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(57) ABSTRACT 
Some embodiments provide a system that determines a bat 
tery chemistry for a battery in a peripheral device. During 
operation, the system determines a first Voltage of the battery 
at a first time and a second Voltage of the battery at a second 
time. The first Voltage and the second Voltage are then com 
pared to one or more predetermined battery usage profiles to 
determine the battery chemistry. The remaining life of the 
battery is determined using the battery chemistry. 
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DETERMINING CHEMISTRY OFA BATTERY 
FOR ANELECTRONIC DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority to U.S. application 
Ser. No. 13/323,336, filed on Dec. 12, 2011, and entitled, 
“Determining a Battery Chemistry for a battery in a Periph 
eral Device, the contents of which application are fully 
incorporated by reference herein. 

BACKGROUND 

0002 1. Field 
0003. The present embodiments relate to techniques for 
determining a battery chemistry for a battery. More specifi 
cally, the present embodiments relate to techniques for deter 
mining a battery chemistry for a battery in a peripheral device. 
0004 2. Related Art 
0005 Wireless peripheral devices such as Bluetooth R. 
mice, trackpads, keyboards, and headphones are typically 
powered by replaceable batteries. As the peripheral device is 
used, the battery is drained and will eventually no longer be 
able to reliably power the device. Therefore, it is often desir 
able to be able to predict when a battery will need to be 
replaced so that the peripheral device does not unexpectedly 
stop functioning. 
0006. One solution has been to use a voltage-based battery 
'gas gauge that converts the Voltage of the battery into an 
estimate of the remaining useful battery life. However, 
replaceable batteries are available in a variety of different 
chemistries, such as alkaline batteries, nickel metal hydride 
(NiMH) rechargeable batteries, and lithium disposable bat 
teries, and each battery chemistry typically has different per 
formance characteristics. For example, NiMH rechargeable 
batteries typically have a lower output Voltage (e.g., 1.25 Volts 
per cell) than alkaline batteries (e.g., 1.5 volts per cell). As a 
result, if the battery chemistry for a battery in a peripheral 
device is not known, then Voltage-based battery gas gauges' 
may not be able to accurately determine the relationship 
between the voltage of the battery and the remaining useful 
battery life. Additionally, gas gauge circuitry may be prohibi 
tively expensive in both material cost as well as power con 
Sumption. 
0007 Hence, use of battery-powered peripheral devices 
may be facilitated by identifying the battery chemistry for 
batteries in the peripheral device. 

SUMMARY 

0008. Some embodiments provide a system that deter 
mines a battery chemistry for a battery in a peripheral device. 
During operation, the system determines a first Voltage of the 
battery at a first time and a second Voltage of the battery at a 
second time. Then, the system compares the first Voltage and 
the second Voltage to one or more predetermined battery 
usage profiles to determine the battery chemistry. 
0009. In some embodiments, comparing the first voltage 
and the second Voltage to one or more predetermined battery 
usage profiles to determine the battery chemistry includes 
communicating the first voltage and the second Voltage to a 
host, wherein the host performs the comparison. 
0010. In some embodiments, communicating the first 
Voltage and the second Voltage to the host includes commu 
nicating using Bluetooth. 
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0011. In some embodiments, determining the first voltage 
of the battery at the first time and determining the second 
voltage of the battery at the second time includes periodically 
determining a Voltage of the battery once every predeter 
mined time period. In some embodiments the predetermined 
time period is four hours. 
0012. In some embodiments, the peripheral device 
includes at least one of a mouse, a trackpad, a keyboard, and 
a Bluetooth headset. 
0013. In some embodiments, determining the first voltage 
of the battery at the first time involves measuring a first loaded 
Voltage and a first unloaded Voltage, and determining the 
second voltage of the battery at the second time involves 
measuring a second loaded Voltage and a second unloaded 
Voltage. Additionally, comparing the first Voltage and the 
second Voltage to one or more predetermined battery usage 
profiles involves comparing the first unloaded Voltage and the 
second unloaded Voltage to one or more predetermined 
unloaded battery usage profiles, and comparing the first 
loaded Voltage and the second loaded Voltage to one or more 
predetermined loaded battery usage profiles. 
0014. In some embodiments, the predetermined battery 
usage profile includes information transmitted to the host 
using the Internet. 
0015. In some embodiments, the information transmitted 
to the host includes information related to one or more volt 
ages of the battery transmitted from a second host. 
0016. In some embodiments, the information transmitted 
to the host includes one or more updated battery usage pro 
files. 
0017. In some embodiments, the predetermined battery 
usage profile includes information related to one or more 
historical battery usage profiles for the peripheral device. 
0018. In some embodiments, determining the battery 
chemistry further includes determining a peripheral device 
usage metric and using the peripheral device usage metric to 
determine the battery chemistry. 
0019. In some embodiments, the remaining battery life of 
the battery is determined based on information including the 
battery chemistry and at least one of the first voltage and the 
second Voltage. 
0020. In some embodiments, communicating the first 
Voltage and the second Voltage to the host includes commu 
nicating information based on the first Voltage and the second 
Voltage, wherein comparing the first Voltage and the second 
Voltage to one or more predetermined battery usage profiles 
includes processing the communicated information to 
retrieve the first voltage and the second Voltage. 
0021. Also, some embodiments include multiple gas 
gauges per battery type, or use an equation with one or more 
parameters that vary based on the detected battery type which 
apply to a coulomb counter output. 

BRIEF DESCRIPTION OF THE FIGURES 

0022 FIG. 1 shows a peripheral device in accordance with 
an embodiment. 
0023 FIG. 2A shows an exemplary battery usage graph in 
accordance with an embodiment. 
0024 FIG. 2B shows an exemplary battery usage graph 
including both loaded and unloaded battery usage profiles in 
accordance with an embodiment. 
0025 FIG.3 shows a peripheral device and a hostinaccor 
dance with an embodiment. 
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0026 FIG. 4A shows a first host and a second host con 
nected to a server through a network with a peripheral device 
wirelessly connected to the first host. 
0027 FIG. 4B shows a first host and a second host con 
nected to a server through a network with a peripheral device 
wirelessly connected to the second host. 
0028 FIG. 5 shows N peripheral-host pairs connected 
through a network to a server. 
0029 FIG. 6 shows a flowchart illustrating the process of 
determining the battery chemistry of a battery in a peripheral 
device. 
0030 FIG. 7 shows a flowchart illustrating the process of 
using loaded and unloaded Voltage measurements of a battery 
to determine the battery chemistry of the battery in a periph 
eral device. 

0031. In the figures, like reference numerals refer to the 
same figure elements. 

DETAILED DESCRIPTION 

0032. The following description is presented to enable any 
person skilled in the art to make and use the embodiments, 
and is provided in the context of a particular application and 
its requirements. Various modifications to the disclosed 
embodiments will be readily apparent to those skilled in the 
art, and the general principles defined herein may be applied 
to other embodiments and applications without departing 
from the spirit and scope of the present disclosure. Thus, the 
present invention is not limited to the embodiments shown, 
but is to be accorded the widest scope consistent with the 
principles and features disclosed herein. 
0033. The data structures and code described in this 
detailed description are typically stored on a computer-read 
able storage medium, which may be any device or medium 
that can store code and/or data for use by a computer system. 
The computer-readable storage medium includes, but is not 
limited to, Volatile memory, non-volatile memory, magnetic 
and optical storage devices Such as disk drives, magnetic tape, 
CDs (compact discs), DVDs (digital versatile discs or digital 
Video discs), or other media capable of storing code and/or 
data now known or later developed. 
0034. The methods and processes described in the detailed 
description section can be embodied as code and/or data, 
which can be stored in a computer-readable storage medium 
as described above. When a computer system reads and 
executes the code and/or data stored on the computer-read 
able storage medium, the computer system performs the 
methods and processes embodied as data structures and code 
and stored within the computer-readable storage medium. 
0035. Furthermore, methods and processes described 
herein can be included in hardware modules or apparatus. 
These modules or apparatus may include, but are not limited 
to, an application-specific integrated circuit (ASIC) chip, a 
field-programmable gate array (FPGA), a dedicated or shared 
processor that executes a particular Software module or a 
piece of code at aparticular time, and/or other programmable 
logic devices now known or later developed. When the hard 
ware modules or apparatus are activated, they perform the 
methods and processes included within them. 
0036 FIG. 1 shows a peripheral device in accordance with 
an embodiment. Peripheral device 102 includes batteries 104 
connected in series through switch 106 to voltage divider 108. 
Micro-control unit (MCU) 110 controls switch 106 through 
enable 112, and receives input from voltage divider 108 

Jun. 23, 2016 

through analog-to-digital converter input (ADC) 114. MCU 
110 includes memory 116 which contains battery usage pro 
files 118. 
0037 Peripheral device 102 may correspond to a mouse, a 
trackpad, a keyboard, a remote control, wireless headphones, 
and/or another peripheral device that operates with one or 
more batteries. Batteries 104 may be any size of battery, 
including but not limited to: AAA batteries, AA batteries, C 
batteries, D batteries, nine-volt batteries, button batteries, 
and/or any other standard or non-standard battery size or 
shape, and implemented in any battery chemistry, including 
but not limited to alkaline battery chemistry, nickel metal 
hydride (NiMH) rechargeable battery chemistry, and lithium 
disposable battery chemistry. 
0038 Battery usage profiles 118 each represent a usage 
profile of Voltage versus discharge capacity for batteries of 
the same size (e.g., AA) and configuration (i.e., in series) as 
batteries 104, but implemented in different battery chemis 
tries. For example, one of the two battery usage profiles 118 
may represent Voltage versus discharge capacity for alkaline 
batteries while the other one is for lithium batteries. Battery 
usage profiles are discussed in more detail below with refer 
ence to FIGS. 2A and 2B. 
0039. Note that although only two battery usage profiles 
118 are depicted in memory 116, any number of battery usage 
profiles 118 may be stored in memory 116 without departing 
from the invention. Additionally, battery usage profiles 118 
stored in memory 116 may be represented in any format, 
including but not limited to curves of output voltage versus 
discharge capacity represented as one or more functions, a 
look-up table, piecewise continuous curves or line segments 
or any other functional or discrete representation or combi 
nation thereof. Additionally, battery usage profiles stored in 
memory 116 may also include battery usage profiles that are 
a function of average battery usage, peak battery usage, or any 
other usage pattern that may affect a battery usage profile. 
Furthermore, separate battery usage profiles may be stored in 
memory 116 for batteries of one or more battery chemistry 
used in any different usage pattern or environment that may 
affect a battery usage profile. For example, two separate bat 
tery usage profiles may be stored in memory 116 for lithium 
batteries, one for low current drain and one for high current 
drain. 

0040. During operation, MCU 110 closes switch 106 
through enable 112. When switch 106 is closed, voltage 
divider 108 divides the voltage output from batteries 104 to a 
level that is within the range of ADC 114. ADC 114 then 
measures the voltage output from voltage divider 108 and 
stores the voltage in memory 116. Enable 112 then opens 
switch 106. After a predetermined time has elapsed, MCU 
110 again closes switch 106 and the voltage from voltage 
divider 108 is measured again and stored in memory 116. 
Then, after at least two Voltage measurements have been 
taken, MCU 110 fits the measured voltages to battery usage 
profiles 118 and determines the battery chemistry of batteries 
104 based on which of battery usage profiles 118 is the best fit 
for the voltages. The process of fitting the voltages to battery 
usage profiles will be discussed in more detail below with 
reference to FIG. 2A. 
0041 FIG. 2A shows an exemplary battery usage graph in 
accordance with an embodiment. Battery usage graph 202 
depicts battery usage profiles for two hypothetical battery 
chemistries A and B, plotted with volts on the vertical axis and 
discharge capacity in milliampere hours (mAh) on the hori 
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Zontal axis. For illustrative purposes battery chemistry A 
battery usage profile 204 and battery chemistry B battery 
usage profile 206 are each depicted using a smooth curve 
representation depicted by a solid curve and a straight line 
representation depicted by dotted straight lines. Note that 
either of these representations could be stored in memory 116 
without departing from the invention. Voltage 1208 and volt 
age 2210 represent two voltages measured by MCU 110 of 
FIG. 1 using the process described above. 
0042. In some embodiments, the process used by MCU 
110 to determine which of the battery usage profiles 118 
stored in memory 116 is a better fit to voltage 1 208 and 
voltage 2210, proceeds as follows. MCU 110 estimates how 
many milliampere hours were discharged from batteries 104 
between the measurements of voltage 1 208 and voltage 2 
210. In some embodiments, this estimate is based on the time 
elapsed between the two Voltage measurements and an esti 
mate of the current drawn by peripheral device 102 during 
operation. 
0043. Note that the estimate of current drawn may be 
based on one or more of the following: field and/or laboratory 
test data for peripheral devices similar to, the same as, or the 
same make or model as peripheral device 102; previous bat 
tery usage profile determinations for batteries used in periph 
eral device 102 or for batteries used in peripheral devices 
similar to peripheral device 102. Additionally, MCU 110 may 
estimate the charge drawn from the batteries by tracking the 
usage of the functions and features of peripheral device 102. 
and a factory measurement of the charge used by each func 
tion and feature, or by directly measuring the charge drained 
from batteries 104. 

0044) These estimates or measurements are used by MCU 
110 to determine the horizontal separation between voltage 1 
208 and voltage 2210 when determining which battery chem 
istry usage profile is a better fit to the voltages. Note that any 
suitable process may be used to determine which battery 
chemistry is a better fit to the Voltages, such as least Squares fit 
or any other techniques well known in the art. In some 
embodiments, MCU 110 measures the voltage of batteries 
104 at periodic intervals such as every hour or every 4 hours 
and accumulates more voltage values. MCU 110 then deter 
mines which one of battery usage profiles 118 stored in 
memory 116 is a better fit to these voltages. 
0045. Note that in some embodiments MCU 110 deter 
mines if batteries 104 have been replaced based on the mea 
Sured Voltage values. For example, if a measured Voltage is 
higher than a previously measured Voltage by more than a 
predetermined amount, then MCU 110 assumes that batteries 
104 have been replaced. In some embodiments, when MCU 
110 determines that batteries 104 have been replaced, MCU 
110 erases the voltage values measured for the removed bat 
teries and begins determining the battery chemistry of the 
new batteries using the above process. In some other embodi 
ments, MCU 110 will retain the measured voltage values and 
battery chemistry determinations for replaced batteries and 
use these to help determine the battery chemistry for the new 
batteries. For example, when relatively few voltage values 
have been measured for the new batteries, MCU 110 may 
determine if the measured voltage values for the new batteries 
are similar enough to Voltage values measured for the previ 
ous batteries during the same interval after replacement, and 
if so MCU 110 may use the battery chemistry determination 
from the previous batteries. 
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0046. In another embodiment not depicted in FIG. 1, 
peripheral device 102 includes another switch, in parallel 
with switch 106, controlled by MCU 110 that can switch the 
output from batteries 104 through a known load resistance 
Such as a 7 ohm resistor. During operation of this embodi 
ment, each time MCU 110 measures a voltage of batteries 
104, a voltage value is measured with the load resistance 
Switched into the circuit and a Voltage value is measured with 
the load resistance not in the circuit. In this way, each mea 
Surement includes an unloaded Voltage and a loaded Voltage. 
Furthermore, in this embodiment, battery usage profiles 118 
include loaded and unloaded battery usage profiles in which 
the loaded battery usage profiles are measured under battery 
loading conditions similar to those of peripheral device 102. 
For example, the total resistance of the circuit traces, load 
resistance, and other components in the loaded circuit may be 
measured during factory calibration and the loaded battery 
usage profile for that load is stored in memory 116. Alterna 
tively, the total load can be adjusted during a factory calibra 
tion to be a predetermined load value and the loaded battery 
usage profile corresponding to the predetermined load is 
stored in memory 116. 
0047 Referring to FIG. 2B, battery usage graph 212 
depicts loaded and unloaded battery usage profiles for two 
hypothetical battery chemistries C and D, plotted with volts 
on the vertical axis and discharge capacity in milliampere 
hours (mAh) on the horizontal axis. Included in battery usage 
graph 212 are battery chemistry C unloaded battery usage 
profile 214, battery chemistry Cloaded battery usage profile 
216, battery chemistry Dunloaded battery usage profile 218, 
and battery chemistry D loaded battery usage profile 220. 
Unloaded voltage 1 222, loaded voltage 1 224, unloaded 
Voltage 2 226, and loaded Voltage 2 228 are Voltages mea 
sured by MCU 110 using the process described above. Then, 
using the process described above with reference to FIG. 2A, 
MCU 110 determines which loaded and unloaded battery 
chemistry usage profiles are, respectively, a better fit to the 
loaded and unloaded measured Voltages. 
0048. In additional embodiments, MCU 110 uses the bat 
tery chemistry determination and the corresponding battery 
usage profile along with one or more of the Voltage measure 
ments to determine how much battery life remains before 
batteries 104 have reached their battery capacity and will 
need to be replaced. For example, MCU 110 may cause an 
alert or other indicator to be generated when the remaining 
capacity of batteries 104 has fallen below a predetermined 
level or when, based on projected use patterns, there is less 
than a predetermined time period (e.g., 3 days) of use left 
before batteries 104 reach their battery capacity and need to 
be replaced. 
0049 FIG.3 shows a peripheral device and a hostinaccor 
dance with an embodiment. In this embodiment, peripheral 
device 302 includes batteries 306 connected in series through 
switch 308 to voltage divider 310. Switch 308 is coupled to 
enable 316 of MCU312, and the output of voltage divider 310 
is coupled to ADC 318 of MCU 312. Antenna 314 is con 
nected to MCU312 and couples peripheral device 302 to host 
304 using a wireless link that may include but is not limited to 
a Bluetooth link, or any other wireless technology now known 
or later developed. Note that host 304 may be any stand-alone 
or embedded computer or computer system including but not 
limited to a desktop computer, a laptop computer, a Smart 
phone, a tablet computer, a server, an embedded computer in 
a television, a set top box, a digital video recorder, or any 
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other device with one or more central processing units that 
can be connected to a peripheral device. 
0050 Host 304 includes MCU320 coupled to antenna,322 
which is capable of receiving and transmitting data to and 
from peripheral device 302. MCU320 is coupled to memory 
324, and stored in memory 324 are battery usage profiles 326. 
Note that, although three battery usage profiles are depicted in 
memory 324, any number of battery usage profiles may be 
stored in memory 324 without departing from the invention. 
Additionally, battery usage profiles 326 may each correspond 
to a different battery chemistry, or one or more battery usage 
profiles may correspond to similar battery chemistries under 
different usage conditions such as average current usage rate, 
temperature, or any other parameter that can affect the battery 
usage profile of a battery. 
0051. During operation of peripheral device 302, MCU 
312 closes switch 308 using enable 316. When switch 308 is 
closed, voltage divider 310 divides the Voltage output from 
batteries 306 to a level that is within the range of ADC 318. 
ADC 318 then measures the voltage output from voltage 
divider 310 and transmits the measured voltage value wire 
lessly to host 304 through antenna 314. 
0052 Host 304 receives the transmitted voltage values 
through antenna 322, and stores it in memory 324. After a 
predetermined time has elapsed, MCU 312 again performs 
the process described above to measure a Voltage value of 
batteries 306 and transmit it to host 304 for storage in memory 
324. After at least two voltage values have been measured, 
MCU320 then determines which of the battery usage profiles 
326 is the closest match to the measured Voltage values using 
the process described above with reference to FIGS. 1 and 
2A. 

0053. In some embodiments, MCU 312 transmits addi 
tional information to host 304. The additional information 
may include but is not limited to information that identifies 
the type, make, model, production year, production number, 
serial number, and/or other unique identifier of peripheral 
device 302. Additionally, MCU312 may also transmit infor 
mation related to the usage of peripheral device 302, includ 
ing but not limited to: the number of Bluetooth packages 
transmitted, the signal strength of the Bluetooth signal, the 
type of Bluetooth data transmitted and/or received, the size of 
the Bluetooth data packets, the type and duration of user 
activity (e.g., for a trackpad, the contents of multi-touch data 
or tracking packets, or the number offingers detected), and/or 
any statistical Summary related to the foregoing. For example, 
the additional information sent by MCU312 may include the 
average number of Bluetooth packets sent per hour, and a 
figure of merit related to activity of features of peripheral 
device 302. This transmitted information can then be used by 
MCU 320 on host 304 to determine an estimated number of 
milliampere hours used by batteries 306 between voltage 
measurements. In these embodiments, MCU 320 determines 
the number of milliampere hours of use of batteries 306 
between each Voltage measurement and uses this information 
as described above to help determine the battery chemistry of 
batteries 306 based on which battery usage profile 326 is a 
better fit to the measured voltages. Note that MCU 312 does 
not necessarily need to explicitly send the data (for example 
number of packets transmitted, contents of packets, signal 
strength, duration of user activity, and so on) to MCU 320. 
MCU320 could alternatively infer this statistical databased 
on the packets sent during normal use of the peripheral device 
3O2. 
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0054. In other embodiments, when MCU 312 measures a 
voltage of batteries 306, the voltage value is converted into an 
estimate of the remaining battery life or other metric by MCU 
312 which is then transmitted to host 304. In these embodi 
ments, MCU320 then obtains the measured voltages from the 
transmitted battery metric by reversing the process used by 
MCU 312 to generate the metric. The voltage value is then 
used by MCU 320 as described above to help determine the 
battery chemistry of batteries 306 based on which battery 
usage profile 326 is a better fit to the measured voltage values. 
Note that in some of these embodiments MCU 312 transmits 
not only the battery percentage but also the model number and 
firmware version of peripheral device 302. Using this infor 
mation MCU320 determines which process to use to obtain 
the measured Voltage from the transmitted metric. 
0055 FIGS. 4A and 4B depict yet other embodiments of 
the present invention. In FIG. 4A, peripheral device 302 is 
connected to host 404A through wireless connection 406A, 
and host 404A is also connected to network 408. Host 404B 
and server 410 are also connected to network 408. Network 
408 can include any system that allows computers to com 
municate with each other, including but not limited to any 
combination of one or more of the following computer net 
works: an intranet, an extranet, and/or the Internet. Note that 
any of the networks can include one or more wireless links. 
0056. In this embodiment, peripheral device 302 measures 
the voltage of the batteries 306 and transmits the measured 
voltage to host 404A as described with reference to FIG. 3. 
Peripheral device 302 also transmits an identifier such as a 
serial number that uniquely identifies peripheral device 302. 
Host 404A receives the voltage value and identifier, and trans 
mits them through network 408 to server 410. Server 410 
stores the voltage value and associates it with the identifier for 
peripheral device 302. Server 410 then transmits all measured 
voltage values related to batteries 306 in peripheral device 
302 to host 404A through network 408. The voltage values 
are stored in a memory (not depicted) in host 404A and an 
MCU (not depicted) in host 404A determines the battery 
chemistry of batteries 306 in peripheral device 302 by deter 
mining which battery usage profile stored in the memory in 
host 404A is the best fit to the measured voltages. 
0057. In FIG. 4B, peripheral device 302 is connected to 
host 404B through wireless connection 406B, and host 404B 
is connected to server 410 through network 408. During 
operation, peripheral device 302 measures the voltage of 
batteries 306 and transmits the measured voltage and identi 
fier for peripheral device 302 to host 404B. Host 404B 
receives the Voltage value and identifier and transmits them 
through network 408 to server 410. Server 410 stores the 
Voltage value and associates it with the unique identifier of 
peripheral device 302. Server 410 then transmits all measured 
voltage values related to batteries 306 in peripheral device 
302 to host 404B through network 408. Host 404B can then 
determine the battery chemistry of batteries 306 in peripheral 
device 302 in the same manner as host 404A. In this embodi 
ment, the battery chemistry of batteries 306 in peripheral 
device 302 can be determined by which ever host, 404A or 
404B, peripheral device 302 is connected to at the moment. 
Note that peripheral device 302 may be used with any number 
of hosts that operate similarly to hosts 404A and 404B with 
out departing from the present invention. For example, one 
Bluetooth trackpad may be used with any number of hosts, 
and Voltage measurements of the batteries in the trackpad can 
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be shared with each host so that the battery chemistry of the 
batteries can be determined no matter which host the trackpad 
is used with. 
0058. In some embodiments, the voltage values are also 
associated with a timestamp that indicates the time and date 
when the Voltage measurement was taken. The timestamp 
may be generated by peripheral device 302 and transmitted 
with the Voltage measurement, or generated by the host to 
which peripheral device 302 is attached, or by server 410. 
Server 410 uses the timestamp information to ensure that the 
Voltage measurements are in sequence and can also then, as 
discussed above, determine when batteries 306 in peripheral 
device 302 have been replaced. 
0059) Note that in some embodiments new or updated 
battery usage profiles may be transmitted from server 410 to 
host 404A or host 404B through network 408. This may be 
advantageous as new, improved, or otherwise modified bat 
tery usage profiles are generated. For example, as new battery 
chemistry batteries, or new makes or types of peripheral 
device are introduced, the appropriate battery usage profile 
can be transferred from server 410 to host 404A and/or host 
404B though network 408. In other embodiments, the battery 
chemistry determination occurs on server 410 and the results 
are transmitted through network 408 to host 404A and/or host 
404B. 

0060 FIG.5 depicts yet another embodiment of the inven 
tion. This embodiment includes host-peripheral pairs 1-N 
502, with each peripheral connected to a separate host by one 
of the wireless connections 1-N 504. Note that each of the 
peripheral devices and hosts in host-peripheral pairs 1-N 502 
operates similarly to peripheral device 302 and host 404A, 
respectively, as described above with reference to FIG. 4A. 
Additionally, although only three host-peripheral pairs 1-N 
502 are depicted in FIG. 5, any number of host-peripheral 
pairs may be used without departing from the invention. 
0061 During operation, when a peripheral device mea 
Sures a voltage of its batteries, the Voltage along with one or 
more of the make, model, timestamp information, unique 
identifier information about the peripheral as well as usage 
information as described above are transmitted over a wire 
less connection to the host it is coupled to. The host then 
transmits this information through network 506 to server 508. 
Additionally, each host may transmit to server 508 through 
network 506, any battery chemistry determinations made by 
the host. Server 508 stores the information sent to it. In some 
embodiments, this information is used to generate battery 
usage curves based on the actual usage data sent from host 
peripheral pairs 1-N 502. These battery usage profiles may 
then be sent to the hosts or used on the server during the 
battery chemistry determination process. 
0062 For example, as more users use a new peripheral 
device with a particular battery chemistry battery, or use an 
existing peripheral device with new software or in a new way, 
server 508 can use this data along with the voltage measure 
ments and/or battery chemistry determinations to generate or 
modify existing battery usage profiles to more closely match 
the usage profiles measured during actual operation of the 
peripheral devices. Such battery usage profiles may allow for 
a faster or more accurate determination of the battery chem 
istry of batteries in a peripheral device, and also a more 
accurate determination of time left before the batteries need 
to be replaced. 
0063 FIG. 6 shows a flowchart illustrating the process of 
determining the battery chemistry of a battery in a peripheral 
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device. First, a first voltage of a battery in the peripheral 
device is determined at a first time (step 602). Next, a second 
Voltage of the battery is determined at a second time (step 
604). Then, the first voltage and the second voltage are com 
pared to one or more predetermined battery usage profiles to 
determine the battery chemistry of the battery in the periph 
eral device (step 606). In some embodiments, the voltage of 
the battery in the peripheral device is determined once every 
predetermined period of time, for example, every four hours, 
and two or more of the accumulated Voltage measurements 
are compared to the one or more predetermined battery usage 
profiles to determine the battery chemistry. 
0064 FIG. 7 shows a flowchart illustrating the process of 
using loaded and unloaded Voltage measurements of a battery 
to determine the battery chemistry of the battery in a periph 
eral device. First, a first unloaded voltage and a first loaded 
voltage of the battery in the peripheral device are measured at 
a first time (step 702). Next, a second unloaded voltage and a 
second loaded voltage of the battery in the peripheral device 
are measured at a second time (step 704). Then, the first 
unloaded Voltage and the second unloaded Voltage are com 
pared to one or more predetermined unloaded battery usage 
profiles, and the first loaded voltage and the second loaded 
Voltage are compared to one or more predetermined loaded 
battery usage profiles to determine the battery chemistry (step 
706). 
0065. The foregoing descriptions of various embodiments 
have been presented only for purposes of illustration and 
description. They are not intended to be exhaustive or to limit 
the present invention to the forms disclosed. Accordingly, 
many modifications and variations will be apparent to prac 
titioners skilled in the art. Additionally, the above disclosure 
is not intended to limit the present invention. 
What is claimed is: 
1. A computer-implemented method for determining bat 

tery chemistry, the method comprising: 
determining a first Voltage of a battery corresponding to a 

first charge level of the battery; 
determining a second Voltage of the battery corresponding 

to a second charge level of the battery; 
determining the chemistry of the battery by comparing the 

first Voltage and second Voltages to one or more battery 
usage profiles that represent battery Voltage as a function 
of charge level; 

determining the remaining life of the battery based, at least 
in part, on the determined battery chemistry, a corre 
sponding battery usage profile, and one or more deter 
mined Voltage values; 

generating an indicator in event the remaining battery life 
falls below a predetermined level. 

2. The computer-implemented method of claim 1, wherein 
the one or more determined voltage values are different from 
the first and second determined voltages of the battery. 

3. The computer-implemented method of claim 1, further 
comprising: 

determining the time elapsed between the determination of 
the first voltage and the determination of the second 
Voltage, and 

wherein determining the remaining life of the battery is 
further based on the time elapsed between the determi 
nation of the first voltage and the determination of the 
second Voltage and an estimate of current drawn from 
the battery by a peripheral device. 
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4. The computer-implemented method of claim3, wherein 
the one or more battery usage profiles that represent battery 
Voltage as a function of charge level correspond to battery 
usage profiles of the peripheral device. 

5. The computer-implemented method of claim 1, wherein 
at least one of the one or more battery usage profiles repre 
sents Voltage as a function of charge level for lithium batter 
1CS 

6. The computer-implemented method of claim 1, wherein 
at least one of the one or more battery usage profiles repre 
sents Voltage as a function of charge level for alkaline batter 
1CS 

7. The computer-implemented method of claim 6, wherein 
the at least one battery usage profile corresponds to a low 
current drain profile. 

8. The computer-implemented method of claim 1, wherein 
the corresponding battery usage profile is a function of aver 
age battery usage, or peak battery value, or both. 

9. The computer-implemented method of claim 1, wherein 
determining the first Voltage of the battery and determining 
the second Voltage of the battery are done periodically once 
every predetermined period. 

10. The computer-implemented method of claim 9. 
wherein the period is four hours. 

11. A non-transitory computer-readable storage medium 
storing instructions that when executed by a computer, cause 
the computer to: 

determine a first Voltage of a battery corresponding to a first 
charge level of the battery; 

determine a second Voltage of the battery corresponding to 
a second charge level of the battery; 

determine the chemistry of the battery by comparing the 
first Voltage and second Voltages to one or more battery 
usage profiles that represent battery Voltage as a function 
of charge level; 

determine the remaining life of the battery based, at least in 
part, on the determined battery chemistry, a correspond 
ing battery usage profile, and one or more determined 
Voltage values; 

generate an indicator in event the remaining battery life 
falls below a predetermined level. 

12. The non-transitory computer-readable storage medium 
of claim 11, wherein the one or more determined voltage 
values are different from the first and second determined 
voltages of the battery. 

13. The non-transitory computer-readable storage medium 
of claim 11, further storing instructions that when executed 
by the computer, cause the computer to: 

determine the time elapsed between the determination of 
the first voltage and the determination of the second 
Voltage, and 
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wherein determining the remaining life of the battery is 
further based on the time elapsed between the determi 
nation of the first voltage and the determination of the 
second Voltage and an estimate of current drawn from 
the battery by a peripheral device. 

14. The non-transitory computer-readable storage medium 
claim of 13, wherein the one or more battery usage profiles 
that represent battery Voltage as a function of charge level 
correspond to battery usage profiles of the peripheral device. 

15. The non-transitory computer-readable storage medium 
of claim 11, wherein the corresponding battery usage profile 
is a function of average battery usage, or peak battery value, 
or both. 

16. The non-transitory computer-readable storage medium 
of claim 11, wherein determining the first voltage of the 
battery and determining the second Voltage of the battery are 
done periodically once every predetermined period. 

17. A system for determining a battery chemistry for a 
battery of an electronic device, the system comprising: 

a measurement apparatus device configured to: 
determine a first Voltage of a battery corresponding to a 

first charge level of the battery; and 
determine a second Voltage of the battery corresponding 

to a second charge level of the battery; and 
a comparison apparatus configured to: 

determine the chemistry of the battery by comparing the 
first Voltage and second Voltages to one or more bat 
tery usage profiles that represent battery Voltage as a 
function of charge level; 

determine the remaining life of the battery based, at least 
in part, on the determined battery chemistry, a corre 
sponding battery usage profile, and one or more deter 
mined Voltage values; and 

generate an indicator in event the remaining battery life 
falls below a predetermined level. 

18. The system of claim 17, wherein the one or more 
determined voltage values are different from the first and 
second determined voltages of the battery. 

19. The system of claim 17, wherein the measurement 
apparatus is further configured to: 

determine the time elapsed between the determination of 
the first voltage and the determination of the second 
Voltage, and 

wherein determining the remaining life of the battery is 
further based on the time elapsed between the determi 
nation of the first voltage and the determination of the 
second Voltage and an estimate of current drawn from 
the battery by the electronic device. 

20. The system of claim 17, further comprising: 
a communicating apparatus, configured to: 
communicate the indicator to a remote device. 
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