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(57) L 1invention concerne un circuit €lectronique et un
procede¢ de mesure precise d’impulsions de courant
intermittentes fournies par une batterie d’accumulateurs
pour mettre une charge sous tension. Dans le mode de
realisation prefere, un intégrateur analogique accumule
des impulsions de courant en réaction a un chute de
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(57) An electronic circuit and a method for accurately
measuring intermittent current pulses supplied by a
storage battery to energize a load. In the preferred
embodiment, an analog integrator accumulates current
pulses 1n response to a voltage drop across a sense
resistor that 1s connected 1n series between the storage
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tension dans une resistance de deétection connectée en
serie entre la batterie d’accumulateurs et la charge. La
chute de tension est proportionnelle au courant
provenant de I’accumulateur et traversant la charge. La
sortie de 1'intégrateur est filtrée au moyen d’un filtre
passe-bas pour bloquer le bruit haute fréquence, la sortie
du filtre €tant couplee a un numeriseur qui transforme le
signal analogique filtré en un signal numeérique
correspondant. La sortie du numeriseur est transmise a
un port d’un processeur. Le processeur emet un signal
permettant  d’actionmer  un  interrupteur  de
reenclenchement couplé¢ a travers 1'intégrateur. Lorsqu’il
est ferme a la fin de chaque période d’intégration, cet
interrupteur remet a zéro la sortie de ['mtegrateur
analogique. En outre, le processeur rectalonne le circuit
a des intervalles de temps prédéterminés pour determiner
les courants de fuite, en vue d’accroitre la precision avec
laquelle est détermin€ée la mesure du courant de
I’accumulateur. Dans le mode de realisation préetere, le
processeur ¢chantillonne la sortie du numériseur toutes
les 100 millisecondes. Géncralement, la proceédure
d’¢talonnage est executee toutes les 15 minutes (lorsque
la charge est mise sous tension a partir d une source de
courant alternatif). Ce circuit de mesure fait partie d un
systeme de gestion d”accumulateurs qui comprend aussi,
de preférence, un circuit de charge permettant de
recharger 1’accumulateur.
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battery and the load. The voltage drop 1s proportional to
the flow of current from the battery through the load. The
output of the integrator 1s filtered with a low pass filter to
block high frequency noise, and the output of the filter 1s
coupled to an analog to digital (A/D) converter that
transtorms the filtered analog signal into a corresponding
digital signal. The output of the A/D converter 1s
supplied to a port of a processor. The processor provides
a signal to actuate a reset switch coupled across the
integrator. When closed at the end of each integration
time period, this switch zeroes the output of the analog
integrator. Additionally, the processor recalibrates the
circuit at predefined time intervals to determine for
leakage currents for improving the accuracy with which
the measurement of the flow of current from the battery
1s determined. In the preferred embodiment, the
processor samples the output of the A/D converter every
100 malliseconds. Typically, the calibration procedure 1s
performed every 15 minutes (while the load 1s energized
from an AC source). This measurement circuit 1s part of
a battery management system that preferably also
includes a charge circuit for recharging the battery.
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preferred embodiment, an
analog integrator accumulates
current pulses in response to
a voltage drop across a sense
resistor that is connected in

series between the storage
battery and the load. The

voltage drop is proportional = T
to the flow of current from
the battery through the load. —b
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noise, and the output of the 116

filter is coupled to an analog
to digital (A/D) converter that
transforms the filtered analog
signal into a corresponding
digital signal. The output
of the A/D converter is supplied to a port of a processor. The processor provides a signal to actuate a reset switch coupled across the
integrator. When closed at the end of each integration time period, this switch zeroes the output of the analog integrator. Additionally, the
processor recalibrates the circuit at predefined time intervals to determine for leakage currents for improving the accuracy with which the
measurement of the flow of current from the battery is determined. In the preferred embodiment, the processor samples the output of the
A/D converter every 100 milliseconds. Typically, the calibration procedure is performed every 15 minutes (while the load is energized

from an AC source). This measurement circuit is part of a battery management system that preferably also includes a charge circuit for
recharging the battery.
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BATTERY CAPACITY MEASUREMENT CIRCUIT
Field of the Invention

The present invention generally relates to an apparatus and a method for
measuring the remaining capacity of a storage battery, and more specifically, to an
apparatus and a method for measuring the current drawn by a load applied to the

storage battery over time to determine the power consumed by the load.
Background of the Invention

The electrical power rating of a storage battery is defined in terms of the
electrical current that can be discharged from the battery into a load over time at the
rated voltage. Typically, a battery is employed to energize a device when a line
electrical power source is either unavailable or the cost/space limitations of the
device make the use of a line source undesirable. Since the amount of electrical
power that can be stored by a storage battery is finite, it is highly desirable to
provide means for accurately measuring the power discharged from a battery
supplying electrical current to a device.

One of the simplest circuits for measuring current supplied by a battery to a
load employs a low resistance “sense” resistor connected in series between the load
and a terminal of the battery. The voltage across the sense resistor is indicative of
the current flowing to the load from the storage battery. The circuit measures the
magnitude of this voltage and provides a corresponding load current indication.
However, this simple circuit does not measure the total amount of current from the
battery over a period of time. Instead, only the instantaneous flow of current
through the load is determined. Additional circuitry must be provided to determine
the total power discharged from the battery. A digital processor is particularly well
suited to the task of determining the total electrical power discharged from the
battery and determining the remaining power stored therein. Since instantaneous

current measurements are indicated by an analog signal, an analog-to-digital (A/D)
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conversion is required to enable a digital processor to use the signal indicative of
current. An A/D converter can be used to transform the analog signal into a digital
value, which is scaled to the number of digital bits provided by the A/D converter,
e.g., an 8-bit A/D converter provides a digital value scaled from 0 to 255.

Another device that can be employed to perform A/D conversion 1s a
comparator, which produces a digital bit when an analog signal at one input is equal
to or greater than a reference signal at another input. Typically, the reference signal
has a ramp waveform with a time period that is predetermined by the digital
processor, so that the comparator produces a digital bit at the “cross over” point,
e.g., when the value of the ramping reference signal is equal to or greater than the
analog signal. The processor employs the time period of the “cross over” point and
the time period of the ramp to determine an approximation of the total amount of
current that was discharged from the battery. Since the comparator can only
produce a single bit at the cross over point, the approximationis only accurate if the
ramp waveform time period is at least twice as fast as the changes occurring in the
measured signal. Thus, if the signal being measured is a discontinuous analog
signal that switches on and off twice as fast as the ramp’s time period, then the
processor will fail to detect the current signal to be measured.

Until recently, devices having discontinuous current draw occurring during
time intervals significantly shorter than the sampling period of a digital processor
were relatively unknown. However, a substantial increase in the use of devices such
as stepper motors, which intermittently draw current for time periods that are
significantly shorter than the sampling rate of most digital processors, has made it
difficult to accurately measure short-term discontinuous load currents. Stepper
motors are often employed in battery powered consumer electronic devices, such as
video camcorders and portable compact disc (CD) players. Also, the medical
industry employs stepper motors to drive medical pumps that deliver specific
quantities of medical substances to patients. Accordingly, it will be apparent that
there is a need for a low cost approach for monitoring the current supplied to such

devices over time to determine the charge remaining on storage batteries used to
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energize the devices.

Summary of the Invention

A preferred embodiment of the invention incorporates the electronic circuit
generally described above for measuring the voltage drop across a sense resistor and
converting the voltage drop signal into a digitized value with an A/D converter that
is coupled to a digital processor. However, the solution provided by the present
invention employs an analog integration circuit for accumulating short term changes
in the voltage across the sense resistor during a predetermined time interval. The
integration circuit sums the plurality of short term pulses of current flowing to the
load over a time interval so that all of the current flowing to the load that is coupled
to a battery can be considered in determining the total electrical power discharged
from a battery.

Brief Description of the Drawing Figures
‘The foregoing aspects and many of the attendant advantages of this
invention will become more readily appreciated as the same becomes better
understood by reference to the following detailed description, when taken in
conjunction with the accompanying drawings, wherein:

FIGURE 1 is an electrical schematic diagram of a preferred embodiment of a
battery management system in accord with the present invention;

FIGURE 2 is a timing diagram that illustrates the correspondence between
the electrical current being measured and a pair of digital signals produced by a
central processing unit (CPU) in the device energized by the battery; and

FIGURE 3 is a functional block diagram showing an overview of the battery
management system.
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Description of the Preferred Embodiment

As noted above, an object of the present invention is to provide a battery
capacity measurement circuit for measuring discontinuous current pulses drawn by a
load that occur intermittently for extremely brief periods of time. The time periods
of the pulses are so short that it is necessary to sum (integrate) a voltage signal
indicative of the magnitude of the current pulses over a fixed period of time, so that
a central processing unit (CPU) can accurately determine the value of the summed
signal and thus, the charge remaining in the battery.

A precision battery capacity measurement circuit 100, which achieves this
object, is shown in FIGURE 1. With reference to FIGURE 1, a battery 102 has a
negative terminal that is coupled to the drain terminal of an enhancement mode n-
channel metal oxide semiconductor field effect transistor (MOSFET) 106. A sense
resistor 110 has one end connected to the common ground of the circuit and its other
end coupled to the source terminal of MOSFET 106. The gate of MOSFET 106 is
coupled to one end of a resistor 108, and the other end of the resistor is coupled to
the OUT1 port of a central processing unit (CPU) 132. When the CPU applies a

‘charge (CHG) signal of about five volts from the OUT1 port to the gate of
MOSFET 106 through resistor 108, the MOSFET starts to conduct and then
' provides a current path from its drain to its source, i.e., from the negative terminal of
battery 102 to the common ground. CPU 132 is preferably a microcontroller that
includes both random access memory (RAM) and read only memory (ROM). One
or more programs that control the operation of CPU 132 are stored in the ROM, and
the RAM stores data for processing by the CPU.

MOSFET 106 is a power semiconductor device, which has its body
connected internally to the source terminal. The internal connection effectively
forms a diode 107 that has an anode connected to the source terminal of
MOSFET 106 and a cathode connected to the drain terminal. Further, diode 107
will conduct when the source-drain voltage is positive and greater than the diode’s

rated voltage drop, i.c., a return path for current is provided by the diode from the




CA 02305402 2000-03-30

WO 99/19737 PCT/US98/20492
-5.

common ground to the negative tefminal of battery 102 when the voltage at the
negative terminal of battery 102 is substantially less than the common ground
voltage. Moreover, a positive source-drain voltage occurs when battery 102 1s the
sole source of current to energize circuit 100 (battery mode). In the battery mode,
circuit 100 measures a negative voltage drop across sense resistor 110 from the
negative ferminal of the battery to the common ground, so that the total amount of
current drawn from the battery by a load coupled to the circuit may be determined.
An AC line source supplies an AC voltage to an AC/DC supply 134 that
rectifies the AC voltage, producing a corresponding DC voltage signal. The output
terminal of AC/DC supply 134 is coupled to the anode of a diode 136. The cathode
of diode 136 is coupled to an input of a DC voltage regulator 180, which produces a
VCC signal (+5 volts) that is supplied to specific components in circuit 100 and to
other load components in the device that are not shown. Also, the cathode of
- diode 136 is coupled to the positive terminal of battery 102. Consequently, the
voltage applied to the positive terminal of battery 102 is equal to the magnitude of
the DC voltage signal rectified by AC/DC supply 134, minus the voltage drop

across diode 136.

In the preferred embodiment, battery 102 is rated for six volts, and
supply 134 produces a DC signal of about 7.5 volts that is reduced to a 6.8 volt
signal at the positive terminal of the battery by the voltage drop across diode 136.
An AC line source is employed to energize AC/DC supply 134 (line mode), so that
a DC voltage is provided for recharging battery 102 and for energizing a load and
circuit 100. In the line mode of operation, the common ground provided by AC/DC
supply 134 is at a lower voltage than the negative terminal of battery 102 during
recharging, and a current will flow from the negative terminal to the common
ground so long as MOSFET 106 is conducting. Further, when operating in the line
mode, circuit 100 will measure a positive voltage drop across sense resistor 110
from the negative terminal of the battery to the common ground, so that the total
amount of current drawn by the battery during recharging may be determined.
Additionally, when CPU 132 lowers the magnitude of the CHG signal at the OUT
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port to zero volts, MOSFET 106 stops conducting, and the current path from the
negative terminal of battery 102 to the common ground of AC/DC supply 134
through sense resistor 110 is interrupted. In this manner, CPU 132 employs
MOSFET 106 to stop and start the flow through sense resistor 110 of a current that
is provided by AC/DC supply 134 to recharge battery 102.

The disposition of diode 136 is important to the operation of circuit 100 for
at least two reasons. First, the voltage drop across the diode limits the magnitude of
the voltage applied to recharge the battery. Second, when the DC signal from
AC/DC supply 134 is not present, diode 136 blocks reverse current flow into the
AC/DC supply from battery 102.

Additionally, a resistor 176 has one end coupled to the anode of diode 136
and its other end coupled to an IN1 port of CPU 132. A resistor 178 is connected In
series with resistor 176 to the common ground, producing a voltage divider that
reduces the voltage level from that provided by AC/DC supply 134. An active high
ACON signal (+5 volts) is applied to the IN1 port from the common junction of

' resistors 176 and 178 when AC/DC supply 134 is energized, and a low (zero volts)
ACON signal is applied to the IN1 port when the AC/DC supply 1s not energized.
Based upon the level of the ACON signal, CPU 132 determines when AC/DC
supply 134 is supplying the electrical current for energizing circuit 100 and the load.
Moreover, since the negative terminal of battery 102 is coupled to the common
ground thrOugh the parallel connection of MOSFET 106 and diode 107, the
electrical components of circuit 100 cannot be reliably isolated for calibration when
the circuit is being solely energized by the battery. Thus, MOSFET 106 is only
switched to a non-conductive state when circuit 100 is in the line mode of operation.

A resistor 114 has one end connected to the common junction of the source
terminal of MOSFET 106 and the end of resistor 110; the other end of resistor 114 is
coupled to the inverting input of an operational amplifier (opamp) 120. A
resistor 112 is connected between VCC (+5 volts) and the inverting input of
opamp 120. In addition, a resistor 116 is connected in sernes with a resistor 118

between VCC and the common ground of the circuit forming another voltage
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divider. The common junction of resistors 116 and 118 is coupled to the non-
inverting input of opamp 120. Resistors 112, 114, 116, and 118 are precision
resistors having resistance values that are carefully chosen to bias the output of
opamp 120 to a predetermined level greater than zero volts under the conditions
described below.

Significantly, whenever battery 102 is being recharged by AC/DC
supply 134, the voltage drop across sense resistor 110 from the negative terminal to
the common ground is positive. This positive voltage drop across the sense resistor,
when applied to the inverting input of opamp 120, would tend to produce a negative
voltage at the output of opamp 120 if the non-inverting input of the opamp were
referenced to the common ground. To prevent opamp 120 from having to output a
negative voltage when battery 102 is being recharged, the values of the biasing
resistors (112, 114, 116, and 118) are selected to ensure that the opamp’s output will
always be equal to or greater than zero volts for the maximum possible recharge
current passing through sense resistor 110. In the preferred embodiment, the
maximum recharge current through sense resistor 110 was determined to be
-1.0 amps, and the biased output of opamp 120 was set at 0.7 volts for zero current

~ flowing through the sense resistor. Thus, the biasing resistors eliminate the need to
provide a negative voltage supply to opamp 120, and a negative voltage (less than
zero volts) does not need to be produced by the opamp when the maximum charge
current (-1.0 amp) passes through sense resistor 110 (i.e., when the AC/DC
supply 134 is recharging battery 102).

A capacitor 122 is connected between the inverting input and the output of
opamp 120, so that the opamp will function as an electronic integrator. Over a
period of time, the electrical charge accumulated in capacitor 122 will correspond to
the sum of the magnitudes of the current pulses applied to the input of the opamp, as
a function of the voltage drop across sense resistor 110. The accumulated electrical
charge in capacitor 122 causes a corresponding voltage at the output of the opamp,

until capacitor 122 is discharged.

An electronic switch 128 is coupled in parallel with capacitor 122, and the
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switch is controlled by an Integrator Reset (INTRST) signal that is supplied from an
OUT?2 port of CPU 132. At the beginning of a periodic and predetermined time
interval (100 millisecondsin the preferred embodiment), the INTRST signal 1s set to
active high (about +5 volts) for a shorter predetermined time pertod
(100 microseconds in the preferred embodiment). When the INTRST signal is
active high, electfonic switch 128 conducts, and capacitor 122 is discharged so that
the output of opamp 120 is reset to a no load reference value. After the
predetermined shorter time period has elapsed, the magnitude of the INTRST signal

~ is set low (zero volts), and electronic switch 128 “opens™ enabling electrical charge
to begin accumulating in capacitor 122 for the remainder of the predetermined time
interval (approximately 100 milliseconds).

A resistor 124 is coupled between the output of opamp 120 and the input of
an A/D converter 130, and a capacitor 126 is connected between the common
ground and the input of A/D converter 130. Resistor 124 and capacitor 126 thus
form a single pole, low pass filter. Further, the values of resistor 124 and
capacitor 126 are selected so that this filter will suppress any transient signals
(noise) having a frequency greater than expected in the voltage signal produced by
opamp 120. The filtered output signal (VINTA) is presented at the input to A/D
converter 130 and digitized, providing a digital (VINT) signal having a scaled value.
In the preferred embodiment, A/D converter 130 provides a single byte digital
signal having a positive value that is scaled linearly from 0 to 255, corresponding to
a filtered VINTA signal ranging from zero to +five volts. The output of A/D
converter 130 is coupled to an IN2 port of CPU 132, enabling the VINT signal to be
sampled at the end of the predetermined time interval and processed by a program
stored within the CPU. The program implements a variety of functions that are
employed in the management of battery 102, including recharging the battery,
calibrating the circuitry, and measuring current flow to a load over time to determine
the power remaining in the battery.

Further, circuit 100 provides for measuring current flowing through a

plurality of loads having different voltage requirements. A load2 174 that i1s
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preferably energized by a conditioned five volt DC signal (VCC) is preferably
coupled to the output of DC voltage regulator 180. However, a loadl 104, such as a
stepper motor that operates efficiently at a higher voltage/unregulated voltage, 1s
preferably connected to the positive terminal of battery 102.

Looking now to FIGURE 2, a timing diagram illustrates the correspondence
between four signals, VINTA, INTRST, IBATT and CHG, which are employed to
calibrate circuit 100 during the line mode of operation. A calibration sequence for
the output of circuit 100 is shown, extending over ten time periods that are each
100 milliseconds in duration. In the Figure, the filtered VINTA signal is illustrated
relative to time, which extends along an x-axis 140. Starting at the left hand side of
x-axis 140 (time = 0), the VINTA signals in the first and second time periods are
represented by a measurement waveform 142 that has a negative ramp shape, which

~ decreases in magnitude from left to right. Also, the first 100 microseconds of every
time period along x-axis 140 are represented by a zero reference waveform 138,

which has a magnitude proportional to the no load reference value produced by

opamp 120 when electronic switch 128 is conducting.

The INTRST signal is shown relative to time, extending along an x-axis 156
from left to right. For each time period along x-axis 156, the INTRST signal
includes a pulse or a step waveform 158 (logic level one high) during the first

100 microseconds and then drops to a low waveform 160 (logic level zero low) for
the remainder of the period. The magnitude of the VINTA signal is cleared and set
to zero reference waveform 138 when the INTRST signal is logically high, as
graphically represented by step waveform 158.

CPU 132 samples the digitized value (VINT) of the magnitude of the
VINTA signal at the end of each time period and before the value stored by the
electronic integrator is cleared and reset to the no load reference value by the
INTRST signal. Each sampled value of the VINT signal is accumulated by
CPU 132 so that the program can determine the total amount of current drawn
through sense resistor 110 over time, and thus the total amount of power consumed

by a load. The CHG signal relative to time is illustrated along an x-axis 162 that
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extends from left to right, as a step waveform 164 (logic level one high), during the
first and second time periods.

Discontinuous current pulses (IBATT) drawn by a load coupled to
circuit 100 are represented relative to time by a series of step waveforms 182
extending along an x-axis 184. In the line mode of operation, the accumulated value
of the current pulses illustrated for the first and second time periods correspond to
the magnitude of the VINTA signal at the end of each time period. The magnitudes
of the VINTA signals are directly proportional to the amount of current flowing
from the negative terminal of battery 102 to the common ground over time, i.e., the
current provided by AC/DC supply 134 to recharge battery 102. In contrast, the
accumulated values of the pulses measured by circuit 100 when operating in the

battery mode correspond to the magnitude of the VINTA signals, which are
proportional to the current flowing from battery 102 to energize a load coupled to

the circuit.

Referring back to the top graph in FIGURE 2, the filtered VINTA signal
becomes a settling waveform 144 that has a negative ramp shape, which decreases
over time along x-axis 140. At the start of the third period in the bottom graph in
this Figure, the CHG signal decreases, having a falling edge 166 that transitions
from the logic level one high to a logic level zero low, as represented by a low
waveform 168. The logic level of the CHG signal remains low until the end of the
seventh time period. Once the CHG signal has a logic level zero low state,
MOSFET 106 stops conducting, and the flow of current through sense resistor 110
is interrupted. However, MOSFET 106 does not instantaneously stop conducting
and the slew rate of the MOSFET causes a delay in the interruption of the current
flow through the sense resistor. The MOSFET device employed in the preferred
embodiment has a slew rate that is considerably less than the predetermined time
interval (100 milliseconds), so that the VINTA signal is stable by the end of the
third time period. Although the value of the digitized VINTA signal (VINT) 1s
sampled by CPU 132 at the end of the third time period and added to the

accumulated value of current drawn by the load over time, the sampled value is not
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employed to calibrate circuit 100.

In the fourth time period, the VINTA signal is a ramp waveform 146 having
a slightly increasing incline from left to right. Since the VINTA signal is now
stable, CPU 132 samples the digitized magnitude of the VINTA signal at the end of
the fourth period. The sampled VINTA signal corresponds to a zero current offset
value 147. The sampling sequence is repeated again for the fifth, sixth, and seventh
time periods, enabling CPU 132 to accumulate three more zero current offset
values 149, 151, and 153 for ramp waveforms 148, 150, and 152, at the end of each
respective time period.

In the preferred embodiment, the four zero current offset values accumulated
by CPU 132 are used to measure the leakage current flowing through the electronic
components to discharge capacitor 122. Each zero current offset value corresponds
to the amount of voltage that is develops in circuit 100 due to the leakage current
when the voltage drop across sense resistor 110 is approximately equal to zero volts.

Furthermore, the program averages the digitized values of the zero current offset
value to calibrate a new zero current offset value for the VINT signal. Averaging 1s
employed to minimize the effect of any transients that may be present in one or
more of the zero current offset values and thereby improve the accuracy with which
the zero current offset value of circuit 100 is determined.

M In the eighth time period, the VINTA signal is a rising waveform 154 that
has a negative ramp shape, which decreases from left to right. At the beginning of
the eighth time period, the CHG signal is a rising edge 170 that transitions to a step
waveform 172 (logic level one high). The CHG signal remains high for the ninth
and tenth time periods. When the CHG signal is logically high, MOSFET 106 starts
conducting, and the current again flows through sense resistor 110. CPU 132
samples the VINT signal at the end of the eighth time period and adds the sampled
value to the accumulated value of current drawn by the load.

Moving across FIGURE 2 to the ninth and tenth time periods in the top
graph, the negative peak VINTA signal values shown on x-axis 140 for these time
periods are digitized and sampled by CPU 132. The program employs the new zero

PCT/US98/20492
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current offset value to determine the actual value of the VINT signals sampled for
the ninth and tenth periods. Since the calibration sequence for determining a new
zero current offset value is preferably performed every 15 minutes in the line mode,
the program can automatically compensate for increases in operating temperature
and/or changes in electronic component leakage currents. However, circuit 100
does not reliably measure leakage currents when the circuit is solely energized by
battery 102. Consequently, the last determined “new” zero current offset value i1s
employed by CPU 132 to measure the load current whenever circuit 100 is not in the
line mode of operation.

In the battery mode of operation, circuit 100 measures the amount of current
provided by battery 102 to energize a load every 100 milliseconds, and the program
stored within CPU 132 employs the last determined zero current offset value to
accurately determine the current for each successive time period when accumulating
the total amount of current drawn by the load from battery 102 over time. The
current provided by battery 102 is determined by accumulating the difference
between the magnitude of the VINT signal and the zero current offset value for each
predetermined time period. As discussed above, the last determined zero current
offset value is employed by the program until circuit 100 is switched back to the line
mode of operation and another zero current offset value is evaluated.

The functional steps necessary to implement the claimed invention have
been expressed in sufficient detail in the preceding discussion to enable a person of
ordinary skill in the art to write a program that follows the sequence of steps
required to practice the present invention without undue experimentation.
Accordingly, an enabling disclosure of the software steps in the program
implemented by the present invention has been disclosed, and a detailed listing or
flow chart of the program is not required.

Turning now to FIGURE 3, a functional block diagram identifies the major '
components of a battery management system 200 that embodies the present
invention. An AC line source 206 supplies electrical power to a charge circuit 204

that is coupled to a battery 102. A measurement circuit 202 (i.e., all of the
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components of circuit 100 except CPU 132 and battery 102) is coupled to
battery 102 to measure the current flowing from the battery over time and thus
determine the charge remaining in the battery. If the charge (power) remaining
stored in the battery is less than a predetermined limit, the user Will be alerted, e.g.,
with a flashing alarm light or audible signal (neither shown), to recharge the battery.
The chafge and measurement circuits are coupled to CPU 132, which executes the
software program to control and coordinate the various battery management circuits.
Once the program determines that the battery has been sufficiently discharged, the
charge circuit is automatically employed to replenish the charge stored within the
battery, assuming the AC/DC supply is connected to the line power source.

In the preferred embodiment, battery 102 is a lead acid type. Other types of
rechargeable and non-rechargeable batteries could alternatively be used, including
nickel hydride, lithium ion, and nickel cadmium. In an alternative embodiment in
which a non-lrechargeablé battery is employed, the program would not use charge
circuit 204 to charge the battery. Instead, the program would only employ
measurement circuit 202 to monitor the power (current) supplied by battery 102.

It is also envisioned that further alternative embodiments might employ a
bipolar junction transistor (BJT) or a junction field effect transistor (J¥ ET) to
perform substantially the same function as MOSFET 106. Additionally, in an
alternative embodiment, it might be desirable to connect a plurality of electronic
switches in parallel with capacitor 122 across the input and output of opamp 120.
Since the total resistance of the electronic switch is reduced by paralleling multiple
switches, the RC time constant for resetting the output of opamp 120 to a low level
waveform that represents a zero reference value would be significantly reduced

compared to the 100 microsecondstime period of the embodiment discussed above.

Although the present invention has been described in connection with the
preferred form of practicing it and modifications thereto, those of ordinary skill in
the art will understand that many other modifications can be made to the invention

within the scope of the claims that follow. Accordingly, it is not intended that the
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scope of the invention in any way be limited by the above description, but instead be

determined entirely by reference to the claims that follow.




CA 02305402 2000-03-30

WO 99/19737 PCT/US98/20492
-15-

The invention in which an exclusive right is claimed is defined by the

following:

1. An electronic circuit for measuring a total electrical current that 1s
discharged from a battery to energize a load, comprising:

(a) a resistor having an end that is coupled in series with the load
and the battery so that the electrical current supplied by the battery to energize the
load flows through the resistor, a voltage developed across the resistor indicating a
magnitude of the electrical current;

(b)  anintegrator having an input that is coupled to the resistor to
sense the voltage across the resistor, said integrator producing a signal at an output
of the integrator that is indicative of a total electrical current supplied to energize the
load over a time period and is thus indicative of a power consumed by the load over
said time period, a switch being provided to reset the output of the integrator at an
end of the time period, to enable the integrator to integrate the current supplied to
energize the load for successive time periods;

(c) an analog-to-digital converter coupled to the output of the
integrator for receiving the signal, the analog-to-digital converter digitizing the
signal to produce a corresponding digital value at an output of the analog-to-digital
converter; and

(d) a processor coupled to the output of the analog-to-digital
converter, said processor producing the reset signal that is coupled to the integrator
to reset it at the end of each time period and accumulating successive digital values
produced by the analog-to-digital converter over successive time periods to

determine the total current discharged by the battery to energize the load.

2. The electronic circuit of Claim 1, wherein the time periods are
periodic and the digital value is stored by the processor at the end of each time
period to determine the total current discharged from the battery over the successive

time periods.

3. The electronic circuit of Claim 1, further comprising a plurality of
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resistors that are coupled to the input of the integrator, the resistors biasing the

integrator so that the signal at the output of the integrator is not less than a defined

level.

4, The electronic circuit of Claim 3 , wherein the signal at the output of
the integrator is equal to or greater than zero volts when the battery is being charged

by a line source supply, the supply providing electrical current to energize the

electronic circuit and the load while the battery is being charged.

. The electronic circuit of Claim 4, further comprising a switch
connected between the resistor and the battery, the switch being in a conductive state
when the battery is supplying the electrical current to energize the load, but being

periodically switched to a non-conductive state when the electronic circuit is being
calibrated.

6. The electronic circuit of Claim 5, wherein the switch is a voltage

controlled solid-state device.

7. The electronic circuit of Claim 1 , further comprising a low pass filter
that is coupled between the output of the integrator and the input of the analog-to-

digital converter, the filter suppressing noise having a frequency higher than a

frequency of the signal produced by the integrator.

8. The electronic circuit of Claim 1, wherein the integrator includes a
capacitor for storing charge, and wherein the switch that resets the output of the
integrator is connected in parallel with the capacitor, closing of the switch
discharging the capacitor to reset the output of the integrator for the successive time

period.

9. The electronic circuit of Claim 8, wherein the switch comprises a
plurality of electronic switches coupled in parallel to reduce a resistance between the

input and output of the integrator, and thereby reducing a time required to reset the

T o —— IR I U S I e S e SR e ————
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signal at the output of the integrator.

10.  The electronic circuit of Claim 5, wherein the processor controls the

switch in response to a signal indicative of whether the supply is being used to

energize the electronic circuit.

11.  The electronic circuit of Claim 10, wherein the processor determines

a zero current offset value when the switch is in the non-conductive state.

12. A method for measuring a total electrical current that is discharged

from a battery to energize a load as a series of pulses, comprising the steps of:

(a) sensing a voltage that is proportional to a magnitude of the

electrical current supplied by the battery to energize the load;

(b) integrating the voltage over a plurality of successive time
periods, for each time period producing an analog signal indicative of a total
electrical current supplied by the battery to energize the load over the time period,

(c)  converting the analog signal to a corresponding digital signal;
and

(d) summing the digital values produced for the plurality of
successive time periods to determine the total electrical current discharged from the

battery to energize the load.

13. The method of Claim 12, wherein the plurality of successive time
periods are periodic, and wherein a sum of the digital values is stored at an end of

each time period to determine the total electrical current discharged from the battery

to energize the load.

14.  The method of Claim 12, further comprising the step of biasing an
integration of the voltage to at least a predetermined value when the electrical

current is not being discharged from the battery.

15. -The method of Claim 14, wherein the predetermined value is equal

v RN
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to or greater than zero when the battery is being charged by a supply.

16.  The method of Claim 12, further comprising the step of filtering the

analog signal with a low pass filter prior to the step of converting the analog signal

to the corresponding digital signal.

17. The method of Claim 12, further comprising the step of determining
an offset correction when the battery is not supplying the electrical current to

energize the load, said offset correction correcting for an induced electrical current.

18. The method of Claim 17, wherein the offset correction 1is

redetermined at predefined intervals.

19. A system for managing an electrical current discharged from a

battery that energizes a load, comprising:

(a)  abattery;

(b) a measurement circuit for determining a total current
discharged by the battery over time;

(c) a charging circuit that supplies current for recharging the
battery; and

(d) a processor that executes a program to control the

measurement circuit and the charging circuit to optimize usage of the battery.

20. The system of Claim 19, wherein the measurement circuit
determines a zero current offset value at time intervals when the battery is being
recharged, said zero current offset value being used to offset an induced error 1n said

measurement circuit.

21.  The system of Claim 19, wherein a user is alerted to use the charging
circuit to recharge the battery if the total power discharged from the battery exceeds

a predefined limit.
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