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Title: ACCESSORY CONTROL WITH GEO-FENCING

FIG. 1A

(57) Abstract: A vehicle accessory can transmit a first signal to a mobile device, the first signal including a location of a vehicle.
The mobile device can monitor its own location. The mobile device can assess whether one or more location-based criteria have
been satisfied based on the location of the mobile device and the location of the vehicle. Upon determining that a location-based cri -
terion has been satistied, the mobile device can transmit a second signal to the vehicle accessory indicating that a function of the
vehicle is to be controlled. Thus, for example, the mobile device can activate or de-activate vehicle features (e.g., door locking,
vehicle defrosting, etc.) in a manner that capitalizes on efficient signal transmission.
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ACCESSORY CONTROL WITH GEO-FENUCING

CROSS-REFERENCE TO RELATED APPLICATION
{38611 This application claims the benefit of U.S. Non-Provisional Application No.
13/492,713, filed June 8, 2012, entitled “Accessory Control With Geo-Fencing,” the entire

disclosure of which s incorporated by reference for all purposes.

BACKGROUND
{0862} The present disclosure relates generally to conditionally transmitting signals {e.g.,
that control a vehicle fanction) to a vehicle accessory based on proximity to the vehicle

ACCCHBOTY.

{6603}  Vcehicles can perform a large variety of functions. The functions can relate to, e.g.,
vehicle climate control, navigation instructions, security features, or music selection and
output. While each fumction can be designed to provide a posttive result {e.g., locked doors
providing vehicle security or a global-navigation-system providing travel routes), various

circumstances can reduce a net benefit of the functions enjoyed by a vehicle operator,

{6064} For example, an operator can lock doors on the vehicle subsequent to parking the
vehicle. The locked state can prevent or deter thett of the vehicle, but it can also subsequently
frustrate the operator when he retarns to the vehicle. Unlocking a door can require additional
time that is lengthens a total commute duration, or unlocking a door can be difficult if his

¢

hands are full of other objects {e.g., groceries),

[8085] Functions associated with a reduced net benefit can negatively affect a driver’s
mood and can decrease the probability that the operator will utilize the fanction. Thus,
technology associated with the vehicle functions 15 not utilized to achieve s maxumum

benefit.

SUMMARY
[8086]  According to various embodiments of the present invention, a vehicle accessory can
transtait a first signal (¢.g., a signal comprising vCard data) to a mobile device (e.g., a
phone). The first signal can identify a current or future location of the vehicle. The mobile
phone can generate one or more virtual geofences based at least in part on the location of the
vehicle. For example, a geofence can be defined as a circular boundary centered on the

vehicle's location, the radius being equal to a pre-defined distance. The mobile phone can
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repeatedly estimate its own location. The mobile phone can then determine whether it has
crossed a geofence by, e.g., analyzing s own location in view of a boundary of a geofence or
based on a distance between the vehicle and the mobile phone. In some instances, the mobile
phone can further estimate its motion, such that it can determine a direction in which # is
crossing a geofence. Upon detecting that the mobile phone has crossed a geofence {e.g.,
generally or in a particalar direction), the mobile phone can generate and transmit a second
signal to the vehicle. The accessory can control or coordinate control of one or more vehicle

functions in response to receipt of the second signal.

{8867} For example, a vehicle accessory can detect that a vehicle has parked and further
detect geographic coordinates (and, in some instances, an altitude) of the vehicle. The vehicle
accessory can then generate and transmit a signal inclading 2 vCard 1o 2 mobtle phone, the
vCard inciuding the geographic coordinates (e.g., and altitude). The mobiie phone can receive
the signal and access a set of location-based function control rules. Rules can identify
geotence spatial parameters relative to vehicle-location characteristics. For example,
geotences can include circular geofences with vehicle-related origins, geofences with shapes
paralleling vehicle components {e.g., tied to a door, a trunk or a hood), etc. The mobile phone
can then identify absohute-location boundaries of the geofences in the rules. The mobile
phone can repeatedly monitor its location relative to the geofence boundaries and detect when
a boundary has been crossed, a direction in which the boundary is being crossed, a point of
the boundary being crossed, and/or a speed at which the mobile phone 1s moving when the
boundary is crossed. Function control rules can include specific control commands that are to
be transmitted to the vehicle upon crossing specific relative boundaries. For example,
function control rules can identify parameters related o door locking, trunk opening, vehicie
running, heater or cooling operation, defroster operation, music selection or status, accessory
power stafes, seat warmers, navigation operations, ete. Upon detecting a particular geofence
crossing {¢.g., and a direction in which an ingress or egress of the geofence is made), the
mobile phone can generate and transiit a second signal to the vehicle accessory identifying

the function control to be implernented.

[8088] By crecting virtual geofences, a mobile device’s signal transmission can be
intelhigently controlied. Thus, the mobile device need not attemipt to communicate with the
vehicle accessory when the communication is not possible given available technology (e.g.,
the raobile device s out of range for divect wireless comununication) or is technologically

expensive (e.g., draining batteries, requiring additional network capabilities, ete.).

]
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{8869} Transmitting fanction controls in 3 manner depending on, e.2., a mobile device’s
location, divection of movement, and/or speed can further allow for ethicient control of
vehicle functions. For example, one signal can indicate that the vehicle s to start i the
mobtic phone is in the driver’s seat. If the mobile device instead transmitted function-control
signals in a location-independent manner, the vehicle can be started mimutes prior o use,

which could result in dangerous consequences and waste cnergy resources.

[8018]  Further, the titial identification of geofonce boundaries can reduce the processing
that a mobile device needs to later compute. For example, after locations of geofence
boundarics are determined, a mobiie device can be able to determine whether the geofence
boandary is crossed by simply repeatedly detecting its location and comparing a small
number of the detected locations to the geofence boundaries. In some embodiments, the
mobile device need not repeatedly attempt to estimate the vehicle’s location, repeatedly
determine its location relative to the vehicle’s ocation, and/or repeatedly apply complex
location-based rules.

BRIEF DESCRIPTION OF THE DRAWINGS
{6011} FIG. 1 illustrates an example of geofence operations according to an embodiment of
the present invention.
[0612] FIG. 2 illustrates an exemplary vehicle accessory that can commuanicate with a

mobtle device according to an embodiment of the present invention.

[B013]  FIG. 3 is a flow diagram of a process for communicating data from a vehicle to g

mobile device according to an embodiment of the present invention.

[8814]  FIG. 4 15 a flow diagram of a process for receiving data at a vehicle from a mobile
evice and controlling vehicle functions according to an ershodirent of the preseunt

mvention.

{6015} FIG. S illustrates a block diagram showing an exemplary mobile device according to

an embodiment of the present invention.

18016] FIG. 61s a flow diagram of a process for commuanicating between a mobile device

and a vehicle according to an embodiment of the prescat invention.

{6617} FIG. 7 illustrates a block diagram showing an exemplary mobile device according to

an embodiment of the present invention.
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{8018} FIG. 8 is a flow diagram of a process for communicating between a mobile device

and a vehicle according to an embodiment of the present mvention.

[8619] FIG. 9 illustrates an exemplary computer system that can be used according to an

emnbodiment of the present invention,

DETAILED DESCRIPTION
{88287 According to various embodiments of the present invention, a vehicle accessory can
tranamit a first signal (e.g., a signal comprising vCard data) to a mobile device (e.g., a
phone). The first signal can wdentify a current or future location of the vehicle. The mobile
phone can generate one or more virtual geofences based at least in part on the location of the
vehicle as determined from the first signal. For example, a geotence can be defined as a
circular boundary centered on the vehicle’s location, the radius being equal to a pre-defined
distance. The mobile phone can repeatedly estimate its own location. The mobile phone can
then determine whether it has crossed a geofence by, e.g., analyzing its own location in view
ot a boundary of & geofence or based on 8 distance between the vehicle and the mobile phone.
{n some instances, the mobile phone can further estimate its motion, such that it can
determine a direction in which it is crossing 3 geofence. Upon detecting that the mobile
phone has crossed a geofence {e.g., generally or in a particular direction), the mobile phoue
can generate and transmit a second signal to the vehicle. The accessory can control or
coordinate control of one or more vehicle functions in response o receipt of the second

signal.

{8821} For example, a vehicle accessory can detect that a vehicle has parked and further

etect geographic coordinates of the vehicle (and, in some instances, an altitude). The vehicle
accessory can then generate and transmit a signal including a vCard to a mobile phone, the
vCard inchuding the geographic coordinates (e.g., and altitude). The mobile phone can receive
the signal and access a set of location-based function control rules. Rules can identify
geofence spatial pararacters relative to vehicle-location characteristics. For exaraple,
geofences can inchude circular geofences with vehicle-related origins, geofences with shapes
paralleling vehicle components {e.g., tied to a door, a trunk or 8 hood), ete. The mobile phone
can then identity absolute-location boundaries of the geofences in the rules. The mobhile
phone can repeatedly monitor #s location relative to the geofence boundaries and detect when
a boundary has been crossed, a direction in which the boundary is being crossed, a point of
the boundary being crossed, and/or a speed at which the mobile phone is moving when the
boundary is crossed. Function control rules can inchide specific control commands that are to
be transmitted to the vehicle upon crossing specific relative boundaries. For example,

4
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function control rules can identify parameters related o door locking, trunk opening, vehicie
running, heater or cooling operation, defroster operation, music selection or status, accessory
power stafes, seat warmers, navigation operations, ete. Upon detecting a particular geofence
crossing (e.g., and a direction in which an ingress or egress of the geofence 1s made), the
mobile phone can generate and transmit a second signal to the vehicle accessory wdentifying

the function control to be implerented.

{6022} By crecting virtual geofences, a mobile device’s sigoal fransmission can be
intelhigently controlied. Thus, the mobile device need not attemipt to communicate with the
vehicle accessory when the communication is not possible given available technology (e.g.,
the mobile device 1s out of range for divect wireless communication) or is technologically

expensive (e.g., draining batteries, requiring additional network capabilities, ete. ).

{60231 Transmitting function controls in a manner depending on, ¢.g., 2 mobile device’s
iocation, direction of movement, and/or speed can forther aliow for efficient control of
vehicle fanctions. For example, one signal can indicate that the vehicle is to start if the
mobile phone 15 in the driver’s seat. I the mobile device instead transmitted function-control
signals in a location-independent manner, the vehicle can be started minutes prior to use,

which could result in dangerous consequences and waste energy resources.

{8624} Further, the initial identification of geofence boundaries can reduce the processing
that a mobile device needs to later compute. For example, afier locations of geofence
boundarics are determined, a mobile device can be able to determine whether the geofence
boundary 18 crossed by simply repeatedly detecting its location and comparing a small
number of the detected locations to the geofence boundaries. In some erobodiments, the
mobile device need not repeatedly attempt to estimate the vehicle’s location, repeatedly
determinge its location relative to the vehicle’s location, and/or repeatedly apply complex

iocation-based rules.

[0025)  FIGS. TA-1C ilustrate an example of geofence operations, FIG. 1A shows a vehicle
105 that has been parked. Vehicle 105 can include, ¢.g., a commercial or non-commercial

vehicle, such as a car, truck or sports utility vehicle. Vehicle 105 can inchude, e.g., a gasoline-
powered vehicle, an electric vehicle, a solar-powered vehicle or a hybrid vehicle.

5

[8626]  Vehicle 105 can inchude a variety of vehicle components 118, such as: wheels {¢.g.,
four wheels or more wheels), doors (e.g., two or four doors), an engine, a trausroission, a fucl
cell, a battery, a motor, a hood, a trunk, a heating and/or cooling system {for heating or

cooling a cabin of the vehicle}, 8 defroster, seats {e.g., two, four, five, $ix or more seats), seat
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warmerts (e.g., one for each seat), seal-position adjusters, windows, window controllers {e.g.,
to control whether a window s open or closed), door locks {e.g., one for each door), a vehicle
security alarm, a windshield, windshield wipers, a music controlling unit (¢.g., that allows
selection of music and outputs audio signals) and/or a navigation unit {e.g., that allows inputs
of commute destinations and outputs routes of travel). Controlling one or more components
can resolt in control of a function of vehicle 105, For example, controlling a heating and/or

cooling system can result in a function of heating or cooling a vehicle cabin.

{8027}  As used herein, a vehicle component 110 can refer to a component that is integrated
mnto vehicle 105 and/or coupled with a part of vehicle 105, For example, a vehicle component
110 can include an independent navigation unit that can be brought into vehicle 103, and
coupled to vehicle 105 via a power-supply source (e.g., a cigarctie lighter adapter). As
another example, a vehicle component 110 can inchude an independent music controller
positioned within vehicle 105 and coupled to a vehicle accessory (described in greater detail

below).

{0028]  Vehicle 105 can include a vehicle accessory 115 {e.g., a head unit). Vehicke
accessory 115 can be fixedly integrated into vehicle 105 and may include, ¢.g., a head piece.
Vehicle accessory 115 can be located within vehicle 105 and can be capable of
corpnunicating with one or more vehicle components and transmitting and receiving witeless
comnmnications. For example, vehicle accessory 115 can transmit and/or receive signals over
a network, such as the Internet and/or via a Bluctooth LE or Bluetooth connection. Thus, in
some instances, vehicle accessory TS can communicate with mobile device 120 evenif
mobile device 120 1s not within a short range or line of sight from vehicle accessory 115
{c.g., by using a cellular phone network). In some instances, vehicle accessory 115 is further
configured to transmit and/or receive signals via a physical coupling. Vehicle accessory 115

can, ©.g., comrnunicate with one or more vehicle components 110 via a wired connection.

{60629} In soroe embodiments, vebicle accessory 115 can conununicate (e.g., wirelessly
comnmnicate) with 3 mobile device 120, Mobile device 120 can include any device that a
vehicle operator 125 or user is likely to carry on his/her person and that is capable of
communicating with a vehicle accessory 115 as described herein. Mobile device 120 can
include a mobile computing device with a wircless interface, such as a laptop computer, a
tablet device, a key fob, a car key, an access card, a multi-function device, a mobile phone, a
portable gaming device, a portable multimedia player, a portable rousic player, a personal
digital assistant (PDA), a portable electronic or clectro-mechanical device and/or the like. For
example, 8 mobile device 120 can be an iPod®, iPhone®, or iPad® device available from

)



1

30

WO 2013/184316 PCT/US2013/041210

Apple Inc. of Cupertino, CA. Mobile device 120 can include a device that is frequently

carried by a vehicle operator 125,

{0638] As shown in FIG. 1A, vehicle accessory 115 can transmit a fivst signal to mobile
device 120, The first signal can be transyotited, ¢.g., upon detecting that the vehicle s parked,
at fixed intervals, or upon detecting that mobile device 124 is at least a threshold distance
away from a vehicle location. In the example of FIG. 1A, the first signal is transmutted
shortly afier it is detected that vehicle 105 1s parked, such that the first signal is transmitted as

operator 125 1s walking away from vehicle 103,

{6031} The first signal can include, ¢.g., a vCard and/or any other information indicating a
location of vehicle 105, It will be appreciated that disclosures herein that reference a vCard
can be extended to other types of signals (e.g., that have a format the encapsulates location
coordinates, a street address or other location identifiers). The location can include 8 current
location of vehicle 105 {e.g., identified by a location detector) or a predicted future location
of vehicle 105 (e.g., identified based on an operator-identified destination and/or analysis of

motion of vehicle 105).

{6032} Upon receiving the first signal, mobile device 120 can identify one or more virtual
geotence boundaries. For example, FIG. 1B ilhustrates an example in which three geofence
boandaries 130a-130¢ are generated. FIG. 1B is generally a top-down view, with respect to
locations of vehicle 105, mobile device 120, operator 125 and geofonce boundaries 130a-
130b. Notably, the illustrations of vehicle 105, mobile device 120 and operator 125 are not

depicted in a top-down manner such that cach can be easily identifiable.

{38331 As shown, a first geotence boundary 130a includes rectangular region surrounding a
trunk of vehicle 105, A second geofence boundary 130b and a third geofence boundary 130b
include circular regions centered on a vehicle location and defined by different radii.
Geofence boundaries can include other shapes. Defined geofence boundaries can include,
e.g., a list, table or an algorithmic function identifving geographical-coordinate boundaries.
Geofence boundaries can include boundaries that are absolute or relative to a base location,
For example, a geotfence boundary can include a set or algorithm defining absolute
geographic coordinates of a geofence boundary based on an absolute geographic coordinate
of vehicle 105 (c.g., determined froro the first sigoal) and coordinates of the geofence
boundary relative to the vehicle location {e.g., a perimeter between coordinates (-1,-1), (-1,1),
{1,1), and {1,-1} in some units relative to the vehicle location, or a radius of, e.g., 10 meters

from the vehicle location.
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18034} One or more geofence boundaries 130 can be associated with a crossing divection
and/or a crossing speed. For example, crossing geofence boundary 130b in a direction away
from vehicle 105 (i.e., as shown in FIG. 1B) can be inconsequential, Meanwhile, crossing
geofence boundary 130b in a direction towards vehicle 105 can initiate signal gencration
and/or fransmission to vehicle 105, As another example, detecting from which direction (2.g.,
from which azimuth) an ingress is made can influence an effect of the geofence cross {e.g., to

selectively unlock or open one door most likely to be approached first).

{6035} Mobhile device 120 can repeatedly monitor its location {e.g., by analyzing received
(Global Positioning System (GPS) signals, cell-tower signals, or WiFi-access-point signals).
Upon determining that mobile device 1s crossing a geofence (e.g., in an associated direction),
mobtle device 120 can generate and/or transmit a signal to vehicle accessory 118, Tu some
instances, signals are transmitted differently depending on which geofence is crossed or on a
device location. For example, mobile device 120 can transmit a Bhuetooth signal to vehicle
accessory 115 upon crossing geofence boundary 130a or geofence boundary 130b but can
transmit a signal via a cellular network upon crossing geofence boundary 130c, Thus, a
boundary of a geofence 130 could be very far from vehicle 105 (e.g., encompassing 3 whole
city}, such that crossing of the geofence would indicate that 1t is very unlikely that a user will
be returming to vehicle 105 in the near future (¢.g., making i advantageous for vehicle
functions to enter a deep-sleep mode and/or exit a standby mode). Despite the far distance
separating the vehicle 105 and the geofence 130, mobile device 120 can continue to
comynunicate with vehicle accessory 115 using, ¢.g., a network such as a cellular phone

network.

[8036] FIG. 1C tllustrates an example in which it is determined that mobile device 120
crossed geofence boundary 130¢ in an inward direction. In this instance, a mle associated
with geofence boundary 130¢ indicates that a signal 1s to be generated and transyotited gpon
detecting a crossing of geofence boundary 130c in an inward direction. The signal can
identify one or more vehicle-function controls. For example, the signal can include
instractions to power on a navigation device and identity directions to a default destination
{c.g., “home™) or a destination inprut by operator 125 into mobile device 120, Vehicle
accessory 115 can receive the transmitied signal and communicate with a navigation-device

vehicle component 110,

{8637} It will be further appreciated that configurations shown in FIGS. 1A-1C and/or
described in associated disclosures are illustrative and that variations and modifications are
possible. For exanmple, a single geofence 130 can be generated as opposed to multiple

&
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geotences, and a signal transmitted from mobile device 120 need not include any explicit
mstructions for function control; the function control can instead be determined by vehicle
accessory |15 based on the mere receipt of the signal. As another exarmaple, vehicle accessory
115 may comnwunicate with a separate controller that sends controf data to vehicle

components 116,

[8038]  In some instances, a geofence 130 18 not associated with an absolute location.
Rather, a geofence 130 can be defined based on one or more separation fimes. For example, a
vehicle 105 could begin to warm up when a mobile device 120 is estimated to be five minutes
away and approaching vehicle 105, The estimated time can be determined, e.g., based on a
detected movement and location {(e.g., instantancous, time-averaged, or extrapolated

movement and location) of mobile device 120,

{6039]  In some instances, a geofence 130 inchudes g height or altitude dimension. For
example, a vehicle 105 parked in a parking garage can send a signal identifying the vehicle’s
geographic coordinates and altitude to a mobile device 120, The altitade can be estimated,
¢.g., based on a integration of vertical acceleration. A geofence 130 can be constructed with a
height dimension, ¢.g., such that control of vehicle functions are not inappropriately triggered
when a mobile device crosses a longitude and/or latitude boundary but while at a different

level of the parking garage.

[6040]  Geofences 130 can be adjusted based on newly received signals. For example,
vehicle accessory 115 can send a new signal to mobile device 120 upon detecting that vehicle
135 has moved or has again entered into a parked state. The movement of vehicle 105 can be
due, e.g., to another user having driven the car or towing of the vehicle. Thus, in some
instances, mobile device 120 can be relatively far from vehicle 105 at a time the new signal is
fransmitted. The new signal can therefore be transmitted, e.g., over a network {e.g., as
opposed to Bhuetooth commumications or wired comynunications). The new signal can
identify a new location of vebicle 105 or a movement of vehicle 1035 relative to a previously
identified iocation of vehicle 105, and mobtic device 120 can thereafter adjust boundaries of

geofences 130 based on the new location.

{8041  FIG. 215 a block diagram showing an exemplary vehicle accessory. Vehicle
accessory 115 can include a storage module, which can include one or more databases and
stored data. For example, an authorized device identifier 205 can be stored. Authorized
device tdentifiers 205 can identify properties {(e.g., identitying properties) pertaining to one or

more devices to which communications from vehicle accessory 115 are to be transmitted.

9
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Authorized device identifiers 203 can include an identification of one or more mobile devices
120 or components 110, Authorized device identifiers 205 can include, ¢.g., an IP address, a

server name, an account name or address, a physical path, or a network path.

[8042] In some embodiments, one, some or all of authorized device identifiers 208 are
recetved from a user via an input module 216, Input module 210 can be implemented as a
touch screen {e.g., LCD based touch screen), a voice command system, a keyboard, a
computer mouse, a trackball, a wireless remote, a button, and/or the like. Input module 210
can allow a user to provide inputs to establish authorized device identifiers 205 or to
otherwise interact with vehicle accessory 115, In some embodiments, input module 210
comprises or is coupled to a display module (not shown). For example, vehicle accessory can
include an LCD-based touch screen that displays images and also captures user input.
Hiastratively, a user can tap his or her finger on a region of the touch screen’s surface that
displays an icon. The touch screen can capture the tap and, in response, start a software
program associated with the icon. Upon starting the software program, a graphical user

interface for the application can be displaved on the touch screen for presentation to the user.

{8043} In some embodiments, one, some or all authorized device identifiers 205 are
received from a receiver/transmitier 215, Recetver/transmitter 215 can include a signal
receiver, a signal transmatier, or a combination {¢.g., a fransceiver). Signals can be received,
e.z., from a one or more mobile devices, one or more vehicle components 110, or other
devices. Thus, for example, a mobile device 120 can transmit an initial signal, which is
recetved by receiver/transmitter 215 of vehicle accessory 115, The mitial signal can request
that vehicle accessory 115 send one or more signals to mobile device 120, and cav juchude a
mobile-device identifier {e.g., an authorized device identifier 205). Thus, in various
ersbodiments, a communication can be mnitialized between vehicle accessory 115 and a
mobtle device 120 either at vehicle accessory 115 (e.g., via jnput module 210) or at mobile

device 120 (e.g., via receiver/transmitter 215),

{60441 Receiver/transmitter 215 can roceive and/or transmit signals of one or more types.
In some instances, receiver/transmitier 215 inclades a multiple receivers and/or transmitters,
each receiver and/or transmitter being configured to receive and/or transmit signals of
different types with respect to other receivers and/or transmitters. For example, g first
fransceiver can be tuned to receive and transmit signals within first frequency bands and a
second transcetver can be tuned to receive signals within second frequency bands. Examples

of types of signals that can be received or transmitted include: wireless signals (e.g., RF

10
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signals), optical signals, or electrical signals. One or more receivers or transmitters can be

tuned to recetve or transmit signals at particolar frequency bands,

18045] Receiver/transmitter 218 can include suttable hardware for performing device
discovery, connection establishment, and communication. Receiver/trangmitter 215 can be
configured to operate based, e.g., on Bluctooth LE and/or Bluetooth BR/EDR standards.
Recetver/transmitter 215 can inchude hardware for performing wireless communications with
wireless voice and/or data networks and can, ¢.g., inchude an RF transceiver (e.g., using
mobile technology such as GSM or CDMA, advanced data network technology such as 3G,
4G or EDGE). Receiver/transmitter 215 can inclade any suitable combinations of hardware
for performing WiFi {e.g., IEEE 802.11 family standards) based communications with other

Wikt enabled devices.

18046] Vehicle accessory 115 can inchude a vehicle locator 220 that estimates a past,
current or future focation of vehicle 105, In some instances, the estimated location of vehicle
accessory 1S can serve as an estimated location of vehicle 105 (e.g., when vehicle accessory
115 18 in or attached to vehicle 105). The estiraated location can be based on an analysis of
one or more signals. Analysis of the signals can allow for an estimation as to which external
devices are relatively near vehicle accessory 115, which can allow for an estimation of a
location of vehicle accessory 115, For example, the analysis can identify one or more (e.g.,
two, three, four or more) of GPS satellites, cell towers, WiF1 access points or wircless servers
(e.g., edge servers). Each external device can be associated with a known location, such that a

location of vehicle 105 can be estimated, e.g., via a triangulation technique.

{0047} In some instances, signals analyzed by vehicle locator 220 are received by
receiver/transmitter 215, In some instances, signals analyzed by vehicle locator 220 are
recetved by one or more other components. For example, vehicle focator 220 can inchade or

be coupled to a GPS recetver 225 that veceives GPS signals identifying GPS satellites.

[6048] Vcehicle locator 220 can estirnate a location of vehicle 105, e.g., using a
triangulation technigque. Locations of GPS satellites, cell towers, WiF1 access points, or
servers can be determined, ¢.g., based on analyzing the signal (e.g., when the signal identifies
a location), by consulting landmark-location storage data, by receiving (e.g., via
ccetver/transmitter 215) the locations, efc. In some instances, a location of vehicle 105 s
ctermined by analyzing owmltiple signals received from a same type of external device {(¢.g.,
(3PS satellites), and in some instances, a location of vehicle 105 is determined by analyzing

sultiple signals received from different types of external devices.
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18649} Vehicle locator 220 can include a destination locator 236, Destination locator can
estimate a future location of vehicle 105, The future location can be estimated, e.g., by
detecting a destination location entered by a user via input module 210 (e.g., to request
directions to the destination location). The future location can also or alternatively be
estimated, ¢.g., by analyzing motion patterns of the vehicle (e.g., extrapolating a future

location based on locations associated with maltiple time points).

{8058} In some instances, vehicle locator 220 estimates a vehicle location based on
detected motion of vehicle 105, For example, vehicle locator 220 can integrate velocity or
acceleration data (e.g., through repeated integrations) to determine a displacement from a
previcus location. The analyzed motion can be detected by a motion detector 235, described

in further detail below,

[8051]  In some embodiments, 8 location estimated by vehicle locator 220 includes an
absolute and quantitative location, such as geographical coordinates and/or an altitude. In
other erubodiments, an estimated location can inchide a relative location (e.g., relative to a
base point) and/or a qualitative location. The location can include a confidence interval or
reliability metric. Vehicle locator 220 can further assign a time stamp to the estimated
location. For example, it can assign a current time starop 0 a an estimate of a carrent location
of vehicle 105 or a specific future time stamp associated with prediction of a future location
of vehicle 105, The time stamp can include an absohute time or relative time {e.g., relative to

a time of a signal to be transmitted from vehicle accessory 113 to mobile device 120).

[8052] Vehicle accessory can include a motion detector 235 that estimates a past, current or
future motion of vehicle 105, Motion detector can include a velocity detector 240 that
estimates a past, current or future velocity of vehicle 105, In some instances, velocity detector
240 estimates a current velocity based on a plurality of estimated locations recetved from
vehicle locator 220, For example, vehicle locator 220 can estimate multiple vehicle locations
and can assigu a time stamp to cach estimate. Motion detector 235 can access the estimated
iocation, and velocity detector 240 can analyze changes in vehicle locations relative to

changes in the time stamps to estimate a current velocity.

86537 Monton detector 235 can inchide an accelerometer 245 that detects an acceleration
of vehicle 105 {e.g., by detecting an acceleration of vehicle accessory 1i5). In some
instances, motion detector 235 estimates an acceleration of vehicle 105 by adjusting the
acceleration detected by accelerometer 245 in view of a tilt of accelerometer 245, or by

identitying a component of the detected acceleration.
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{8054 Motion detector 235 can include a parked detector 250 that detects when vehicle
105 1s parked and/or stationary. For example, parked detector 250 can receive signals froma
transmission and/or brakes in vehicle 105 and determune that vehicle 105 is parked when the
transmission is in park, a parking brake is engaged and/or an engine is not producing power.
As another example, parked detector 250 can analyze current and/or time-lapsed location or
motion variables to estimnate whether vehicle 1035 1s parked. A parked state can be estimated
upon determining that: vehicle 105 has remained in 2 same or highly similar location for g
sustained period; vehicle 105 has been estimated to have substantially zero velocity fora
sustained period; and/or vehicle 105 has been estimated to have substantially zero
acceleration for a sustained period. The sustained period can be determined, e.g., by an input
received by input module 210, a signal received by receiver/transmitter 215, application of a

learning algorithim that erapincally identifies appropriate thresholds, ete.

[B055] A signal generator 260 can receive outputs from vehicle location 228 and/or motion
etector 235. One or more of the outputs can influence data within a sigoal generated by
signal gencrator 260, and/or one or more of the outputs can influcnce when a signal is
generated by signal generator 260. A generated signal can include data identitying a location
of vehicle 105 estimated by vehicle locator 220, A generated signal can also include data
identifying a motion of vehicle 103 estimated by motion detector 235, A generated signal can
further include security codes, such as crypto key negotiation {e.g., secure pairing) that can be

sabsequently used to securely unlock various vehicle functions upon crossing of geofences).

{38361 Tn some instances, a signal is generated by signal generator 260 upon receiving
output from motion detector 235 indicating that a particular type of motion has been detected
{c.g., that parked detector 250 has detected that vehicle 105 is parked). Signal generation can
be conditioned (alternatively or in addition} on other variables. For example, a signal can be
generated upon recetving input from an engine indicating that vehicle 105 has heen turned
off. As another example, a signal can be generated upon receiving input from a user (via
input module 210) or a signal from mobile device 120 (via receiver/transmitter 215)
requesting generation and/or transmission of the signal. As vet another example, a signal can
be generated at regular time points (¢.g., transmission of the signals can be conditioned on

spectfic events).

{8057} In some insiances, the signal includes data indicating the vehicle location, e.g., ina
vCard format. The signal can also include information pertaining to vehicle accessory 1153

(e.g., a wireless-commuunication address, communication capabilities, ¢t¢.). Signal data can
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further identify a component or function of vehicle 105 and/or potential settings of the

component or function.

{06588] The signal generated by signal generator 260 can be transmitted by
receiver/transmitier 215, The geoerated signal can be transmitted, e.g., to a device wdentified
by an authorized device identifier 205, such as a mobile device 120, Receiver/transmiiter 215
can automatically transmit a signal upon receiving it from signal generator 260 or can, e.g.,
only transmit the signal upon determining that one or more criteria have been satisfied (e.g.,

estimnating that the vehicle is parked). The generated signal can be transmitted wirelessly.

{6059} Receiver/transmitter 215 can receive one or more signals (e.g., from mobile device

120). In some instances, a recetved signal (e.g.,

a stignal determined to be from mobile device
120} 1s routed to a function identifier 265 and a control identifier 270, Function identifier 265
can analyze the signal and determine a vehicle function and/or vehicle component that is to
be controlled based on instructions in the signal. Control identifier 270 can analyze the signal
and determine how the vehicle functions and/or vehicle components are to be controlled. In
sore instances, coutrol identifier determines vehicle componeats that control a function
identified by function identifier 265, In some instances, control identifier 270 analyzes a

desired result or function output {e.g., “start car”, “roll down windows”, “lock car”, etc.) and

actions for one or ruore vehicle components to perform to achieve the desired result or

function output.

18068  Outputs from function identifier 265 and control identifier 270 can be transmitted to
signal generator 260 or to another signal generator. A vehicle-control signal can be generated
by signal generator 260 based on the outputs. The signal can be transmitted to vehicle
components via an in-vehicle comaponent interface 2735, In-vehicie component interface 275
may include one or more propertics as described herein with respect to receiver/transmiiter
215. In some instances, in~-vehicle component interface 275 includes a bus connecting the

vehicle accessory 1o a vehicle-iutegrated component.

{6061} A particular vehicle accessory 215 can include one, some or all of the features
shown in FIG. 2 and/or can include additional features not shown in FIG. 2. For example, in
some instances, vehicle accessory 118 mmclades a vehicle-state identifier, and a signal
generated by signal generator 260 and transmitted to mobile phone 120 can include vehicle-
state information (e.g., car: on; defroster: off; or trunk: closed). As other examples, vehicle

accessory 115 can include a clock, display module, power supply, motion detecior, speaker,
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etc. In some instances, vehicle accessory 115 does not include, e.g., motion detector 233

and/or input module 210,

18662] Oune or more components of vehicle accessory 115 (e.g., vehicle locator 220, motion
detector 235, function wdentifier 265 or control identifier 270} can be iroplemented by one or
MOre Processors or one or more integrated circuits. One or more components of vehicle
accessory 1S (e.g., vehicle locator 220, motion detector 235, function identifier 265 or
control identifier 270) can correspond to tmpleraentation of one or more software programs.
Software programs can be installed on vehicle accessory 115 by its manufacturer and/or

installed by a user.

[8863] While vehicle accessory 115 is described herein with reference to particular blocks,
it is to be understood that these blocks are defined for convenience of description and are not
intended to imply a particular physical arrangement of component parts. Further, the biocks
need not correspond to physically distinct components. Blocks can be configured to perform
various operations, e.g., by programming a processor or providing appropriate control
circuitry, and various blocks might or might not be reconfigurable depending on how the
initial configuration is obtained. Embodiments of the present invention can be realized in a
variety of apparatus including electronic devices implemented using any corsbination of

circuitry and software

[6064] A storage module {e.g., inchuding authorized device identifiers 205) can be
implemented, e.g., using disk, flash memory, random access memory {RAM), hybrid types of
memory, optical dise drives or any other storage medium that can store program code and/or
data. The storage module can further store software prograrms that define operations, e.g., of

vehicle locator 220, motion detector 235, function identificr 2635 or control identifier 270.

{8865] FIG. 3 1s a flow diagram of a process 300 for comnmunicating first data from a
vehicle {e.g., via a vehicle accessory) to a mobile device. Process 300 can be performed by
e.g., a vehicle accessory 115, Process 300 can be used, in certain embodiments, by vehicle

accessory F15 to conununicate with mobile device 120.

[8066] At block 3035, a mobile device (e.g., mobile device 120} can be dentified (e.g., such
that vehicie accessory 115 has information as to where to send a communication).
Identification of the mobile device can partly define a communication channel between
vehicle accessory 115 and the mobile device {e.g., a specific mobile device). The mobie
device can be identified based on one or more user inputs recetved, e.g., via input module 210

and/or based on one or more signals received by receiver/transmitier 218 from another device
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{e.g., mobile device 120). As another example, a mobile device can be identified by accessing
a stored authorized device identifier 205, Authorized device identifier 205 can have been
stored, e.g., subsequent to recetving user input identifying the roobile device or subseqguent to
receiving a signal from another device identifying the mobile device. In some instances,

5 multiple mobile devices are identified. An identification of a mobile device can inchude, e.g.,
a name, 8 frequency band, or 8 virtual address associated with the mobile device. Thas, the
mobile device can include any information usable to aliow, e.g., vehicle accessory 215 to

fransmit a communication to the mobile device.

{88677 At block 310, 1t is determined whether a signal-generation criterion has been

[0 satistied. For example, in some erobodiments, a signal is to be generated upon deterimining
that vehicle 108 1s parked, ounly when vehicle 105 1s parked, upoun detecting a destination
input {e.g., via an navigation unit}), or at fixed intervals, upon receiving a request e.g., via

mput module 210 and/or via receiver/transmitter 215) for information.
J

[6868] Tfa signal-generation criterion is not satisfied, process 300 can repeats block 310

15 wuntid itis deterroined that the signal-generation criterion is satisfied. It a signal-generation
criterion is satisfied, process 300 continues to block 315, at which a location of vehicle 105
can be estimated. For example, a location of vehicle accessory 115 can be detected, and a
location of vehicle 105 can be assumed to be the sarae as or related to the location of vehicle
accessory LS. In some instances, positional properties of vehicle accessory 115 are identified

20 (e.g., an orientation direction) and a location (e.g., geographic coordinates and an altitude) of
vehicle accessory 115 are detected. If vehicle accessory 115 is reliably located in a constant
location within vehicle 105, locations of specific vehicle components {e.g., a trunk, door,
outer perimeter, ete.) can be further estimated.

{8869] At block 320, one or more signals are generated. The one or more signals can

N2
(¥

inclade data identifving the location detected at block 3180, The signals can firther inclode
security information, such as a key that can be used to securely control or unlock vehicle
functions. The signals can include, ¢.g., a vCard. At block 325, the one or more signals are
transmitted to the mobile device that was identified at biock 305, The signals can be, e.g.,
tranamitted wirelessly via Bluctooth and/or WiFi technology and/or via a network (e.g., a

30 cellular phone network).

{8078} FIG 4 is a flow diagram of a process 400 for controlling vehicle functions. Process

400 can be performed by e.g., a vehicie accessory 115, Process 400 can be used, in cortain
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embodiments, by vehicle accessory 115 to receive communications from mobile device 120

and thereafter transmit communications that control vehicle functions.

18671] At block 405, a signal is received from a mobile device (e.g., mobile device 120). In
some instances, the mobile device previously received a sigonal (e.g., from vehicle accessory
115) identifying a location of the vehicle. The signal inchides data that identifies a vehicle
function and a control {(e.g., setting) of the vehicle fumction {e.g., seat warming: on; or seat
position: adjusted for Driver #1). The signal can include a wireless signal received by
receiver/transmitter 215, The signal can include a radio-frequency and/or wireless signal and

can have been transmitted via WiFi and/or Bluetooth technology or using a network.

186721  Atblock 410, one or more vehicle components are identified (¢.g., by function
identifier 265) based at least in part on the received signal, For example, the received signal
can indicate that the car cabin is to begin heating to 74 degrees, and one or more vehicle

components associated with a car-heating function can be identified.

180731 At block 415, controls of the one or move vehicle components are 1dentified (e.g.,
by control identifier 270). The controls can indicate how cach of the identified vehicle
components arg to be operated in order to achicve the vehicle-function control in the received
signals. The controls can include, e.g., a power state {e.g., “on”; “off”; or “hibernate™), an
activation state; a trigger of a mechanical operation (e.g., to pop a trunk or hood), a value
along a continyum (e.g., a heating or cooling temperature) or a selection froma list (e.g., a
selection of a song). For exaraple, controls associated with a car-heating function can include:
“On” and “72 degrees” or controls associated with a car defroster can include: “On” and
“Medium high”. Controls can include result-oriented features {such as those described above)
or can include component-level actions to be performed (e.g., which circuits are to be

comnected, mechanical switches to be triggered, etc.).

[8674] At block 420, one or more signals are generated (e.g., by signal generator 260). The
signals can include data identifying the controls, At block 4235, the one or more sigoals are
transmitted {e.g., by in-vehicle component interface 275) to the identified vehicle

COMponents,

{88751  One or more blocks of process 300 and/or process 400 can be repeated. In some
instances, process 300 and/or process 400 can include one or more additional actions. For
exaraple, process 300 can include, prior to block 305, detecting a4 motion of vehicle 105,
recetving input from a user {e.g., via input module 110} or receiving a request signal {e.g., via

receiver/transmitter 115). The request signal or input can include data identifying the mobile
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device and/or can initiate the remainder of process 300. The signal-generation criterion at
block 315 can then, e.g., relate to detecting a particular type of vehicle motion, recetving the

input from the user, and/or receiving the request signal.

{6676}  1n soroe instances, process 300 and/or process 400 does not include one or more of
the depicted blocks. For example, in some instances, the received signal can identify the

vehicle components, and block 419 can be omatted.

{88771 Tt will be understood that variations of process 300 and/or process 400 are
contemplated. For example, at block 410, in some mstances, the one or more vehicle function
are determined based on other data in the received signal. For example, the received signal
can inchude a location of the mobile device or a distance between the mobile device and
vehicle, and it can be determined which vehicle functions are to be controfled based on the
iocation or distance. As another example, signals generated at block 320 can be indirectly
transmitted to the vehicle component. For example, a signal can be transmitted from vehicle
accessory 1o an independent controller, which can then transmit signals to one or more
vehicle components to control thetr operation. As yet another example, block 315 can be
performed prior to block 310 (e.g., if a vehicle location is analyzed to determine if the signal-

generation criterion is satisfied).

[8678] FIG. S s a block diagram showing an exemplary mobile device 120. Mobile device
120 can inchude a receiver/transmtiter 505 that can receive and/or transmit signals (e.g. from
and/or to vehicle accessory 118). Receiver/transmitter 505 can include a signal receiver, a
signal transmitter, or a combination {(e.g., a transcetver). Receiver/transmitter 535 can receive
and/or transmit signals of one or more types {e.g., Bluctooth signals, signals within various
frequency bands, WiFi signals, etc). Receiver/transmitter 505 can include suitable hardware
for performing device discovery, connection establishment, and communication.
Receiver/transmitter 505 can be configured to receive signals over a network, such as a
cellular phone network or Internet network (e.g., a wircless Intermet network).
Recetver/transmitter 505 can be configured to operated based, ¢.g., on Bluctooth LE and/or

Bluetooth BR/EDR.

{84791 Mobile device 120 can inchide a storage modude, which can include one or more
databases and stored data. For example, one or more accessory identifiers 510 can be stored.
Accessory identifiers 510 can identify properties pertaining to one or more devices {e.g.,
vehicle accessory 115} that previously have, can or are likely to send communications to

mobile device 120, Accessory wdentifiers S0 can inchude, e.g., an IP address, a server name,
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an account name or address, a physical path, or a network path. Accessory identifiers 510 can
include a location of a device (¢.g., vehicle accessory 1183, such as a default location, current

focation or last-known location,

[8088]  Thus, in some embodiments, upon receipt of a signal from a vehicle accessory {e.g.,
via receiver/transmitter SOS), mobile device 120 can identify the source of the signal by
consulting the accessory identifiers 510 database. In some embodiments, upon receipt of a
signal from a vehicle accessory {e.g., via receiver/transmitter 5035), mobile device 120 can

generate or update an accessory identifier 510,

{8081}  Accessory identifiers 510 can further include data received from a user via an input
module 515, Input module 515 can have some or all of the characteristics described above
with respect to input roodule 210 of accessory 115, For example, input rooduale 515 can
include a touchscreen and can be coupled to a display module (not shown) of mobile device

120,

{68821  Tn some instances, a signal received by receiver/transmitter 505 is routed to a
vehicle locator 520. Vehicle locator 520 can identify one or more estinated (e.g., past,
current and/or future} locations and/or orientations of a vehicle and/or vehicle accessory. For
example, a signal can include an estimated location and/or orientation of a vehicle accessory
which can also serve as an estimated location and/or orientation of a vehicle. Vehicle locator
520 can identify the location and/or orientation by, e.g., detecting location and/or orientation
data within signal data {c.g., GPS coordinates in a vCard). In some instances, a signal
includes data with multiple locations and/or orientations, which can correspond to locations
and/or oricntations associated with different tines (e.g., a current and future Jocation) or
ditferent vehicle features {e.g., a front and back vehicle location). Vehicle locator 250 can
select a location and/or orientation of interest or estimate another location and/or orientation
based on the data-identified locations and/or orientations. Accessory identifiers 510 can be
updated o include the 1dentified location and/or ortentation or the wdentified location and/or

orientation can be, ¢.g., stored separately.

{38831  In some instances, vehicle locator S20 identifies estimated spatial properties of the
vehicle. For example, vehicle locator 520 can estimate, ¢.g., a geometry of a vehicle,

erirneter or a vehicle, or key points of a vehicle (such as a front-most point, back-most point,
center point, trunk center, door points, ¢ic.). Spatial properties can he estimated, e.g., by

consulting stored data related to potential vehicle geometries, such as spatial data specificto a

15



1

30

WO 2013/184316 PCT/US2013/041210

particular vehicle; spatial data general to multiple vehicles; data identifying relative positions

between a vehicle-accessory location and other vehicle locations; ete.

[0084] Mobile device 120 can include a geofence generator 525 that generates one or more
geofences 530 based at least in part on the vehicle location. Each generated geotence 530 can
include a virtual {(e.g., one-, two- or three-dimensional) boundary or perimeter defining an
area, e.g., as shown in FIG. 1B, Generated geofences 530 can be stored, e.g., n a database.
Generated geofences 530 caninclude, ¢.g., a list or algorithm defining absolute locations

{c.g., geographical coordinates) of a perimeter of the geofences 530,

[8085] Geofence generator 525 can access one or more location-based rules 535, Location-
based rules 535 can indicate under what circumstances and/or how one or more vehicle
coraponents and/or vehicle functions are to be controlled. For example, location-based rules
535 can indicate that the doors of a vehicle are to unlock upon detection that the mobile
device is less than one foot from an exterior surface of a vehicle or less than fifteen feet from
an approximated central vehicle point. Location-based rules 535 can be user defined, defined
by a vehicle manutacturer, defined by a vehicle-accessory manufacturer, defined by a
program being executed by mobile device 120 and/or vehicle accessory 115, ete. In some
instances, focation-based rules 5335 are received from a user via input module 515, In some
instances, location-based rules 335 are received via signals received by receiver/transrotiter
505 (not shown). In some instances, location-based rules 535 are determined hased on an
analysis of data as to when and how a vehicle operator 125 empirically uses various vehicle

functions.

[8086] Geofences 530 can further include a direction of crossing. The direction can
include, e.g., crossing to an mnside of a geofence or crossing to an outside of a geofence.
Thus, the geofence can be directional in that crossing it in one direction is associated with a
different consequence as compared to crossing it in another direction. In some instances,
crossing a geofence at a particular point, along a particular direction and/or with a particular
speed influences an cffect of the vehicle crossing (e.g., which door is to be unlocked or open

or how quickly a vehicle function is to ramp up operation).

{88871 Geofence generator 525 can generate the geofences 530 at least in part by accessing
and applying location-basced function controls 535 and the estumated vehicle location.
Location-based function controls can identify spatial characteristics of geofences 530 and
esults to be effected upon crossing geofences S34. In some instances, the spatial

characteristics of geofences 530 uchide characteristics relative to a general vehicle location

20



1

30

WO 2013/184316 PCT/US2013/041210

¢

{c.g., a vehicle is to be automatically started upon detecting that mobile device 120 is moving
towards the vehicle and 1s less than 20 feet from the vehicle). Generated geofences 530 can
apply the general rules to more specific vehicle locations, such that geofences” boundaries are
more definitely defined and/or include absolute-location detail. For exaraple, a general rule
can indicate that a geofence includes a circular boundary with a 15-foot radius. Applying it {o
a vehicle location can identify an absolute location of the center (e.g., geographic
coordinates) and can therefore also identify absolute locations associated with the circular

perimeter.

18688}  Muobile device 120 can include a device locator 540 that estimates that estimates 2
location {¢.g., a current location) of mobile device 120. The estimated location can be based
on an analysis of one or more signals, Analysis of the sigoals can allow for an estumation as
to which external devices are relatively near mobile device 120, which can allow for an
estirnation of a location of mobile device 120, For example, the analysis can identify one or
more of GPS satellites, cell towers, Wik access points or wireless servers {e.g., edge
servers). Each external device can be associated with a known location, such that a location

of mobile device 120 can be estimated, ¢.g., via a triangulation technique.

[8088]  In some insiances, signals analyzed by device locator 540 are received by
receiver/transmitter 5035, Tn some imstances, signals analyzed by device locator 540 are
received by one or more other components. For example, device locator 540 can include or

be coupled to a GPS recetver 545 that receives GPS signals identifying GPS sateHites.

{88987 Device locator 540 can estimate a location of vehicle 105, ¢.g., using a triangulation
techoique or by analyzing detected motion of vehicle 105 {e.g., and integrating time-lapsed
motion to determine a displacement from g previous focation). Locations of GPS satellites,
cell towers, WiFi access points, or servers can be determined, e.g., based on analyzing the
signal {e.g., when the signal identifies a location), by consulting landmark-location storage
data, by receiving (e.g., via roceiver/transmitter 505) the locations, efe. In some instances, a
iocation of mobile device 120 is determined by analyzing multiple signals received from a
same type of external device (e.g., GPS satellites), and in some instances, a location of
mobile device 120 is deterrained by analyzing multiple sigoals received from different types

of external devices.

{8091} The cstimated location of mobile device 120 can be transmitted to geofence-
crossing detector 550 which determines whether a geofence 530 has been crossed in an

associated direction. Geotence-crossing detector S50 can include a location comparer 555
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that can compare a location of mobile device 120 to a perimeter of a geofence 530, Location
comparer 555 can be able to determine whether mobile device 120 18 at, near, inside and/or

outside of a geofence 130,

[60692]  In sore instances, geofence-crossing detector 550 jnchudes a motion detector 560.
Motion detector can include, e.g., an accelerometer. Based on the detected motion, geofence-
crossing detector 550 can be able to determmune whether mobile device 120 1s moving towards
an inside or outside of one or more geofences 530 and/or away from or towards a vehicle.
(Geofence-crossing detector 550 can then determine whether a geofence 530 has been crossed
in particular direction. For example, the determination can be made when mobile device 120
is within a threshold distance from a geofence perimeter and moving in a geofence-associated

direction.

160931 In some instances, data is stored identifying absolute or relative device focations
565 associated with one or more time stamps. For example, at each time stamp of a plurality
of time stamps, device locations 565 can indicate whether mobtle device 120 is wnside or
outside each geofence 530. By coraparing device locations 565 associated with multiple time
points, geofence-crossing detector can determine whether a particular geofence was recently

crossed and in which direction.

18694] Upon a detection by geofence-crossing detector 554 that mobile device 120 has
heen crossed, a signal generator 570 can generate a signal. The sigoal can indicate thata
geofence {generally) has been crossed, that a specific geofence has been crossed, a direction
of geofence crossing, and/or vehicle components to be specifically controlied. The signal can
additionally or alternatively identify one or more vehicle compouents and/or vehicle

functions to be controfied and/or a manner in which they are to be controlled.

[8095]  The signal can be transmitted by receiver/transmitter 505, ¢.g., to vehicle accessory
115, For example, the signal can be transmitted via WiFi technology or via a network (e.g., a

cellular phone network) to vehicle accessory 1185,

[8896] A mobile device 120 can include one, some or all of the features shown mn FIG. 5
and/or can include additional features not shown in FIG. 5. For example, mobile device 120
can further include a display module, power supply, motion detector, speaker, vehicle-
function analyzer that analyzes when and how a vehicle operator 125 uses vehicle functions,

clock that identifies signal transmission or receipt times or location-ostimation times, eic.
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{88871 One or more components of mobile device 120 (e.g., recetver/transmitter 505,
vehicle locator 520, geofence generator 525, device locator 540, geofence-crossing detector
550, or signal generator 570) can be implemernted by one or more processors Or One OF 1aore
integrated circuits. One or more components of mobile device 120 {e.g., recerver/transmitier
505, vehicle locator 520, geofence generator 525, device locator 540, geofence-crossing
detector 550, or signal generator 5708) can correspond to implementation of one or more
software programs, which can be, ¢.g., installed by a manufacturer of mobile device 120

and/or installed by a user.

{8098] While mobile device 120 is described herein with reference to particular blocks, it is
io be understood that these blocks are defined for convenience of description and are not
intended to imply a particular physical arrangement of component parts, Further, the blocks
need not correspond to physically distinct components. Blocks can be configured to perform
various operations, e.g., by programming a processor or providing appropriate control
circuitry, and various blocks might or might not be reconfigurable depending on how the
initial configuration is obtained. Embodiments of the present invention can be realized in a
variety of apparatus including clectronic devices implemented using any combination of

circuitry and software

[6099] A storage module {e.g., inchuding accessory identifiers 510, geofences 530,
iocation-based rules 535 or device locations 565) can be implemented, ¢.g., using disk, flash
memory, RAM, hybrid types of memory, optical disc drives or any other storage medium that
can store program code and/or data. The storage module can further store software programs
that define operations, ¢.g., of receiver/transmitier 505, vehicle locator 520, geofence

generator S25, device locator 540, geofence-crossing detector S50, or signal generator 570

{8188] FIG. 6 1s a flow diagram of a process 600 for communicating with a vehicie

accessory |15, Process 600 can be performed by e.g., a mobile device 120,

{0161} At block 605, a first signal can be received from a vehicle or vehicle accessory (e.g.,
vehicle accessory 115). The first signal can be reccived, e.g., by receiver/transmitter 505, The

signal can include a vCard or any other data indicative of vehicle location.

19182] At block 610, a location of a vehicle can be identified based on the first signal. For
exarple, geographic coordinates can be extracted from the vCard inchuded in the first signal.
The location can include, ¢.g., a location of a vehicle accessory assurned to be within the

vehicle. The location can include an absolute location, such as geographic coordinates.



1

30

WO 2013/184316 PCT/US2013/041210

18183} At block 615, one or more location-based rules {e.g., iocation-based rules 535) can
be accessed. For example, the location-based rules can be retrieved from storage, received via

an input roodule from a user, recetved in the first sigoal or another received signal, ete.

[98184] At block 620, one or more geofences (e.g., geofonces 530) can be generated based
at least in part on the location-based rules and vehicle location. For example, the location-
based rules accessed at block 615 can include one or more rules defining spatial properties
and functional consequences associated with geofences, the spatial propertics being relative
to a general vehicle location. Based on the identified location of the vehicle at block 610, the
geotence can be generated, e.g., to include an absolute-location boundary (e.g., geographic
coordinates). Fach generated geofence can be associated with a fimctional consequence and
direction of crossing. For example, Geofence #1 can be associated with “turn on radio” when

it is crossed in an interior-moving direction.

181057 At block 6235, a location of a mobile device can be estimated. The location can be
estirnated by, e.g., analyzing signals received from fixed-location external devices (e.g., GPS
satellites, WiF1 access points, cell towers, efe.), A triangulation techuique can be apphied to
aggregate data from multiple signals and determine a more detailed location estimation. The

estimated location can include, e.g., geographic coordinates.

18186] At block 630, it can be determined whether a geofence has been crossed. The
estimated location of mobile device 625 can be compared 1o a perimeter of a generated
geofence. In some instances, multiple mobile-device locations are analyzed to determine
whether mobile device recently crossed from outside the geofence to inside the geofence or
the converse. In some instances, a location and motion of a mobile device 18 considered in
determining whether the geofence was crossed. In some instances, other criterion are
alternatively or additionally assessed. For example, it can be determined whether the
geofence is crossed in 8 particular direction, or if an estimated time of arrival is less than a
threshold, if 4 motion while crossing the geofence has a speed or velocity above or below a

threshold.

{9187]  If it is determined that no geofence has been crossed (and/or that other criteria is not

£

atisfied), process 600 can retum to block 625, If it is determined that a geofence has been
crossed (and/or that other criteria is satisfied}, process 600 continues at block 635, At block
635, a second signal is gencrated. The second signal can indicate that a geofonce was crossed,
that a specific geofence was crossed, a direction of crossing, a control of one or more vehicle

functions and/or vehicle components to be effected, etc. The second signal can include a tiroe
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stamp and/or an identifier of mobile device 120. The second signal can include a security
featare or code, such as a key to anlock or control a vehicle function (e.g., a key identified in

the first signal).

[9168] At block 640, the second signal can be transmitted to the vebicle accessory. Process
6} can then return to block 6235, Thus, the location of mobile device 120 can be repeatedly

monitored and it can be determined whether another geofence is subsequently crossed.

{8189  One or more blocks of process 600 can be repeated. FIG. 6 depicts an instance in
which blocks 625-640 are repeated, e.g., to detect crossing of additional geofences. Other
repetitions can also occur. For example, blocks 630-640 can be repeated (e.g., to ensure that

only one geofence has been crossed).

18118] In some instances, process 600 can inchide one or more additional actions, such as
receiving user input defining the location-based rules, detecting a motion of the mobile
device, accessing previous device locations, elc. In some instances, process 600 does not

include one or more of the depicted blocks.

{8111} FIG. 7 s a block diagram showing an exemplary mobile device 120. A namber of
the features of moobile device 120 shown in FIG. 7 are sumilar to simailarly numbered features
of mobile device 120 shown in FIG. 5. However, in the depicted embodiment, virtual
geofences are not created. Rather, a rule assessor 752 receives a vehicle location identified by
vehicle locator 720 and a focation of mobile device 120 wdeuntified by device locator 740. Rule

/
i

assessor 752 accesses one or more location-based rules 735 and determines whether the
location of mobile device 120 relative to the location of the vehicle satisfies a rule criterion

associated with a location-based rule 733.

{8112} Rule assessor 752 can include a location coroparer 757 that can compare the vehicie
location to the mobile-device location. In some instances, location identifies a one-
dimensional or multi-dimensional distance separating the vehicle location and the mobile-
device location. Upon determuning that a rule criterion has been satisfied, a signal can be

generated by signal generator 770.

{0113} FIG. Qs a flow diagram of a process 800 for communicating with a vehicle
accessory F1S. Process 800 can be performed by e.g., a mobile device 120, A number of the
features of process K00 shown in FIG. 8 are similar to similarly numbered features of process
600 shown 1o FIG. 6. However, in the emmbodiment of FIG. 8, virtual geofences are not

generated.
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{8114} At decision block €32, it is determined whether a location-based criterion is
satisfied. The location-based criterion can be identified in a rule of a location-based fanction
control accessed at block 815, For example, a music-selecting condrol can inchude and/or be
associated with a rule with a location-based criterion {¢.g., approaching car; within a distance
of 15 feet). Determining whether the location-based criterion is satisfied can involve
comparing a location of the vehicle to a location of the mobile device. In some instances,
other criterion are alternatively or additionally assessed. For exaraple, it can be determined
whether the geofence is crossed in a particular direction, or if an estimated time of arrival is
less than a threshold, ifa motion while crossing the geofence has a speed or velocity above or

bhelow a threshold.

[81158] oo crtterion is satisfied, process 800 returns to block 825, The location of the
mobile device is then repeatedly monitored until it is determined that a location-based
criterion is satisfied. If 8 oriterion is satisfied, process 800 continues to block 838, at which a
second signal is generated. Thus, FIGS. 7-8 illustrate that the concepts of generating a virtual
geotence can, in some instances, be modified such that it is not necessary to identify an

absolute-location geofence perimeter.

[8116] FIG. 9 s a simplified block diagram of a computer system 900 that can be used in
erobodiments of the present invention. For exaraple, vehicle accessory 115 and/or mobile
device 120 can incorporate part or all of computer system 900, As another example, all or
part of process 304, 400, 600 and/or 800 can be performed by part or all of computer system
900, FIG. 9 15 merely illustrative of an embodiment incorporating the present invention and
does not limit the scope of the invention as recited in the claimas, One of ordivary skill in the

art would recognize other variations, modifications, and aliernatives.

{8117} In one embodiment, computer system 900 includes processor(s) 910, random access
memory (RAM) 929, disk drive 930, communications interface(s) 960, and a system bus 980

interconnecting the above components. Other components can also be present,

{6118} RAM 920 and disk drive 930 are examples of tangible media configured to store
data such as audio, image, and movie files, operating system code, embodiments of the
present invention, inclading executable computer code, human readable code, or the like.
Other types of tangible media include floppy disks, removable hard disks, optical storage
media such as CD-ROMS, DVDs and bar codes, semiconductor memories such as flash
memories, read-only-memories (ROMS), battery-backed volatile memories, networked

storage devices, and the hike.
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{8118} Embodiments of communications imterface 960 can include computer interfaces,
such as an Ethernet card, wireless interface (e.g., Bluetooth, WiFi, eic.), a modem (telephone,
satellite, cable, ISDN), (asynchronous) digital subscriber lne (DSL) unit, FireWire interface,
USB interface, and the Hke. For example, communications interface 960 can include
interfaces to connect to a wireless network 996, and for transmitting and receiving data based

over the network,

{0128]  In various embodiments, computer systern 900 can also juchude software that
enables conmmunications over a network such ag the HTTP, TCP/AP, RTP/RTSP protocols,
and the like. In alternative embodiments of the present invention, other communications

software and transfer protocels can also be used, for example IPX, UDP or the like.

{0121} In various embodiuents, computer system 900 can also include an operating
systemn, such as OS X®, Microsoft Windows®, Linux®, real-time operating systems
(RTOSs), embedded operating systems, open source operating systems, and proprictary
operating systems, and the like. Systern 900 can also have other components e.g., user

interface with keyboard, buttons, monitors, indicators, and the like.

{6122} It will be appreciated that though a singular vehicle accessory 115 and/or mobile
device 120 can be referred to herein, in some embodiments, a plarality of vehicle accessorics

115 and/or mobile devices 120 can be used instead.

{0123] U will further be appreciated that though figures and/or descriptions can refer to
mobile device 120 including specific components or performing specific functions, in some
embodiments, vehicle accessory 115 can additionally or alternatively inchude at least some of
the components or perform at least some of the functions. For example, vehicle accessory 115
can include geofence generator 525 and can travnsroit a signal wdentifying the generated
geotences. Similarly, though figures and/or descriptions can refer to vehicle accessory 115
inclading specific components or performing specific functions, in some embodiments,
mobtle device 120 can additionally or alternatively include at least some of the coraponents
or perform at least some of the functions. For example, mobile device 120 can include a

motion detector 235 that delects motion based on multiple received vehicle locations,

19124] Circuits, logic modules, processors, and/or other components can be configured to
perform various operations described herein. Those skalled in the art will appreciate that,
depending on implementation, such configuration can be accomplished through design, sctup,
mterconnection, and/or programming of the particular components and that, again depending

on implementation, a configured component might or might not be reconfigurable fora
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different operation. For example, 8 programumable processor can be configured by providing
suitable executable code; a dedicated logic circnit can be configured by suitably connecting

logic gates and other circuit cleraents; and 50 on.

[0125)  Computer programs jncorporating various features of the present invention can be
encoded on vartous computer readable storage media; suitable media include magnetic disk
or tape, optical storage media such as compact disk (CD) or BVD (digital versatile disk),
flash mernory, and the like. Computer readable storage media encoded with the program code
can be packaged with a compatible device or provided separately from other devices. In
addition program code can be encoded and transmitted via wired optical, and/or wireless
networks conforming to a variety of protocols, incloding the Internet, thereby allowing

distribution, ¢.g., via Internet download.

{6126} Embodiments described herein allow for mobile devices to intelligently
communicate with and control vehicle features. Repeated generation of signals can exhaust
batteries on mobile devices. In disclosed embodiments, a mobile device can selectively
transmit signals based on a known location of a vehicle, When the device is, e.g., within or at
ieast a specitic distance from the vehicle, only then does it transmit 3 signal indicating thata
vehicle function is to be controlled. Further, different vehicle functions ¢an be controlled at
independent tiraes. For exarople, a vehicle hegin heating the cabin prior to unlocking the
doors. A vehicle operator can therefore passively and efficiently control feature operations of
a vehicle.

{#127] Although the invention has been described with respect to specific embodiments, it

will be appreciated that the jnvention ts intended to cover all modifications and equivalents

within the scope of the foliowing claims.
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WHAT IS CLAIMED IS:

I. A method for communicating between mobile devices and vehicles,
the method comprising:

receiving, at a mobile device, a first signal from a vehicle, the first signal
identifying a location of the vehicle;

subsequently determining, by the mobile device, a current location of the
mobile device;

determining, by the mobile device, whether a location criterion is met, the
determination being based on the current location of the mobile device; and

in the event that the location criterion is met, trausmitting, by the mobile

device, a second signal to the vehicle,

2. The method of claime 1 wherein the second signal includes an

instruction to control a function of the vehicle.

s

The method of claim 1 wherein determining whether the location
criterion s met includes determining whether the mobile device bas crossed a threshold, the
threshold identifying a distance from a location of the vehicle, the location data identitving

the location of the vehicle.

4. The method of claim 3 wherein determining whether the location

criterion is met further inchudes determining a direction of movement of the mobile device.
5. The method of claim 1 wherein the first signal comprises a vCard.

6. The method of claim 1 wherein the first signal identifies a location of

the vehicle at a time that the first signal was sent from the vehicle.

-

The method of claim 1 wherein the vehicle comprises a vehicle

accessory and the first signal is sent from the vehicle accessory.

5. A mobile device for communicating with a vehicle, the mobile device
comprising:

a vehicle locator configured to identify a location of the vehicle based at least
i part on a signal received from the vehicle;

a device locator configured to identify a location of the mobile device;
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a data store including one or more location-based rules, each location-based

rule inchuding a location-based criterion;

a rule assessor configured to determine, for cach rule of the one or more rules,

whether the associated location-based criterion is satisfied, the determination being based at

icast in part on the location of the vehicle and the location of the mobile device;

a signal generator configured to

vehicle; and

a transmitter configured to transmit the gencrated signal,

e
D\./

nerate a signal to control a function of the

wherein the transmission of the signal is conditioned upon the determination,

by the rule assessor, that the location-based criterion for at least one of the rules 15 satisfied,

and

wherein the function of the vehicle is associated with a rule for which the

focation-based has been satisfied.

g

F

The mobile device of claim 8 wherein the device comprises a Global

Positioning System {(GPS) receiver.

10.

The mobile device of claim & wherein the rule assessor comprises a

motion detector that detects a direction of movement of the mobile device.

1.

criterion specifyving a threshold distance from the vehicle .

2.

The mobile device of claim ¥ wherein at least one rule includes a

The mobile device of ¢laim & wherein the one or more vules comprise a

plurality of rules, cach rule being associated with g different location-based criterion.

£3.

mobile phone.

14,

detecting, by a vehicle accessory, a location of a vehicle;
E‘) o o 2

The mobtile device of claim 8 wherein the mobile device comprises a

A metheod for controlling vehicie functions, the method comprising:

generating, by the vehicle aceessory, a first signal, the sigoal indicating the

detected location;

transmitting, by the vehicle accessory, the first signal to a mobile device;

subsequently, by the vehicle accessory, receiving a second sigoal from the

mobile device;
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identifying, by the vehicle accessory, a vehicle component based at least in
part on the second signal;

wlentifying, by the vehicle accessory, a control to be implemented by the
vehicle component;

generating, by the vehicle accessory, a third signal including an instruction
that the vehicle component implement the coutrol; and

transmitting, by the vehicle accessory, the third signal.

15. The method of claim 14 further comprising inferring whether the
vehicle is parked, wherein the first signal is transmitted in response to inferring the vehicle is

parked.

i6. The method of claim 14 farther comprisng:

receiving, subsequent to the transmission of the first signal, a fourth signal
from the mobile device;

identitying a second vehicle component based at least in part on the fourth
signal; and

identifying 8 control to be implemented by the second vehicie component.

17. The method of claim 14 wherein the implementation of the control

comprises unlocking one or more doors of the vehicle.

18. A device for controliing vehicle functions, the device comprising:

a vehicle locator configured to identify a location of a vehicle;

a signal generator contigured to generate a first signal that include the location
of the vehicle;

a transmitter configured to transmit the first signal to a mobile device;

a receiver configured to receive a second signal from the robile device;

a function identifier configured to identify a vehicle function to be controlied
based on the second signal; and

a control identifier configured to identify how the vehicle function is to be

controiied based on the second signal.

19, The device of claim 18 wherein the device 18 located mside an exterior

surface of the vehicle.
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26, The device of claimn 18 further comprising a motion detector that
detects whether the vehicle is moving, wherein the first signal is transmitted subsequent 0 a

detection that the vehicle is not moving.

21. The device of claim [& wherein the vehicle locator comprises a GPS
receiver to recetve a signal from each of one or more GPS satellites, the location of the

vehicle including a location estimate based on an analysis of the received signals.

22, A computer-readable storage mediom containing program instructions,
which when executed by a processor of a mobile device cause the processor to execute a
method of communicating location information, the method comprising:

accessing stored data identifying a location of a vehicle;

accessing data identifying a current location of a mobile device;

determining a relative location of the mobile device, the relative Tocation being
relative to the location of the vehicle;

accessing one or more location-based criteria;

determining whether each location-based criterion is satishied based on the
relative location of the mobile device; and

upon determining that at least one location-based criterion is satisfied,

mitiating transmission of 8 signal to the vehicle.

23. The computer-readable storage medium of ¢laim 22 wherein the
relative location of the mobile device comprises a distance between the mobtle device and the

vehicle.

24, The computer-readable storage medium of claim 22 wherein the signal

identifies a function to be controlled at the vehicle.

25. The computer-readable storage medium of claim 22 farther comprising

generating one or more location-based criteria based on accessed user input,
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