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SYSTEMS, METHODS AND APPARATUS FOR DETECTING REPLACEMENT
OF A BATTERY IN A REMOTE CONTROL

Background

{00011 Many remote controls for entertainment devices inclade a feature that
detects a Jow battery condition and alerts the user of the low battery condition. For
example, a remote control for a satellite television receiver may detect that the battery
powering the remote control only has 10% of its usable life left. The remote control may
communicate the low battery condition to the satellite television receiver, and the
receiver may present an mdicator to a user regarding the low battery condition. Thus, the
user may take action to replace the batteries to avoid experiencing a subsequent dead
hattery 1n the remote control.

{0002] Remote controls communicate the low battery condition to a receiver or
other type of entertainment device by transmitting a unique key code or message that
indicates the low battery condition. A remote control typically transmits the unique key
code on every button press upon which a low battery condition is detected. The
entertainment device utilizes the received key code to determine whether to present a low
battery indicator to a aser. However, the repeated transmission of low batiery key codes
requires power to be drawn from the battery, further reducing the life of the battery in the

remote control,

Brief Description of the Drawings

{0003} The same number represents the same element or same type of element in
all drawings.

{0004} F1G. 1 illustrates an embodiment of an entertainment system.

{005] FIG. 2 ilustrates an embodiment of a remote control of the enteriainment
system of FIG. 1.

{0006} FIG. 3 illustrates an embodiment of a graph of the normalized relationship
between battery terminal voltages and time for an alkaline cell.

10007} FIG. 4 illustrates an embodiment of an entertainment device of FIG. 1.
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{0008 FIG. 5 illustrates an embodiment of a screenshot including a warning
message regavding a low battery condition,

10009] FIG. 6 illustrates an embodiment of a process for indicating a low battery

condition in a remote control for an entertainment device.

Detailed Description

{6010} The vartous embodiments described herein generally provide apparatus,
systems and methods for indicating to a user a low battery condition of a remote control
for an entertainiment device. More particularly, the various embodiments described
herein generally provide apparatus, systems and methods which detect low battery
conditions in a remote control as well ag the replacement of batteries in the remote
control. A remote control and a controlled device cooperatively operate to utilize the
detection of the low battery condition and the detection of the battery replacement to
determine whether to prompt a user to replace the batteries in the remote control.

{0011} A remote control is configured to detect low battery conditions and
transmit a low battery message to a controlled device responsive to detecting a low
battery condition. Thus, the controlled device may present a low battery indicator to a

sser regarding the low battery condition respousive to receiving the low battery message.

-

In at least one embodiment, the remote control stores a counter, register value, flag or
other type of indicator to determine whether a low battery message has been transmitted
to the controlled device. The indicator may be reset each time the batteries in the remote
control are changed. Thus, in at lcast one embodiment, the remote control transmits the
low battery message (o the entertainment device once per set of batteries {or per charge in
the case of rechargeable batteries). In some embodiments, the remote control may bi-
directionally conmmunicate with the controlled device. Thus, the remote control may
recetve an acknowledgment from the controlled device regarding the low battery
message, and may store a value indicating the receipt of an acknowledgment from the
controiied device.

{0012} Similarly, the remote control is configured to detect when the batteries
have been replaced and transmit a battery status message to the controlled device

responsive to detecting the battery replacement. The battery status message indicates that



WO 2009/137374 PCT/US2009/042651

the batteries are good {e.g., have been replaced or recharged). Thus, responsive to the
battery status message, the controlled device may cease presenting the low battery
indicator to a user. Because the controlled device determines whether to present low
battery indicators based on a pair of low battery and battery status messages, repeated
transmissions of low battery messages accompanying each button press for each set of
batteries are not necessary. The elimination of repeated transmissions of low battery
messages saves battery draw of the remote control, contributing to a longer useable fife of
the batteries for the remote conirol,

{0013] In at least one embodiment the controlled device periodically polis the
vemote control for its battery state. The remote control responds with a message
containing data related to the battery voltage. The controlled device atilizes this data to
determine whether the battery is low or good.

{0014} The controlled device is described herein as an entertainment device.
However, it is to be appreciated that the teachings described herein may be applied to
other combinations of remote controls and controlled devices. For exanple, the
teachings described herein may be applied to household appliances, computers and
wireless peripherals (e.g., keyboards, mice and pointing devices), avtomobile keyless
entry systems and the like. Further, the terms “battery” and “batteries” will be used
interchangeably herein. It is to be appreciated that the term “battery” as used herein may
refer to a single electrical cell {e.g., a AA batiery) which is commonly referred to as a
“hattery”, and the terms “battery” and “cell” will be used interchangeably herein. Itis
also to be appreciated that the teachings described herein may be applied to remote
controls powered by a single removable cell/battery or multiple removable cells/batteries.

{0015] FIG. 1 illustrates an embodiment of an entertainment system 100, The
entertainment system 100 presents content to a user 108, In ai least one embodiment, the
content presented to the user 108 includes an audio/video stream, such as a television
program, movie or other recorded content and the like. The entertainment system 100
mchides an entertainment device 102, a presentation device 104 and a remote control
106. Each of these components is discussed in greater detail below. The entertainment
system 100 may include other devices, components or elements not illustrated for the

sake of brevity.
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{0016} The entertainment device 102 is operable to recetve content from one or
more content spurces (not shown in FIG. 1), and to present the received content to the
user 108 on the associated presentation device 104, In at least one embodiment, the
presentation device 104 is a display device (e.g., a television) configured to display
content to the user 108, The entertainment device 102 may receive an audio/video stream
i any format (e.g., analog or digital format), and output the audio/video stream for
presentation by the presentation device 104, The entertainment device 102 may be
further configured to display menus and other information that allow a user 108 to control
the output of content by the entertainment device 102, In at least one embodiment, the
entertainment device 102 is a set-top box {e.g., a satellite or cable television converter
box}, digital video recorder (DVR] or other similar device that processes and provides
one or more audio and/or video output streams to the presentation device 104 for
presentation to the user 108, In some embodiments, the entertainment device 102 and the
presentation device 104 may be integrated as a device combining the functionality of a
display device and a set-top box, digital video recorder {DVR) or the Hike.

{0017} The remote control 106 may comprise any system or apparatus configured
to remotely control the output of content by the entertainment device 102, For example,
the remote control 106 may communicate commands to the enterfainment device 102
requesting to playback content, temporally move through content {¢.g., fast-forward or
reverse), adjust the volume, access electronic programming guides and the like. In some
embodiments, the remote control 106 may additionally be configured to remotely control
the presentation device 104, The remote control 106 may comnunicate with the
entertainment device 102 and/or the presentation device 104 through any type of wireless
communication medium, such as infrared (IR) signals or radio-frequency {RF) signals.

{0018} The remote control 106 is powered by one or more batieries. The batteries
may be removeable or rechargeable through an associated charging station. The batteries
may be any type or size of battery, such as AA batteries or AAA batteries typically used
to power consurner electronic devices, such as remote controfs. Further, the removable
batteries may comprise any type of battery typically used to power consumer electronic
devices, such as alkaline batteries, nickel metal hydride (NIMH]) batteries, nickel

cadmium {NiCad) batteries or Lithium lon batteries. The remote control 106 ig
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copligured to detect a low battery condition when the batteries have a specified usable
Life remaining or have discharged to a specified voltage, such that the entertainment
systemn 100 may indicate the low battery condition to the user 108, Thus, the user 108
may replace the batteries powering the remote contrel 106 to aveid future interruptions to
their viewing experience caused by dead batteries in the remote control 106, In at least
one embodiment, the remote control 106 detects the low battery condition by measuring
the battery terminal voltage of the batteries powering the remote contrel and comparing
the voltage against a pre-defined threshold.

{0019 For example, the entertainment system 100 may indicate to the user 108
when the remaining usable life of the batteries in the remote control 106 reaches 10% or
decreases to a specified voltage threshold {e.g., a low battery condition}. In at least one
embodiment, the remote control 106 detects the existence of the low hattery condition
and transmits a low battery message to the entertainment device 102 regarding the fow
battery condition. Thus, the entertainment device 102 may include a message in the
presentation stream output to the presentation device 104 responsive to the low batlery
message. For example, if the presentation stream is an audio/video stream, then the
entertainment device 102 may insert a warning message or other type of indicator into the
audio/video stream for display by the presentation device 104. The entertainment deviee
102 may also indicate the low battery condition using a low battery indicator {e.g., an
LED) on the exterior of the entertainment device 102.

{0020} In at least one embodiment, the remote control 106 stores a flag, counter
or other type of internal indicator regarding whether a low battery message has already
been transmitied to the entertainment device 102. If the terminal voltage of the batteries
is measured during processing of each user input (e.g., each buiton press) of the remote
control 106, then the remote control 106 may detect the low battery condition multiple
times. Further, the battery terminal voltage may fluctaate upon each button press
depending on several variables, such as the current drawn and the elapsed time between
buiton presses. Thus, a low battery condition may be detected for one button press, but
may not be detected upon a subsequent button press because the battery terminal voltage
1s Hluctuating around a voltage threshold value. If the remote control 106 tracks whether

a low battery message has already been transmitied for a particular set of batteries, then it
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is not necessary o transmit multiple low battery messages to the entertainment device
102, In other embodiments, the remote control 106 may maintain a counter of how many
times the low battery message has been transmitted to the entertainment device. Thus,
the low battery message may be transmitted multiple times in case the entertainment
device 102 does not receive one of the transmissions. For example, the remote control
106 may be configured to transmit the low battery message up 1o three times per set of
batteries. I the remote control 106 includes two-way communication capability, then the
remote control 106 may continue to transmit the fow battery message until an
acknowledgment is received from the entertainment device 102,

{6021} The remote control 106 is further configured to detect when the hatteries
in the remote control 106 have been replaced. The remote control 106 may detect a
battery replacement through a variety of technigues. In at least one embodiment, the
remate control 106 determines that the battery terminal voltage has increased above a set
threshold, indicating that a replacement set of batteries has been inserted into the remote
control 106, In another embodiment, the remote control 106 determines that the battery
termunal voltage increased a specified value or a specified percentage between
measurement intervals. Other exemplary techniques for detecting a battery replacement
include detecting the removal of a battery compartment cover, providing a switch or
button for the user 108 to press upon replacement of the batteries, or providing the user
with an menu via a user interface to select the battery type.

{3022} Responsive to detecting the battery replacement, the remote control 106
transmits a battery status message to the entertainment device 102. In at least one
cmbodiment, the remote control 106 further resets a flag to zero, indicating that no low
battery miessage has been transmitied for the particular set of replacement batteries. The
entertainment device 102 atilizes the low battery message and the battery status message
to determine whether to present a low battery condition indicator to the user 108.

{0023} For example, the entertainment device 102 may initially present a low
battery indicator to the aser 108 responsive to receiving the low battery message. The
entertainment device 102 may continue presenting the low battery indicator to the user

108 until receiving the battery status message that indicates that the battery is good.

24

Responsive to receiving the battery status message, the entertainment device 102 cease

6
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outputting the low battery condition indicator until another low battery message is
received from the remote controt 106.

{0024] FIG. 2 illustrates an embodiment of a remote control 106A of the
entertainment system 100 of FIG. 1. FIG. 2 will be discussed m reference to the
entertainment system 100 iflustrated in FIG. 1. The remote control 106A includes a
transmitter 202, a non-volatile memory 204, an input module 206, a battery measurement
module 208, a battery 210 and a battery connector 212. Each of these components is
discussed in greater detail below. The remote control 106A may contain other deviees,
such as pointing devices {e.g., touchpads), not mentioned herein for the sake of brevity.

{6025} The input module 200 is operable for receiving user input from the user
108 (see FIG. 1). In at least one embodiment, the input module 206 is a keypad including
a set of buttons. The user 108 (see FIG. 1) may utilize the keypad to input channel
numbers, control the volume of the entertainment device 102, navigate menus,
manipulate the output of content by the entertainment device 102 and/or control other
functions of the entertainment device 102 and/or the presentation device 104. The input
module 206 further includes a processor operable to generate control commands for the
entertainment device 102 {see FIG. 1) responsive to the user input. The control
comynands may be in the form of key codes that are compatible with the entertainment
device 102 {ses FIG. D).

{0026} The transmitter 202 is operable for wirelessly communicating with the
entertainment device 102 (see FIG. 1) and/or the presentation device 104, More
particularly, the ransmitter 202 is operable for transmitting a key code and/or command
message corresponding with user input to the entertainment device 102 (see FIG. 1). The
transmitter 202 may utilize any type of wireless protocol and wireless communication
medium, including RF or IR key codes, to communicate with the entertainment device
P02 {see FIG. 1) and/or the presentation device 104, In at least one embodiment, the
transmtter 202 1s a transceiver that bi-directionally commumicates with the entertainment
device 102. For example, the remote control 106A may receive IR database or frmware
updates from the entertainment device 102A and/or acknowledgments of messages sent

to the entertainment device 102.

]
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{30027} The remote control 106A further includes a battery connector 212 that
connects to a battery 210 powering the remote control 106A. The battery connector 212
mcludes terminals for connecting to the battery 210, The battery connector 212 may
comprise any type of connector that connects to the battery 210 to draw power for
supplying other components of the remote control 106A. For example, the battery
commector 212 may include two opposing connections for connecting to the terminals of a
AA or AAA battery. In at least one embodiment, the battery connector 212 is configured
to conpect to multiple batteries, such as 2 or 4 AAA batteries.

{0028} The battery measurement module 208 is operable to detect low battery
conditions of the remote control 106A. More particularly, the battery measurement
module 208 is operable to determine whether a battery terminal voltage of the battery 210
is less than a tow battery threshold value, indicating a low battery condition. The battery
terminal voltage may be measured during any type of processing operation. For exampie,
the battery measurement module 208 may measure the battery terminal voltage during
processing of user input by the input module 206. The battery measurement module 208
may also measure the battery terminal voltage during transmission and/or reception of
data by the transmitter 202 or a transceiver of the remote control 106A.

{00291 in at least one embodiment, the battery measurement module 208 ineludes
an analog-to-digital converter utilized to perform measurement functions for determining
whether the battery terminal voltage of the battery 210 is less than the low battery
threshold valae. The low battery threshold value may be selected based on any desired
design eriteria. For example, a low battery threshold value of 1.05 V may be selected to
indicate that the remaining usable life of an alkaline battery is ~ 20%. Responsive to the
battery measurement module 208 detecting the Iow battery condition, the transmitter 202
aperates to transmit a low battery message to the entertainment device 102, The
entertainment device 102 utilizes the low battery message to present a low battery
indicator to the user 108,

{0030} The battery measurement module 208 is further operable to detect when
the battery 210 in the remote controf 106A has been replaced or recharged. A battery
replacement may be detected by comparing a measured battery terminal voltage with a

reference value. In at least one embodiment, the battery measurement modufe 208 is
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operable to determine whether the battery terminal voltage is greater than a reference
voltage. The reference voltage indicates when the battery has been replaced, and the
reference voltage may be selected based on any desired design criteria. For example, the
reference voltage may be selected to indicate that a battery has a significant portion of ifs
usable Iife remaining (e.g., greater than 50%).

{0031} FiG. 3 illustrates an embodiment of a graph 300 of the normalized
relationship between battery terminal voltages and time for an alkaline cell. At time
{.000, the battery terminal voltage of a 1.5 V battery will be measured as ~ 1.5 V. The
batlery terminal voltage decreases as the battery is used. Additionally, the battery
terminal voltage also gradually decreases with age even if the battery has not been used
(i.e., self discharge). For example, a battery that has been in the package for two years
may only have a battery terminal voltage of ~ 1.4 V when inserted into the remote control
H06A (see FIG. 2). Thus, as illustrated in FIG. 3, a voltage of ~ 1.25 V corresponds with
approximately 80% of the remaining life of an alkaline battery. Thus, 1.25 ¥V may be an
appropriate replacement battery threshold for detecting a battery replacement in at least
one embodiment. Similarly, as illustrated in FIG. 3, 1.05 V may be selected as an
appropriate threshold for waring a user regarding a low battery condition in at feast one
embodiment.

{0032} Retuming to FIG. 2, responsive to the battery measurement module 208
detecting a battery replacement, the transmitter 202 operates to transmit a battery status
message to the entertainment device 102 (see FIG. 1). The entertaimment device 102
processes the battery status message to determine whether to present a low battery
condition indicator to the user 108. In other words, the entertainment device 102 may
utilize the batlery status message to determine whether to stop presenting a low battery
condition indicator to the user 108.

{0033} As described above, one technique for detecting a battery replacement
involves comparing a battery terminal voltage with a threshold value indicating that a
battery has been replaced. However, different types of batteries, such as alkaline
batteries, nickel metal hydride (NiMH) batteries, nickel cadmium (NiCad) batteries or
Lithiun fon batteries each have different types of discharge curves. Thus, a threshold

value indicating replacement of baiteries that is appropriate for one type of battery may
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be inappropriate for other types of batteries. Thus, in at least one embodiment, the
battery measurement module 208 may alternatively be configured to measure relative
increases in the battery terminal voltage to detect replacement of the hattery 210,

10034} More particularly, the battery measurement module 208 compares 2
measured battery terminal voltage with a previously measured battery terminal voltage to
determine a battery terminal voltage increase. The battery measurement module 208
further determines whether the battery terminal voltage increase is greater than an
increase threshold value. A battery terminal voltage greater than the increase threshoid
value indicates that the battery 210 has been replaced. The increase threshold value may
be selected as greater than expected voltage fluctuations of the battery. Not illustrated in
FIG. 3 are dips that occur when current is drawn from the battery 210, For example,
when the input module 206 processes a button press, the battery terminal voltage may
decrease by as nrach as several tens of millivolts. However, after an adequate recovery
tume, the battery terminal voltage may increase back to substantially its original value
prior 1o the button press. Thus, the increase threshold value may be appropriately
selected 1o avoid sending battery replacement messages responsive to small fluctuations
in the battery terminal voltage caused by normal use of the battery 210.

{0035] In at least one embodiment, the battery measurement module 208
maintains a register storing the most recently measored quiescent (non-surge) battery
terminal voltage. For example, the battery measurement module 208 may utilize an
merease threshold vaiue of 0.10 V. The battery measurement module 208 previously
measures a guiescent hattery termunal voltage of 1.03 V, which is stored in the register.
Subsequently, the battery measurement module 208 measures a battery terminal voltage
of 115 V. The difference is 0.12 V, which is greater than the increase threshold value of
0.10 V. This indicates that the remaining usable life of the battery 210 has increased ~
40%. Thus, it is likely that the battery 210 has been replaced by a new battery 210.

{0036} In another embodiment, the increase threshold vahie utilized by the battery
measurement module 208 may be a percentage change between two measured battery

ternuinal voltages. For example, the battery measurement module 208 may utilize an
increase threshold value of 25%. The battery measurement module 208 may measure a

first battery termiinal voltage of 1.00 V. The battery measurement module 208 may

10
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subsequently measure a second battery terminal voltage of 1.40 V. The voltage
difference increased 40% between the measurements, which is greater than the increase
threshold value of 25%. Thus, it is likely that the battery 210 has been replaced by a new
battery 210,

{00371 FIG. 4 illustrates an embodiment of an entertainment device 102A of FIG.
I. More particularly, FIG. 4 illustrates an entertainment device 102A embodied as
television receiver (e.g., a set-top box). However, it is to be appreciated that the
entertainment device 102A may comprise any type of device that presents any type of
presentation comtent. FIG. 4 will be discussed in reference to the entertainment system
100 illustrated in FIG. 1. The entertainment device 102A includes an input interface 402,
a wircless receiver 404 and an output interface 406. Each of these components will be
discussed in greater detail below. The entertainment device 102A may include other
components or devices not lustrated for the sake of brevity.

{0038} The input interface 402 is operable for receiving presentation content, e.g.,
video content. The input interface 402 may be operable for receiving and tuning any type
of video comtent. For example, the input interface 402 may receive an over-the-air
broadeast signal, a direct broadeast satellite signal or a cable television signal. In at least
one embodiment, the input interface 402 may receive or retrieve content from a storage
medium, sach as an optical disk, internal or external hard drive, a portable storage device
{¢.g., universal serial bus (USB) memory sticks) and the like. The input interface 402
may also receive content from extemnal servers, such as video servers, that are
communicatively coupled to the entertainment device 102A over the internet or other
iypes of data networks.

{0039] The wircless receiver 404 is operable to wirelessly receive and/or transmit
data 1o the remote control 106 (see FIG. 1). The wireless receiver 404 may communicate
with the remote control 106 utilizing any type of IR or RF communication link. In at
least one embodiment, the wireless receiver 404 receives a key code or command from
the remote control 106, and responsively provides the key code to the output interface
406. The wireless recetver 404 is further operable to receive other data from the remote

control 106, such as low battery messages indicating a low battery condition in the

remote control 106 or battery status messages indicating that the batteries in the remote

11
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-

control 106 {see FIG. 1) have been replaced or recharged. In at least one embodiment,
the wireless receiver 404 comprises a wireless transceiver operable to bi-directionally
communicate data with the remote control 106, For example, the entertainment device
H02ZA may acknowledge commands, transmit IR database code updates, firmware updates
and the like to the remote control 106.

{0048} The output interface 406 is operable for controlling the operation of the
entertainment device 102A. In at least one embodiment, the output interface 406 receives
video content and responsively generates an output stream for presentation on a
presentation device 104, The output interface 406 is further operable to receive a key
code and manipulate the output of the video content responsive to the key code. In other
words, the output interface 406 operates responsive to the key code to control an output
stream of video content.

{3041} The output interface 406 is further operable to receive a low hattery
message and/or a battery status message to determine whether to output an indicator to
the user 108 regarding a fow battery condition of the remote control 106, For example,
the output interface 406 may output @ warning message in a video stream for presentation
by the presentation device 104 responsive to receiving the low battery message. FIG. 3
tllustrates an embodiment of a screenshot 500 including a warning message regarding a
low battery condition. The user 108 may take appropriate action responsive to the
warning message to replace the batteries in the remote control to avoid disruptions to
their viewing experience. (ther indicators, such as audible indicators, blinking lights and
the like may also be utilized by the entertainment device 102 to alert the user 108
regarding the low batiery condition. The output interface 406 farther operates responsive
to the battery replacement message to remove the warning message or otherwise cease
indicating to a user 108 the existence of a low baitery condition in the remote control
106.

{0042} FIG. o tlustrates an embodiment of a process for indicating a low battery
condition in a remote control for an entertainment device. The process of FIG. 6 will be
discussed in reference to a television receiver. However, it is to be appreciated that the

process may be applied to indicate fow battery conditions in remote controls for other

12



WO 2009/137374 PCT/US2009/042651

types of controlled devices. The process of FIG. 6 is not all inclusive, and may inchude
other operations not illustrated for the sake of brevity.

{0043] The process includes measuring a first battery terminal voliage of the
remote control {operation 602). The measurement of the first battery terminal voltage
may be measured at any time. For example, the first battery terminal voltage may be
measured during processing of user input by the remote control or during reception of
data by the remote control from the television receiver.

[8044] The process further includes determiming whether the first battery terminal
voltage is less than a first threshold value (operation 604). If the first battery terminal
voltage is greater than the first threshold value, then no fow battery condition is present in
the renote control, and the operation of the process ends until another iteration is needed
responsive to additional processing functions performed by the remote control.
Otherwise, the process further includes transmitting a first battery statas message to the
television recetver responsive to determining that the first battery terminal voltage is less
than the first threshold value (operation 606). The process may optionally inchide setting
a flag, incrementing a counter, or otherwise updating an indicator regarding the
transnussion of the first battery status message.

{0045] The process further includes measuring a second battery terminal voltage
of the remote control {operation 608). Like the measurement of the first battery terminal
voltage, the second battery terminal voltage may be measured at any time. In some
embodiments, the measurement of the second battery terminal voltage is conditionally
performed in the event that a fow battery condition has already been detected in the
remote control.

{0046} The process further includes determining whether the second battery
terminal voltage is greater than a second threshold value {operation 610). 1f the second
battery terminal voltage is less than the second threshold value, then the batiery has not
vet been replaced, and processing ends until another iteration is needed responsive to
additional processing functions performed by the remote control. After a low battery
condition has been detected by the remote control in operations 604 and 606, subsequent

iterations of the process of FIG. 6 may begin at operation 608.

13
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{0047} The process further includes transmitting a second battery status message
to the television recetver responsive to determining that the second batiery terminal
voltage ts greater than the second threshold value (operation 612). The television
recerver processes the first battery status message and the second battery status message
to determine whether to present an indicator to a user regarding a low battery condition of
the remote control. For example, a low battery indicator may be presented by the
television receiver during the interval after receiving the first battery status message and
prior to receiving the second battery status message.

{0048} Although specific embodiments were described herein, the scope of the
invention is not limited to those specific embodiments. The scope of the invention is

defined by the following claims and any equivalents therein.
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Claims
I claim:
t A remote control comprising:

a battery connector including terminals that connect to a battery powering the
remote control;

a battery measurement module coupled to the battery connector that measures a
battery terminal voltage at the terminals and that processes the battery terminal voltage
and a veference value to determine whether the battery has been replaced; and

a transmitter coupled to the battery measorement module that transmits a battery
status message to a controlled device responsive to the battery measurement module
determining that the battery has been replaced, wherein the controlled device processes
the battery status message to determine whether to present a low battery condition

indicator 1o a user regarding a low battery condition of the remote control.

2. The remote contro} of claim 1, wherein the reference value comprises a reference
voltage indicating that the battery has been replaced, and wherein the battery

. Ny ey 3 . . c2pn g F e ary 1 s - e esye $er +
measurenent module determines whether the battery terminal voltage is greater than the

reference voltage,

3. The remote control of claim {, wherein the battery measurenment module
compares the battery terminal voltage with a previously measured battery terminal
voltage to determine a battery terminal voltage increase, and that determines whether the
battery terminal voltage increase is greater than an increase threshold value, the increase

threshold value indicating that the battery has been replaced,

4, The remote control of claim 1, further comprising:

an input module that recetves user input and that generates a command message
for the controlled device responsive to the user input;
the battery measurement module measuring the battery terminal voltage during

processing of the user input by the input module.
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3. The remote control of claim 1, further comprising:
a transceiver that receives data from the controlled device;
the battery measurement module measuring the battery terminal voltage during

reception of the data by the transceiver.

6. A remote control comprising:

a battery connector including terminals that connect to a battery powering the
remote control;

a battery measurement module coupled to the battery connector that measures g
battery terminal voltage at the terminals, and that determines whether the battery terminal
voltage is less than a first threshold value, the first threshold value indicating a low
battery condition of the remote control, and that determines whether the batiery terminal
voltage is greater than a second threshold value, the second threshold value indicating
that the battery has been replaced; and

a transmitier coupled to the battery measurement module that transmits a first
battery status message to the controlled device responsive to the battery measurement
module determining that the battery terminal voltage is less than the first threshold value,
and that transmits a second battery status message to the controlled device responsive to
the battery measurement module determining that the battery terminal voltage is greater
than the second threshold value, wherein the controlled device processes the first and
second status messages to determine whether to present a low battery indicator to a user

regarding the low battery condition of the remote control.

7. The remote control of claim 6, further comprising:

an input module that receives user input and that generates a conmnand message
for the controlled device responsive to the user input;
the battery measurement module measuring the battery terminal voltage during

processing of the user input by the inpuat module.
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8. The remote control of claim 6, further comprising:

a transceiver that receives data from the controlled device:

the battery measurement module measuring the battery terminal voltage during
reception of the data by the transceiver.
9. A remote control comprising:

a battery connector including terminals that connect to a battery powering the
remote control;

a battery measurement module coupled to the battery connector that measures a
{irst batiery terminal voltage at the terminals, that measures a second battery terminal
voltage at the terminals, that calculates a difference between the first battery terminal
voltage and the sccond battery terminal voltage, and that determines whether the
difference is greater than a first threshold value, the first threshold value indicating that
the battery has been replaced; and

a transmitter coupled to the batterv measurement module that transmits a first
battery status message to the controlled device responsive to the battery measurement
module determining that the difference is greater than the first threshold value, wherein
the controlled device processes the first status message to determine whether to present a

low batt tery indicator to a user,

10.  The remote control of claim 9, wherein the difference is an absohute voltage

change between the first battery terminal voltage and the second battery terminal voltage.

i1 The remote control of claim 9, wherein the difference is a percentage change

between the lirst battery terminal voltage and the second battery terminal voltage.

12, The remote control of claim 9, further comprising;

an inpat module that receives user input and that generates a command message
for the controlled device responsive to the user input;

the battery measurement moduale measuring the first battery terminal voltage

during processing of the user input by the input module.

17
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13. The remote control of claim 9, further comprising;
a transceiver that recetves data from the controlled device:
the battery measurement module measuring the first battery terminal voltage

during reception of the data by the transceiver.,

i4, The remote control of claim 9, wherein:

the battery measurement module determines whether the first battery terminal
voltage is less than a second threshold value, the second threshold value indicating a low
battery condition of the remote control;

the transmitter transmits a second battery status message (o the controlled device
responsive to the battery measurement module determining that the first battery termina
voltage is less than the second threshold value; and

the controlied device processes the first and second status messages to determine

whether to present a low battery indicator to a user.

o
(3%

A system comprising:
an enteriainment device including:

an output interface that outputs a presentation stream for presentation on a
presentation device; and

a wireless receiver;
a remote control including:

a battery connector with terminals that connect to a battery powering the
remote control;

an input moduie that receives user input indicating a change to the output
of the presentation stream by the entertainment device and that generates a control
command based on the user nput; and

a battery measurement module coupled to the battery connector that
measures a first battery terminal voltage at the terminals during processing of the
user input by the input module, and that processes the first batiery terminal

voltage to determine whether there 1s a low battery condition in the remote

18
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control, that measures a second battery terminal voltage at the terminals, and that
processes the second battery terminal voltage to determine whether the battery has
been replaced; and

a transmitter coupied to the input module that transmits the control
conumand to the receiver of the entertainment device, the transmitter configured to
transmit a first battery status message to the receiver responsive to the low battery
detection module determining that there is a low battery condition in the remote
control and to transmit a second battery status message to the receiver responsive
to the battery measurement module determining that the battery has been
replaced;

the output interface outputting a low battery indicator in the presentation
stream responsive o receiving the first battery status message and prior to

receiving the second battery status message.

6. The system of claim 15, wherein the battery measurement module compares the
first battery terminal voltage to a threshold value to determine whether there is a low

battery condition in the remote control.

17 The system of claim 15, wherein the battery measurement module compares the
second battery terminal voltage 1o a threshold value to determine whether the battery has
been replaced.

18, The system of claim 13, wherein the battery detection module calculates a
difference between the first battery terminal voltage and the second battery terminal
voltage, and further determines whether the difference is greater than a second threshold

value, the second threshold value indicating that the battery has been replaced.
i9. The system of claim 15, wherein:

the remote control further comprises a transceiver that receives data from the

entertainment device;
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the battery measurement module measures the first threshold value during

reception of the data by the transceiver.

20. A method of indicating a low baitery condition for a remote control, the method
comprising:

measuring a first battery terminal voltage of the remote control;

determining whether the first battery terminal voltage is less than a first threshold
value;

transmuiiting a first battery status message to an entertainment device responsive to
determining that the fivst battery terminal voltage is less than the first threshold vahue;

measuring a second battery terminal voltage of the remote control;

determining whether the second battery terminal voltage is greater than a second
threshold value: and

transmitting a second battery status message to the entertainment device
responsive to determining that the second battery terminal voltage is greater than the
second threshold value;

wherein the entertainment device processes the first battery status message and
the second battery status message to determine whether to present an indicator to a user

regarding a low battery condition of the remote control.
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