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(57)  One disclosed method involves providing a first
device comprising a sensor configured to sense a stim-
ulus experienced by the first device, a controller config-
ured to process data received from the sensor and there-
by obtain processed sensor data, a transmitter config-
ured to wirelessly transmit the processed data from the
first device to a second device, and a battery configured
to supply power to at least the controller and the trans-
mitter. The first device is operated in a first operational
mode in which the sensor, the controller, and the trans-
mitter are used at least occasionally to obtain and trans-
mit processed data to the second device. When it is de-
termined that the battery is in a low power condition, the
first device is operated in a second operational mode
wherein the sensor, controller, and transmitter are not
used to obtain and transmit processed sensor data to the
second device, but wherein the first device at least oc-
casionally transmits a signal to the second device that
indicates a low power condition of the battery.
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Description
FIELD

[0001] This application relates generally to power
management of remote sensor devices.

BACKGROUND

[0002] Some remote sensor devices are capable of
communicating a signal to a primary device indicating
when the remote device is low on power. Upon receiving
such a signal, the primary device may warn its user that
the remote device is low on power, and thus enable the
user to recharge or replace the battery of the remote de-
vice before the remote device actually runs out of power.
One example of such a system is a computer that em-
ploys wireless user input (Ul) devices, such as a wireless
mouse or keyboard. When such Ul devices are low on
power, a signal is communicated to the computer’s proc-
essor indicating the low power condition, and the com-
puter then displays a message to the user warning of the
same. If the user subsequently fails to replace or re-
charge the battery promptly, the remote device continues
to operate normally until it has completely run out of pow-
er. At such time, the remote device becomes incapable
not only of performing its intended function but also of
informing the primary device of the reason it has become
inoperable.

SUMMARY

[0003] According to one aspect of the present inven-
tion, a method involves us of a first device comprising a
sensor configured to sense a stimulus experienced by
the first device, a controller configured to process data
received from the sensor and thereby obtain processed
sensor data, a transmitter configured to wirelessly trans-
mit the processed data from the first device to a second
device, and a battery configured to supply power to at
least the controller and the transmitter. The first device
is operated in a first operational mode in which the sen-
sor, the controller, and the transmitter are used at least
occasionally to obtain and transmit processed data to the
second device. When it is determined that the battery is
in a low power condition, the first device is operated in a
second operational mode wherein the sensor, controller,
and transmitter are not used to obtain and transmit proc-
essed sensor data to the second device, but wherein the
first device at least occasionally transmits a signal to the
second device that indicates a low power condition of the
battery.

[0004] According to another aspect, an apparatus
comprises a sensor, a controller, a transmitter, and a
battery. The sensor is configured to sense a stimulus
experienced by the apparatus. The controller is config-
ured to process data received from the sensor and there-
by obtain processed sensor data. The transmitter is con-
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figured to wirelessly transmit the processed sensor data
from the apparatus to another device. The battery is con-
figured to supply power to at least the controller and the
transmitter. The apparatus is configured to operate in a
first operational mode when a determination is made that
the battery is notin a low power condition, and to operate
in a second operational mode when a determination is
made that the battery is in a low power condition. In the
first operational mode, the sensor, the controller, and the
transmitter are used at least occasionally to obtain and
transmit processed sensor data to the other device. In
the second operational mode, the sensor, controller, and
transmitter do not obtain and transmit processed sensor
data to the other device, but the apparatus at least oc-
casionally transmits a signal to the other device that in-
dicates a low power condition of the battery.

[0005] Accordingtoanother aspect, amethod involves
use of a first device comprising a sensor configured to
sense a stimulus experienced by the first device, a con-
troller configured to process data received from the sen-
sor and thereby obtain processed sensor data, a trans-
mitter configured to wirelessly transmit the processed da-
ta from the first device to a second device, a receiver
configured to receive data transmitted wirelessly from
the second device to the first device, and a battery con-
figured to supply power to atleast the controller, the trans-
mitter, and the receiver. The first device is operated in a
first operational mode in which the sensor, the controller,
and the transmitter are used at least occasionally to ob-
tain and transmit processed data to the second device,
and in which the receiver is used at least occasionally to
receive data transmitted wirelessly from the second de-
vice. When it is determined that the battery is in a low
power condition, the first device is operated in a second
operational mode wherein the receiver is not used to re-
ceive data transmitted wirelessly from the second device,
but wherein the transmitter is used at least occasionally
to transmit a signal to the second device that indicates a
low power condition of the battery.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

Fig. 1 is a block diagram of an illustrative embodi-
ment of a remote sensor apparatus; and

Figs. 2-4 are flow charts showing examples of rou-
tines that may be executed by the controller shown
in Fig. 1.

DETAILED DESCRIPTION

[0007] In some embodiments, upon detecting a "low
power" condition of a remote sensor device, the mode of
operation of the remote device may be changed so as to
substantially reduce its rate of power consumption. The
remote device may then be allowed to perform only a
limited set of functions, and may continue to transmit a
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"low power" signal to a primary device for an extended
period of time in spite of its decreased functionality. In
certain embodiments, the remote device may be config-
ured so that the only function it performs while in its "low
power" mode of operation is the transmission of a signal
to the primary device informing the primary device of its
"low power" condition. In some embodiments, the capac-
ity or usage of the battery may additionally be monitored
to determine when the battery is soon to be in a "low
power" condition and a signal is transmitted indicating
such to be the case, thus enabling the user to be warned
that the battery is "running low and needs to be replaced
soon," or to be provided with some similar message or
indication. Should the user fail to replace the battery be-
fore the "low power" condition is actually reached, the
device will not simply cease working, but will change
modes of operation so as to substantially reduce its pow-
er consumption and will continue to inform the user of
the "lower power" condition of the battery. Accordingly,
unlike with prior art remote sensor devices that cease all
operations after they run out of power, a user of a device
like that disclosed herein will not be left guessing as to
whether the system including the remote device ceased
working because the remote device ran out of power or
because of some other reason, such as failure of one or
more other components of the remote device or failure
of one or more components of the receiving device.
[0008] Fig. 1 is a block diagram of an example of a
remote sensor device 100 that may be employed in con-
nection with certain embodiments of the invention. As
shown, the device 100 may include a controller 102, a
sensor 104, a battery 106, a memory 108, a transmitter
110, an antenna 112, and a battery monitoring unit 114.
A remote sensor device 100 configured generally as
shown in Fig. 1 can be configured in any of a number of
ways and can be used for any of a number of purposes,
and the invention is not limited to any particular type of
device or use thereof. In certain embodiments, for exam-
ple, the remote sensor device 100 may comprise an am-
bulatory device that is mounted on or within a shoe or
otherwise supported by a person to monitor activity of
the person while he or she is walking or running or is
otherwise in locomotion on foot. Examples of such de-
vices are disclosed, for example, in U.S. Patent Nos.
6,611,789; 6,305,221; 6,301,964; 6,298,413; 6,032,108;
6,018,705;5,955,667;4,578,769; and 4,371,945, the en-
tire contents of each of which is incorporated herein by
reference. Alternatively, the remote sensor device 100
may comprise, for example, a wireless mouse or a wire-
less keyboard for a computer, or any other device capa-
ble of sensing one or more stimuli and communicating
data concerning a sensed stimulus to another device via
a wireless communications link.

[0009] The sensor 104 may comprise any device that
is capable of sensing an external stimulus, and the in-
vention is not limited to the use of any particular type of
sensor. It may, for example, comprise an accelerometer
such as that disclosed in U.S. Patent No. 6,336,365,
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which is incorporated herein by reference in its entirety,
or may comprises any of the sensors disclosed in U.S.
Pat. Nos. 6,611,789; 6,305,221; 6,301,964; 6,298,413;
6,032,108; 6,018,705; 5,955,667; 4,578,769; and
4,371,945. Alternatively, it may comprise, as but a few
examples, another type of accelerometer, a vibration
sensor, a temperature sensor, a humidity sensor, a light
sensor, an audio detector, an electrical or magnetic field
sensor, etc. Any number of sensors of the same type, or
any combination of different types of sensors may be
employed in various embodiments. It should be appreci-
ated that the sensor 104 may additionally comprise cer-
tain signal processing elements, e.g., one or more am-
plifiers, buffers, filters, etc., arranged to condition a signal
generated by a transducer, e.g., an accelerometer such
as that disclosed in U.S. Patent No. 6,336,365, prior to
providing the signal to the controller 102.

[0010] The controller 102 may, for example, comprise
one or more processors capable of receiving and
processing data from the sensor 104. Any type or number
of controllers may be employed and the invention is not
limited to the use of a controller of any particular type or
configuration. As shown in Fig. 1, the controller 102 may
have an associated memory 108 in which data and in-
structions accessed by the controller 102 may be stored
to enable the controller 102 to execute various routines.
The memory 108 may be embodied either separately or
integrally with the controller 102. Examples of routines
that may be performed by the controller 102 in connection
with certain embodiments of the invention are described
below in connection with Figs. 2-4.

[0011] The transmitter 110 and associated antenna
112 may take on any of numerous forms and may be
employed, for example, to wirelessly transmit processed
data from the sensor to another device, e.g., awristwatch,
a portable music player, a computer, etc. In some em-
bodiments, a receiver (not shown) may additionally be
employed in the device 100 to receive incoming wireless
signals, or a transceiver, that can both transmit and re-
ceive wireless signals, may instead be used.

[0012] The battery 106 may be responsible for supply-
ing power to all of the components in the remote device
100. It may take on any of numerous forms, and the in-
vention is not limited to the use of a battery of any par-
ticular type or configuration. The specific type and energy
capacity of the battery may be chosen based on the ap-
plication at hand. In an embodiment in which the battery
is used to power a shoe-mounted remote sensor device
that is used to monitor performance parameters of a user
in locomotion on foot, the battery may, for example, be
a CR2032 Lithium coin cell having a capacity of 200 mil-
liamp hours (mAh).

[0013] The battery monitoring unit 114 may comprise
any known device or circuit capable of monitoring the
remaining capacity of the battery 106. Such devices and
the techniques they employ are well understood in the
art and thus will not be described herein. As discussed
in more detail below, in some embodiments, a "low pow-
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er" condition of the battery 106 may be determined not
by directly monitoring a state of the battery, but rather
based upon monitoring or estimating the cumulative pow-
er consumption of the components in the device 100.
Accordingly, at least in some embodiments, a battery
monitoring unit 114 like that shown would not be required.
[0014] Fig. 2 shows an illustrative example of a routine
200 that may be executed by the controller 102 shown
in Fig. 1. As noted above, instructions for the routine 200
may, for example, be stored in the memory 108 associ-
ated with the controller 102. As shown, the routine 200
may begin at a step 202 wherein the controller is "initial-
ized." Such initialization may occur, for example, when
a new battery 106 is installed in the device 100, in re-
sponse to a user command, or by some other mecha-
nism.

[0015] After initialization, the routine 200 proceeds to
steps 204 and 206, wherein one or more sensors and
controllers are placed in an "active" mode to enable them
to perform their data accumulation and processing func-
tions. In some embodiments, for example, an acceler-
ometer and a processor may be caused to begin actively
accumulating and analyzing data concerning footsteps
taken by a user in locomotion on foot. It should be ap-
preciated, however, thatin certain embodiments, the step
204 may involve the activation of one or more signal
processing elements, e.g., amplifiers, buffers, filters, etc.,
associated with a transducer (not shown) in addition to
orin lieu of activating the transducer itself. It should fur-
ther be appreciated that, in some embodiments a sensor
may be employed that does not itself consume power,
and the step 204 may thus be omitted in such embodi-
ments.

[0016] After "activating" the sensor 104 (if necessary)
and the controller 102, the routine 200 proceeds to a step
208, wherein data accumulated by the sensor may be
processed in an appropriate fashion. As discussed in
more detail below, in connection with the step 208, proc-
essed data from the sensor 104 may be transmitted wire-
lessly to another device via the transmitter 110 and an-
tenna 112 of the device 100.

[0017] Atthestep 210, theroutine 200 next determines
whether any new data is being accumulated by the sen-
sor 104. Such a determination may, for example, involve
an assessment of whether the sensor 104 has ceased
generating a signal or data for more than a particular
period of time, e.g., several seconds. When it is deter-
mined that the sensor has ceased accumulating data,
the routine 200 proceeds to steps 212 and 214, wherein
the one or more sensors and controllers may be taken
out of their "active" mode and placed in a "sleep" mode
for power preservation purposes. As noted above, in em-
bodiments in which the sensor 104 does not require pow-
er in order to be "active," the step 212 may be omitted.

[0018] After placing the device 100 in a "sleep" mode,
the routine 200 waits at a step 216 until a determination
is made that the device should "wake up" to begin actively
processing and accumulating data once again. The de-
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termination of whether and when to wake up may be
made, for example, by monitoring an output of the sensor
104 (or a transducer included therein) for activity, in a
response to a user input, e.g., depression of a "start"
button, or by any other mechanism. In embodiments in
which a sensor is used to monitor locomotion of a person
on foot, the "wake up" determination 216 may be made,
for example, by employing a low-power comparator (not
shown) to monitor the output of a transducer. In embod-
iments in which an accelerometer that does not consume
power, e.g., the accelerometer disclosed in U.S. Pat. No.
6,336,365, is employed as the transducer, the power con-
sumption of the device 100 in the "sleep" mode may thus
be substantially limited to only the power consumption
of such a comparator. It should be appreciated that in
addition to such an automated "wake up" function, the
device 100 may additionally or alternatively comprise one
or more user input devices, e.g., switches or pushbut-
tons, that may be manipulated to cause the device 100
to "wake up." Furthermore, one or more user input de-
vices may additionally or alternatively be provided that
can be manipulated to cause the device 100 to be put
into a "sleep" mode, or even to cause the device to be
powered down completely so that even the automated
"wake up" function is disabled until further user input is
provided.

[0019] Referring again to Fig. 2, when at the step 210
(discussed above) it is determined that new data is being
accumulated by the sensor 104, the routine 200 proceeds
toastep 218, whereinitis determined whether the battery
106 is in a "low power" condition, e.g., by determining
whether the capacity of the battery 106 has been deplet-
ed below a particular level. When, it is determined that
the battery is not in a "low power" condition, the routine
200 returns to the step 208, wherein the sensor data con-
tinues to be accumulated and processed. When, it is de-
termined that the battery 106 is in a "low-power" condi-
tion, however, the routine 200 proceeds to a step 220,
wherein the device is placed in a "life support mode" (dis-
cussed in more detail below in connection with Fig. 4.)
In alternative embodiments, the step 218 may addition-
ally or alternatively be performed at other points in the
routine 200, and it is not critical that it be performed im-
mediately after determining whether new sensor data is
being accumulated. For example, in some embodiments,
the step 218 may additionally or alternatively be per-
formed immediately after the step 206 and/or between
the steps 208 and 210.

[0020] The determination of whether the battery 106
is in a "low power" condition may be made in any of a
number of ways, and the invention is not limited to any
particular technique or mechanism for making such a de-
termination. In some embodiments, the remaining capac-
ity of the battery 106 may be measured directly by the
battery monitoring unit 114 capacity monitoring tech-
niques that may be employed by the battery monitoring
unit are well known in the art and thus will not be de-
scribed in further detail. The determination of whether
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the battery 106 is in a "low power" condition may thus be
made by evaluating whether the measured remaining ca-
pacity is below a particular threshold. In other embodi-
ments, the controller 102 or some other device may ad-
ditionally or alternatively track the cumulative power con-
sumption of the various components in the device 100,
or estimate such consumption based on cumulative time
of use in various modes, and the determination of wheth-
er the battery 106 is in a "low power" condition may thus
be made by evaluating whether the determined total pow-
er usage since installation of a new battery is above a
particular threshold.

[0021] No matter how the "low power" determination
is made, a threshold level may be set that allocates the
total power capacity of the battery 106 between a first
period in which the device 100 is in its "operational mode"
and a second, subsequent period during which the device
100 is in its "life support mode," so as to achieve desired
operational objectives. For instance, if it is desired that
the device 100 be capable of transmitting a "life support
beacon" once every hour for a period of two years after
the primary functionality of the device has been shut
down, then the threshold level may be set accordingly.
The portion of the total capacity of the battery 106 that
is to be used for "life support" may be calculated, for
example, by multiplying the desired total number of "life
support beacons" by the power consumed by each bea-
con transmission. The allocation of the total capacity of
the battery may also, of course, take into account the
desired lifetime of the device 100 in its "operational
mode."

[0022] It should be appreciated that, in addition to de-
termining whether the "low power" condition discussed
above has been reached, the capacity or usage of the
battery may additionally be monitored to determine when
the battery is soon to be in the "low power" condition.
This may be achieved, for example, by employing the
same technique used to monitor for the "low power" con-
dition, butusing a slightly higher or lower threshold. When
such a determination is made, a signal may be transmit-
ted via the transmitter 110 and antenna 112 that informs
the primary device that the battery 106 is running low and
needs to be replaced. The message or indication provid-
ed to the user as a result of such a signal may either be
the same as that provided in response to the low power
beacon, or may be a different message. For example, in
response to a signal indicating the battery is approaching
the "low power" condition, a message may be displayed
informing the user the battery is "running low," whereas
in response to a signal indicating the "low power" condi-
tion has already been reached, the message may inform
the user that the battery is "out of power."

[0023] Fig. 3 shows an illustrative example of the rou-
tine 208 (Fig. 2) that may be employed by a device that
senses activity of a person in locomotion on foot, for ex-
ample, by employing one or more accelerometers to
monitor motion of the person. In the illustrative example
shown, the routine 208 begins at a step 302, wherein
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"foot contact times" of a person, i.e., amounts of time
during in which a person’s foot is on the ground during
respective footsteps taken by the person, are determined
by examining the output of the sensor 104. Based on the
measured foot contact times, the routine 208 may then
calculate performance parameters such as pace, dis-
tance traveled, speed, etc., (step 304), and subsequently
transmit such information to another device via the trans-
mitter 110 and antenna 112 (step 306). The routine 208
shown in Fig. 3 is, of course, but only one example of a
routine that may employed to accumulate, process, and
transmit sensor data to another device. Other examples
of additional or alternative routines that may be employed
in connection with various embodiments of the invention
are disclosed in U.S. Patent Nos. 6,611,789; 6,305,221;
6,301,964; 6,298,413; 6,032,108; 6,018,705; 5,955,667;
4,578,769; and 4,371,945, discussed above. A radio
transmission protocol such as that disclosed in U.S. Pat-
ent No. 7,187,924, or any other suitable protocol, may
be employed to communicate data and/or commands be-
tween the device 100 and the other device. In some em-
bodiments, a routine 208 such as that illustrated in Fig.
3 will be performed only when the device 100 is in its
"operational mode," and may, for example, require the
battery 106 to supply approximately two milliamps of cur-
rent to the various components of the device 100.
[0024] Fig. 4 shows anillustrative example of a routine
that may be employed when the device 100 is placed in
a "life support mode" (step 200 in Fig. 2). In the example
shown, the only activity for which the device 100 is al-
lowed to consume power is to transmit a "life support
beacon," e.g., a signal indicating that the device has run
out of power, at least occasionally. Such a "life support"
routine may, for example, require the battery 106 to sup-
ply approximately 6 micro-amps of current to the various
components of the device 100. It should be appreciated,
however, that the device 100 may alternatively be con-
figured so that some additional level of activity beyond
the transmission of a "life support beacon" may be per-
mitted. All that is important is that the modality of the
device 100 be changed in some way so that certain pow-
er-consuming activities cease when the device 100 en-
ters the "life support mode." In some embodiments, when
the device 100 is placed in its "life support mode," the
modality of the radio transmission protocol employed by
the device 100 may also changed so as to further mini-
mize its power consumption. For example, in embodi-
ments in which a two-way radio transmission protocol is
employed to wirelessly communicate data between the
device 100 and another device when the device 100 is
in its "operational mode," the device 100 may further con-
serve power by switching to a one-way radio transmis-
sion protocol, e.g., to allow only the transmission of a
"life-support beacon" but not the receipt ofincoming mes-
sages, upon entering its "life support mode."

[0025] In the example of Fig. 4, the routine 220 first
involves de-activating the sensor 104 and/or the proces-
sor 102 (steps 402 and 404) so that the controller 102
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ceases processing data accumulated by the sensor 104
and transmitting processed sensor data via the transmit-
ter 110 and antenna 112. In the example shown, the con-
troller 102 may be deactivated except to the extent nec-
essary to transmit a life support beacon each time the
device 100 "wakes up" for such a purpose. As noted
above, some embodiments may employ a sensor 104
that need not be deactivated, and the step 402 need not
be employed in such circumstances.

[0026] The "wake up" step 408 may involve, for exam-
ple, waking up once every minute, once every ten min-
utes, once every hour, etc., with a period depending upon
the type of sensor that is employed and the use to which
it is being put. Additionally or alternatively, the step 408
may involve sensing an external stimulus, for example,
sensing motion that indicates that perhaps a user is at-
tempting to put the device to use. In some embodiments,
for example, an output of an accelerometer may be mon-
itored to determine whether the signal exceeds a certain
threshold. In certain such embodiments, power con-
sumption in the "life support mode" may be limited sig-
nificantly by basing the wake up decision in whole or in
part upon the output of a low-power comparator that com-
pares the output of an accelerometer such as that dis-
closed in U.S. Pat. No. 6,336,365 to a threshold voltage.
[0027] The step 408 may additionally or alternatively
involve the manipulation of a user input mechanism, e.g.,
a pushbutton, that may cause the device to transmit a
beacon upon activation of the mechanism, or may simply
allow the device to "wake up" in response to a sensed
stimulus and/or periodically (as discussed above), for
some period of time after the mechanism has been acti-
vated. In some embodiments, a low-power receiver may
additionally or alternatively be used to determine whether
and when another device is attempting to communicate
with the remote device 100, and the "life support beacon"
may be transmitted upon detection of such a communi-
cation attempt. Any combination of the above techniques
may also be employed. For example, the device may
attempt to send a message once every minute during
time periods after a pushbutton has been depressed or
after a determination is made that the device 100 is in
motion.

[0028] Having described several embodiments of the
invention in detail, various modifications and improve-
ments will readily occur to those skilled in the art. Such
modifications and improvements are intended to be with-
in the spirit and scope of the invention. Accordingly, the
foregoing description is by way of example only, and is
not intended as limiting. The invention is limited only as
defined by the following claims and the equivalents there-
to.

[0029] Furthermore, the following numbered clauses
of the description set out further features of some em-
bodiments of the invention. Where numbered clauses
refer to other numbered clauses, those clauses are to be
considered in combination.
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CLAUSES
[0030]
1. A method, comprising steps of:

(a) providing a first device comprising a sensor
configured to sense a stimulus experienced by
the first device, a controller configured to proc-
ess data received from the sensor and thereby
obtain processed sensor data, a transmitter con-
figured to wirelessly transmit the processed data
from the first device to a second device, and a
battery configured to supply power to at least
the controller and the transmitter;

(b) operating the first device in a first operational
mode in which the sensor, the controller, and
the transmitter are used at least occasionally to
obtain and transmit processed data to the sec-
ond device;

(c) determining whether the battery is in a low
power condition; and

(d) when it is determined that the battery is in a
low power condition, operating the first device
in a second operational mode wherein the sen-
sor, controller, and transmitter are not used to
obtain and transmit processed, sensor data to
the second device, but wherein the first device
at least occasionally transmits a signal to the
second device that indicates a low power con-
dition of the battery.

2. The method of clause 1, wherein the step (c) com-
prises determining whether the battery is in the low
power condition by determining whether the remain-
ing capacity of the battery is below a particular value.

3. The method of clause 1 or 2, wherein the step (c)
comprises determining whether the battery is in the
low power condition by determining whether the first
device has consumed more than a particular amount
of power from the battery.

4. The method of any of clauses 1-3, wherein the
steps (b) - (d) are performed with the first device
while the first device is being carried by a person on
locomotion on foot.

5. The method of any of clauses 1-4, wherein the
step (b) comprises:

calculating a performance parameter of a user
of the first device based on a signal received
from the sensor, and

transmitting data indicative of the calculated per-
formance parameter from the first device to the
second device.
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6. The method of any of clauses 1-5, wherein the
step (d) comprises periodically transmitting the sig-
nal that indicates the low power condition of the bat-
tery to the second device.

7. The method of any of clauses 1-6, wherein the
step (d) comprises transmitting the signal that indi-
cates the low power condition, of the battery to the
second device in response to a stimulus detected by
a transducer.

8. The method of any of clauses 1 -7, wherein the
step (d) comprises transmitting the signal that indi-
cates the low power condition of the battery to the
second device in response to a user input.

9. The method of any of clauses 1-8, further com-
prising steps of:

(e) determining when the battery is approaching
the low power condition; and

(f) transmitting a signal to the second device that
indicates the battery is approaching the lower
power condition.

10. An apparatus, comprising:

a sensor configured to sense a stimulus expe-
rienced by the apparatus;

a controller configured to process data received
from the sensor and thereby obtain processed
sensor data;

a transmitter configured to wirelessly transmit
the processed sensor data from the apparatus
to another device; and

a battery configured to supply power to at least
the controller and the transmitter;

wherein the apparatus is configured to operate
in a first operational mode when a determination
is made that the battery is not in a low power
condition, and to operate in a second operational
mode when a determination is made that the
battery is in a low power condition, and wherein,
in the firstoperational mode, the sensor, the con-
troller, and the transmitter are used at least oc-
casionally to obtain and transmit processed sen-
sor data to the other device, and, in the second
operational mode, the sensor, controller, and
transmitter do not obtain and transmit processed
sensor data to the other device, but the appara-
tus at least occasionally transmits a signal to the
otherdevice that indicates a low power condition
of the battery.

11. The apparatus of clause 10, further comprising
means for determining whether the battery is in the
low power condition.
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12. The apparatus of clause 10 or 11, wherein the
controller is configured to determine a performance
parameter of a user of the apparatus while the ap-
paratus is in the first mode of operation but not while
the apparatus is in the second mode of operation.

13. The apparatus of any of clauses 10-12, wherein,
when the apparatus is in the second operational
mode, the apparatus is configured to periodically
transmit the signal that indicates the low power con-
dition of the battery to the other device.

14. The apparatus of any of clauses 10-13, wherein,
when the apparatus is in the second operational
mode, the apparatus is configured to transmit the
signal that indicates the low power condition of the
battery to the other device in response to a stimulus
detected by a transducer.

15. The apparatus of any of clauses 10-14, wherein,
when the apparatus is in the second operational
mode, the apparatus is configured to transmit the
signal that indicates the low power condition of the
battery to the other device inresponse to a userinput.

16. The apparatus of any of clauses 10-15, further
comprising:

means for determining when the battery is ap-
proaching the low power condition; and means
for transmitting a signal to the second device
thatindicates the battery is approaching the low-
er power condition.

17. A method, comprising steps of:

(a) providing a first device comprising a sensor
configured to sense a stimulus experienced by
the first device, a controller configured to proc-
ess data received from the sensor and thereby
obtain processed sensor data, a transmitter con-
figured to wirelessly transmit the processed data
from the first device to a second device, a re-
ceiver configured to receive data transmitted
wirelessly from the second device to the first de-
vice, and a battery configured to supply power
to at least the controller, the transmitter, and the
receiver;

(b) operating the first device in a first operational
mode in which the sensor, the controller, and
the transmitter are used at least occasionally to
obtain and transmit processed data to the sec-
ond device, and in which the receiver is used at
least occasionally to receive data transmitted
wirelessly from the second device;

(c) determining whether the battery is in a low
power condition; and

(d) when it is determined that the battery is in a
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low power condition, operating the first device
in a second operational mode wherein the re-
ceiver is not used to receive data transmitted
wirelessly from the second device, but wherein
the transmitter is used at least occasionally to
transmit a signal to the second device that indi-
cates a low power condition of the battery.

18. The method of clause 17, wherein the step (c)
comprises determining whether the battery is in the
low power condition by determining whether the re-
maining capacity of the battery is below a particular
value.

19. The method of clause 17 or 18, wherein the step
(c) comprises determining whether the battery is in
the low power condition by determining whether the
first device has consumed more than a particular
amount of power from the battery.

20. The method of any of clauses 17-19, wherein a
transceiver is employed as both the transmitter and
the receiver.

Claims

A method, comprising steps of:

(a) providing a first device comprising a sensor
configured to sense a stimulus experienced by
the first device, a controller configured to receive
data from the sensor, a transceiver configured
to wirelessly transmit the data from the first de-
vice toasecond device, and a battery configured
to supply power to at least the controller and the
transceiver;

(b) operating the first device in a first operational
mode;

(c) determining whether the battery is in a low
power condition;

(d) when it is determined that the battery is in a
low power condition, operating the first device
in a second operational mode, wherein certain
power-consuming activities cease when the first
device enters the second operational mode; and
(e) when an external stimulus sensed by the first
device exceeds a threshold, operating the first
device to transmit a signal to the second device
that indicates a low power condition of the bat-
tery

The method of claim 1, wherein the sensor further
comprises at least one of the following transducers:
an accelerometer, a vibration sensor, a temperature
sensor, a humidity sensor, a light sensor, an audio
detector, an electrical or magnetic field sensor, and
the external stimulus comprises an output of the at
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10.

least one transducer.

The method of claim 2, wherein the sensor further
comprises a signal processing element arranged to
condition data from the at least one transducer prior
to the sensor providing the data to the controller.

The method of claim 2 or 3, wherein the sensor fur-
ther comprises an accelerometer and a low-power
comparator configured to compare the output of the
accelerometer to a threshold voltage, and transmis-
sion of the signal to the second device that indicates
a low power condition of the battery is performed in
dependence in whole or in part upon the output of
the low-power comparator.

The method of claim 2 or 3, wherein the sensor fur-
ther comprises an accelerometer and the first device
is configured to use the accelerometer to determine
a foot contact times value relating to a wearer of the
first device, and wherein the threshold relates to a
foot contact times value.

The method of claim 5, wherein the first device is
further configured to calculate a performance param-
eter value based on the determined foot contact
times value, and wherein the threshold relates to a
performance parameter value.

The method of any preceding claim, wherein the first
device is configured to receive an input from a user
of the first device and step (e) is performed only after
the input is received.

The method of any one of claims 1 to 6, wherein the
first device is configured to receive an input from a
user of the first device and after the input is received,
step (e) is performed only after the next time the input
is received.

The method of claim 1, wherein the first device is
configured to receive an input from a user of the first
device and the external stimulus comprises the input.

The method of any preceding claim, wherein the de-
termining whether the battery is in the low power
condition comprises a determination selected from
the group consisting of: whether the remaining ca-
pacity of the battery is below a particular value,
whether the first device has consumed more than a
particular amount of power from the battery, an es-
timation of cumulative power consumption of various
components in the first device, an estimation of cu-
mulative time of use in one or more operational
modes, whether a determined total power usage
since an installation of a new battery is above a par-
ticular threshold, and combinations thereof.
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An apparatus, comprising:

a sensor configured to sense a stimulus expe-
rienced by the apparatus;

a controller configured to receive data from the
sensor;

a transceiver configured to wirelessly transmit
the sensor data from the apparatus to a second
device and receive data from the second device;
and

a battery configured to supply power to at least
the controller and the transceiver;

wherein the apparatus is configured to operate
in afirst operational mode when a determination
is made that the battery is not in a low power
condition, and to operate in a second operational
mode when a determination is made that the
battery is in a low power condition wherein cer-
tain power-consuming activities cease when the
apparatus enters the second operational mode,
and when an external stimulus sensed by the
apparatus exceeds a threshold, to operate to
transmit a signal to the second device that indi-
cates a low power condition of the battery.

The apparatus of claim 11, wherein the sensor fur-
ther comprises at least one of the following trans-
ducers: an accelerometer, a vibration sensor, a tem-
perature sensor, a humidity sensor, a light sensor,
an audio detector, an electrical or magnetic field sen-
sor, and the external stimulus comprises an output
of the at least one transducer.

The apparatus of claim 12, wherein the sensor fur-
ther comprises a signal processing element ar-
ranged to condition data from the at least one trans-
ducer prior to the sensor providing the data to the
controller.

The apparatus of claim 12 or 13, wherein the sensor
further comprises an accelerometer and alow-power
comparator configured to compare the output of the
accelerometer to a threshold voltage, and transmis-
sion of the signal to the second device that indicates
a low power condition of the battery is performed in
dependence in whole or in part upon the output of
the low-power comparator.

The apparatus of claim 12 or 13, wherein the sensor
further comprises an accelerometer and the appa-
ratus is configured to use the accelerometer to de-
termine afoot contacttimes valuerelating to awearer
of the first device, and wherein the threshold relates
to a foot contact times value.
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