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(57) ABSTRACT 
Various systems, devices, and methods for communicating 
vehicle information from a vehicle to a keyless entry device 
are provided. The system may include a keyless entry device 
for communicating vehicle information from a vehicle to a 
user. The keyless entry device may include a haptic actuator 
and one or more processors that may establish a communica 
tion channel with a vehicle, communicate, via the communi 
cation channel, a command to the vehicle, receive a response 
to the command from the vehicle, and cause the haptic actua 
tor to output a first haptic effect based on the response. The 
vehicle may include a vehicle device that may obtain vehicle 
information that relates to a vehicle, determine and output a 
control signal that corresponds to the vehicle information. 
The control signal may cause the keyless entry device to 
output a first haptic effect that haptically communicates the 
vehicle information to the user. 

15 Claims, 5 Drawing Sheets 
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1. 

SYSTEMAND METHOD OF HAPTICALLY 
COMMUNICATING VEHICLE 

INFORMATION FROMAVEHICLE TO A 
KEYLESSENTRY DEVICE 

FIELD OF THE INVENTION 

The invention relates to systems, devices, and methods for 
communicating vehicle information from a vehicle to a key 
less entry device using haptic feedback. 

BACKGROUND OF THE INVENTION 

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 cartolock 
and unlock doors, open and close windows, arm and disarm a 
security system, and perform other vehicle functions. 

Typically, the vehicle does not communicate information 
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. 

However, one or both of these responses may be inappro 
priate 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 neigh 
bors with an audible sound or flashing lights; a hearing 
impaired user may not hear a horn and/or other sound that 
responds to a command to lock the car doors. 

Another result of failing to communicate vehicle informa 
tion to keyless entry devices is that existing systems commu 
nicate 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 typi 
cally 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 systems may not alert the user 
before the user arrives at the car. Another result of failing to 
communicate vehicle information 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 
parka car in a crowded parking lot and forget where the car is 
parked. The user may 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. However, flashing lights may be difficult to see 
during daylight while the audible sound may be difficult to 
hear in a noisy parking lot. 

These and other drawbacks exist. 

SUMMARY OF THE INVENTION 

The disclosure addressing these and other drawbacks in the 
art relates to various devices, systems, and methods for haptic 
communication between a vehicle and a keyless entry device. 
For example, in Some implementations, the keyless entry 
device includes a haptic actuator and one or more processors 
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2 
configured to facilitate haptic communication between the 
vehicle and the keyless entry device. The processor of the 
keyless entry device may establish a communication channel 
with the vehicle, communicate, via the communication chan 
nel, a command to the vehicle that instructs the vehicle to 
perform one or more vehicle functions, receive a response to 
the command from the vehicle via the communication chan 
nel, and cause the haptic actuator to output a first haptic effect 
based on the response. In these implementations, for 
example, the keyless entry device may provide information 
from the vehicle in response to a command from the keyless 
entry device by generating a haptic effect that is based on the 
response. 

In some implementations, the processor of the keyless 
entry device may establish a communication channel with the 
vehicle when the keyless entry device and the vehicle are 
within communication range of one another, receive a control 
signal from the vehicle via the communication channel before 
a command to control one or more vehicle functions is com 
municated from the keyless entry device to the vehicle, 
wherein the control signal causes the haptic actuator to output 
a first haptic effect that haptically communicates the vehicle 
information. In these implementations, the keyless entry 
device may include, for example, a Smart key that informs the 
user of the keyless entry device that the Smart key is in 
communication with the vehicle by generating a haptic effect 
at the keyless entry device. 

In some implementations, the system for haptic communi 
cation between a keyless entry device and a vehicle includes 
a vehicle device coupled to the vehicle and a keyless entry 
device operated by a user. The vehicle device may establish 
the communication channel with the keyless entry device, 
obtain the vehicle information, determine a control signal that 
causes a haptic effect to be generated at the keyless entry 
device, and output, via the communication channel, the con 
trol signal to the keyless entry device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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 communication channel, 
according to various implementations of the invention. 

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. 

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 implementations 
of the invention. 

FIG. 4 illustrates examples of a keyless entry device, 
according to various implementations of the invention. 

FIG. 5 illustrates examples of a vehicle interface compo 
nent, according to various implementations of the invention. 

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 implementa 
tions of the invention. 

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. 

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

DETAILED DESCRIPTION OF THE INVENTION 

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 infor 
mation 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 dif 
ferent vehicle information. The vehicle device may commu 
nicate 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 here 
inafter as “haptic effect” or “haptic effects”), thereby hapti 
cally communicating the vehicle information at the keyless 
entry device. 

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 acknowl 
edge 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 successfully performed. Thus, the user 
may receive a haptic effect at the keyless entry device that 
indicates that the command is complete. In some implemen 
tations 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 com 
mands communicated from the keyless entry device to the 
vehicle. 

In some implementations of the invention, the keyless 
entry device may receive the control signal prior to commu 
nicating the command to the vehicle. For example, a commu 
nication channel between the keyless entry device and the 
vehicle may be established when the two are in communica 
tion 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 informa 
tion. For instance, the vehicle may communicate proximity 
information that may indicate that the vehicle and the keyless 
entry device are within communication range of one another. 
In this manner, the user may receive haptic effects corre 
sponding 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). 

In some 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 communication 
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. 

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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4 
In some implementations of the invention, the vehicle 

device may communicate the vehicle information to a sec 
ondary contact. The vehicle information may be communi 
cated 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 communicate 
the vehicle information to the secondary contact. 

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 communication 
channel 104, according to various implementations of the 
invention. "Haptically communicating or haptic communi 
cation 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 vibra 
tory sensations, pulse sensations, and/or other touch sensa 
tions. 

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 func 
tions. Vehicle functions may include, for instance, locking 
and/or unlocking doors, opening and/or closing windows, 
arming and/or disarming a security system, and/or other 
vehicle functions that may be remotely controlled. 

Secondary contact 160 may include, for instance, a com 
puting 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 information. 

According to various implementations of the invention, the 
vehicle information may include maintenance information, 
warning information, response information, proximity infor 
mation, and/or other information related to vehicle 110. In 
Some implementations, the vehicle information may be com 
municated to keyless entry device 140 as a control signal. 

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

Warning information may include, for instance, an indica 
tion 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. 

Response information may include, for instance, informa 
tion that is a reply to one or more commands from keyless 
entry device 140. For example, the response information may 
include a status of the one or more commands such as con 
firmation that one or more commands have been received 
and/or that one or more vehicle functions have been per 
formed by vehicle 110. In this manner, the user may receive 
from vehicle 110 a response to the command. 

ProXimity information may include, for instance, informa 
tion indicating a signal strength and/or distance between 
vehicle 110 and keyless entry device 140. Proximity infor 
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mation 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 commu 
nication range of one another (i.e., communication 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 indi 
cating proximity between keyless entry device 140 and 
vehicle 110 are useful. 

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 infor 
mation 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 reference to FIG. 
5). 

According to various implementations of the invention, 
communication channel 102 may include a short-range radio 
transmission channel or other known short-range communi 
cation transmissions used for keyless entry systems. 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. 

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 net 
work, and/or other long-range communication network. 

According to Some implementations of the invention, 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 information. In this man 
ner, secondary contact 160 may receive the vehicle informa 
tion when the user has not indicated receipt of the vehicle 
information. In other words, according to Some implementa 
tions, secondary contact 160 may be a backup contact when 
the user does not respond to or otherwise does not acknowl 
edge receipt of the vehicle information. 

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 implemen 
tations of the invention. Through various modules, vehicle 
device 120 may obtain the vehicle information, receive com 
mands to perform vehicle functions, generate and output a 
control signal that causes a haptic effect to communicate the 
vehicle information, and/or perform other 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 mod 
ule 230, a memory 232, a processor 234, and/or other suitable 
modules. 

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 sys 
tems (not otherwise illustrated in FIG. 2) that report or oth 
erwise monitor vehicle information functions of vehicle 110 
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6 
that report the vehicle information. The vehicle information 
functions may include, for example, diagnostic functions that 
troubleshoot problems with the vehicle, maintenance func 
tions that keep track of scheduled or other vehicle mainte 
nance, monitoring functions that monitor a presence of indi 
viduals 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. 

According to various implementations of the invention, 
proximity module 224 may determine whether vehicle 110 
and keyless entry device 140 are in communication range. 
According to various implementations of the invention, 
vehicle 110 and keyless entry device 140 are in communica 
tion 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 implementations of the invention, the 
signal strength may be sufficient when a distance between 
vehicle 110 and keyless entry device 140 is sufficiently small. 

According to various implementations of the invention, 
proximity module 224 may determine the distance by Global 
Positioning System information from keyless entry device 
140 and vehicle 110, estimating signal strength of a commu 
nication 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. 

According to various implementations of the invention, 
proximity module 224 may determine the distance and/or 
signal strength at one or more time points such that the dis 
tance between vehicle 110 and keyless entry device 140 may 
be tracked over time. In this manner, vehicle 110 may deter 
mine 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. 

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 vibra 
tion (such as from constant vibration to pulsing vibration), 
and/or otherwise altering the haptic effects that are generated 
at keyless entry device 140 and/or vehicle interface device 
130. 

In some implementations, vehicle device 120 may cause 
differenthaptic 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 different distances. 

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 



US 8.493,177 B2 
7 

Some implementations, a single control signal may cause 
keyless entry device 140 to output different haptic effects at 
different distances. 

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 compared to when the user is 
closer, thereby communicating a stronger message before the 
user moves out of communication range. 

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 different) haptic effect 
from keyless device 140 as the user approaches vehicle 110. 
Thus, vehicle device 120 may haptically convey the proxim 
ity information to the user at keyless entry device 140, assist 
ing the user to locate vehicle 110. 

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 informa 
tion and cause keyless entry device 140 to output a haptic 
effect that corresponds to the vehicle information, thereby 
communicating the vehicle information at keyless entry 
device 140. 

In some implementations, vehicle device 120 may commu 
nicate the vehicle information prior to receiving a command 
from keyless entry device 140. For example, the vehicle infor 
mation 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 inter 
acting with keyless entry device 140. Thus, vehicle device 
120 may proactively alert the user by haptically communicat 
ing the vehicle information to keyless entry device 140 after 
communication channel 102 is established and before vehicle 
device 120 receives a command from keyless entry device 
140. 

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 indi 
cation is received, command response module 226 may 
respond to the command by communicating a response to 
keyless entry device 140. In some implementations, the 
response may cause keyless entry device 140 to output a 
haptic effect, thereby haptically communicating the response 
at keyless entry device 140. 
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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 communicating the response at keyless entry 
device 140. 

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 mainte 
nance information when the command is unrelated to vehicle 
maintenance. In some implementations, a user may press a 
lockbutton 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 com 
municate a control signal corresponding 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 module 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 key 
less entry device 140. 

According to various implementations of the invention, 
output module 228 may communicate the vehicle informa 
tion to keyless entry device 140. In some implementations, 
output module 228 may encode the vehicle information as a 
control signal that causes keyless entry device 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 keyless entry device 140 to 
output the haptic effect. 

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. Communication 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). 

In Some implementations, a new rolling code may be estab 
lished 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. 

In some implementations, “communication channel” may 
include more than one such instance of generating a new 
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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 communi 
cation channel 102 to keyless entry device 140. In this man 
ner, more than one rolling code may be used to establish and 
maintain communication channel 102. 

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 informa 
tion to the third party when keyless entry device 140 has not 
acknowledged receipt of the vehicle information communi 
cated from vehicle 110. 

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 dif 
ferent haptic effects. For example, the control signal table 
may associate an “oil change reminder maintenance infor 
mation 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 configured to perform various func 
tions, such as the functions provided by vehicle device 120. 

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 various 
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, and/or 
perform other functions that facilitate communication to and 
from a user operating keyless entry device 140. 

According to various implementations of the invention, 
keyless entry device 140 may include, for instance, a proces 
sor 302, a memory 304, a bus 308, input/output devices (“IO 
device 310'), a drive circuit 312, a haptic actuator 314, a 
transceiver 316, and/or other appropriate 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. 

According to various implementations of the invention, 
processor 302 may include one or more processors 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 information for commu 
nicating with vehicle 110 and/or generating haptic effects. 

According to various implementations of the invention, I/O 
device 310 may include user interface members (not other 
wise illustrated in FIG. 3) that receive input from a user 
operating keyless entry device 140 and/or generate output to 
the user. I/O device 310 may include, for instance, a mechani 
cal button, a touch screen, a touch panel, a microphone, a 
Light Emitting Diode, an audio speaker, and/or other mecha 
nism for receiving input from the user and/or generating 
output to the user. When receiving input from the user, I/O 
device 310 may cause one or more commands to be commu 
nicated 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 
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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 output). 

According to various implementations of the invention, 
drive circuit 312 may be coupled to haptic actuator 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 actua 
tor, a rotating mass actuator, a Solenoid, and/or other mecha 
nism for generating haptic effects. 

According to various implementations of the invention, 
transceiver 316 may send and/or receive communications 
from vehicle 110, thereby establishing communication chan 
nel 102 described above. In some implementations, trans 
ceiver 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 communication (such as the 
vehicle information) from vehicle 110. 

According to various implementations of the invention, 
keyless entry module 318 may use transceiver 316 to establish 
communication channel 102, communicate one or more com 
mands 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 entry module 318 may cause 
haptic actuator 314 to output a haptic effect in response to the 
received control signal. 

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 actua 
tor 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. 

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 implementa 
tions, keyless entry module 318 may decode the control sig 
nal 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 informa 
tion, 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. Key 
less entry module 318 may then cause haptic actuator 314 to 
output the particular haptic effect. In some implementations, 
keyless entry module 318 may use IO device 310 to display 
the vehicle information at keyless device 140 and/or outputan 
audio Sound that corresponds to the vehicle information. In 
Some implementations 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. 

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 IO device 310 has been manipulated 
to communicate the command (Such as lock car door). Key 
less entry module 318 may attempt to initiate or otherwise 
attempt to establish communication channel 102 in order to 



US 8.493,177 B2 
11 

communicate the command on communication channel 102. 
In some implementations, when the communication channel 
cannot be established (such as when keyless entry module 
318 and vehicle 110 are not in communication range of one 
another) or when the command cannot otherwise be commu 
nicated to vehicle 110, keyless entry module 318 may cause 
haptic actuator 314 to generate a haptic effect that conveys the 
failure. 

In some implementations, when communication channel 
102 is established and after the command is communicated, 
keyless entry module 318 may receive the control signal from 
vehicle 110. In other words, keyless entry module 318 may 
receive a response to the command from vehicle 110. 

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 com 
mand, 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 a response from vehicle 110 that 
includes an oil change reminder, thereby receiving a response 
unrelated to the command. 

According to various implementations of the invention, 
keyless entry module 318 may store the control signal or 
information derived from the control signal (collectively, 
“stored control signal) in memory 304. In some implemen 
tations, 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. 

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 periodically 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 communication range with vehicle 
110, keyless entry module 318 may continue to haptically 
communicate the oil change reminder (or other vehicle infor 
mation) 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. 

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 informa 
tion (such as a warning indicating a dangerous condition). In 
Some implementations, keyless entry module 318 may deac 
tivate the continuous haptic effect when the dangerous con 
dition is resolved and/or otherwise acknowledged by the user 
(such as by returning to vehicle 110 or using IO device 310 to 
acknowledge receipt of the warning). In some implementa 
tions, keyless entry module 318 may cause haptic actuator 
314 to output the haptic effect at a later time when the dan 
gerous condition is not resolved. In other words, keyless entry 
device 140 may include a snooze feature to temporarily dis 
continue the haptic effects for a predetermined time. 

According to various implementations of the invention, 
keyless entry module 318 may determine proximity informa 
tion Such as a distance and/or signal strength between keyless 
entry device 140 and vehicle 110. Thus, keyless entry module 
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318 may perform functions similar to functions provided by 
proximity module 224 described above in relation to vehicle 
device 120. 

In some implementations, keyless entry module 318 may 
determine that keyless entry device 140 is in communication 
range with vehicle 110. In some implementations, keyless 
entry module 318 may establish communication 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 communica 
tion channel 102. 

In some implementations, when communication channel 
102 is established, keyless entry module 318 may receive the 
control signal from vehicle 110 prior to communicating a 
command to vehicle 110. For example, keyless entry device 
140 may include a Smart key that does not require user inter 
vention to communicate a command to vehicle 110. In this 
manner, when keyless entry device 140 is within communi 
cation range of vehicle 110, keyless entry module 318 may 
receive the control signal before sending the command. 

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. 

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 corresponding 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 dis 
tances 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. 

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, key 
less 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. 

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 whenator 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. 

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. 

In some implementations, keyless entry device 140 may 
use the proximity information to locate vehicle 110. For 
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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 implementations, 
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 generatinghaptic effects based on 
the proximity information. 

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 differ 
ent) 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 dif 
ferent) haptic effect at keyless entry device 140 in order to 
help the user to locate vehicle 110, for example. 

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 other 
wise 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. 

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. 

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 there 
fore non-limiting examples. 

According to various implementations of the invention, 
keyless entry device 140 may include, for instance, a key fob 
140a, a key fob with integrated key 140b, a smart key 140c, a 
cellular communication device 140d, and/or other device that 
may communicate one or more commands to vehicle 110 and 
receive one more communications from vehicle 110. Keyless 
entry device 140a and 140b 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 140d 
may include a cellular communication device, such as a cel 
lular 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 implementations, keyless entry device 140d communi 
cates 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. 

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 130a, a transmission shifter 130b, a radio 
control 130c, seat 140d, and/or other interface device of 
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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 oth 
erwise in contact with vehicle 110. For example, vehicle 110 
may cause vehicle component 130 to generate a haptic effect 
that haptically communicates the vehicle information when 
the user starts vehicle 110 or otherwise interfaces with vehicle 
110 (by turning on the radio, for example). 

In some implementations, vehicle 110 may communicate 
the control signal to both vehicle interface component 130 
and keyless interface device 140. 

FIG. 6 is a flow diagram of an exemplary process 600 for 
generatingahaptic effect at keyless entry device 140 based on 
a response from vehicle 110, according to various implemen 
tations 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, vari 
ous operations may be performed in different sequences. 
According to various implementations of the invention, addi 
tional 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 per 
formed simultaneously. Accordingly, the operations as illus 
trated (and described in greater detail below) are examples by 
nature and, as such, should not be viewed as limiting. 

According to various implementations of the invention, in 
an operation 602, a communication channel (such as commu 
nication 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. 

In an operation 606, keyless entry device 140 may receive 
a response from vehicle 110. In some implementations, 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 com 
mand. For instance, the response may be include vehicle 
information that is unrelated to the command. Such as a main 
tenance 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. 

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, according to vari 
ous implementations of the invention. According to various 
implementations of the invention, in an operation 702, a key 
less 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 key 
less entry device 140 and vehicle 110 are within communi 
cation range of one another. In other words, communication 
channel 102 may be established when a determination is 
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made that keyless entry device 140 and vehicle 110 are within 
communication range. In some implementations, vehicle 110 
may make the determination. In other implementations of the 
invention, keyless entry device 140 may make the determina 
tion. In an operation 704, keyless entry device 140 may 
receive a control signal from vehicle 110 prior to communi 
cating 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 informa 
tion 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. 

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 communication 
channel (such as communication channel 102) with a keyless 
entry device (such as keyless entry device 140). In an opera 
tion 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. 

In an operation 806, vehicle 110 may determine a control 
signal based on the vehicle information. In other words, dif 
ferent control signals may be determined for different vehicle 
information. For example, a first control signal may be deter 
mined 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 outputahaptic effect that haptically communicates the 
vehicle information. 

Implementations of the invention may be made in hard 
ware, firmware, Software, or any suitable combination 
thereof. Implementations of the invention may also be imple 
mented 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 car 
rier waves, infrared signals, digital signals, and other intan 
gible transmission media. Further, firmware, Software, rou 
tines, or instructions may be described in the above disclosure 
in terms of specific exemplary implementations of the inven 
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tion, and performing certain actions. However, it will be 
apparent that such descriptions are merely for convenience 
and that Such actions in fact result from computing devices, 
processors, controllers, or other devices executing the firm 
ware, Software, routines, or instructions. 

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 character 
istic may be included in connection with other implementa 
tions, 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 for communicating vehicle infor 

mation from a vehicle to a user, comprising: 
a haptic actuator; and 
one or more processors configured to: 

establish a communication channel with a vehicle; 
communicate, via the communication channel, a com 
mand to the vehicle that instructs the vehicle to per 
form one or more vehicle functions; 

receive a response to the command from the vehicle via 
the communication channel, wherein the response is 
unrelated to and independent from the command; and 

cause the haptic actuator to output a first haptic effect 
based on the response. 

2. The device of claim 1, wherein the response comprises 
an information associated with warnings from the vehicle. 

3. The device of claim 1, wherein the response comprises 
maintenance information of the vehicle. 

4. The device of claim 1, wherein the one or more proces 
sors are further configured to: 

receive an indication that the vehicle information has been 
received by the user; and 

communicate the indication to the vehicle. 
5. The device of claim 1, wherein the control signal causes 

the haptic actuator to vary the first haptic effect based on a 
distance between the keyless entry device and the vehicle, the 
one or more processors further configured to: 

determine the distance; and 
cause the haptic actuator to output a second haptic effect 

different from the first haptic effect, wherein the differ 
ence between the first haptic effect and the second haptic 
effect is a function of the distance, thereby communicat 
ing a different haptic effect when the distance changes. 

6. The device of claim 1, the one or more processors further 
configured to: 

receive a second control signal that causes the haptic actua 
tor to output a second haptic effect different from the 
first haptic effect, wherein the difference between the 
first haptic effect and the second haptic effect is a func 
tion of a distance between the keyless entry device and 
the vehicle. 

7. A system for haptic communication between a keyless 
entry device and a vehicle, comprising: 

a vehicle device coupled to the vehicle; and 
a keyless entry device, comprising: 

a haptic actuator, and 
one or more first processors configured to: 



US 8.493,177 B2 
17 

establish a communication channel with the vehicle 
device; and 

receive a control signal from the vehicle device via the 
communication channel, wherein the control signal 
corresponds to vehicle information and causes the 
haptic actuator to output a first haptic effect that 
haptically communicates the vehicle information; 

wherein the vehicle device comprises one or more sec 
ond processors configured to: 
establish the communication channel with the keyless 

entry device: 
receive a command from the keyless entry device; 
obtain the vehicle information; 
determine the control signal based on the vehicle 

information; and 
output, via the communication channel, the control 

signal to the keyless entry device, wherein the 
vehicle information is unrelated to and independent 
from the command. 

8. A method of haptic communication between a vehicle 
and a keyless entry device that includes a haptic actuator, the 
method comprising: 

establishing, by the keyless entry device, a communication 
channel with the vehicle: 

communicating, by the keyless entry device via the com 
munication channel, a command to the vehicle that 
instructs the vehicle to perform one or more vehicle 
functions; 

receiving, by the keyless entry device, a response to the 
command from the vehicle via the communication chan 
nel, wherein the response is unrelated to and indepen 
dent from the command; and 

causing the haptic actuator to output a first haptic effect at 
the keyless entry device based on the response. 

9. The device of claim 1, wherein the one or more proces 
sors are further configured to: 

receive a second response; 
store the second response in a memory of the keyless entry 

device; and 
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18 
cause the haptic actuator to output a second haptic effect 

after the first haptic effect based on the stored second 
response. 

10. The device of claim 9, wherein the one or more pro 
cessors are further configured to: 

cause the haptic actuator to output the second haptic effect 
when the keyless entry device is not within communica 
tion range of the vehicle. 

11. The device of claim 1, wherein the one or more pro 
cessors are further configured to: 

store the response in a memory of the keyless entry device; 
and 

cause the haptic actuator to output the haptic effect when 
the keyless entry device is not within communication 
range of the vehicle. 

12. The device of claim 1, wherein the one or more pro 
cessors are further configured to: 

determine that the command was not communicated; and 
cause the haptic actuator to output a second haptic effect 

that indicates that the command was not communicated. 
13. The device of claim 1, wherein the one or more pro 

cessors are further configured to: 
receive an indication that a user has received the haptic 

effect; and 
cause the haptic actuator to output the haptic effect again at 

a later time. 
14. The device of claim 5, wherein the first haptic effect is 

greater in magnitude of force than the second haptic effect, 
and wherein the distance when the first haptic effect is output 
is greater than the distance when the second haptic effect is 
output. 

15. The device of claim 6, wherein the first haptic effect is 
greater in magnitude of force than the second haptic effect, 
and wherein the distance when the first haptic effect is output 
is greater than the distance when the second haptic effect is 
output. 


