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METHOD AND APPARATUS FOR
INTELLIGENT ACQUISITION OF POSITION
INFORMATION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/802,574, filed Mar. 13, 2013, now U.S. Pat.
No. 9,182,238, and entitled, “METHOD AND APPARA-
TUS FOR INTELLIGENT ACQUISITION OF POSITION
INFORMATION,” which is hereby incorporated herein by
reference in its entirety, which is a continuation of U.S.
patent application Ser. No. 12/381,776, filed Mar. 17, 2009,
now U.S. Pat. No. 9,074,903, and entitled “METHOD AND
APPARATUS FOR INTELLIGENT ACQUISITION OF
POSITION INFORMATION,” which is hereby incorpo-
rated herein by reference, which is a continuation of U.S.
patent application Ser. No. 11/124,475, filed May 9, 2005,
now U.S. Pat. No. 8,285,484, and entitled “METHOD AND
APPARATUS FOR INTELLIGENT ACQUISITION OF
POSITION INFORMATION,” which is hereby incorpo-
rated herein by reference, which is a continuation of U.S.
patent application Ser. No. 10/397,473, filed Mar. 26, 2003,
now U.S. Pat. No. 6,975,941, and entitled “METHOD AND
APPARATUS FOR INTELLIGENT ACQUISITION OF
POSITION INFORMATION,” which is hereby incorpo-
rated herein by reference, and which claims the benefit of the
following provisional patent applications: (i) U.S. Provi-
sional Patent Application No. 60/444,198, filed Jan. 30,
2003, and entitled “SYSTEM, METHOD AND APPARA-
TUS FOR ACQUIRING, PRESENTING, MONITORING,
DELIVERING, MANAGING AND USING STATUS
INFORMATION,” which is hereby incorporated herein by
reference; (ii) U.S. Provisional Patent Application No.
60/418,491, filed Oct. 15, 2002, and entitled “SYSTEM,
METHOD AND APPARATUS FOR ACQUIRING, PRE-
SENTING, MONITORING, DELIVERING, MANAGING
AND USING STATUS INFORMATION,” which is hereby
incorporated herein by reference; (iii) U.S. Provisional Pat-
ent Application No. 60/404,645, filed Aug. 19, 2002, and
entitled “SYSTEM, METHOD AND APPARATUS FOR
ACQUIRING, PRESENTING, MONITORING, DELIV-
ERING, MANAGING AND USING POSITION AND
OTHER INFORMATION,” which is hereby incorporated
herein by reference; and (iv) U.S. Provisional Patent Appli-
cation No. 60/375,998, filed Apr. 24, 2002, and entitled
“SYSTEM, METHOD AND APPARATUS FOR ACQUIR-
ING, PRESENTING, MANAGING AND USING POSI-
TION INFORMATION,” which is hereby incorporated
herein by reference.

This application is also related to: (i) U.S. patent appli-
cation Ser. No. 10/397,472, filed Mar. 26, 2003, and entitled
“METHODS AND APPARATUS TO ANALYZE AND
PRESENT LOCATION INFORMATION;” (ii) U.S. patent
application Ser. No. 10/397,637, filed Mar. 26, 2003, and
entitled “METHOD AND SYSTEM FOR PROVIDING
SHIPMENT TRACKING AND NOTIFICATIONS;” (iii)
U.S. patent application Ser. No. 10/397,641, filed Mar. 26,
2003, and entitled “METHOD AND SYSTEM FOR PER-
SONALIZED MEDICAL MONITORING AND NOTIFI-
CATIONS THEREFOR;” (iv) U.S. patent application Ser.
No. 10/397,640, filed Mar. 26, 2003, and entitled “INEX-
PENSIVE POSITION SENSING DEVICE;” (v) U.S. patent
application Ser. No. 10/397,474, filed Mar. 26, 2003, and
entitled “METHOD AND SYSTEM FOR ENHANCED
MESSAGING;” (vi) U.S. patent application Ser. No.
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10/397,512, filed Mar. 26, 2003, and entitled “APPLICA-
TIONS OF STATUS INFORMATION FOR INVENTORY
MANAGEMENT.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to position detection and,
more particularly, to improved techniques for acquisition of
position information.

2. Description of the Related Art

Position determining devices have become popular for
motor vehicle or vessel navigation. Typically, these devices
utilize the global availability of Global Positioning Systems
(GPS). These device can be dedicated to particular vehicles
or vessels. More recently, these position determining devices
(often known as GPS receivers) have become portable.

Unfortunately, these devices, if standalone, are battery
operated and not typically designed to be able to monitor
position over a long duration of time. More particularly,
because these devices require frequent radio-frequency
communications, computational processing and information
display, they consume large amounts of power and thus their
battery life is limited. Also, these devices remain relatively
expensive and have a relatively large form factor.

As aresult, conventional position determining devices are
not suitable for use in many applications due to their power
consumption. Thus, there is a need for position determining
devices that have reduced power consumption. It would be
further advantageous if position determining devices were
smaller and less expensive.

SUMMARY OF THE INVENTION

Broadly speaking, the invention relates to improved meth-
ods and systems for position acquisition and/or monitoring.
The position acquisition and/or monitoring can be per-
formed with improved intelligence so that data acquisition,
transmission and/or processing is reduced, which provides
improved power efficiency.

According to one embodiment of the invention, a portable
position acquisition apparatus can include one or more
components that have a low-power state which can be used
to reduce power consumption of the position acquisition
apparatus. According to another aspect of the invention, the
position acquisition can be performed dependent on one or
more of motion information, at least one battery level
characteristic of a battery, and a change in position. Accord-
ing to still another aspect of the invention, the acquired
position information can be transmitted to a remote device
(e.g., central server) dependent on one or more of motion
information, at least one battery level characteristic of a
battery, and a change in position. According to still yet
another aspect of the invention, a portable, battery-powered
position acquisition apparatus is used to acquire position
information and a solar panel provides electrical charge to its
battery.

The invention can be implemented in numerous ways
including, a method, system, device, apparatus, and a com-
puter readable medium. Several embodiments of the inven-
tion are discussed below.

As a portable position acquisition apparatus, one embodi-
ment of the invention can, for example, include at least: a
position detection unit that detects position information
pertaining to the position acquisition apparatus; a memory
that stores the position information; a battery for providing
power to the position acquisition apparatus; and a controller
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operatively connected to the position detection unit, the
memory and the battery. The controller determines motion
of the portable position acquisition apparatus, and the con-
troller determines whether the position detection unit should
reacquire the position information based on at least (i) the
determined motion of said portable position acquisition
apparatus, and (ii) a battery level characteristic of said
battery.

As a portable position acquisition apparatus, one embodi-
ment of the invention can, for example, include at least: a
position detection unit that detects position information
pertaining to the position acquisition apparatus; a memory
that stores the position information; a battery for providing
power to the position acquisition apparatus; and a controller
operatively connected to the position detection unit, the
memory and the battery. The controller determines motion
of the portable position acquisition apparatus, and the con-
troller determines whether the position detection unit should
reacquire the position information based on at least the
determined motion of the portable position acquisition appa-
ratus.

As a portable position acquisition apparatus, another
embodiment of the invention can, for example, include at
least: a position detection unit that detects position infor-
mation pertaining to the position acquisition apparatus; a
memory that stores the position information; a battery for
providing power to the position acquisition apparatus; and a
controller operatively connected to the position detection
unit, the memory and the battery. The controller determines
a change in position of the position acquisition apparatus
from a prior position to a current position, and the controller
sets a frequency at which the position detection unit should
reacquire the position information dependent on the change
in position of the position acquisition apparatus. If the
change in position is less than a threshold amount, the
position detection unit reacquires the position information
less frequently, and if the change in position is greater than
a threshold amount, the position detection unit reacquires
the position information more frequently.

As a portable position acquisition apparatus, another
embodiment of the invention can, for example, include at
least: a position detection unit that detects position infor-
mation pertaining to the position acquisition apparatus; a
memory that stores the position information; a battery for
providing power to the position acquisition apparatus; a
communication interface that enables the position acquisi-
tion apparatus to transmit data to a remote device via a
wireless channel, the data being transmitted includes at least
the position information; and a controller operatively con-
nected to the position detection unit, the memory, the
communication interface and the battery. The controller
causes the communication interface to transmit the data to
the remote device, and the controller determines whether the
portable position acquisition apparatus is in motion. If the
portable position acquisition apparatus is determined to be in
motion, then the communication interface transmits the data
to the remote device on a periodic basis, and if the portable
position acquisition apparatus is determined not to be in
motion, then the communication interface does not transmit
the data to the remote device on the periodic basis.

As a portable position acquisition apparatus, another
embodiment of the invention can, for example, include at
least: a position detection unit that detects position infor-
mation pertaining to the position acquisition apparatus; a
memory that stores the position information; a battery for
providing power to the position acquisition apparatus; a
communication interface that enables the position acquisi-
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tion apparatus to transmit data to a remote device via a
wireless channel, the data being transmitted includes at least
the position information; and a controller operatively con-
nected to the position detection unit, the memory, the
communication interface and the battery. The controller
causes the position detection unit to acquire the position
information for the position acquisition apparatus, and the
controller determines whether the portable position acqui-
sition apparatus is in motion. If the portable position acqui-
sition apparatus is determined to be in motion, then the
position detection unit acquires the position information for
the position acquisition apparatus on a periodic basis, and if
the portable position acquisition apparatus is determined not
to be in motion, then the position detection unit does not
acquire the position information for the position acquisition
apparatus on the periodic basis.

As a portable position acquisition apparatus, still another
embodiment of the invention can, for example, include at
least: a battery for providing power to the position acquisi-
tion apparatus, the battery having a battery level character-
istic; a position detection unit that detects position informa-
tion pertaining to the position acquisition apparatus; a
memory that stores the position information; and a controller
operatively connected to the battery, the position detection
unit and the memory. The controller dynamically determines
how frequent the position information is reacquired by the
position detection unit based on at least the battery level
characteristic of the battery.

Other aspects and advantages of the invention will
become apparent from the following detailed description
taken in conjunction with the accompanying drawings which
illustrate, by way of example, the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be readily understood by the following
detailed description in conjunction with the accompanying
drawings, wherein like reference numerals designate like
structural elements, and in which:

FIG. 1 is a block diagram of a location monitoring system
according to one embodiment of the invention.

FIG. 2 illustrates a block diagram of a mobile device
according to one embodiment of the invention.

FIG. 3 is a flow diagram of location request processing
according to one embodiment of the invention.

FIG. 4 is a flow diagram of location monitoring process-
ing according to one embodiment of the invention.

FIG. 5 is a flow diagram of power managed position
monitoring according to one embodiment of the invention.

FIG. 6 is a flow diagram of power managed position
monitoring according to another embodiment of the inven-
tion.

FIG. 7 illustrates an exemplary diagram of dynamic
threshold dependency.

DETAILED DESCRIPTION OF THE
INVENTION

The invention relates to improved methods and systems
for position acquisition and/or monitoring. The position
acquisition and/or monitoring can be performed with
improved intelligence so that data acquisition, transmission
and/or processing is reduced, which provides improved
power efficiency.

According to one embodiment of the invention, a portable
position acquisition apparatus can include one or more
components that have a low-power state which can be used
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to reduce power consumption of the position acquisition
apparatus. According to another aspect of the invention, the
position acquisition can be performed dependent on one or
more of motion information, at least one battery level
characteristic of a battery, and a change in position. Accord-
ing to still another aspect of the invention, the acquired
position information can be transmitted to a remote device
(e.g., central server) dependent on one or more of motion
information, at least one battery level characteristic of a
battery, and a change in position. According to still yet
another aspect of the invention, a portable, battery-powered
position acquisition apparatus is used to acquire position
information and a solar panel provides electrical charge to its
battery.

In the following description, numerous specific details are
set forth in order to provide a thorough understanding of the
present invention. However, it will become obvious to those
skilled in the art that the invention may be practiced without
these specific details. The description and representation
herein are the common meanings used by those experienced
or skilled in the art to most effectively convey the substance
of their work to others skilled in the art. In other instances,
well-known methods, procedures, components, and circuitry
have not been described in detail to avoid unnecessarily
obscuring aspects of the present invention.

Reference herein to “one embodiment” or “an embodi-
ment” means that a particular feature, structure, or charac-
teristic described in connection with the embodiment can be
included in at least one embodiment of the invention. The
appearances of the phrase “in one embodiment” in various
places in the specification are not necessarily all referring to
the same embodiment, nor are separate or alternative
embodiments mutually exclusive of other embodiments.
Further, the order of blocks in process flowcharts or dia-
grams representing one or more embodiments of the inven-
tion do not inherently indicate any particular order nor imply
any limitations in the invention.

Embodiments of the invention are discussed below with
reference to FIGS. 1-7. However, those skilled in the art will
readily appreciate that the detailed description given herein
with respect to these figures is for explanatory purposes as
the invention extends beyond these limited embodiments.

FIG. 1 is a block diagram of a location monitoring system
100 according to one embodiment of the invention. The
location monitoring system 100 operates to monitor the
location of mobile devices using a Global Positioning Sys-
tem (GPS). The location monitoring system 100 includes
one or more mobile devices 102. The mobile devices 102
can receive position information from a GPS satellite 104.
The mobile devices 102 also communicate through a wire-
less link to a base station 106. The base station 106 in turn
can couple to a location monitoring server 108 through a
public network 110. As an example, the public network 110
can include the Internet, a wide area network (WAN), or a
local area network (LLAN). The location monitoring server
108 typically couples to a location database 112 which
serves to store location information for the mobile devices
102.

The location monitoring system 100 also permits a viewer
machine 114 to interact with the location monitoring server
108 through the public network 110. In this regard, a user of
the viewer machine 114 is able to interact with the location
monitoring server 108 to retrieve the location (or position)
information for one or more of the mobile devices 102 using
the location data stored in the location database 112. Typi-
cally, such location information that is retrieved from the
location database 112 is forwarded from the location moni-
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toring server 108 through the public network 110 to the
viewer machine 114 where it can be reviewed by the user of
the viewer machine 114. As one example, the viewer
machine 114 can be a computer, such as a personal com-
puter. Note that the term viewer machine 114 is used in a
general sense. In other words, the process of accessing
location information at the viewer machine 114 is not
limited to visual viewing by way of a screen display. For
example, a user can review (receive) such information
through audio means (e.g., voice).

Since the mobile devices 102 are mobile in nature, and
thus battery powered, the tracking of the location of the
mobile devices 102 can impose a power consumption dif-
ficulty for the mobile devices 102. Each time one of the
mobile devices 102 captures and forwards its location to the
location monitoring server 108, electronic charge from its
battery is consumed for such location monitoring purposes.
Hence, although the location monitoring system 100 desires
to monitor the location of the mobile devices 102 on a
frequent basis (e.g., at all times, limited times, periodically,
on-demand), the mobile devices 102 themselves should not
be unduly burdened with respect to power consumption for
such purposes. According to one aspect of the invention, the
mobile devices 102 operate to conserve power consumption
while still permitting consistent location monitoring.

The mobile devices 102 are typically hand-held devices
that operate under battery control. The mobile devices 102
incorporate location detection circuitry but can also include
other circuitry to support other functions associated with the
mobile devices 102. For example, the mobile devices 102
can further operate as cameras, cellular phones, portable
digital assistants (PDAs), or portable computers.

FIG. 2 illustrates a block diagram of a mobile device 200
according to one embodiment of the invention. The mobile
device 200 is, for example, suitable for use as the mobile
device 102 illustrated in FIG. 1.

The mobile device 200 includes a controller 202 that
controls the overall operation of the mobile device. The
mobile device 200 provides at least location acquisition
circuitry but may also include voice communication cir-
cuitry and/or data communication circuitry. Voice commu-
nication circuitry is typically found in mobile devices that
operate as mobile telephones. The data communications are
typically provided by mobile devices that operate to permit
wireless data transfer to and from the mobile device. As
shown in FIG. 2, the mobile device 200 includes circuitry for
monitoring its location (or position). Although not shown in
FIG. 2, additional circuitry, such as for voice or data
communication or data processing, can be provided within
the mobile device 200.

In one embodiment, the location acquisition circuitry of
the mobile device 200 includes a GPS receiver 204. The
GPS receiver 204 is utilized to receive GPS signals that are
sent by a GPS satellite (such as the GPS satellite 104
illustrated in FIG. 1). The GPS receiver 204 can be con-
trolled by the controller 202 to determine when a mobile
device 200 should be receiving GPS information. When the
GPS receiver 204 receives the GPS information (e.g., sig-
nals received to determine pseudo ranges) from the GPS
satellite, the GPS information is typically processed by the
controller 202 to produce location information. The location
information is then stored by the controller 202 to a position
storage unit 206. The position storage unit 206 can be a data
storage device (e.g., RAM or ROM). As examples, the data
storage device can be a register, semiconductor data storage,
optical data storage, or magnetic data storage. It should be
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noted that the GPS receiver 204 can, more generally, be
considered a position detection unit.

The mobile device 200 is powered by a battery 208 that
is typically rechargeable. A motion monitoring unit 210 is
also provided in the mobile device 200. The motion moni-
toring unit 210 couples to the controller 202 to provide
motion information to the controller 202. The motion infor-
mation is able to be determined based on one or a plurality
of criteria that are monitored at the mobile device via the
motion monitoring unit 210. Examples of such criteria
include: acceleration, vibration, force, speed, and direction.

The motion monitoring unit 210 can be formed or con-
structed in a number of ways. In one embodiment, the
motion monitoring unit 210 uses a micro-machined structure
to sense motion. Accelerometers are known in the art and
suitable for use as the motion monitoring unit 210. See, e.g.,
Dinsmore sensors available from Robson Company, Inc. of
Erie, Pa. Various other types of sensors besides accelerom-
eters can be additionally or alternatively used in sensing the
criteria (e.g., vibration, force, speed, and direction) used in
determining motion. For particularly low power designs, the
one or more sensors used can be largely mechanical.

In one embodiment, by reducing the frequency at which
the GPS receiver 204 is required to request, receive and
resolve GPS information, the mobile device 200 is able to
save power and thus extend the useful life of the battery 208.
Further, the reduction in use of the GPS receiver 204 also
operates to reduce the demands on wireless network band-
width in transmitting and managing such location informa-
tion.

In another embodiment, the motion monitoring unit 210
enables the GPS receiver 204 to remain in a low-power state
(such as a sleep state) until an updated location for the
mobile device 200 is needed. In other words, the motion
monitoring unit 210 can monitor the motion of the mobile
device 200 such that if only minimal motion of the mobile
device 200 has been detected since the last location of the
mobile device 200 was obtained utilizing the GPS receiver
204, then the controller 202 can assume (e.g., estimate) that
the location of the mobile device 200 is substantially the
same and thus need not wake-up (i.e., transition to normal
power state) the GPS receiver 204 to acquire and process
new GPS information. As a result, the GPS receiver 204 can
remain in its low-power state and the controller 202 need not
perform computations to resolve the GPS information to
location information.

The mobile device 200 also includes a communication
interface 212 and a RF transceiver 214. The communication
interface 212 and the RF transceiver 214 enable the mobile
device 200 to communicate with a central station, such as
the base station 106 illustrated in FIG. 1. Hence, the mobile
device 200 is able to wirelessly communicate with the base
station 106 to provide location information to the base
station 106, which then forwards the location information to
the location monitoring server 108 for storage.

In general, the motion monitoring unit 210 serves to
provide motion information to the controller 202. The
motion information can be merely a control signal from the
motion monitoring unit 210, or more complicated signals or
data (e.g., position). Processing of the motion information
can be performed at the controller 202, though processing
could have additionally or alternatively have been per-
formed at the motion monitoring unit 210. In any case, in
one embodiment, the motion information can be used by the
controller 202 to determine the degree of motion. For
example, the controller 202 can measure the relative motion
of the mobile device 200, such as with respect to a previous
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position. As another example, the motion monitoring unit
210 and/or the controller 202 can accumulate the motion of
the mobile device 200 with respect to a specific previous
position or status.

In one embodiment, the motion monitoring unit 210 or the
controller 202 can use more than one type of criteria to
identify the motion of the mobile device 200. For example,
both the acceleration and speed information across a dura-
tion of time can be used to determine the distance the mobile
device 200 has traveled. In yet another example, the distance
the mobile device 200 has traveled can incorporate direction
information. Just to illustrate, assume the mobile device 200
has traveled north at a constant speed for 10 meters and then
changes 180 degrees and traveled south at the same speed
for 10 meters. The mobile device 200 can sense different
types of motion, e.g., speed and change of direction. The
motion monitoring unit 210 and/or the controller 202 can
perform calculations to determine whether the mobile device
200 has any net movement.

FIG. 3 is a flow diagram of location request processing
300 according to one embodiment of the invention. The
location request processing 300 is, for example, performed
by a mobile device, such as the mobile device 102 illustrated
in FIG. 1 or the mobile device 200 illustrated in FIG. 2.

The location request processing 300 begins with a deci-
sion 302 that determines whether a location request has been
received from a requestor. When the decision 302 deter-
mines that a location request has not yet been received, the
location request processing 302 awaits such a request. When
the decision 302 determines that a location request has been
received, then motion information for the mobile device is
obtained 304. For example, the motion information can be
obtained from the motion monitoring unit 210 illustrated in
FIG. 2. The motion information can, for example, pertain to
an accumulation of motion during a time period or can
pertain to a maximum motion during a time period. Motion
refers to one or a combination of physical conditions on a
mobile device, such as acceleration, velocity, force, vibra-
tion, etc.

Next, a decision 306 determines whether the motion is
greater than a threshold amount. When the decision 306
determines that the motion is greater than a threshold
amount, then the GPS receiver of the mobile device is
powered-up 308. A current location for the mobile device is
then determined 310 using the GPS receiver. Typically, the
GPS receiver will obtain GPS information and a controller
(or processor) will process the GPS information to produce
a current location (or position). After the current location has
been determined 310, the GPS receiver can be powered-
down 312. Here, the GPS receiver is returned to a low-power
state so as to conserve power. As an example, the low-power
state (or powered-down state) can be a sleep mode or it can
be a disabled mode. The current location is then saved 314.
As an example, the current location can be saved 314 to a
local storage unit, such as the position storage unit 206
illustrated in FIG. 2. The current location can be transmitted
316 to an appropriate destination. Typically, the current
location would be transmitted to a location monitoring
server (e.g., location monitoring server 108), and then
transmitted as a data communication to the requestor, if the
requestor is a remote requestor.

The current location could be transmitted separately or as
a group or a batch of locations. For example, the mobile
device could store the current locations and the time for such
locations in the position storage unit and then transmit a
group of such locations to the location monitoring server
(e.g., location monitoring server 108) when needed, when
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convenient or when the position storage unit is nearly full.
Here, the position storage unit is able to provide buffering of
the locations. Alternatively or additionally, the current loca-
tion could be sent to the requestor’s device. Further, the
current location could also be sent in a background mode if
the mobile device supports other communications, for
example, Short Message Service (SMS) messaging or voice
communications.

On the other hand, when the decision 306 determines that
the motion is not greater than the threshold, then the last
location for the mobile device is retrieved 318. Typically, the
last location would be retrieved from the local storage unit,
such as the position storage unit 206 illustrated in FIG. 2.
The current location for the mobile device is then set 320 to
the last location. In other words, the current location is set
to be the same as the previous location for the mobile device.
Thereafter, the operation 316 can be performed to transmit
the current location to the location monitoring server and/or
the requestor.

Additionally, if desired, the use of a prior location or last
location as the current location could be further restricted
such that a location could time-out. For example, if it has
been more than some time duration (e.g. 24 hours) since a
last location was obtained using the GPS receiver, such
location could be deemed “stale”. Then the request process-
ing 300 could activate the GPS receiver and determine a
current location with operations 308-316 even though the
motion for the mobile device has not exceeded the threshold.

FIG. 4 is a flow diagram of location monitoring process-
ing 400 according to one embodiment of the invention. The
location monitoring processing 400 begins with a decision
402 that determines whether a timer has expired. When the
decision 402 determines that the timer has not yet expired,
then the location monitoring processing 400 awaits such an
event. In other words, the location monitor processing 400
is invoked on a periodic basis to check the location for a
mobile device. Alternatively, the location monitor process-
ing 400 could be invoked on an event basis other than time,
such as a motion event, though this embodiment is discussed
with reference to a timer event.

When the decision 402 determines that a timer event has
occurred, then motion information is obtained 404. The
motion information can be accumulated during an interval or
merely a maximum motion indication during an interval, or
some other motion criteria. A decision 406 then determines
whether the motion is greater than a threshold. When the
decision 406 determines that the motion is greater than the
threshold, the GPS receiver is powered-up 408. Then, the
current location is determined 410 using the GPS receiver.
After the current location has been determined 410, the GPS
receiver is powered-down 412. The current location is saved
414. Alternatively, when the decision 406 determines that
the motion is not greater than the threshold, then the
operations 408-414 are bypassed such that the motion infor-
mation is utilized to avoid having to again determine a
location when the amount of movement has been insufficient
to cause a substantial change in location. In which case,
power consumption by the GPS receiver and the processing
of location information is able to be substantially reduced
such that battery life is prolonged. After the operation 414,
or its being bypassed, the location monitor processing 400 is
complete and ends.

It should be noted that the determination of the current
location at operation 410 could utilize simply GPS infor-
mation received from the GPS receiver, or need not fully
resolve the location of the mobile device (e.g., pseudo
ranges) or some partially processed variant therefrom.
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The location monitor processing 400 is suitable for
around-the-clock type monitoring of the location of a mobile
device. The motion criteria and the low power maintenance
of the GPS receiver allow the mobile device to significantly
reduce its power consumption while still providing constant
location monitoring. The location monitor processing 400 is
also suitable for use in having the mobile device “push” its
location when it has changed (even though not being
requested by a requestor). For example, the mobile device
could “push” its location when a threshold condition is
exceeded.

Additional power management approaches can be utilized
in conjunction or in combination with those for the use of the
GPS receiver. Still further, in addition to utilizing a low-
power state for the GPS receiver and the use of motion
information, other techniques can be utilized. For example,
with respect to FIG. 4, if periodically polled, the polling
frequency can be decreased if the battery charge is deemed
low. For example, if the battery for the mobile device has
gotten rather low, it needs recharged. However, since the
battery is already low, the polling frequency could be
decreased such that the lifetime of the battery can be
extended in the event that the battery is not recharged
promptly. In one embodiment, the duration of a timer can be
extended to decrease the pooling frequency. Likewise, the
threshold level could be varied depending on battery level.
Further, the amount of processing performed with respect to
the GPS information received from the GPS receiver and/or
its resolution can be minimally processed at the mobile
device to save power. Also, in the event that the location
information needs to be further processed, such processing
could be performed at a centralized or remote site such as the
location monitoring server. Also, as noted above, the send-
ing of the location data can be done more efficiently, such as
in groups or batches, or in a background mode. Still further,
the polling frequency could be increased to gather more
location information if the motion information indicates that
the mobile device is undergoing a high degree of motion.

FIG. 5 is a flow diagram of power managed position
monitoring 500 according to one embodiment of the inven-
tion. The power managed position monitoring 500 can, for
example, be performed by the mobile device 200 shown in
FIG. 2, which can be used as a position monitoring appa-
ratus.

The power managed position monitoring 500 begins with
a decision 502 that determines whether a motion event has
occurred. When the decision 502 determines that a motion
event has not occurred, a decision 504 determines whether
a time event has occurred. When the decision 504 deter-
mines that a time event has not occurred, then the power
managed position monitoring 500 returns to repeat the
decision 502 and subsequent operations. In other words, the
power managed position monitoring 500 is effectively
invoked when a motion event has occurred or a time event
has occurred. In one implementation, the time event can be
set to a lengthy delay such as 24 hours so that a time event
occurs every 24 hours which guarantees that one position
will be obtained on a 24 hour basis regardless of motion. In
one implementation, the motion event is triggered based on
a threshold level. The threshold level can be dynamically
changed or selected based on various conditions.

When the decision 502 determines that a motion event has
occurred or when the decision 504 determines that a time
event has occurred, the positioning detection unit of the
position monitoring apparatus is activated 506. Then, using
a position detection unit, position information is acquired
508. Thereafter, the position detection unit is deactivated
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510. Here, in order to conserve power, the position detection
unit remains inactive, which can pertain to powered-off,
disabled, sleep, hibernate, or other low power mode. It is
only when position information is to be acquired that the
position detection unit is activated.

Next, a decision 512 determines whether a substantial
position change has occurred. Here, the position information
that has been acquired 508 is compared to a prior position
information that was previously acquired. When the differ-
ence in position indicates that there has been no substantial
position change, then a decision 514 determines whether a
time event has occurred. Here, the time event can provide a
fail safe such that a position is obtained once during the
period provided by the time event regardless of change in
position. Here, the time event can be the same time event or
a different time event than that used with the decision 504.
When the decision 514 determines that a time event has not
occurred, then the power managed position monitoring 500
returns to repeat the decision 502 and subsequent operations.

On the other hand, when the decision 512 determines that
a substantial position change has occurred or when the
decision 514 determines that a time event has occurred, then
additional processing is carried out to transmit the position
information to a remote device. More particularly, a com-
munication module of the position monitoring apparatus is
activated 516. Then, the position information is transmitted
518 to a remote device. Typically, the remote device pro-
vides centralized storage and processing for position infor-
mation pertaining to a plurality of position monitoring
apparatuses. After the position information has been trans-
mitted 518, the communication module is deactivated 520.
Here, in order to conserve power, the communication mod-
ule remains inactive, which can pertain to powered-off,
disabled, sleep, hibernate, or other low power mode. It is
only when position information is to be transmitted (or
received) from a remote device that the communication
module is activated. Following the operation 520, the power
managed position monitoring 500 returns to repeat the
decision 502 and subsequent operations so that subsequent
motion events and time events can be similarly processed.

The power managed position monitoring 500 indicates
that the position detection unit and the communication
module of the position monitoring apparatus can be main-
tained in a low-power state until such circuitry is needed.
This results in a substantial savings in power consumption
by the position monitoring apparatus. Further, the position
monitoring apparatus is thus suitable for long term, constant
(e.g., 24/7) position monitoring. Additionally, should the
position monitoring apparatus include a controller, the con-
troller can also be set to a low-power state when position
information is not being acquired or transmitted. In such a
low-power state, the controller might still be able to monitor
for motion events and time events and might also be capable
of monitoring, or even waking itself up, when a request from
a remote device is received.

FIG. 6 is a flow diagram of power managed position
monitoring 600 according to another embodiment of the
invention. The power managed position monitoring 600 is,
for example, performed by the position monitoring appara-
tus 200 shown in FIG. 2.

The power managed position monitoring 600 obtains 602
a motion indication. The motion indication pertains to
motion that the position monitoring apparatus has under-
gone. For example, the motion indication might indicate a
maximum motion that has occurred during a time period or
since last evaluated, or an accumulation of motion that has
occurred during the time period or since last evaluated. The
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motion indication might pertain to acceleration, velocity,
vibration and the like. In addition, a battery level indication
is obtained 604. The battery level indication might, for
example, pertain to or depend on a charge level of the battery
or a voltage level of the battery. Next, a threshold level is
obtained 606 based on at least the battery level indication.
Here, the threshold level to be utilized is variable depending
upon at least the battery level indication.

A decision 608 determines whether the motion indication
is greater than the threshold level. When the decision 608
determines that the motion indication is greater than the
threshold level, the position information is acquired 610.
The position information pertains to the position monitoring
apparatus. Then, the position information is transmitted 612
to a remote device. Typically, the remote device provides
centralized storage and processing for position information
pertaining to a plurality of position monitoring apparatuses.

Following the operation 612, as well as following the
decision 608 when the motion indication does not exceed the
threshold level, a delayed period is obtained 614. The delay
period can be static or dynamic. In other words, the delay
period can be fixed or the delay period can vary depending
upon other considerations. In one implementation, the delay
period can be varied depending upon the battery level
indication. For example, if the battery level indication
indicates that the battery charge is low, the delay period can
be increased so as to prolong the ability of the position
monitoring apparatus to monitor its position. Once the delay
period is obtained 614, the power managed position moni-
toring 600 delays 616 for the delay period. During the delay
period the various components, modules, units or circuitry
of the position monitoring apparatus can be placed in a low
power state so as to preserve power during the delay period.
After the delay period, the power managed position moni-
toring 600 returns to repeat the operation 602 and subse-
quent operations so that additional position information can
be acquired and transmitted as appropriate.

In this embodiment, the threshold level is based on at least
the battery level indication. As the battery level indication
indicates that the charge of the battery is low, the threshold
level for the motion indication comparison can be increased
so that position information is acquired and transmitted less
frequently, thereby conserving power of the battery that has
limited available charge.

Although the power managed position monitoring 600 is
capable of altering the threshold level based on the battery
level indication as well as capable of altering the delay
period based on the battery level indication or other con-
siderations, it should be understood that, more generally, that
position monitoring can be power managed using one or
both of threshold level adjustment and delay period adjust-
ment. For example, the power managed position monitoring
600 could use a static threshold level (e.g., static with
respect to battery level) and alter the delay period based on
the battery level indication.

FIG. 7 illustrates an exemplary diagram of dynamic
threshold dependency 700. The dynamic threshold depen-
dency pertains to a threshold utilized by the position moni-
toring apparatus. For example, the threshold can be a degree
of motion or an amount of time. For example, the degree of
motion can pertain to a motion threshold utilized in the
decision 608 of the power managed position monitoring 600
shown in FIG. 6, and the amount of time can pertain to a
time threshold utilized by the operation 614 of the power
managed position monitoring 600 shown in FIG. 6. As
another example, the degree of motion can be used with the
motion event at the decision 502 of the power managed
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position monitoring 500 shown in FIG. 5, and the time
events at the decisions 504 and 514 of the power managed
position monitoring 500 shown in FIG. 5.

In any case, the thresholds can vary or depend upon one
or more various considerations. These considerations
include, as illustrated in FIG. 7, one or a combination of
position, server configuration, time, resolution, battery level,
service level, interested party configuration, and network
availability.

The threshold can vary depending upon the position of the
position monitoring apparatus. Consequently, position infor-
mation could be acquired more often in some positions and
less often in other positions. For example, a certain part of
town where the layout is quite complicated, with many
closely-spaced one-way streets, might require more frequent
acquisition of position information. However, a rural area
may lead to less frequent acquisition of position informa-
tion.

The server configuration can pertain to that configuration
of a remote device (e.g., remote server) that provides cen-
tralized storage and management of position information of
many position monitoring apparatuses. Here, the server
configuration can control the one or more thresholds utilized
so that the position information is obtained in accordance
with the server configuration. Although the applications can
vary, one example is that a server may want to set limits on
position acquisition or transmission of remote devices.

The thresholds can also vary with time. For example,
during peak use periods of the remote device, the thresholds
can be higher so that less position information is acquired.
This can be because during peak use periods, the bandwidth
becomes limited. Also, power consumption is typically
higher during peak use. This can be done by increasing the
thresholds during peak time to discourage usage. In contrast,
during non-peak use periods, the thresholds can be set lower.
From a different perspective, the peak use can refer to the
peak use of the position monitoring apparatus. Then, during
certain period of time, if a user desires more frequent
position information, then the thresholds can be lower
during those periods so that more position information is
acquired.

A resolution for the position information can be set by a
remote user through the remote server and/or can be set
directly on the position monitoring apparatus. For example,
the position monitoring apparatus can permit a user to set a
resolution, such as low, medium or high resolution. Depend-
ing upon the type of resolution being selected, the thresholds
can vary so that the desired resolution can be achieved.

The battery level can affect the thresholds as noted above.

Thresholds can be changed according to the type of
subscriptions or service charges. For example, the system
providing the capabilities of the location monitoring services
may provide different service levels for the users of the
system. In which case, the different service levels can signal
different threshold levels. This allows those users that have
agreed to utilize more expensive service levels to obtain
improved, high end or better resolution position information.

Interested parties can interact with the remote device or
server through a web interface. As such, interested parties
can themselves request configuration or monitoring capa-
bilities through the web interface. The interested party can
change configurations to affect the threshold levels.

Still further, network availability can affect the threshold
levels. For example, when network availability is low, the
threshold levels can be increased. On the other hand, when
network availability is high, the threshold levels could be
decreased.
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In one embodiment, the mobile device (mobile commu-
nication device) can include a solar panel. The solar panel
can provide electrical power for the mobile device. The solar
panel can thus charge a battery used to power the mobile
device and/or itself power the mobile device. When the
mobile device is affixed to a person to be monitored, the
solar panel can remain at least partially exposed to the
outside environment so as to be able to receive light. The
solar panel can be integrated with the housing of the mobile
device or can be separate and coupled to the mobile device
via one or more wires (e.g., a cable).

The present invention has described one or more GPS
devices as to identify a location. However, the present
invention is not limited to using GPS devices. In certain
situations, other wireless or mobile devices can also serve as
location-designating devices or position detection units,
such as devices based on GSM technologies, Bluetooth or
Wi-Fi technologies. Through the techniques of triangulation,
these devices can also designate a location. Such triangula-
tion techniques should be known to those skilled in the art.

As noted above, the location monitoring provided through
used of the mobile devices can be used to monitor location
of objects. The objects whose location is being monitored
can vary with application. Examples of objects that can be
monitored include people, animals (e.g., pets), articles (e.g.,
packages, vehicles, vessels), or other assets.

A number of embodiments have been described based on
a mobile device. Generally speaking, the mobile device can
be a cell phone, a personal digital assistant, a pager, camera,
a personal computer or other devices with communication
capabilities. The form factor of the mobile device can be
small, such as wearable, pager sized or smaller, or pocket
sized. Additional information on mobile devices is provided
in U.S. patent application Ser. No. 10/397,640, filed Mar. 26,
2003, and entitled “INEXPENSIVE POSITION SENSOR,”
which is hereby incorporated herein by reference.

The above-described systems, devices, methods and pro-
cesses can be used together with other aspects of a moni-
toring system, including the various aspects described in: (i)
U.S. Provisional Patent Application No. 60/444,198, filed
Jan. 30, 2003, and entitled “SYSTEM, METHOD AND
APPARATUS FOR ACQUIRING, PRESENTING, MONI-
TORING, DELIVERING, MANAGING AND USING
STATUS INFORMATION,” which is hereby incorporated
herein by reference; (ii) U.S. Provisional Patent Application
No. 60/418,491, filed Oct. 15, 2002, and entitled “SYSTEM,
METHOD AND APPARATUS FOR ACQUIRING, PRE-
SENTING, MONITORING, DELIVERING, MANAGING
AND USING STATUS INFORMATION,” which is hereby
incorporated herein by reference; (iii) U.S. Provisional Pat-
ent Application No. 60/404,645, filed Aug. 19, 2002, and
entitled “SYSTEM, METHOD AND APPARATUS FOR
ACQUIRING, PRESENTING, MONITORING, DELIV-
ERING, MANAGING AND USING POSITION AND
OTHER INFORMATION,” which is hereby incorporated
herein by reference; and (iv) U.S. Provisional Patent Appli-
cation No. 60/375,998, filed Apr. 24, 2002, and entitled
“SYSTEM, METHOD AND APPARATUS FOR ACQUIR-
ING, PRESENTING, MANAGING AND USING POSI-
TION INFORMATION,” which is hereby incorporated
herein by reference.

The various embodiments, implementations, features and
aspects of the invention noted above (including those incor-
porated by reference) can be combined in various ways or
used separately. Those skilled in the art will understand from
the description that the invention can be equally applied to
or used in other various different settings with respect to
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various combinations, embodiments, implementations or
features provided in the description herein.

The invention can be implemented in software, hardware
or a combination of hardware and software. The invention,
or at least certain software portions of the invention, can also
be embodied as computer readable code on a computer
readable medium. The computer readable medium is any
data storage device that can store data which can thereafter
be read by a computer system. Examples of the computer
readable medium include read-only memory, random-access
memory, CD-ROMSs, magnetic tape, optical data storage
devices, and carrier waves. The computer readable medium
can also be distributed over network-coupled computer
systems so that the computer readable code is stored and
executed in a distributed fashion.

The advantages of the invention are numerous. Different
embodiments or implementations may yield different advan-
tages. One advantage of the invention is that position
information can be acquired in a power efficient manner.
Another advantage of the invention is that position moni-
toring can be achieved over an extended period. Still another
advantage of the invention is that position information of
objects being monitored can be centrally maintained and
available through access to a website (e.g., monitoring
server). Yet another advantage of the invention is that
position monitoring apparatus can be inexpensive and have
a small form factor, and thus be suitable for many uses.

The many features and advantages of the present inven-
tion are apparent from the written description, and thus it is
intended by the appended claims to cover all such features
and advantages of the invention. Further, since numerous
modifications and changes will readily occur to those skilled
in the art, it is not desired to limit the invention to the exact
construction and operation as illustrated and described.
Hence, all suitable modifications and equivalents may be
resorted to as falling within the scope of the invention.

What is claimed is:

1. A portable position acquisition apparatus, comprising:

a battery for providing power to said position acquisition

apparatus, said battery having a battery level charac-
teristic;

a position detection unit that acquires position informa-

tion pertaining to said position acquisition apparatus;

a memory that stores the position information; and

a controller operatively connected to said battery, said

position detection unit and said memory, said controller
receives the battery level characteristic of said battery,
and dynamically determines how frequently position
information is reacquired by said position detection
unit based on at least the battery level characteristic of
said battery, wherein said controller reduces how fre-
quently position information is reacquired when the
battery level characteristic indicates a reduced power
level of said battery.

2. A portable position acquisition apparatus as recited in
claim 1, wherein the determination by said controller of how
frequently position information is reacquired is dependent
on at least one user setting associated with said position
acquisition apparatus.

3. A portable position acquisition apparatus as recited in
claim 2, wherein the at least one user setting is set from a
remote location via a web interface, the at least one user
setting causing reacquisition of position information to be
more or less likely.

4. A portable position acquisition apparatus as recited in
claim 2, wherein the at least one user setting is set from a
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remote location via a web interface, the at least one user
setting impacting a resolution with which position informa-
tion is to be reacquired.

5. A portable position acquisition apparatus as recited in
claim 2, wherein the at least one user setting is set on said
portable position acquisition apparatus.

6. A portable position acquisition apparatus as recited in
claim 1, wherein said controller reduces frequency by which
position information is reacquired is reduced but not to zero
when the battery level characteristic indicates that said
battery has the reduced power level.

7. A portable position acquisition apparatus as recited in
claim 6, wherein the determination by said controller of how
frequently the position information is reacquired is depen-
dent on at least one user setting associated with said position
acquisition apparatus.

8. A portable position acquisition apparatus as recited in
claim 1,

wherein said controller determines speed of movement of
said portable position acquisition apparatus, and

wherein said controller determines how frequently the
position information is reacquired further depends on at
least in part on the determined speed.

9. A portable position acquisition apparatus as recited in
claim 1, wherein said controller adapts a frequency by which
said position detecting unit reacquires position information
for said portable position acquisition apparatus, the fre-
quency being dependent on at least the battery level char-
acteristic of said battery.

10. A portable position acquisition apparatus as recited in
claim 1, wherein said controller adapts how frequently said
position detection unit reacquires position information based
on at least the battery level characteristic of said battery,
such that said position detection unit reacquires position
information less frequently if the battery level characteristic
of said battery indicates a power level less than a predeter-
mined level.

11. A portable position acquisition apparatus as recited in
claim 1, wherein said controller adapts a frequency by which
said position detection unit should reacquire position infor-
mation based on at least the battery level characteristic of
said battery, such that (i) said position detection unit reac-
quires position information at a first frequency if the battery
level characteristic of said battery indicates a power level
greater than a predetermined level, and (ii) said position
detection unit reacquires position information at a second
frequency if the battery level characteristic of said battery
indicates a power level less than the predetermined level, the
second frequency being slower than the first frequency.

12. A portable position acquisition apparatus as recited in
claim 1, wherein said position detection unit comprises a
GPS receiver.

13. A portable position acquisition apparatus as recited in
claim 1,

wherein said position detection unit comprises a GPS
receiver, and

wherein said position acquisition apparatus comprises an
accelerometer.

14. A portable position acquisition apparatus as recited in
claim 1, wherein said portable position acquisition apparatus
comprises:

a communication interface that enables said position
acquisition apparatus to transmit data to a remote
device via a wireless channel, the data being transmit-
ted includes at least the position information.

15. A portable position acquisition apparatus as recited in

claim 14,
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wherein said controller causes said communication inter-
face to transmit the data to the remote device.

16. A portable position acquisition apparatus as recited in
claim 14, wherein the data being transmitted is transmitted
in a SMS message.

17. A portable position acquisition apparatus as recited in
claim 14, wherein said position detection unit comprises a
receiver configured to receive wireless signals from a plu-
rality of satellites.

18. A portable position acquisition apparatus as recited in
claim 14, wherein said communication interface transmits
the position information to the remote device only when the
position information differs from a previously-transmitted
position information by at least a threshold amount.

19. A portable position acquisition apparatus as recited in
claim 18, wherein the determination by said controller of
whether to reacquire the position information is dependent
on at least one user setting associated with said position
acquisition apparatus.

20. A portable position acquisition apparatus as recited in
claim 18, wherein said position detection unit has at least a
low-power state and a normal power state, and wherein said
position detection unit remains in the low-power state if
position information is not being acquired, whereby power
of'said battery is conserved when said position detection unit
is in the low-power state.

21. A portable position acquisition apparatus as recited in
claim 18,

wherein the battery level characteristic pertains to one or
more of charge, current, voltage or power of said
battery, and

wherein said position acquisition apparatus is pager sized
or smaller.

22. A portable position acquisition apparatus as recited in
claim 1, wherein said position detection unit has at least a
low-power state and a normal power state, and wherein said
position detection unit remains in the low-power state if
position information is not being acquired, whereby power
of'said battery is conserved when said position detection unit
is in the low-power state.

23. A portable position acquisition apparatus as recited in
claim 1, wherein the battery level characteristic pertains to
one or more of charge, current, voltage or power of said
battery.

24. A portable position acquisition apparatus as recited in
claim 1, wherein said controller adapts a determined fre-
quency by which said position detection unit should reac-
quire position information, such that said position detection
unit is controllable to reacquire position information at
different rates.

25. A mobile electronic device, comprising:

a battery for providing power to said mobile electronic
device, said battery having a battery level characteris-
tic;

a position detection unit that acquires position informa-
tion pertaining to said mobile electronic device;

a memory that stores the position information; and
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a controller operatively connected to said battery, said
position detection unit and said memory, said controller
receives the battery level characteristic of said battery,
and dynamically determines how frequently position
information is reacquired by said position detection
unit based on at least the battery level characteristic of
said battery, wherein said controller reduces how fre-
quently position information is acquired when the
battery level characteristic indicates a reduced power
level of said battery.

26. A mobile electronic device as recited in claim 25,

wherein the mobile electronic device comprises a phone.

27. A mobile electronic device as recited in claim 25,
wherein the mobile electronic device comprises a camera.

28. A mobile electronic device as recited in claim 25,
wherein the determination by said controller of how fre-
quently the position information is reacquired is dependent
on at least one user setting associated with said mobile
electronic device.

29. A mobile electronic device as recited in claim 25,
wherein said controller adapts how frequently said position
detection unit acquires the position information based on at
least the battery level characteristic of said battery, such that
said position detection unit reacquires the position informa-
tion less frequently if the battery level characteristic of said
battery indicates a power level less than a predetermined
level.

30. A mobile electronic device as recited in claim 25,

wherein said mobile electronic device comprises a com-
munication interface that enables said mobile elec-
tronic device to transmit data to a remote device via a
wireless channel, the data being transmitted includes
position data based on at least the position information,

wherein said controller causes said communication inter-
face to transmit the data to the remote device, and

wherein said position detection unit comprises a receiver
configured to receive wireless signals from a plurality
of satellites.

31. A mobile electronic device as recited in claim 30,

wherein said communication interface transmits the posi-
tion data to the remote device only when the position
information differs from a previously-transmitted posi-
tion information by at least a threshold amount,

wherein the determination by said controller of whether to
acquire position information is dependent on at least
one user setting associated with said mobile electronic
device, and

wherein said position detection unit has at least a low-
power state and a normal power state, and wherein said
position detection unit remains in the low-power state
if position information is not being acquired, whereby
power of said battery is conserved when said position
detection unit is in the low-power state.
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