructions
comprising:

sending, over a communication channel, a command to an

apparatus operated by a user;

receiving, over the communication channel, a response

from the apparatus, the response including a control
signal,

determining proximity information between the keyless

entry device and the apparatus, and

outputting the control signal to a drive circuit, based on

the proximity information, to cause a haptic actuator to
periodically or continuously generate a haptic effect.

17. The computer-readable medium according to claim
16, wherein the proximity information includes a distance
between the keyless entry device and the apparatus, and the
distance is determined based on at least one of:
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a strength of a signal communicated over the communi-
cation channel between the keyless entry device and the
apparatus,

a Doppler shift of a signal communicated over the com-
munication channel between the keyless entry device
and the apparatus, or

Global Positioning System (GPS) position information
for the keyless entry device and GPS position infor-
mation for the apparatus received over the communi-
cation channel.

18. The computer-readable medium according to claim

16, wherein:

the command is a locator function,

the control signal includes a first distance, a first control
signal, a second distance different than the first dis-
tance, and a second control signal that causes the haptic
actuator to generate a stronger or weaker haptic effect
than the first control signal,

the proximity information includes the first distance deter-
mined at a first time and the second distance deter-
mined at a second time, and

the instructions further comprise outputting the first con-
trol signal to the drive circuit at the first time, and
outputting the second control signal to the drive circuit
at the second time.

19. The computer-readable medium according to claim
16, wherein the haptic actuator periodically or continuously
generates the haptic effect after the keyless entry device is
out of communication range with the apparatus, the instruc-
tions further comprising:

when the communication channel cannot be established,
outputting a different control signal to the drive circuit
to cause the haptic actuator to generate a different
haptic effect.

20. The computer-readable medium according to claim
16, wherein the response includes a status of the command,
the status including at least one of confirmation that the
command has been received or that a function has been
successfully performed by the apparatus.
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