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(57) ABSTRACT 

A method for monitoring various parameters and conditions 
of a rechargeable battery to accurately determine the remain 
ing charge level of the rechargeable battery, and includes 
using a temperature sensor to monitor the temperature of the 

rechargeable battery. The potential level of the rechargeable 
battery is monitored With a voltage meter coupled to the 

rechargeable battery. The current ?oW into and out of the 

rechargeable battery is monitored With current meter 
coupled to the rechargeable battery. A current accumulator 
coupled to the current meter is used to accumulate the net 

total of current 110W, and an oscillatory circuit is used to 
generate a timing signal to time selected functions. 
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METHOD FOR MONITORING OPERATING 
PARAMETERS OF A RECHARGEABLE POWER 

SUPPLY 

FIELD OF THE INVENTION 

[0001] This invention relates to rechargeable batteries, and 
more particularly, but not by Way of limitation, to method for 
monitoring various operating parameters of a battery cell 
Within a rechargeable battery pack, and using these param 
eters to accurately determine the remaining operating life of 
the rechargeable battery pack. 

BACKGROUND OF THE INVENTION 

[0002] Many portable electronic systems, such as laptop 
computers and cellular phones, utiliZe rechargeable battery 
packs to receive their poWer. Such battery packs have the 
advantage that they are portable, relatively Weight efficient, 
and can be charged and discharged many times. HoWever, 
due to certain characteristics of existing rechargeable battery 
packs, an accurate indication of the remaining charge is very 
difficult to determine. 

[0003] As can be appreciated, it is very desirable to be able 
to accurately determine the remaining operating life of a 
rechargeable battery pack used in a system such as a laptop 
computer. This enables a user to get maximum use out of the 
rechargeable battery pack. This is especially critical When 
the remaining energy of the rechargeable battery pack falls 
beloW the operating threshold of the computer. Auser Would 
ideally Want to be able to safely shut doWn the computer 
prior thereto, thereby preventing any potential loss of infor 
mation. 

[0004] The amount of the charge flowing into and out of 
the rechargeable battery pack during charging and discharg 
ing are parameters that can be monitored and used to 
calculate the remaining charge of a rechargeable battery. As 
can be further appreciated, the more accurately and reliably 
this information is measured and accumulated, the more 
accurate the calculation of the remaining charge of the 
rechargeable battery. 
[0005] In addition to the discharge that occurs during 
regular use of a rechargeable battery pack, a rechargeable 
battery pack Will also have a certain amount of self-dis 
charge When not in use. This self-discharge is very difficult 
to account for When calculating the remaining charge of the 
rechargeable battery. In existing rechargeable battery packs, 
the amount of time the rechargeable battery pack is not being 
used is very difficult to determine. Additionally, the amount 
of self-discharge of a rechargeable battery Will ?uctuate With 
varying temperatures. As can be appreciated, a problem With 
existing rechargeable battery packs is that they do not take 
into account the self-discharge of the battery, nor do they 
take into account the varying temperatures When calculating 
the remaining charge of the rechargeable battery. 

[0006] Therefore, there is a need for a method to accu 
rately and reliably determine the remaining operating life of 
a rechargeable battery. 

SUMMARY OF THE INVENTION 

[0007] The present invention overcomes the above iden 
ti?ed problems as Well as other shortcomings and de?cien 
cies of existing technologies by providing a method for 
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monitoring the temperature of the rechargeable battery, 
measuring the current flow into and out of the rechargeable 
battery, accumulating the net total of current flow into and 
out of the rechargeable battery, and generating timestamps 
from a highly accurate timekeeper that can be used to 
indicate the time of the end of the charging for the recharge 
able battery, and used to indicate the time of the disconnect 
of the rechargeable battery from a system. 

[0008] The present invention further provides a method, 
using a loW poWered electronic device, for monitoring the 
operating conditions of a rechargeable battery. A tempera 
ture sensor is used for monitoring the temperature of the 
rechargeable battery. A voltage meter is coupled to the 
rechargeable battery and is used for measuring the potential 
level of the rechargeable battery. Aone Wire interface is used 
for communicating to a used, information corresponding to 
the monitored parameters of the rechargeable battery. A 
current meter Which is coupled to the rechargeable battery is 
used for measuring the How of current into and out of the 
rechargeable battery. A current accumulator Which is 
coupled to the current meter, is used for accumulating the net 
total of current 110W, and a highly accurate timekeeper is 
used for generating a timing signal to time selected func 
tions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] A more complete understanding of the present 
invention may be had by reference to the folloWing Detailed 
Description When taken in conjunction With the accompa 
nying DraWings Wherein: 

[0010] FIG. 1 is a diagram illustrating a rechargeable 
battery utiliZing the present invention; and 
[0011] FIG. 2 is a graph illustrating the activity of the 
current accumulators of the present invention over a sample 
charge/discharge cycle. 

DETAILED DESCRIPTION 

[0012] With reference noW to FIG. 1, there is illustrated a 
schematic diagram illustrating an exemplary embodiment of 
a system 100 utiliZing the present invention. In this exem 
plary embodiment system 100 is a rechargeable battery pack 
and includes battery monitoring circuitry 102 With some 
peripheral circuitry connected thereto. 

[0013] The Dallas Semiconductor DS2437 Smart Battery 
Monitor illustrates an exemplary embodiment of an elec 
tronic device utiliZing battery monitoring circuitry 102, the 
data sheet of Which is incorporated herein by reference. 

[0014] As depicted in FIG. 1, battery monitoring circuitry 
102 includes a 64-Bit serial number and one-Wire control 
circuitry 110; disconnect sense circuitry 112; temperature 
sensor 114; an oscillator, e.g. oscillatory circuitry 116; a 
voltage analog-to-digital converter 118; a current analog-to 
digital converter 120; scratchpad memories 122, 124, 126 
and 128, each having an 8-bit CRC; a temperature register 
130; battery voltage register 132; battery current register 
134; clock register 136; disconnect registers 138; non 
volatile memory 140; an integrated current accumulator 142; 
a charge current accumulator 144; a discharge current accu 
mulator 146; and control logical circuitry 152. 

[0015] As further depicted in FIG. 1, some of the periph 
eral circuitry connected to battery monitoring circuitry 102 
includes a crystal 150, and rechargeable battery cells or 
rechargeable batteries 154. 
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[0016] The use of the 64-bit serial number and single-Wire 
control 110 allows the tagging of rechargeable battery pack 
100 With a unique serial number such that multiple battery 
pack monitors could eXist and be utiliZed on the same 
single-Wire data bus, i.e. several battery packs could be 
charged/monitored by the same host system. Additionally, in 
an exemplary embodiment, temperature sensor 114 elimi 
nates the need for thermistors in the battery pack through the 
utiliZation of a direct-to-digital temperature sensor. Voltage 
analog-to-digital converter 118 and current analog-to-digital 
converter 120 measure the rechargeable battery’s voltage 
and current, respectively. Analog-to-digital converters 118 
and 120 permit the monitoring of battery cells 154 to 
determine the end-of-charge and the end-of-discharge 
thereof. Integrated current accumulator 142 keeps track of 
the remaining capacity of battery cells 154, While the 
charging current accumulator 144 keeps a running total of all 
charge having ?oWed into battery cells 154, and the dis 
charging current accumulator 146 keeps a running total of all 
charge having ?oWed out of battery cells 154. The current 
measurements of the current analog-to-digital converter 120 
and the values stored in 142, 144 and 146 current accumu 
lators can be utiliZed to calculate the capacity remaining in 
battery cells 154. The data generated by oscillator 116, i.e. 
clock data, is stored in clock register 136, and can be used 
to calculate battery self-discharge or time-related charge 
termination limits. 

[0017] Battery monitoring circuitry 102 can receive poWer 
over a one-Wire data bus connected to input pin DQ, Which 
is connected to the one-Wire control circuit 110. Battery 
monitoring circuitry 102“steals” poWer Whenever the signal 
at the DQ I/ O is high; this is knoWn as “parasite” poWer. The 
advantage of parasite poWer is that serial numbers stored in 
memory can be read in the absence of normal poWer, such 
as When the battery cells 154 are completely discharged. 

[0018] Still referring to FIG. 1, temperature sensor 114 is 
used to measure the temperature of rechargeable battery 
pack 100, With the data corresponding to the sensed tem 
perature of rechargeable battery pack 100 being stored in 
temperature register 130. Generally a temperature reading is 
taken at selected intervals, determined by oscillator 116, 
Wherein the data corresponding to the sensed temperature is 
passed to temperature register 130 by control logic circuitry 
152. The data can then be accessed by a user through DQ 
input/output over a one-Wire data bus controlled by one-Wire 
control circuitry 110. In one eXemplary embodiment, good 
results have been achieved by using a temperature sensor 
Wherein the data corresponding to the sensed temperature is 
converted by the temperature sensor from analog to digital, 
such that the temperature data can be transmitted digitally, 
directly from the battery monitor over the one-Wire data bus 
by one-Wire control 110. 

[0019] Although the eXemplary embodiment of the 
present invention as described herein is depicted as utiliZing 
one-Wire data bus technology, it is contemplated that the 
present invention is not necessarily limited to this technol 
ogy, but rather can be practiced With virtually any type of 
data bus technology, such as, but not by Way of limitation, 
tWo Wire data bus architecture and three Wire data bus 
architecture. 

[0020] Still referring to FIG. 1, voltage analog-to-digital 
converter 118 is coupled to battery cells 154 through the 
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VDD port. Voltage analog-to-digital converter 118 measures 
and determines the voltage of battery cells 154. Voltage 
analog-to-digital converter 118 performs an analog-to-digi 
tal conversion When instructed to do so by a command 
received from the host at the DQ input/output. The result of 
the voltage measurement is placed in battery voltage register 
132, Which is a tWo-byte register. This information is acces 
sible by external devices through DQ I/O interface. 

[0021] Still referring to FIG. 1, battery monitoring cir 
cuitry 102 includes current analog-to-digital converter 120 
Which is used to monitor current ?oW into and out of the 
battery cells 154. In one eXemplary embodiment, current 
analog-to-digital converter 120 includes a sigma-delta ana 
log-to-digital converter that measures the current ?oW into 
and out of battery cells 154. This is performed at a rate of 32 
measurements/sec as clocked by oscillator circuit 116 With 
no user command required to initiate the current ?oW 
measurements. Current is measured into and out of battery 
cells 154 through the VSENS pins, With the voltage from the 
VSENS+ pin to the VSENS- pin equal to the voltage across 
capacitor CF. Good results have been achieved by connect 
ing current analog-to-digital converter 120 to a ?lter (resis 
tor, RF and capacitor, CF) Which serves to average the 
voltage across RSENS (Which re?ects the current into or out 
battery cells 154). This ?lter is con?gured to capture the 
effect of current spikes that may occur during operation. By 
averaging current spikes, current accumulators 142, 144 and 
146 can more accurately re?ect the total charge Which has 
gone into and out of the battery. In one exemplary embodi 
ment, the current is presented as a 9-bit signed number With 
10-bit resolution, With the last completed measurement 
Written to battery current register 134. 

[0022] Still referring to FIG. 1, there are three current 
accumulators, an integrated current accumulator (ICA) 142, 
a charging current accumulator (CCA) 144, and a discharg 
ing current accumulator (DCA) 146, With each accumulator 
being driven by oscillator 116. Each accumulator further 
includes a register associated thereWith. ICA 142 maintains 
a net accumulated total of current ?oWing into and out of 
battery cells 154, Whereby a reading taken from the register 
of ICA 142 gives an indication of the remaining capacity of 
battery cells 154, and can be used in performing gas gauge 
functions. 

[0023] CCA 144 is used to accumulate battery charging 
(positive) current, While DCA 146 is used to accumulate 
discharging (negative) current. The information generated 
by CCA 144 and DCA 146 is used to determine the end of 
battery life of the battery cells 154, based on the total 
charge/discharge current over the lifetime of the battery cells 
154. The current measured by current analog-to-digital 
converter 120 yields a result Which is the average of the 
current measured over the select time interval clocked by 
oscillator 116 (such as every 31.25 ms). This measured 
current is then used to increment or decrement the register 
of ICA 142, increment the register of CCA 144 (if current is 
positive), and increment the register of DCA 146 (if the 
current is negative). 

[0024] In an eXemplary embodiment, ICA 142 is a 0.01C 
resolution, 8-bit volatile binary counter driven by oscillator 
116 and represents the amount of capacity remaining in 
battery cells 154. The amount of capacity remaining in 
battery cells 154 is measured in terms of the full capacity 
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(1C) of the battery cells normalized to a count of 10010. 
Thus, an ICA count of 10010 represents IC of charge, i.e. 
100% capacity or fully charged. An ICA count of 0 repre 
sents 0% capacity, i.e. fully discharged. In this exemplary 
embodiment, ICA 142 Will count up to 25510 (255C), since 
charging of battery cells 154 typically provides to the battery 
cell more than its capacity. When this occurs, ICA 142 can 
be reset to a count of 10010 When charging is complete, to 
indicate that the battery cells are at 100% of capacity, and to 
further ensure that later gas gauge measurements are accu 
rate. 

[0025] Still referring to FIG. 1, in this exemplary embodi 
ment of system 100, CCA 144 is a tWo-byte, 032C resolu 
tion, non-volatile read/Write counter Which represents the 
total charging current battery cells 154 have encountered in 
their lifetime. CCA 144 is only updated When current 
through RSENS is positive and battery cells 154 are being 
charged. The non-volatility of the register of CCA 144 Will 
alloW this information to accumulate over the lifetime of 
battery cells 154 and Will not be lost When battery cells 154 
become discharged. 

[0026] DCA 146 is a tWo-byte, 0.32C resolution, non 
volatile counter Which represents the total discharging cur 
rent battery cells 154 have encountered over their lifetime. 
DCA 146 is only updated When current through RSENS is 
negative and battery cells 154 are being discharged. As With 
the register of CCA 144, the non-volatility of the register of 
DCA 146 alloWs this information to accumulate over the 
lifetime of battery cells 154 and Will not be lost When battery 
cells 154 become discharged. In normal operation, When 
battery cells 154 become fully discharged, the value of the 
register of ICA 142 reaches Zero, While the values of the 
registers of CCA 144 and DCA 146 are maintained. 

[0027] Continuing to refer to FIG. 1, oscillator circuit 116 
and crystal 150 together form a highly accurate clock used 
to generate a timing signal Which is used for the timebase of 
the timekeeping functions. In operation, oscillator circuit 
116 is driven by crystal 150 and operates as a clock With a 
four-byte binary counter With a 1 -second resolution. The 
four bytes are a count of seconds. The timekeeping functions 
are double buffered, alloWing a user to read time Without the 
data changing While it is being read. This is accomplished by 
taking a “snapshot” of the counter data and transferring it to 
clock register 136, Which the user accesses. 

[0028] As described herein above, the three current accu 
mulators operate at select time intervals as clocked by the 
timing signal generated by oscillator circuit 116 and crystal 
150. Another of the functions utiliZing the timing signal 
generated by oscillator circuit 116 and crystal 150 is a 
disconnect timestamp. When disconnect sense circuitry 112 
senses that the signal at DQ pin has been loW for more than 
one full second, indicating that rechargeable battery pack 
100 has been removed from a system, a disconnect times 
tamp representing disconnect time is Written into the dis 
connect register 138. Upon replacement of battery pack 100 
into the system, the determination of hoW long the battery 
has been in storage can be made, thereby facilitating self 
discharge corrections to the remaining battery capacity. 

[0029] Still another function utiliZing the timing signal 
generated by oscillator circuit 116 is an end-of-charge times 
tamp. During the charging of battery cells 154, When current 
changes direction, as detected by current analog-to-digital 
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converter 120, the charging of battery cells 154 is ?nished. 
When this occurs, an end-of-charge timestamp is Written to 
a register. This timestamp further alloWs the user to calculate 
the amount of time battery pack 100 has been in a discharge 
or storage state, further facilitating self-discharge calcula 
tions. 

[0030] The above described timestamps, among other 
things, are used to calculate the amount of self-discharge of 
battery cells 154, therefore, the accuracy of the timing signal 
is very important, as any inaccuracies in the timing Will 
affect the calculation of the amount of self-discharge of 
battery cells 154. 

[0031] Although good results have been achieved in the 
present invention utiliZing oscillator circuit 116 and crystal 
150 to generate the timing signal as described hereinabove, 
it is contemplated to be Within the scope of this invention 
that other types of highly accurate, temperature stable signal 
generators could be used, such as, but not by Way of 
limitation, the Dallas Semiconductor DS 1075, and other 
on-chip accurate non-crystal oscillators, and laser trimmed, 
high accuracy oscillators. It is further contemplated that the 
timing signal generator could be from another source, such 
as a microprocessor’s clock in the battery pack. 

[0032] As further depicted in FIG. 1, battery monitoring 
circuitry 102 includes scratch pad memories 122-128. 
Scratchpad memories 122-128 help to insure data integrity 
during communication of data over the one-Wire data bus. In 
operation, data is ?rst Written to the scratchpad memory, 
Where it can be read back for veri?cation. After the data has 
been veri?ed, the data Will be transferred to the appropriate 
page in memory. The process insures data integrity When 
modifying the contents of the registers. As illustrated, each 
scratchpad memory contains a cyclic redundancy check 
(CRC) byte, Which is the CRC over all of the bytes in a 
currently selected scratchpad memory. The CRC is used to 
validate the communication. 

[0033] Referring noW to FIG. 2, there is illustrated a graph 
200 representing the activity of ICA 142, CCA 144, and 
DCA 146 over a sample charge/discharge cycle of battery 
cells 154. As depicted, line 210 represents the activity of 
ICA 142, line 212 represents the activity of CCA 144, and 
line 214 represents the activity of DCA 146. During time 
period t1, the ?rst charging period 216, the values of ICA 
142 and CCA 144 are increasing as the current ?oW into the 
rechargeable battery is positive While DCA 146 remains 
inactive. HoWever, during time periods t3 and t4, discharge 
periods 218 and 220, the value of ICA 142 decreases and the 
value of DCA 146 increases as the current ?oWs out of the 
rechargeable battery While the value of CCA 144 remains 
unchanged. During time period t6, the second charging 
period 222, the values of ICA 142 and CCA 144 again 
increase, While the value of DCA 146 remains unchanged. 
As is evident from graph 200, When battery cells 154 
become fully discharged and current stops ?oWing out of the 
battery cells 154, the values of CCA 144 and DCA 146 are 
maintained, While the value of ICA 142 Will be at or near a 
count of Zero. 

[0034] As can be appreciated, the accuracy of the clock 
signal driving ICA, CCA and DCA is very important. Any 
error that occurs in the clock signal Will be directly re?ected 
in accumulators 142, 144 and 146 and thereby give a less 
accurate reading as to the remaining charge of battery cells 
154. 
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[0035] Although the present invention is illustrated in 
relationship With a rechargeable battery system, it is con 
templated that the present invention could also be utilized in 
non-battery applications, as Well as non-electrical applica 
tions. For example, in a system Where the life of the system 
is base upon the current ?owing into the device, such as an 
electric motor, the present invention could be utiliZed to 
monitor the current ?oWing into the system and used to 
determine the remaining operating life thereof. 

[0036] It can be further appreciated that the present inven 
tion provides a method using electronic circuitry for moni 
toring and accumulating various operating parameters of a 
rechargeable battery With selected parameters being used to 
determine the remaining operating life of a rechargeable 
battery. The circuitry includes a current monitor for mea 
suring the current ?oW into and out of the rechargeable 
battery. An integrated current accumulator, connected to the 
current monitor, is used to maintain a net accumulated total 
of current ?oWing into and out of the rechargeable battery. 
Acharging current accumulator, Which is also coupled to the 
current meter is used to maintain the total current ?oWing 
into the rechargeable battery, While a discharging current 
accumulator is used to maintain the total current ?oWing out 
of the rechargeable battery. An oscillator circuit is used to 
time each of the accumulators to assure high accuracy of the 
gas gauge calculations therefrom. 

[0037] Although a preferred embodiment of the present 
invention has been illustrated in the accompanying DraW 
ings and described in the foregoing Detailed Description, it 
Will be understood that the invention is not limited to the 
embodiment disclosed, but is capable of numerous rear 
rangements, modi?cations and substitutions Without depart 
ing from the spirit of the invention as set forth and de?ned 
by the folloWing claims. 

What is claimed is: 
1. A method for monitoring at least one parameter asso 

ciated With a rechargeable poWer supply, said method com 
prising the steps of: 

generating a timing signal With a timekeeper; and 

monitoring the at least one parameter associated With the 
rechargeable poWer supply at select intervals timed by 
said timing signal. 

2. The method as recited in claim 1, Wherein said step of 
monitoring the at least one parameter includes measuring, 
With a current monitor, at least indications of discharging 
current from the rechargeable poWer supply. 

3. The method as recited in claim 1, and further compris 
ing the step of accumulating, With a ?rst accumulator, values 
representing the total amount of charge having ?oWed out of 
the rechargeable poWer supply. 

4. The method as recited in claim 2, and further compris 
ing the step of measuring, With the current monitor, at least 
indications of charging current into the rechargeable poWer 
supply. 

5. The method as recited in claim 4, and further compris 
ing the step of accumulating, With a second accumulator, 
values representing the total amount of charge having 
?oWed into the rechargeable poWer supply. 

6. The method as recited in claim 4, and further compris 
ing the step of accumulating, With a third accumulator, 
values representing the net amount of charge having ?oWed 
into and out of the rechargeable poWer supply. 
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7. The method as recited in claim 1, Wherein said step of 
monitoring the at least one parameter includes monitoring, 
With a temperature monitor, the temperature of the recharge 
able poWer supply. 

8. The method as recited in claim 1, and further compris 
ing the step of generating an end-of-charge timestamp in 
response to the completion of the charging of the recharge 
able poWer supply. 

9. The method as recited in claim 1, and further compris 
ing the step of generating a disconnect timestamp. 

10. The method as recited in claim 9, and further com 
prising the step of calculating the amount of self-discharge 
of the rechargeable poWer supply based upon the disconnect 
timestamp. 

11. A method for monitoring at least on parameter asso 
ciated With a rechargeable poWer supply, said method com 
prising the steps of: 

generating a timing signal With a timekeeper; 

measuring, With a current monitor, the current ?oW out of 
the rechargeable poWer supply at select time intervals 
timed by the timing signal; and 

measuring, With the current monitor, the current ?oW into 
the rechargeable poWer supply at select time intervals 
timed by the timing signal. 

12. The method as recited in claim 11, and further 
comprising the step of monitoring, With a temperature 
monitor, the temperature of the rechargeable poWer supply 
at select time intervals timed by the timing signal. 

13. The method as recited in claim 11, as further com 
prising the step of monitoring, With a voltage monitor, the 
potential level of the rechargeable poWer supply. 

14. The method as recited in claim 11, and further 
comprising the steps of: 

accumulating the net total current ?oW into the recharge 
able poWer supply; and 

accumulating the net total of current ?oW out of the 
rechargeable poWer supply. 

15. The method as recited in claim 12, and further 
comprising the step of generating a signal corresponding to 
the temperature measured during said step of monitoring the 
temperature of the rechargeable poWer supply. 

16. The method as recited in claim 12, and further 
comprising the step of monitoring, With a voltage monitor, 
the potential level of the rechargeable poWer supply. 

17. The method as recited in claim 16, and further 
comprising the steps of: 

accumulating the net total of current ?oW into the 
rechargeable poWer supply; and 

accumulating the net total of current ?oW out of the 
rechargeable poWer supply. 

18. The method as recited in claim 17, and further 
comprising the step of generating a signal corresponding to 
the temperature measured during said step of monitoring of 
the temperature of rechargeable poWer supply. 

19. The method as recited in claim 18, and further 
comprising the step of storing data corresponding to the 
signal generated in said step of generating a signal corre 
sponding to the temperature measured. 
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20. The method as recited in claim 19, and further 
comprising the step of generating an end-of-charge times 
tamp in response to the completion of the charging of the 
rechargeable poWer supply. 

21. The method as recited in claim 20, and further 
comprising the step of generating a disconnect timestamp in 
response to the disconnect of the rechargeable poWer supply 
from a system. 

22. The method as recited in claim 21, Wherein the 
timekeeper used in said step of generating clock signals 
includes an oscillator circuit. 

23. The method as recited in claim 22, Wherein the 
timekeeper is connectable to a crystal. 

24. The method as recited in claim 23, Wherein the voltage 
monitor, used in said step of monitoring the potential level 
of the rechargeable poWer supply, includes an analog-to 
digital converter. 

25. The method as recited in claim 24, Wherein the current 
monitor, used in said step measuring the current ?oW into the 
rechargeable poWer supply at select time intervals, includes 
an analog-to-digital converter. 
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26. A method for monitoring parameters associated With 
a rechargeable battery, said method comprising the steps of: 

generating, With an oscillatory circuit, a timing signal; 

monitoring, With a temperature sensor, the temperature of 
the rechargeable battery at select time intervals time by 
the timing signal; 

measuring, With a voltage meter coupled to the recharge 
able battery, at least an indication of the potential level 
of the rechargeable battery at select time intervals 
timed by the timing signal; 

measuring, With a current meter coupled to the recharge 
able battery, at least indications of current ?oW into and 
out of the rechargeable battery at select time intervals 
timed by the timing signal; 

accumulating, With an accumulator coupled to the current 
meter, the net total of current ?oW into the rechargeable 
battery and the net total of current ?oW out of the 
rechargeable battery. 

* * * * * 


