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57 ABSTRACT 
An apparatus and method for monitoring the state of 
charge of the battery having a shunt resistor connected 
in series with a battery and an integrating circuit con 
nected across the terminals of the shunt resistor which 
includes a large capacitance element having the capabil 
ity to store charge for long periods of time, so that the 
integration can be performed along the same curve even 
if power to the integrating circuit is interrupted during 
continuous or intermittent use. The apparatus and 
method are applicable to batteries for automotive vehi 
cles. Temperature compensation schemes to adjust the 
state of charge monitoring circuit to correct for changes 
in battery performance characteristics with temperature 
are provided. A circuit for detecting the existence of a 
defective battery cell is provided. A system for moni 
toring charging and discharging of the battery over 
time and identifying various battery conditions and 
potential battery or battery charging system failures is 
provided. 

65 Claims, 5 Drawing Sheets 
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BATTERY STATE OF CHARGE MONTOR 

RELATED APPLICATIONS 
This application is a continuation-in-part of U.S. pa 

tent application Ser. No. 07/607,237, filed Oct. 31, 1990, 
in the name of Wesley A. Rogers and entitled Appara 
tus for Monitoring The State of Charge of a Battery, 
now issued as U.S. Pat. No. 5,177,340, which is a con 
tinuation-in-part of U.S. application Ser. No. 
07/218,539, filed Jul. 13, 1988, in the name of Wesley A. 
Rogers and entitled Apparatus For Monitoring the 
State of Charge of a Battery, now issued as U.S. Pat. 
No. 4,968,941. 

FIELD OF THE INVENTION 

This invention relates to improved devices for moni 
toring the state of charge of a battery, more specifically, 
to more efficient devices for monitoring the state of 
charge of an automobile vehicle battery and providing 
diagnostic capability under varying temperature condi 
tions. 

BACKGROUND OF THE INVENTION 

In the normal operation of an automotive vehicle, a 
12-volt battery is used to start the engine and to operate 
accessories at times when the motor is not running. An 
alternator is used to recharge the battery after each start 
and to maintain it fully charged. Once the engine is 
started the alternator is driven by the rotation of the 
engine crankshaft. 

Conventional automotive batteries have six cells con 
nected in series with thin cell plates and are well suited 
to developing large starting currents of 240 amps. It has 
long been the practice, in order to insure that the bat 
tery is adequately charged following a start discharge, 
to maintain a recharging current flow to the battery at 
a level that varies as a function of ambient temperature. 
This results in trickle charge currents. These trickle 
charge currents cause prior known battery state of 
charge monitors to indicate erroneously greater than a 
100% charge. This results in erroneous state of charge 
readings. 

It is known to monitor the state of charge of a battery 
to determine, for example, whether a battery is fully 
charged, depleted of charge, or partially charged. One 
such technique calls for measuring the specific gravity 
of the electrolyte of each cell of the battery using a 
hydrometer. The determined specific gravity can be 
compared to the specific gravity of the battery in a fully 
charged state to obtain a relative state of charge. 
Another technique uses a current counter which con 

tinuously registers the net current from automotive 
battery and is disclosed in the ELV Journal No. 45, 
dated May/June 1986. That technique measures the 
voltage drop across a precision shunt resistor in series 
with the monitored battery. The voltage is amplified 
and drives a voltage to frequency converter, the output 
of which is fed into an up/down counter. The counter 
counts up or down while the battery is discharged or 
being charged respectively, and may drive an inte 
grated display. The display is initialized when the 
counter is first connected to a fully charged battery and 
displays the net current flow from the battery. For 
continuous monitoring, the display must be continu 
ously energized by a power source so that the counter 
will not lose the net count through loss of power. U.S. 
Pat. No. 4,968,941, which issued to the assignee of the 
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2 
present invention, teaches a battery state of charge 
monitoring circuit (“BSOC circuit') including a shunt 
resistor in series with the battery and a circuit for inte 
grating the voltage drop across the shunt having a very 
large capacitance in the feedback path. The large capac 
itance device, such as a Super Capacitor having a ca 
pacitance between 0.01 and 1 farad or more, integrates 
the current flow into and out of the battery over time, 
respectively, and thus maintains a charge at a level 
corresponding to the battery state of charge. The 
charge is maintained for long periods of time whether 
or not the element is connected to a power supply be 
cause of the long RC time-constant of the integrator 
amplifier circuit and a very low self-discharge rate of 
the capacitive device. The BSOC circuit may be con 
nected to a display and initialized with a fully charged 
battery so that the voltage stored in the large capaci 
tance device represents the state of charge of the bat 
tery. Alternatively, the BSOC circuit may be connected 
to a discharged battery such that the capacitive device 
is charged up with the battery. 
The present invention concerns improvements to the 

basic BSOC circuit disclosed in U.S. Pat. No. 4,968,941, 
the disclosure of which is hereby incorporated by refer 
ence in its entirety. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
battery state of charge ("BSOC') device for an automo 
tive vehicle that is more efficient than prior known 
devices. It is another object to provide a BSOC device 
that is permanently connected to the battery being mon 
itored. 

It is another object of the invention to combine moni 
toring the state of charge of a battery and the charging 
current applied to the battery after it reaches full charge 
to identify a defective battery. 

It is another object of the invention to monitor the 
state of charge of a battery and to compensate for 
changes in the battery operating characteristics such as 
temperature, load current magnitude, and self-leakage. 

It is another object of the invention to warn the vehi 
cle operator of a low battery state of charge or a defec 
tive battery condition. 

In accordance with the present invention, apparatus, 
systems, and methods are provided for monitoring con 
tinuously the state of charge of an electrical energy 
source, in particular, a battery of an automotive vehicle. 
One aspect of the present invention concerns provid 

ing the BSOC circuit with one or more temperature 
compensation circuits for tracking changes with tem 
perature of the battery characteristics, such as battery 
capacity and the self-discharge rate of the battery and 
the BSOC circuit. For example, in colder temperatures 
the charging voltage delivered by a conventional bat 
tery charging system, i.e., the alternator, to recharge the 
battery is increased to compensate for the lower battery 
capacity at those temperatures and is reduced below the 
72 F. level in warmer ambients. Similarly, at the colder 
temperatures, the self-discharge rate of the battery will 
become lower than at warmer temperatures. Accord 
ingly, improvements in tracking the charge capacity of 
the battery being monitored are obtained by adjusting 
the characteristics of the BSOC circuit to correspond to 
charges in the battery characteristics with changing 
temperature. This yields a more accurate model of the 
battery and its measured charge. 
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Another aspect of the invention concerns improved 
methods and apparatus for monitoring of the state of an 
electrical energy source having a charge capacity and a 
self-discharge rate that changes with temperature. One 
such apparatus includes: 

a current sensor operatively connected to the energy 
source for producing an output signal related to the 
magnitude and direction of the current flowing to 
or from said energy source; 

a low self leakage capacitive element having a capaci 
tance of 0.01 farad or more connected to said cur 
rent sensor for integrating said output signal and 
for producing a signal related to the state of the 
energy source, said capacitive element charging at 
a rate proportional to the magnitude of the sensed 
current when the current flow is in one direction, 
and discharging at a rate proportional to the magni 
tude of the sensed current when the current flow is 
in the opposite direction, on a continuous basis as 
the current flows to and from said energy source; 

a device for monitoring the temperature of the en 
ergy source; and 

a circuit for adjusting the integrated signal in re 
sponse to the temperature of the energy source so 
that the integrated signal corresponds to the state 
of charge of the energy source at the sensed tem 
perature. 

Preferably, the current sensor is a shunt in series with 
the energy source, the apparatus includes an operational 
amplifier having the capacitive element in the feedback 
path and an input resistor across which the output signal 
from the current sensor is passed for integrating the 
output signal, and the device for monitoring tempera 
ture is a thermistor placed in physical proximity to the 
energy source. Although immersion of the temperature 
monitoring device inside the energy source would be 
optimal, it is believed to be sufficient for most circum 
stances that the device be placed in the same ambient 
conditions as the energy source, optionally in touching 
contact. Thus, in the context of an automobile, sensing 
ambient temperature in the engine compartment near 
the battery will suffice, particularly in view of the mini 
mal thermal heating of the battery due to increasing 
engine temperature. 

In one such preferred embodiment, the adjusting 
circuit includes the thermistor in series with the ampli 
fier output and a resistor divider network. This circuit 
adjusts the output voltage of the operational amplifier 
to correspond to the charge capacity of the battery at 
the sensed temperature. In this embodiment, the capaci 
tive element is charged and discharged at preselected 
rates that do not change with temperature and only the 
integrated output signal is adjusted. Thus, the signal 
input into the adjusting circuit is the integrated output 
signal of the amplifier corresponding to the instanta 
neous state of charge of the battery independent of the 
temperature, and the adjusting circuit provides at its 
output a signal corresponding to the charge capacity of 
the battery at the sensed temperature. Both signals are 
useful for diagnostic purposes as described below. 

In another such preferred embodiment, the adjusting 
circuit includes a circuit for adjusting the rates at which 
the capacitive element is charged or discharged to re 
flect changes in the capacity of the battery with changes 
in the sensed temperature at the time of charge or dis 
charge, and so that the integrated output signal corre 
sponds to the state of charge of the battery at the sensed 
temperature. In this regard, the circuit may be a balance 
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4. 
circuit incorporating the thermistor which controls the 
offset voltage of the amplifier. This results in altering 
the charging rate and discharging rate of the capacitive 
element as a function of the sensed temperature. Alter 
natively, the circuit may include a thermistor for adjust 
ing the selfdischarge rate of the capacitive element in 
response to the sensed temperature. In this embodiment, 
the output of the amplifier reflects the state of charge as 
a function of temperature. Preferably, the circuit in 
cludes both the balance circuit and the circuit for ad 
justing the self discharge rate. 

Another aspect of the invention concerns improving 
the efficiency of the state of charge circuit elements to 
avoid the need for operation in a standby mode and an 
active mode, such that the standby mode has a reduced 
drain current on the energy source when the energy 
source current flow is below selected thresholds corre 
sponding to being in use. In this regard, the invention 
concerns using low power operational amplifiers hav 
ing supply voltages provided directly from the energy 
source being monitored, for sensing and integrating the 
current flow charged to and discharged from the capac 
itive element. Advantageously, the amplifier has a drain 
current of about 0.2 mA and the entire state of charge 
monitoring circuit has a drain current of approximately 
2 mA or less. 
Another aspect of the invention concerns detecting 

the existence of a defective cell in the energy source. In 
one embodiment, a first circuit is used to determine 
when the integrator amplifier output reflects a full 
charge, namely a charge that is a high percent of 100% 
charge. A second circuit is used to determine when 
there is a charging current to the energy source, namely 
when the current flow into the energy source is above 
a threshold current level representative of a charging 
current. A third circuit is used for determining when 
the energy source is fully charged and also has a charg 
ing current above the threshold level, which conditions 
are representative of a defective cell. Preferably, the 
energy source is a multi-cell battery, and the full charge 
level and threshold current levels are selected to corre 
spond to one or more cells of the battery having a short 
circuit. In another embodiment, the apparatus includes 
a diagnostic meter for immediately indicating when 
there exists a full charge and excessive charging cur 
ent. 
Another aspect of the invention concerns detecting 

when the energy source is fully charged and when there 
is a trickle charging current to the energy source. This 
circuit is used to prevent the integrating amplifier from 
integrating the trickle charging current and indicating 
more than 100% charge. 

In another embodiment, the BSOC circuit is coupled 
to a microprocessor that monitors the polarity and mag 
nitude of current flow across the shunt over time to 
determine when the energy source charging and dis 
charging operating characteristics are acceptable or 
unacceptable, and for providing an indication of the 
characteristics to the vehicle operator. 

It should be understood that the various aspects of 
the invention may be used jointly and severally, are not 
limited to monitoring the state of charge of a battery for 
automotive vehicles, and are applicable to monitoring 
any rechargeable electrical energy storage device that is 
connected to operate an electrical load, for example, 
household or industrial appliances, a battery powered 
vehicle or device, aircraft, spacecraft, watercraft or 
emergency lighting. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Further features of the invention, its nature and vari 
ous advantages will be more apparent from the accom 
panying drawings and the following detailed descrip 
tion of the invention, in which like reference numerals 
refer to like elements, and in which: 
FIG. 1 and 1A are respectively battery state of 

charge monitors connected across a shunt resistor in a 
circuit in accordance with various aspects of the present 
invention; 
FIG. 2 is a schematic of one embodiment of an inte 

grating circuit of a battery state of charge circuit with 
temperature compensation in accordance with the pres 
ent invention; 
FIG. 3 is a schematic of one embodiment of an inte 

grating circuit of a battery state of charge circuit with a 
defective battery sensing circuit in accordance with the 
present invention; 
FIG. 3A is a schematic of an inverting double inte 

grating circuit configuration of FIG. 1A; 
FIG. 4 is a schematic diagram of a battery state of 

charge monitor in accordance with a preferred embodi 
ment of the present invention; 

FIG. 5 is a schematic diagram of a battery state of 
charge monitor in accordance with an alternate pre 
ferred embodiment of the present invention; 
FIG. 6 is a schematic diagram for a non inverting 

integrating circuit of FIG. 1A; 
FIG 7 is a elevated perspective sectional view of a 

battery state of charge monitor of FIG. 1. 
DETALED DESCRIPTION OF THE 

INVENTION 

Referring to FIGS. 1 and 1A of the drawings, a Bat 
tery State of Charge (BSOC) monitor 16 is illustrated in 
a circuit with a battery 20, such as a 12 volt automotive 
battery or any other energy storage device, which 
supplies power to a load 5, such as a starter motor or 
electrical circuits in an automobile, and which can be 
charged by an alternator/battery charger 40. A shunt 
resister 30 is in series with the battery 20 and the load 5. 
Referring to FIG. 1, the input terminals of the BSOC 
monitor 16 are connected to the terminals 22 and 24 of 
the shunt resister 30. Referring to FIG. 1A, the input 
terminals of BSOC monitor 16 are connected to termi 
nal 22 of shunt 30 and to ground, with the other termi 
nal of shunt 30 being connected to ground. 
A temperature monitoring device 28, such as a therm 

istor, is placed in proximity to battery 20 and is electri 
cally connected to BSOC monitor 16 for adjusting the 
output level of BSOC monitor 16in response to changes 
in temperature. Preferably, temperature monitor device 
28 is located in the BSOC monitor enclosure 716 which 
is mounted between the battery terminals as illustrated 
in FIG. T. 
Shunt resistor 30 is connected in series with battery 

20 and load 5, preferably interposed between the nega 
tive pole of battery 20 and ground, wherein load 5 pres 
ented by the vehicle is connected between the positive 
terminal of battery 20 and ground. Consequently, the 
voltage drop V, across shunt resistor 30 is related to the 
current flowing through battery 20 by its scale factor 
(MV/AMP). The current can be either in direction 25 
or 26, depending on whether battery 20 is discharging 
current to load 5 or being charged by alternator/battery 
charger 40, respectively. 
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6 
Voltage Vs across shunt 30 is input to BSOC monitor 

16 which produces an output signal Vi that corresponds 
to state of charge of battery 20. BSOC monitor 16, 
therefore, tracks amp hours into and out of the battery 
20 by acting as a model of the battery 20. 

FIG. 2 shows one embodiment of BSOC monitor 16 
as an inverting integrating circuit, in accordance with 
the temperature compensation aspect of the present 
invention. A resistor R1 is connected in series with an 
input voltage Vs and the inverting input of an opera 
tional amplifier 34. A device C1, having a large capaci 
tance, is in the feedback path of amplifier 34. The large 
capacitance device C1 is preferably a super capacitor, 
for example, product number FYHOH105Z manufac 
tured by NEC Corporation, which is capable of storing 
a charge for up to three years. The output of this circuit 
V(t), is as follows: 

where V(t) is the voltage drop across shunt resistor 30 
over time t, and c is a constant of integration which 
equals the initial charge on the device 36. 

Signal V(t) is then processed by circuit 38 which 
includes temperature monitoring device 28 in proximity 
to battery 20, for adjusting the signal V(t) as a function 
of sensed temperature. The output of circuit 38 is signal 
V(t) which is representative of the charge capacity of 
battery 20 at the sensed temperature. 
FIG. 3 shows one embodiment of BSOC monitor 16 

as an inverting integrating circuit in accordance with 
the defective battery sensing embodiment of the present 
invention. In this embodiment, the integrating circuit 
includes resistor R1 connected in series with an input 
voltage V(t), and the inverting input of operational 
amplifier 34, and large capacitance device C1 in the 
feedback path in series with resistor R1. A circuit 39 is 
provided for monitoring the current flow into and out 
of battery 20 and the integrated output signal V(t), and 
for actuating a warning device 41 when the sensed 
charge and charging current indicate that battery 20 is 
defective. Warning device 41 may be, for example, an 
indicator light on an instrument panel of a vehicle or a 
logic gate polled by a microprocessor or a state device. 
FIG. 3A shows an embodiment of BSOC monitor 16 

in an inverting, double-ended integrating circuit config 
uration. In this embodiment, the inverting input of oper 
ational amplifier 34A is connected in series with input 
voltage V(t) across input resistor R1 with large capaci 
tance device C1 in the feedback loop. The non-invert 
ing input of amplifier 34A is connected in series with 
battery 20 voltage Vb across a potentiometer P1. Opera 
tional amplifier 34A also is configured with the positive 
reference voltage connected to battery 20 and the nega 
tive reference voltage connected to ground. Potentiom 
eter P1 is adjusted to provide a voltage input of one half 
the rated voltage of battery 20 on the non-inverting 
input, e.g., 6 volts for a 12 volt battery. This places an 
integrator output voltage Vi at 6 volts with no voltage 
appearing at the top of shunt 30. Although usable in a 
BSOC monitor 16, this embodiment requires shunt scale 
factor (mV to A) adjustments which are not required 
with the non-inverting input configuration shown in 
FIG. 3. 

Referring to FIG. 4, one embodiment of a BSOC 
monitor 16 is shown. BSOC monitor 16 includes 
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standby power circuit 220, battery discharge turn-on 
circuit 230, start circuit 240, battery charge turn-on 
circuit 250, integrator circuit 260, and display driver 
circuit 290. In this embodiment, BSOC monitor 16 oper 
ates in one of a standby or off mode and an operating 
mode. In the standby mode, BSOC monitor 16 con 
sumes a standby current of about 0.8 ma. This current is 
used by battery discharge turn-on circuit 230 and bat 
tery charge turn-on circuit 250 to monitor any signifi 
cant discharge and charge of battery 20, respectively. 
BSOC monitor 16 changes from its standby to operating 
mode when a sufficient discharge or charge is detected. 
In the operating mode, BSOC monitor 16 has an operat 
ing current of about 45 ma for the various circuit func 
tions which are described below. 

Standby power circuit 220 includes a conventional 
voltage regulator VR1 that produces a regulated +6.0 
volts dc output. In the standby mode, regulator VR1 is 
energized directly from battery 20. The +6 volt output 
signal is used to energize amplifier Al of battery dis 
charge turn-on circuit 230 and amplifier A5 of battery 
charge turn-on circuit 250. The --6 volt signal also is 
used as the voltage source of the collector currents for 
transistors Q7 and Q8 of battery discharge turn-on cir 
cuit 230 and transistor Q6 of battery charge turn-on 
circuit 250. The collector of transistor Q2 also is di 
rectly energized by battery 20. 

In the standby mode, amplifier Al has no output and 
transistors Q7 and Q8 are turned off. This results in 
transistor Q2 being off and no voltage being applied to 
the input of voltage regulator VR2 of discharge turn-on 
circuit 230. Consequently, start circuit 240 and integra 
tor circuit 260 are off and the drain current on battery 
20 is minimized. 

Battery discharge turn-on circuit 230 is provided to 
turn on the circuit when battery 20 is discharging. 
When a load of -0.1 amps or more is drawn from bat 
tery 20, a voltage of -0.2 mv or higher appears across 
resistor R2 and is amplified across resistor R3 by ampli 
fier Al. The amplified positive voltage at pin 6 of ampli 
fier Al turns transistors Q7 and Q8 on. This reduces the 
base of transistor Q2 to ground potential and thus turns 
on transistor Q2. As a result, transistor Q2 then applies 
the 12 volts at the collector of transistor Q2 to the input 
of voltage regulator VR2. This provides voltage regula 
torVR2 with a regulated output voltage of +6 volts dc. 
The +6 v supply is provided to amplifiers A2, A3, and 
A4 and provides the reference or source voltage of --6 
(VR2)as indicated on the schematic of FIG. 4 for inte 
grator circuit 260, display driver circuit 290, and start 
circuit 240. When this occurs, BSOC monitor 16 is fully 
operational. 
By way of example, the current required to turn on a 

single light bulb in a conventional automotive vehicle 
such as when a door is opened is about 1.0 amp. Ac 
cordingly, shunt resistor 30 may be selected to produce 
about 2.0 mv thereacross for every amp discharged 
from battery 20. This scale factor (MV/AMP) provides 
an adequate voltage output level at relatively low turn 
on currents and provides acceptable signal processing. 
Of course, a shunt resistor having a different mv to 
ampere ratio could be used, e.g., 1 mv to 1 ampere, 
subject to adjustments of the signal processing circuits 
to determine the battery state of charge, which adjust 
ments are within the ability of a person of ordinary skill 
in the art. With a 1 mv to 1 ampere ratio, an operational 
amplifier capable of detecting and amplifying 0.5 mv 
voltage swings as small as 0.5 mv and as large as 200 mV 

5 

10 

15 

20 

25 

30 

35 

45 

50 

55 

65 

8 
is desirable, such as the RCA Model No. CA 3140AE, 
operating in a single ended mode. 

Battery discharge turn-on circuit 230 also may be 
provided with a manual switch 232 for connecting volt 
age regulator VR2 directly to battery 20. This is useful 
for manually turning on BSOC monitor 16 for diagnos 
tic purposes, in particular to determine whether or not 
BSOC monitor 16 is accurately measuring the state of 
charge of battery 20. 

Battery charge turn-on circuit 250 is provided to turn 
on BSOC monitor 16 when battery 20 is being charged. 
In this regard, when a -0.2 volt or greater input ap 
pears across shunt 30, that signal will be amplified by 
amplifier A5 to produce a signal that turns on transistors 
Q6 and Q5 to turn on transistor Q2, thereby changing 
BSOC monitor 16 from the standby mode to the operat 
ing mode. 
By way of example, during vehicle operation with a 

fully charged battery, currents of as low as 1 ampere are 
supplied to the input terminal of battery 10. This current 
produces a -2.0 mv signal across shunt 30 (assuming 
that a shunt having a 2 mv to 1 ampere ratio is used), 
which signal is then amplified to turn on pass transistor 
Q2. 
Turning BSOC circuit 16 on enables integrator cir 

cuit 260 to track changes in the state of charge of bat 
tery 20. Integrator circuit 260 preferably comprises an 
operational amplifier A2 having a very large capaci 
tance device (hereinafter a "capacitor') C1 having a 
long time-constant in the feedback loop connecting the 
output at pin 6 of amplifier A2 to the inverting input at 
pin 2 of amplifier A2. Capacitor C1 may be a super 
capacitor having a capacitance of 0.01 farad or greater, 
e.g., model FYHOH105Z manufactured by NEC Cor 
poration, a "gold capacitor, ' model NF series P/N 
EECF5R0105 available from Panasonic, or a similar 
device that has a long time-constant and is capable of 
storing a charge over substantially long time periods of 
many months or years. The non-inverting input at pin 3 
of amplifier A2 is connected to shunt 30 at node 32 and 
the inverting input at pin 2 of amplifier A2 is connected 
to ground potential through resistor R1 and integrator 
discharge interrupter circuit 270. 

Integrator discharge interrupter circuit 270 includes 
transistor Q5A configured with the collector connected 
to resistor R1, the emitter connected to ground poten 
tial, and the base connected to the 4-6 volt source volt 
age from voltage regulator VR2 across limiting resistor 
R21. When BSOC monitor 16 is in the standby mode, 
the voltage from VR2 is 0 and transistor Q5A is turned 
off. Thus, there is substantially no leakage current flow 
ing out of capacitor C1. When BSOC monitor 16 is in 
the operational mode, the voltage from regulator VR2 
is --6 volts, transistor Q5A is turned on, and resistor R1 
is thus connected to ground potential. This in turn al 
lows integrator circuit 260 capacitor C1 to charge or 
discharge through resistor R1. 

In the operating mode, the current flow into and out 
of battery 20 passes through shunt 30 and the voltage 
generated across shunt 30 is detected and integrated by 
amplifier A2. The output of amplifier A2 at pin 6 thus 
represents the net amp hours into and out of the battery. 
This provides an accurate indication of the state of 
charge of battery 20 by integrating the current into and 
from battery 20 (or other energy storage device) over 
time. 
The components of integrator circuit 260 and shunt 

30 are selected to allow integrator circuit 260 to follow 
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the discharge curve of battery 20. For example, if a 
shunt resistance of 2 mv per ampere is selected for use 
with an 80 amp-hour battery having a 1 ampere dis 
charge rate and a capacitor having a voltage range of 
from 0 to 100 mv and a capacitance of 1.8 farads, then 
for integrator circuit 260 to track linearly the battery 
discharge, resistor R1 must be selected to satisfy the 
following equation: 

wherein: 
"Vi' is the maximum output of the integrator (i.e., 

100 mv); 
99 s” is the voltage across shunt 30 (i.e., 2 mv for 1 

amp); 
"t” is the discharge time for an 80 amp-hour battery 

at 1 amp (i.e., 280,000 seconds); 
'R' is the resistance of R1; and 
“C” is the capacitance of C1 (i.e., 1.8 farad). 

Thus, solving for R1, it is determined that the resistance 
for R1 should be 3.2 kohms. Once the proper resistance 
is selected, integrator circuit 260 will track the dis 
charge path of battery 20 regardless of the discharge 
rate, except during substantially high current drains, 
which occur, for example, during starting, as explained 
below. It is noted that the use of 100 mV output of the 
integrator was based on the capacitive device being a 
MEMORIODE, which had been made by Sanyo Ltd. 
and which is no longer in commercial production. A 
MEMORIODE had a-maximum charge storage of 
about 100 mV. Super Capacitors are not so limited and 
may store, for example, up to 6 volts. 

Amplifier A2 is provided with various time constants 
corresponding to the one amp discharge time of battery 
20 being monitored. 

Start circuit 240 performs two functions. First, it 
rapidly discharges integrator circuit 260 during high 
current drains as occur during starting of the vehicle, 
and second, it gradually increases the integrator dis 
charge rate to simulate loss of battery capacity under 
heavy current drain. Circuit 240 includes operational 
amplifier A4 which is configured to amplify the nega 
tive shunt voltage across resistor R31 to turn on transis 
tor Q4. Turning transistor Q4 on causes the output of 
integrator amplifier A2 to pass to ground over time. 

Amplifier A4 is provided with resistor R30 in the 
feedback path between the output at pin 6 and the in 
verting input at pin 2. The inverting input at pin 2 is 
connected to node 32 across resistor R31, and the non 
inverting input at pin 3 is connected directly to battery 
20 through a voltage divider network including resis 
tors R32, R33, and R34. Resistors R33 and R34 are 
selected to provide a 0.1 volt offset on pin 3 of amplifier 
A4. The output of amplifier A4 is connected to the base 
of transistor Q4 across limiting resistor R29. The emit 
ter of transistor Q4 is passed to ground potential and the 
collector is connected to the output of integrator ampli 
fier A2 across resistor R4. 
The offset voltage provided at pin 3 of amplifier A4 

prevents amplifier A4 from turning on until a voltage 
equal to or greater than -0.1 volts appears across resis 
tor R31. The value of resistor R31 is selected so that a 
-0.1 volt level across resistor R31 corresponds to a 50 
ampere discharge current through shunt 30. The gain of 
amplifier A4 is adjusted to provide 1 volt at the base of 
transistor Q4 at the time amplifier A4 is-turned on. This 
will cause conduction through the base-emitter diode of 
transistor Q4 which reduces the collector voltage. The 
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lower collector voltage initiates a current flow through 
resistor R4 to ground. As the amplitude of the voltage 
across R31 increases above -0.1 volt, transistor Q4 is 
driven into saturation and a large simulated start current 
is passed through resistor R4 to ground. 
As a result, amplifier A4 is configured to act as a 

quasi Schmidt trigger having an output voltage that 
switches to 1 volt when the input voltage reaches 0.1 
volt and then linearly increases to 6 volts in response to 
input voltage level increasing above -0.1 volts. This 
results in the removal of a charge from the integrator 
capacitor C1 that is proportional to the amount of 
charge removed from the battery during starting of the 
vehicle (or other rapid discharge). 

In this embodiment of BSOC monitor 16, the output 
at pin 6 of amplifier A2 is passed to a display driver 
circuit 290 which operates a display device (not shown) 
for providing the state of charge of battery 20. Circuit 
290 includes an amplifier A3 configured with a resistor 
R35 in the feedback path, the inverting input connected 
to ground, and a resistor R36 connected to the output 
pin 6 of amplifier A3. Amplifier A3 thus provides again 
for the integrator output signal Vi at the non-inverting 
input pin 3 of amplifier A3. The gain is selected to be 
suitable for driving the selected display device. Circuit 
290 may be used in conjunction with comparator cir 
cuits (not shown) having thresholds selected to indicate 
different ranges of charge of the battery. 
The selected display device can be a visual device 

such as an analog ammeter or a digital display including 
an integrated circuit display having more than one vi 
sual display device, e.g., liquid crystal alphanumeric or 
bar graph displays, light emitting diodes or an audible 
device generating a variety of tones corresponding to 
various conditions. The display device may represent or 
indicate different state of charge conditions or provide 
a numerical value of the present charge. One such de 
vice may include an analog to digital converter and 
three different color LEDs, e.g., a green, yellow, and 
red LED representing a satisfactory state of charge, an 
unsatisfactory charge, and a dead battery-respectively, 
such that different LEDs or combinations of LEDs are 
energized depending on the magnitude of the digitized 
state of charge signal and whether the battery is being 
charged or discharged. 

Integrator circuit 260 is preferably provided with an 
initialization switch or charge button 265 which, when 
closed, charges capacitor C1 up to its full charge volt 
age, e.g., 100 mv. Referring to FIG. 4, the amplifier 
output side of capacitor C1 is connected at node 267 to 
diodes D1 and D2, which are connected in series with 
the same polarity. Diode D2 is in turn connected to 
switch 265 which is connected across resistor R14 to 
the source voltage +6 volts from voltage regulator 
VR2. Accordingly, when switch 265 is depressed, the 
source voltage across resistor R14 is passed to diodes 
D1 and D2 which in turn close and charge capacitor 
C1. The rate of charge is selected to be slow enough so 
that an operator can monitor the display device and 
cease charging when the display indicates the known 
state of charge of battery 20. Thus, for a fully charged 
battery 20, switch 265 will remain depressed until ca 
pacitor C1 is fully charged as indicated on the display. 
If battery 20 is less than fully charged, which may be 
determined, for example, by measuring the specific 
capacity of the battery cells, then capacitor C1 can be 
charged until the appropriate state of charge appears on 
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the display. When switch 265 is released, the connection 
between the source voltage and capacitor C1 is broken, 
the charging will cease, and capacitor C1 will retain the 
charge. 

In accordance with the present invention, integrator 
circuit 260 also is provided with a temperature compen 
sation circuit 264 which is used to adjust the time con 
stant of circuit 260 for changes in the battery capacity 
with changing battery temperature. Battery capacity is 
reduced in a nearly linear manner as ambient tempera 
ture is decreased below 72 degrees F. and increases 
slightly at temperatures above 72 degrees F. Accord 
ingly, the battery discharge time under a given load is 
greater at temperatures below 72 degrees F. than it is at 
temperatures above 72 degrees F. Therefore, it is desir 
able to sense for changes in battery temperature and 
alter the time constant of circuit 260 to simulate changes 
in battery capacity, and thereby better track the net 
current flow of battery 20. 
Lower battery capacity may be simulated by increas 

ing the discharge rate of C1 and thereby reducing the 
integrator time constant. This is implemented by imbal 
ance circuit 264, which includes resistor R19 and therm 
istor TH1 connected in parallel between source voltage 
--6 volts from regulator VR2 and grounding resistor 
R20. The voltage across grounding resistor R20 is ap 
plied to the base of transistor Q3. The emitter of transis 
tor Q3 is connected to ground and the collector is con 
nected to resistors R17 and R18. Resistors R17 and R18 
are respectively connected to pins 1 and 5 of amplifier 
A2 and thus presents an unbalance circuit which will 
respond to changes in ambient temperature as follows. 
At 72 degrees F., the resistance of resistor R19 and 

thermistor TH1 are selected to be the same, at 1 kohm, 
so that circuit 264 is in balance. The balanced circuit 
conduction reduces the offset voltage of amplifier A2 to 
zero. Consequently, integrator circuit 260 will operate 
as determined by the (R1)(C1) time constant required to 
track the battery at 72 degrees F. 
A decrease in the battery temperature is sensed by 

thermistor TH1 as an increase in its resistance. This 
unbalances circuit 264 and provides an applied offset 
voltage which causes amplifier A2 to discharge capaci 
tor C1 at a greater rate and thus reduces the effective 
(R1)(C1) time constant of integrator circuit 260. When 
the temperature increases above 72 degrees F., integra 
tor circuit 260 is altered in a manner that the effective 
(R1)(C1) time constant is increased. As a result, changes 
in battery capacity as a result of battery temperature 
changes are accounted for in integrating circuit 260. 
A second temperature compensation circuit 266 also 

may be provided to compensate for differences in the 
self-discharge rates of capacitor C1 and battery 20 with 
changes in temperature. It has been discovered that the 
self-discharge rate of battery 20 changes with tempera 
ture at a rate that is different from, more specifically 
higher than, the self-discharge rate of a high capaci 
tance long time-constant energy storage device such as 
capacitor C1. Accordingly, it is desirable to compensate 
for differences in the selfdischarge rates with changes in 
ambient temperature, and thereby better track the 
higher battery self-discharge rate at the various temper 
atures of operation. 

Circuit 266 accomplishes this by inserting a resistor 
R1A and a thermistor TH2 connected in series between 
output pin 6 of amplifier A2 and the -6 volt supply of 
voltage regulator VR1. The resistance of resistor RA 
and thermistor TH2 are selected so that the --6 volts 
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will alter the output of amplifier A2 to compensate for 
the differential self-discharge rates. Thermistor TH2 is 
preferably part no. AL003006-624-61 available from 
Keystone. 

Referring to FIGS. 5 and 6, a BSOC monitor 16 in 
accordance with an alternate preferred embodiment of 
the present invention includes an integrating opera 
tional amplifier AA1 in a non-inverting configuration. 
The non-inverting operational amplifier transmits volt 
age Vs at the top of shunt resistor 30 to its non-inverting 
(positive) input terminal which is proportional to either 
discharge or charge currents through battery 20. Posi 
tive charge current voltages cause a non-inverting inte 
grator to integrate in the positive direction. Negative 
discharge current voltages cause the integrator to inte 
grate in the negative direction. 

Referring to FIG. 6, non-inverting amplifier AA is 
generally operated from a single ended power supply, 
shown as V, to ground in FIG. 6. Consequently, it 
cannot operate when a negative voltage Vsproportional 
to discharge currents appears at shunt 30 unless capaci 
tor C1 has been previously charged to some positive 
voltage. In such a case, discharge currents can reduce 
the positive voltage on C1 when signal Vs is negative 
and positive charge currents can increase the voltage 
across capacitor C1. 

Accordingly, with reference to FIG. 5, integrator 
output Vi is charged to the voltage corresponding to 
100% battery charge before connecting it to a fully 
charged battery. It is permissible, however, to connect 
a fully discharged BSOC monitor integrator between 
the terminals of a discharged battery. The positive 
charge current across shunt 30 will cause the non 
inverting integrator AA1 to integrate in the positive 
direction as it should. 
The inputs to all the non-inverting switching amplifi 

ers shown in FIG. 5 are applied to the non-inverting 
input so that when the voltage exceeds the reference 
voltage on the inverting terminal, the amplifiers will 
switch in the positive direction. 

Referring now to FIG. 6, a positive (charge) voltage 
Vs at node 22 will cause the voltage across capacitor C1 
to increase at a rate determined by the time constant 
(R1)(C1) of resistor R1 and capacitor C1 and the magni 
tude of the input voltage Vs. A negative voltage will 
cause capacitor C1 (if charged to a positive voltage 
level) to discharge in the same manner as the charge 
rate described for a positive voltage. 
The calculations below indicate the manner in which 

the value of resistor R1 is determined when capacitor 
C1 is a one farad super capacitor. In this case, the capac 
itor charge or discharge currents pass through resistor 
R1 to ground. The integrator operates in accordance 
with the following expression: 

c (1) 
Vi (t) = 1/(R1)(C1) J. Vs (t) dt. 

The equation can be reduced to 

V(t)= V(t)/(R1)(C1) 

Where: 
V(t) in is the positive or negative voltage at shunt 

301 at time t 
te= the battery discharge time constant=amp hour 

rating X seconds, and 
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R1 = time constant resistance R1 (to be solved for). 
The resistor value required to cause the integrator to 

provide an output voltage proportional to the one amp 
hour discharge rate of a 58 amp-hour battery is calcu 
lated as follows: 

Thus, let Vs be given by V/amp=2 mv)x 1 amp 
/lamp=2 mv, and let the initial charge on capacitor C1 
be 1.2 volts (corresponding to a full charge), then resis 
tor R1=(0.002 volts) (58 amp-hours) (3600 sec. per 
hour)/(1.2 volts) (1 Farad))=348 ohms. 
A switch, not indicated in FIGS. 5 and 6, but de 

scribed in the U.S. Pat. No. 4,968,941, allows for select 
ing one of a plurality of resistors R1 having the resis 
tances appropriate for monitoring the charge levels of 
batteries having various amp-hour capacity ratings. 
Thus, the switch is adjusted to the correct resistance for 
the battery being monitored. 

Referring now to FIG. 5, an alternate preferred em 
bodiment of a BSOC monitor 16 in accordance with the 
present invention is shown. In this embodiment, BSOC 
monitor 16 includes an integrator circuit 360, a battery 
capacity indicator circuit 320, display driver circuit 390, 
shorted battery detector circuit 350 and start circuit 
340. 

Integrator circuit 360 comprises a low power opera 
tional amplifier AA1, e.g., Model No. MC33171U, 
available from Motorola, having the large capacitance 
device C1 in the feedback path between the output and 
the inverting input, and the input resistor R1 is con 
nected between the inverting input and ground. The 
non-inverting input is connected between shunt 30 and 
battery 20 so that the voltage Vs across shunt 30 is input 
to the non-inverting input of amplifier AA1. 
A balance circuit comprising a potentiometer P1 is 

provided across pins 1 and 5 of operational amplifier 
AA1 to adjust the offset voltage of integrator circuit 
360, thereby providing for selecting a charging and 
discharging rate of capacitor C1 that better models the 
characteristics of battery 20. Balance potentiometer P1 
is preferably a 10 KS) potentiometer with the wiper in 
the center, adjusted to provide a resistance of 5 kg). 
Amplifier AA1 is energized by a supply voltage Vb that 
is preferably obtained by direct electrical connection to 
battery 20. Capacitor C1 is preferably a super capacitor, 
having a capacitance of 1.0 farad, and resistor R1 pref 
erably has a resistance that is adjusted to provide a 
required time constant for a given battery discharge 
rate. Thus, for the conditions described above for a 58 
amp hour battery and a 1 Farad super capacitor, R1 is 
348 ohms. 
A switch may be provided for open-circuiting capaci 

tor Cl from amplifier AA1 whenever battery 20 is dis 
connected from BSOC monitor 16 (not shown). This 
will minimize any self-discharge of capacitor C1 that is 
not correlated to the self-discharge of battery 20. 

In addition, a discharge circuit comprising a switch 
B-1 and a resistor R312 having a resistance of 1000 are 
provided for connecting the output of amplifier AA1 to 
ground when switch B-1 is closed. This circuit is used to 
clear any charge from capacitor C1, e.g., prior to charg 
ing BSOC monitor 16. Switch B-1 also allows capacitor 
C1 to be discharged in the event of an overcharge. 

Start circuit 340 includes an operational amplifier 
AA2 having a 10 KO) resistor R361 in the feedback path 
between the output and the inverting input. The non 
inverting input is connected to ground. In this embodi 

10 

5 

25 

30 

35 

45 

50 

55 

65 

14 
ment, amplifier AA2 is preferably a low power opera 
tional amplifier such as the Motorola MC 33171U with 
its supply voltage V, directly obtained from battery 20. 
A potentiometer P2 is connected between shunt 30 and 
the inverting input of amplifier AA2 having a resistance 
selectable in the range of 0 to 10 KS) to provide ampli 
fier AA2 with a selectable gain. Preferably potentiome 
ter P2 is selected to be 1 KO. The output of amplifier 
AA2 is passed across a resistor R362, preferably 1 KO), 
to the base of the transistor QQ5. 
The collector of transistor QQ5 is connected to the 

output V of integrator circuit amplifier AA1 and also is 
connected to the base of transistor QQ5 by resistor 
R363 having a resistance of 1 MS). The emitter of tran 
sistor QQ5 also is connected to ground across resistor 
R364, having a resistance of 340. Transistor QQ5 is 
preferably a Model No. 2N3904, generically available 
from Motorola. 

Start circuit 340 operates in the same manner as start 
circuit 240 of FIG. 4, namely, to simulate the capacity 
changes of battery 20 during high discharge currents. 
Thus, transistor QQ5 will draw current from the output 
of integrator circuit 360, gradually increasing the bat 
tery discharge as the load current is increased, in a 
manner that follows the curve of decreased battery 
capacity as a function of the rate of current draw. 
The output Vof integrator circuit 360 is passed to the 

input of battery capacity circuit 320 which adjusts the 
magnitude of signal Vi in accordance with the sensed 
temperature of the battery 20, thereby to provide an 
output signal Va that reflects the charge capacity char 
acteristic of battery 20 at the sensed temperature. Bat 
tery capacity indicator circuit 320 includes a resistor 
divider network including a thermistor Rin series with 
a potentiometer P5, which are in parallel with a potenti 
ometer P6 which is connected to ground. Thermistor 
R is preferably a model AL03006-624-G1 available 
from Keystone, having resistances of 2 KO) at 77 F., 
5776) at 32 F., and 20 KO) at -13 F. 
The output of battery capacity circuit 320 is passed to 

display driver circuit 390. Display driver circuit 390 
includes amplifier AA3, preferably a low power opera 
tional amplifier, such as the Motorola MC 33171U with 
its supply voltage V, directly obtained from battery 20. 
A resistor R331 having a resistance of 1 MS) is in the 
feedback path, between the output and the inverting 
input of amplifier AA3. The inverting input of amplifier 
AA3 is connected to ground across a potentiometer P3 
having a resistance selectable in the range of 0 to 110 
KO. 

In one embodiment of the invention, amplifier AA3 
has in its output a potentiometer P4, having a selectable 
resistance in series with a display device 50. Potentiom 
eter P4 thus may be adjusted to scale the output voltage 
to be compatible with the selected display device 50. 
Any type of display.can be used with BSOC monitor 16 
provided it can be turned off when the device being 
monitored is turned off, e.g., with an ignition switch. 
Low current meters are preferably used when the 
BSOC display is on at all times. 

In operation, battery capacity circuit 320 provides a 
voltage signal that varies as a function of temperature, 
amplified by amplifier AA3, for driving device 50. 
Thus, device 50 indicates battery capacity as a function 
of signal Voinput to the non-inverting input of amplifier 
AA3. If display 50 is a meter adjusted to read 100% 
charge at a temperature of 77 F., based on the about 2 
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KO resistor provided by thermistor R, meter 50 will 
display a capacity of 80%, 50%, and 40% at tempera 
tures of 32 F., -13 F., and -31 F., respectively, 
corresponding to the diminished capacity of battery 20 
at the lower temperatures, without any loss of charge. 
This is because as the temperature drops, the resistance 
of thermistor RTincreases and thus the gain of amplifier 
AA3 is reduced. 

Switch B-2 is provided for manually charging capaci 
tor C1 of integrator circuit 360 to the charge level cor 
responding to a known state of charge of battery 20. 
Switch B-2 is provided to close manually a circuit con 
necting a supply voltage Vb, directly obtained from 
battery 20, in series with resistor R311, and capacitor 
C1. Switch B-2 is preferably operated in conjunction 
with display device 50 so that when the display device 
reaches the known capacity of battery 20, switch B-2 is 
released and capacitor C1 is thereafter maintained at the 
appropriate charge level for the capacity. In this regard, 
it is noted that the output Vof integrator amplifier AA1 
will typically differ from the signal Va that is input to 
amplifier AA3. Accordingly, the present invention pro 
vides for obtaining separately an absolute measured 
charge on battery 20, based on V, and the capacity of 
battery 20, based on V, both of which are useful for 
diagnostic purposes. Resistor R311 is used to set the 
limit of the manual charging current. 

Shorted cell detector circuit 350 is provided to detect 
the likelihood that a cell of battery 20 is shorted. Circuit 
350 includes amplifier AA4 for processing the signal Vs 
related to the current across shunt 30, amplifier AA5 for 
processing the output signal Vof integrator circuit 360, 
and logic gate G1. 

Amplifier AA4 is configured as a comparator having 
as one input the voltage Vs across shunt 30 (positive 
during charging, negative during discharging). The 
other input is a reference voltage Vref2 obtained by 
dividing down supply voltage Vb across a potentiome 
ter P-7. Potentiometer P-7 is a 10 KO potentiometer 
that is selected to provide threshold voltage Vref2 that 
corresponds to a shorted cell charging current of, e.g., 
3 amps. Potentiometer P-7 is preferably set to 1 KO). 
Accordingly, if shunt 30 has a scale factor of 2.5 mV/A, 
then three amps has a corresponding signal Vs of 7.5 
mV. Thus, whenever the charging current across shunt 
30 exceeds the selected reference potential of 7.5 or 10 
mV, the output of amplifier AA4 will change from a 
logical low state to a logical high state. Consequently, 
when battery 20 is charged to 100% and is a good bat 
tery, the charging current will fall below 3 amps and 
amplifier AA4 will fall to a low state. 

Amplifier AA5 also is configured as a comparator to 
sense when the charge level of battery 20 is at or above 
a full charge level, e.g., 2.167 volts. A percent below 
100% of 90% is preferably used. In this regard, output 
Vi is input to the non inverting input of amplifier AA5 
and a reference voltage Vref is input to the inverting 
input. Vrefl is obtained by dividing the supply voltage 
Vb across a potentiometer P-8 that is adjusted to corre 
spond to an integrator output voltage level. Preferably 
potentiometer P-8 is a 100 KO) potentiometer set to 1.6 
KO. In this embodiment, a 100% charge on battery 20 
corresponds to 2.167 volts and the voltage Vref1 ap 
plied to the inverting input of amplifier AA5 is selected 
to be 2.0 volts corresponding to a “full' charge near a 
100% charge. Thus, whenever the voltage V exceeds 
the voltage Vref1 at the inverting input, the output of 
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amplifier AA5 changes from the low state to the high 
State. 
The output of amplifiers AA4 and AA5 are passed to 

respective inputs of logic gate G1. Gate G1 includes 
transistors QQ1 and QQ2. Gate G1 will have a logical 
low output at the collector of transistor QQ2 only if 
both amplifiers AA4 and AA5 outputs are high, corre 
sponding to more than a specified amp charging current 
and a “full' battery charge, respectively. Transistor 
QQ1 turns transistor QQ2 on when both inputs are high. 
In this event, the collector of transistor QQ2 is pulled to 
ground which activates a bad cell display device at 
output 5 and reduces the charge level indicated by 
meter 70. The slow reduction in the state of charge of 
battery 20 indicated on meter 70 is determined by the 
value of resistor R20. The bad cell display (output 5) is 
used to provide an immediate indication of a bad cell 
when the collector of QQ2 goes low. Shunt current is 
read at output 7 of FIGS. 1A and 5 with a conventional 
plus-minus reading ammeter. An on board ammeter 70 
also can be used to sense the current through the collec 
tor of transistor QQ2 and indicate a bad cell. Transistors 
QQ1 and QQ2 are preferably model 2N3904, generally 
available from Motorola. 

Advantageously, the embodiment depicted in FIG. 5 
uses low power operational amplifiers for amplifiers 
AA1, AA2, AA3, AA4, and AA5, each of which has a 
drain current of about 0.2 mA based on the Motorola 
MC33171U amplifiers. This provides for a circuit de 
sign that has a drain current of less than 2.0 mA when 
directly connected to battery 20 and an Altus Standard 
H-1 meter, customized for Use as a high resistance mi 
crometer. Other similar display devices could be used. 
The low current drain allows permanent connection of 
BSOC monitor 16 and displays 50 and 70 to battery 20. 
Thus, for a 60 Amp hour battery for an automotive 

vehicle, it will take more than 3 years (approximately 
1250 days) to discharge a fully charged battery with a 2 
mA current drain. Accordingly, in the embodiment of 
FIG. 5, the need for standby power circuit 220 and turn 
on circuits 252 and 250 of the embodiment depicted in 
FIG. 4 are not required. It is noted that for a capacitor 
of 0.01 to 1 farad, it requires about 50,000 hours to 
discharge fully, and it has a self discharge rate that is 
less then one tenth the self discharge of battery 20. It 
also is noted that the preferred single ended low power 
operational amplifiers may not be replaced with opera 
tional amplifiers requiring positive and negative input 
supply voltages without redesigning the circuit of FIG. 
5, and that dual supply operational amplifiers are less 
preferred when operating with a single ended automo 
tive type single ended power sources. 

Referring to FIG. 5, BSOC monitor 16 includes a 
charge clamping circuit 395, including amplifier AA5, 
transistors QQ3 and QQ4, diode D1 and resistors R23 
and R24. As noted, the reference voltage on potentiom 
eter P8 is adjusted to a desired output voltage Vrefil 
corresponding to “full” battery charge. Any reference 
voltage between 1 and 5 volts can be selected. When the 
output V of amplifier AA1 reaches the selected level, 
amplifier AA5 switches to the high state which raises 
the base of transistor QQ3 to approximately the output 
voltage level V, of battery 20. When the base of transis 
tor QQ3 goes high, the base of transistor QQ4 is driven 
low and transistor QQ4 is turned off. This output at the 
collector of amplifier QQ4 is connected to capacitor C1 
via node D. 
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Capacitor C1 cannot be either charged or discharged 
with transistor QQ4 turned off. Consequently, addi 
tional charge current after Vi=Vrefl has been reached 
cannot cause the integrator amplifier AA1 to integrate 
the trickle charge current and thus read a false over 
charge condition. 

It is, however, necessary to sense discharge currents 
and turn transistor QQ4 on again. This is accomplished 
by connecting the output of amplifier AA2 to the base 
of transistor QQ4 through resistor R24. A small dis 
charge current will cause the base of transistor QQ4 to 
be raised to a level determined by the gain of amplifier 
AA2 (R361/P2) which turns transistor QQ4 on. The 
turn off signal from amplifier AA5 to the base of transis 
tor QQ3 is thus overridden whenever a discharge cur 
rent is detected. When the charge level drops below 
100%, the output of amplifier AA5 returns to the low 
output state. Diode D1 is preferably a light emitting 
diode, which turns on whenever a 100% charge level is 
reached. This signal may be visible to the vehicle opera 
tor, if desired. 
The collector of transistor QQ4 is by passed to 

ground with a resistor R50 that provides a constant 
current to ground when transistor QQ5 is turned off. 
This current simulates battery 20 self-leakage during 
long vehicle turn off periods. 
BSOC monitors 16 that are not equipped with a 

clamping circuit 395, which limits the state of charge 
reading on display 50 to 100%, develop large errors 
over time. In most instances the vehicle alternator or 
other charging devices do not reduce the charge cur 
rent to zero at the exact point where the battery is fully 
charged. Rather, small trickle current (approximately 1 
amp) typically flows into a good battery for long peri 
ods of time. This is particularly true of automotive alter 
nator/battery charging systems. 
Without clamping circuit 395, the BSOC monitor 16 

does not recognize that the 100% charge point has been 
exceeded due to the lamp or smaller trickle current. 
Consequently, capacitor C1 in FIG. 5 will charge to an 
output voltage level above the voltage corresponding 
to the 100% charge level. When a discharge condition 
occurs capacitor C1 will start its discharge from a 
higher level than it should and improperly track the 
battery. Once the BSOC monitor 16 loses its proper 
tracking point of reference, errors build up rapidly. 

Clamping circuit 395 shown in FIG. 5 prevents this 
small trickle charge current from passing through R1 
after a full charge condition is reached. 

It should be noted that off board display circuits are 
preferably deactivated when the vehicle ignition switch 
is turned off. Consequently, the current drain to display 
50 is not part of the 2 mA drain due to the circuit shown 
in FIG. 5 and on board ammeter display 70. A low cost 
0 to 1 mA voltmeter can be used as an on board display, 
as illustrated by meter 500 in FIG. 7. 
A single display meter can be switched to monitor 

each output from the circuit shown in FIG. 5 if desired. 
Each meter can be a push-the-button-to-read type meter 
in order to reduce the quiescent current drain of the 
meter to a minimum. Such a low cost meter would not 
likely be acceptable for most automotive displays. A 
seismic qualified version of the low cost meter would, 
however, be suitable for power plant and industrial 
applications. In this regard, edgewise panel reading 
meters are commonly used in the power industry. 
A plus or minus, zero center reading ammeter or 

voltmeter (not shown) connected to signal Vs at output 
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7 shown in FIG. 5 may be used to provide a reading 
proportional to the magnitude of the current through 
resistive shunt 30. Such a meter will display a positive 
level proportional to battery charge currents and a 
negative level proportional to battery discharge cur 
rents. 

A voltmeter (not shown) also may be connected to 
battery 20 to display battery operating or open circuit 
terminal voltage V (illustrated at output 8 of FIG. 5). 

Referring to FIG. 3A, the input to the inverting am 
plifier 34A is a plus or minus voltage Vs at the top of 
shunt 30. A negative voltage corresponding to a battery 
discharge current at the top of shunt 30 will transmit an 
input current through resistor R1 to the inverting input 
terminal of amplifier 34A. 
The non inverting amplifier input terminal is a virtual 

ground point at node 24. Consequently, all the negative 
current through resistor R1 must pass through capaci 
tor Cland charge it in the positive direction. The opera 
tional amplifier output voltage V(measured between its 
output and virtual ground) will increase in the positive 
direction at a rate proportional to the magnitude of the 
current through resistor R1. Amplifier 34A thus pro 
vides the gain required to linearize the charge curve. 
A positive charge voltage Vs due to battery charge 

currents at the top of shunt 30 will pass a positive cur 
rent through resistor R1. Inverting amplifier 34A will 
thus pass all the current through resistor R1 in the dis 
charge direction through capacitor C1 and cause it to 
discharge at a rate proportional to the magnitude of the 
current through resistor R1. 

If the non inverting input is connected to ground, as 
is the case in the non inverting integrator circuit, the 
inverting amplifier configuration would not be able to 
measure charge currents through battery 20. It would 
be driven against the ground. 
The non inverting integrating equation set forth 

above also applies to the inverting integrator configura 
tion, except that a negative sign precedes it, to signify 
that an inverted output is obtained over the range of 
integration. 
The non inverting (single ended) integrator amplifier 

circuit 360 shown in FIG. 5 is a preferred embodiment 
due to the fact that vehicle electronics is generally of 
the single ended type. The Motorola MC35171U ampli 
fiers can operate from either a single or double ended 
input supply at voltage levels as low as 5 volts dc. Using 
a double ended inverting amplifier requires an addi 
tional amplifier in series with amplifier AA1 in order to 
cause the display devices 50, 70 to operate in the proper 
direction. Display meters would read plus and minus 
from a center off position and the operational amplifiers 
would operate between plus and minus 6 volts. 

Referring to FIG. 7, a BSOC monitor 16 in accor 
dance with a preferred embodiment of the present in 
vention is shown inside housing 716, which is connected 
between terminals 22 and 22 of battery 20. Shunt 30 is 
connected between the negative terminal 22 of battery 
20 and a cable 720 to vehicle ground 725, which is 
removed from terminal 22 and connected to post C on 
BSOC monitor 16. The operating area of shunt 30 is 
between posts 730 and 732 inside monitor 16. Post 730 is 
connected to a printed circuit board 750 containing the 
BSOC circuits, and post 732 is connected to ground. 
Power is brought to printed circuit board 750 from 
positive terminal 22 of battery 20 by a connection be 
tween posts 740 and 742. 
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A remote liquid crystal display 500' is shown, oper 
ated in conjunction with microprocessor 400, both of 
which are switched on and off with the vehicle ignition 
switch IS. The latter is conventional and has positions 
for off, accessory on, run, and start. 

Alternately, a display meter 500 may be provided 
affixed to enclosure 716, for example, for use in non 
vehicular operating environments. Also shown are 
charge and discharge buttons B-1 and B-2. The enclo 
sure 716 of BSOC monitor 16 is preferably made of the 
same material used to encase battery 20, e.g., a polymer. 

In accordance with another aspect of the invention, 
referring to FIGS. 1 and 7, battery state of charge moni 
tor 16 may include or be connected to a microprocessor 
device 400 to monitor the state of charge of battery 20 
as battery 20 charges and discharges over time, to eval 
uate the performance of the battery charging system, 
and to display information concerning the battery and 
its charging system. More preferably, with reference to 
FIG. 5, a microprocessor 400 could be used to monitor 
one or more of the signals provided to capacity meter 
50, the output of gate G1, the output of amplifier AA5, 
and signals V, V, Vo and Vb, to process the monitored 
data and to make decisions based on the nature of the 
data, and to operate a liquid crystal display on the vehi 
cle instrument panel to indicate one or more of the 
following measures and/or conditions: battery capacity, 
charge level, bad cell(s), battery voltage and current. 
The qualitative status can be determined based on 

monitoring the charging and discharging currents rates 
and state of charge over time and comparing them to 
predetermined or historical operating conditions. The 
determined status, including any existing or potential 
problems, can then be displayed on display monitor 500 
to alert the vehicle operator, incorporated into a diag 
nostic computer database for service technicians or 
both. The display 500 may be a separate display device 
dedicated to the battery state of charge device or incor 
porated into an existing executive microprocessor and 
message center display for the vehicle. BSOC displays 
and microprocessors are preferably powered through 
the ignition switch and therefore do not constitute a 
battery drain when the ignition is off. 

In a preferred embodiment, such an apparatus in 
cludes BSOC monitor 16 and microprocessor 400, 
which is provided suitable additional software pro 
gramming to process BSOC monitor 16 for these moni 
toring functions. A suitable microprocessor is model 
MC68HC05M4 or equivalent, available from Motorola. 
Preferably, microprocessor 400 is programmed to moni 
tor various time intervals from detected events, e.g., 
starting and stopping of charging and discharging cur 
rents, determining rates of change and charge and ca 
pacity between such events, and comparing determined 
magnitude and rate to preselected data and historical 
acquired data. 
Thus, microprocessor 400 may be programmed to 

identify when the alternator charging system 40 is un 
able to recharge battery 20 to one or more preselected 
levels of charge over a selected period of time, and to 
display the relative condition of the battery to the 
driver in more detail than the percent charge. For ex 
ample, microprocessor 400 may monitor changes in the 
state of charge over time and determine that the battery 
retains a low charge level that continues to exist after a 
preselected time period of vehicle operation, e.g., 30 
minutes. This condition corresponds to either a bad 
battery cell, a loose or broken alternator belt, or a 
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20 
burned out or inoperative alternator rectifier compo 
nent. This condition can be displayed to the vehicle 
operator, who is prompted to have the battery charging 
system of the vehicle serviced so that the cause of the 
inability to charge the battery to a sufficient level of 
charge can be discovered and corrected. Display 500 
may be a suitable device, as complicated as providing a 
written message on a liquid crystal display or other 
alphanumeric display or as simple as an indicator light 
that the system requires inspection by a service techni 
cian. 

Further, microprocessor 400 may acquire detailed 
qualitative information of the status of the battery and 
its charging system and any existing or potential prob 
lems that need correction. Such information could be 
accessible from microprocessor 400 by a conventional 
diagnostic data port (not shown). Thus, a service tech 
nician can access microprocessor 400 for the detailed 
information identifying a reason for the service call and 
suggesting the likely cause of trouble. 
Other examples of a microprocessor monitor for bat 

tery charging system operating conditions are as fol 
lows. A determination that the battery is being re 
charged at a very slow rate which does not fully charge 
the battery indicates that there is a low voltage regula 
tor output voltage. A determination that the battery 
discharges rapidly after each recharge indicates a par 
tial short in the wiring of the electrical system causing 
an excess current drain. A determination that the bat 
tery is discharging rapidly with little recharging indi 
cates that there is an excessive current drain due to 
accessory overload on the electrical system. A determi 
nation that the battery state of charge has dropped to a 
50% charge and the battery will not return to a near 
100% charge, e.g., the selected “full' charge, after a 
long interval indicates that the battery has passed the 
deep discharge point and cannot be fully recharged. A 
determination that there is a continuing discharge rate 
proportional to current draw indicates that the ignition 
is off and accessories are being operated which is draw 
ing current from the battery. Regarding the latter item, 
microprocessor 400 may be programmed to turn off 
automatically nonessential accessories, e.g., air condi 
tioning, when the battery charge is depleted to a level 
that is very low, but will still start the vehicle, to mini 
mize the likelihood of depleting the charge to a level 
that may not start the vehicle. Indeed, the feature may 
be operative even when the engine is operating, and 
preferably is accompanied by a suitable warning on a 
display device. 
A determination that there is a very slow recharge 

after current discharge and intermittent state of charge 
measure changing between normal charge and Zero 
charge indicates the possible onset of a load dump con 
dition. A load dump is a condition when the battery 
suddenly disconnects from the alternator due to loose 
terminal connections or corrosion build-up on the bat 
tery terminals. When this occurs, the alternator is no 
longer loaded by the battery and the conventional alter 
nator output voltage rises from its normal charging 
level of less than 16 volts to between 80 and 150 volts 
within a 10 msec period, and having a 400 msec decay 
period. This transient provides approximately 400 
Joules which yields a peak instantaneous power of 1 
kilowatt at the top of the pulse. Power surges of this size 
are difficult to clamp by state of the art solid state de 
vice, which may result in the destruction of electronic 
circuits on the vehicle. 
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In addition, microprocessor 400 may be programmed 
to determine and display certain qualitative characteris 
tics of the battery which change with various operating 
conditions, and which thus can be controlled to some 
extent by the vehicle operator. For example, the 
amount of charge removed from the battery during 
starting can be used to display the instantaneous charge 
level and determine and display the number of charges 
remaining in the battery following the start. Such a 
display will change as the battery is recharged, which 
usually occurs within 30 minutes of vehicle operation. 
Also, the detection of a rapid battery discharge rate 
under high load conditions will indicate accessory over 
load and/or a reduction in battery capacity that occurs 
during conditions of high current draw, which condi 
tion will disappear when the load is decreased and the 
battery recharged over time. Again, microprocessor 
400 may be programmed to turn off certain nonessential 
accessories to prevent unnecessary high load condi 
tions. In addition, the battery discharge rate over time 
when the vehicle is not in use can be used to display the 
battery self-discharge rate, which can be monitored 
from time to time to ensure that the battery has suffi 
cient charge to start the vehicle. 
This aspect of the invention may be implemented in a 

battery state of charge monitoring device, including 
BSOC monitor 16, microprocessor 400 having appro 
priate software for processing the battery state of 
charge signal, and a circuit for providing the qualitative 
information to a display. As another alternative, the 
battery state of charge signals Vi and Vo and the signal 
representative of current flow across the shunt Vs from 
BSOC may be provided to a management microproces 
sor already on the vehicle, which can be programmed 
to perform these monitoring and display functions. 
Preparation of suitable software is believed to be well 
within the abilities of a person of ordinary skill in the 
art. It also should be understood that the foregoing 
monitoring functions may be implemented using con 
ventional discrete analog and/or digital components or 
solid state finite state machines, by selecting appropriate 
reference thresholds, clock frequency and delay periods 
(or pulse counts). 
An advantage of this aspect of the invention is that by 

monitoring the charging of battery 20 through the state 
of charge signal output, an early warning of the onset of 
a load dump can be provided and load dump prevented. 
Similarly, because battery capacity is defined in terms 
of minutes, i.e., how long the vehicle can continue to be 
operated with a 25 amp current draw under a non 
recharge condition, early warning of problems in the 
battery charging system can prompt the vehicle opera 
tor to seek service at a service station or to call for 
roadside assistance. This avoids the dangers inherent 
with being stranded on the side of the road, both to the 
operator and to other vehicle operators. 

In another aspect of the present invention, the above 
device which monitors the battery state of charge can 
be combined with telemetry devices so that the state of 
charge, or the condition of the battery state of charge 
and the battery charging system can be provided to a 
remote station. Such a telemetry device could, for ex 
ample, broadcast an FM or radio frequency signal in 
cluding a code identifying the vehicle (and the location 
of the vehicle, e.g., with roadside interrogator stations, 
appropriate navigational (satellite) interrogation or 
tracking on a cellular telephone network and the like) 
and provide information regarding the status of the 
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system, including details of an actual or potential prob 
lem and a possible solution. This would facilitate pre 
ventative maintenance and prompt, safe roadside re 
pairs. 

It is noted that references to pin numbers of inte 
grated circuit devices are those provided by the indi 
cated manufacturer for the identified model number of 
the device. Potentiometers used in the described cir 
cuits may be replaced with resistors once suitable values 
are obtained. 
One skilled in the art will appreciate that the present 

invention can be practiced by other than the described 
embodiments which are presented for purposes of illus 
tration and not of limitation. 

I claim: 
1. An apparatus for monitoring the state of an electri 

cal energy source comprising: 
a current sensor for producing a first signal related to 

the magnitude and direction of the current flowing 
to or from said energy source; and 

a low power operational amplifier having a capaci 
tive element in the feedback path for integrating 
the first signal on a continuous basis as the current 
flows to and from said energy source, and thereby 
charging the capacitive element at a rate propor 
tional to the magnitude of the sensed current when 
the current flow is in one direction and discharging 
the capacitive element at a rate proportional to the 
magnitude of the sensed current when the current 
flow is in the opposite direction, the amplifier hav 
ing a supply voltage input operatively connected to 
the energy source for energizing the amplifier and 
a minimum drain current that is less than 1.05 mA, 
the capacitive element having a capacitance 
greater than 0.01 farad. 

2. The apparatus of claim 1 further comprising: 
a device for monitoring a temperature corresponding 

to the temperature of the energy source; and 
a circuit, responsive to the charge on the capacitive 

element and the sensed temperature, for providing 
a second signal corresponding to the capacity of 
the energy source at the sensed temperature. 

3. The apparatus of claim 1 further comprising a 
circuit for detecting when the energy source is defec 
tive in response to the sensed charge on the capacitive 
element and the sensed charging current. 

4. The apparatus of claim 1 further comprising a 
circuit for clamping the charge on the capacitive ele 
ment at a value corresponding to a full charge in the 
energy source when the energy source is fully charged. 

5. The apparatus of claim 1 wherein the low power 
operational amplifier has a drain current on the order of 
0.2 mA. 

6. A method of monitoring the state of an electrical 
energy source comprising the steps of: 

sensing the direction and amount of current flow into 
and out of the energy source as a first signal; 

providing an integrating circuit including a capaci 
tive element having an effective capacity of more 
than 0.01 farad and a time constant resistor through 
which the capacitor charges or discharges, a sup 
ply voltage input, and an input for receiving the 
first signal from the current sensor; 

energizing the circuit by operative connection of the 
supply voltage input to the energy source being 
monitored, the circuit having a minimum drain 
current that is less than or equal to 1.0 mA; and 
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charging the capacitive element in response to the 
first signal in one direction, at a charge rate that is 
in proportion to the amount of the first signal, and 
discharging the capacitive element in response to 
the first signal in the opposite direction, at a dis- 5 
charge rate that is in proportion to the amount of 
the first signal, thereby providing an integrated 
first signal corresponding to the state of charge of 
the energy source. 

7. The method of claim 6 wherein providing the inte 
grating circuit further comprises providing a low power 
operational amplifier having a drain current that is less 
than 0.5 mA, wherein the capacitive element is in the 

10 

8. The method of claim 6 further comprising: 15 
monitoring a temperature corresponding to the tem 

perature of the energy source; 
processing the integrated first signal in response to 

the sensed temperature; and 
providing a second signal corresponding to the ca 

pacity of the energy source at the sensed tempera 
tle. 

9. The method of claim 6 further comprising detect 
ing when the energy source is defective in response to 
the sensed charge on the capacitive element and the 

20 

25 

sensed charging current. 
10. The method of claim 6 further comprising clamp 

ing the charge on the capacitive element at a value 
corresponding to a full charge in the energy source 
when the energy source is fully charged. 

11. An apparatus for monitoring the state of an elec 
trical energy source comprising: 

a current sensor for producing an output current 
signal related to the magnitude and direction of the 
current flowing to or from said energy source; 

an integrator circuit having a feedback path including 
a charge storing capacitive element with low self 
leakage, a resistor which in conjunction with the 
capacitive element provides a time constant for 40 
integrating the output current signal on a continu 
ous basis as the current flows to and from said 
energy source, and an output for providing the 
integrated output signal stored in the capacitive 
element corresponding to the state of charge of the 
energy Source; 

the capacitive element being charged at a rate pro 
portional to the magnitude of the sensed current 
when the current flow is in one direction and dis 

50 charged at a rate proportional to the magnitude of 
the sensed current when the current flow is in the 
opposite direction; 

means for sensing and processing the sensed magni 
tude and direction of the output signal and the 
amplitude of the integrated output signal, thereby 
to indicate the charge condition of the energy 
Source: 

a device to monitor a temperature corresponding to 
the temperature of the energy source; and 

a circuit, responsive to the monitored temperature, 
providing a first signal corresponding to the capac 
ity of the energy source at the monitored tempera 
ture. 

12. The apparatus of claim 11 wherein the energy 
source has a charge capacity and a self discharge rate 
that vary with temperature, the apparatus further com 
prising 
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a temperature compensation circuit for providing the 

first signal related to the state of the energy source 
at the monitored temperature. 

13. The apparatus of claim 12 wherein the tempera 
ture compensation circuit further comprises: 

a first circuit for adjusting the effective self-discharge 
rate of the capacitive device in response to the 
sensed temperature so that the integrated output 
signal stored in the capacitive element corresponds 
to the state of the energy source at the sensed tem 
perature; and 

a second circuit for adjusting the charging rate and 
discharging rate of the capacitive device in re 
sponse to the sensed temperature so that the inte 
grated output signal is related to the state of the 
energy source at the sensed temperature. 

14. The apparatus of claim 11 further comprising a 
circuit for detecting when the energy source is defec 
tive in response to the integrated output signal stored in 
the capacitive element and the sensed charging current. 

15. The apparatus of claim 14 wherein the circuit 
further comprises a first means for comparing the inte 
grated output voltage to a first threshold corresponding 
to a full charge voltage and a second means for compar 
ing the sensed amplitude of a charging current to a 
second threshold corresponding to a current passing 
through a defective element in the energy source. 

16. The apparatus of claim 11 wherein the capacitive 
element further comprises a capacity selected in the 
range between 0.01 and 1.0 farad. 

17. The apparatus of claim 11 wherein the capacitive 
element further comprises a self discharge rate that is at 
or less than one tenth the self discharge rate of the 
energy source. 

18. The apparatus of claim 11 wherein the capacitive 
element further comprises a charge storage life of at 
least 40,000 hours. 

19. The apparatus of claim 11 further comprising a 
circuit for maintaining the integrated output signal 
stored in the capacitive element at a level correspond 
ing to a 100% charge on the energy source during the 
presence of a continuing charging current. 

20. The apparatus of claim 11 wherein the sensing and 
processing means further comprises a microprocessor. 

21. The apparatus of claim 11 wherein the energy 
source is an automotive battery in an automotive vehi 
cle having an alternator-battery charging system and 
accessory circuits and the indicated charge condition is 
selected from among one or more of the group consist 
ing of a load dump condition, a defective battery cell, a 
defective alternator belt, a defective alternator rectifier 
component, a low voltage regulator output, an exces 
sive current drain corresponding to a short in the vehi 
cle electrical system, the battery having been dis 
charged below the deep discharge point, and the bat 
tery charge falling below a preselected charge thresh 
old. 

22. The apparatus of claim 11 wherein the energy 
source is an automotive battery in an automotive vehi 
cle having one or more accessory circuits connectable 
to the battery, and further comprising a circuit for dis 
connecting at least one selected accessory circuit from 
the battery when the sensed charge is below a selected 
charge threshold. 

23. The apparatus of claim 11 wherein the energy 
source is an automotive battery in an automotive vehi 
cle having an alternator-battery charging system and 
accessory circuits further comprising a circuit for trans 
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mitting a signal corresponding to the determined charge 
condition to a remote location. 

24. The apparatus of claim 23 wherein the indicated 
charge condition is selected from among one or more of 
the group consisting of a load dump condition, a defec 
tive battery cell, a defective alternator belt, a defective 
alternator rectifier component, a low voltage regulator 
output, an excessive current drain corresponding to a 
short in the vehicle electrical system, the battery having 
been discharged below the deep discharge point, and 
the battery charge falling below a preselected charge 
threshold. 

25. The apparatus of claim 11 further comprising 
means for displaying a message corresponding to the 
indicated charge condition. 

26. A method of monitoring the state of an electrical 
energy source comprising the steps of: 

sensing the direction and amount of current flow into 
and out of the energy source; 

integrating the net amount of said current flow con 
tinuously as current flows into and out of said en 
ergy source; 

the step of integrating comprising charging a capaci 
tive element having an effective capacity of 0.01 
farad or more in response to current flow in one 
direction, at a charge rate that is in proportion to 
the amount of current flow, and discharging the 
capacitive element in response to current flow in 
the opposite direction at a discharge rate that is in 
proportion to the amount of current flow, thereby 
providing an integrated output signal correspond 
ing to the state of charge; and 

determining whether or not the energy source has a 
short condition in response to the sensed charging 
current flow and the sensed integrated output sig 
nal. 

27. The method of claim 26 wherein the energy 
source is a battery having at least one battery cell and 
the step of determining whether or not the energy 
source has a short condition further comprises: 
comparing the sensed charging current flow to a first 

threshold corresponding to a charging current of 
one short circuited battery cell; 

comparing the integrated output signal to a second 
threshold corresponding to a near full charge; and 

indicating a short in the energy source when the 
sensed charging current is above the first threshold 
and the integrated output signal is at or greater 
than the second threshold. 

28. A method of monitoring the state of an electrical 
energy source comprising the steps of: 

sensing the direction and amplitude of current flow 
into and out of the energy source as a first signal; 

providing an integrator circuit having a feedback 
path including a charge storing capacitive element 
with low self leakage, and a resistor which in con 
junction with the capacitive element provides an 
integration time constant; 

charging the capacitive element in response to the 
first signal in one direction, at a charge rate that is 
in proportion to the amount of the first signal, and 
discharging the capacitive element in response to 
the first signal in the opposite direction, at a dis 
charge rate that is in proportion to the amount of 
the first signal, thereby providing an integrated 
output signal stored in the capacitive element cor 
responding to the state of charge of the energy 
Source; 
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26 
sensing and processing the direction and amplitude of 

the first signal and the amplitude of the integrated 
output signal, thereby to indicate the condition of 
the electrical energy source; 

monitoring a temperature corresponding to the tem 
perature of the electrical energy source; and 

providing a signal corresponding to the state of the 
electrical energy source at the monitored tempera 
ture. 

29. The method of claim 28 wherein the step of pro 
viding the signal further comprises: 

adjusting the effective self-discharge rate of the ca 
pacitive device in response to the sensed tempera 
ture so that the integrated output signal stored in 
the capacitive element corresponds to the state of 
the energy source at the sensed temperature; and 

adjusting the charging rate and discharging rate of 
the capacitive device in response to the sensed 
temperature so that the integrated output signal is 
related to the state of the energy source at the 
sensed temperature. 

30. The method of claim 27 further comprising de 
tecting when the energy source is defective in response 
to the integrated output signal and the sensed charging 
current. 

31. The method of claim 30 further comprising deter 
mining that the energy source is defective when the 
integrated output voltage corresponds to a full charge 
state of the energy source and the sensed charging cur 
rent is higher than the charging current should be for 
the charge represented by the integrated output signal. 

32. The method of claim 28 further comprising 
adjusting the integrated output signal in response to 

the monitored temperature. 
33. The method of claim 28 further comprising main 

taining the integrated output signal stored in the capaci 
tive element at a level corresponding to a full charge on 
the energy source during the presence of a continuing 
charging current. 

34. The method of claim 28 wherein the step of sens 
ing and processing is performed under microprocessor 
control. 

35. The method of claim 28 wherein the energy 
source is an automotive battery in an automotive vehi 
cle having an alternator-battery charging system and 
accessory circuits and the step of sensing and processing 
indicates a charge condition selected from among one 
or more of the group consisting of a load dump condi 
tion, a defective battery cell, a defective alternator belt, 
a defective alternator rectifier component, a low volt 
age regulator output, an excessive current drain corre 
sponding to a short in the vehicle electrical system, the 
battery having been discharged below the deep dis 
charge point, and the battery charge falling below a 
preselected charge threshold. 

36. The method of claim 28 wherein the energy 
source is an automotive battery in an automotive vehi 
cle having one or more accessory circuits connectable 
to the battery, and further comprising the step of dis 
connecting at least one selected accessory circuit from 
the battery when the sensed charge is below a selected 
charge threshold. 

37. The method of claim 27 wherein the energy 
source is an automotive battery in an automotive vehi 
cle having an alternator-battery charging system and 
accessory circuits further comprising transmitting a 
signal corresponding to the indicated charge condition 
to a remote location. 
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38. The method of claim 37 wherein the indicated 
charge condition is selected from among one or more of 
the group consisting of a load dump condition, a defec 
tive battery cell, a defective alternator belt, a defective 
alternator rectifier component, a low voltage regulator 
output, an excessive current drain corresponding to a 
short in the vehicle electrical system, the battery having 
been discharged below the deep discharge point, and 
the battery charge falling below a preselected charge 
threshold. 

39. The method of claim 28 further comprising dis 
playing a message corresponding to the indicated 
charge condition. 

40. An apparatus for monitoring the state of an elec 
trical energy source having a charge capacity that 
changes with the temperature comprising: 

a current sensor for producing a first signal related to 
the magnitude and direction of the current flowing 
to or from said energy source; 

a capacitive element having a capacitance of 0.01 
farad or more connected to said current sensor for 
integrating said first signal on a continuous basis as 
the current flows to and from said energy source, 
said capacitive element charging at a rate propor 
tional to the magnitude of the sensed current when 
the current flow is in one direction and discharging 
at a rate proportional to the magnitude of the 
sensed current when the current flow is in the 
opposite direction and producing a second signal 
corresponding to the state of charge of the energy 
Source; 

a device for monitoring a temperature corresponding 
to the temperature of the energy source; and 

a circuit, responsive to the second signal and the 
sensed temperature, for providing a third signal 
corresponding to the capacity of the energy source 
at the sensed temperature. 

41. The apparatus of claim 40 further comprising: 
an operational amplifier having the capacitive ele 
ment in the feedback path and a time constant resis 
tor through which the first signal is integrated and 
an output for providing the second signal; 

wherein the device for monitoring temperature is a 
thermistor and the circuit further comprises a volt 
age divider network, connected in series with the 
thermistor and the output of the operational ampli 
fier, for adjusting the amplitude of the second sig 
nal to correspond to the capacity of the battery at 
the sensed temperature. 

42. The apparatus of claim 40 wherein the circuit 
further comprises a first circuit for adjusting the self 
discharge rate of the capacitive element in response to 
the sensed temperature so that the integrated first signal 
stored in the capacitive element is discharged at a rate 
corresponding to the charge capacity of the energy 
source at the sensed temperature. 

43. The apparatus of claim 42 wherein the device for 
monitoring temperature is a first thermistor and the first 
circuit further comprises: 
an operational amplifier having the capacitive ele 
ment in the feedback path and an input resistor 
across which the first signal is passed for integrat 
ing the first signal, and an output for providing the 
second signal; and 

a voltage source and a resistor connected in series 
with the thermistor connected between the resistor 
and the operational amplifier output. 

44. The apparatus of claim 43 further comprising: 
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28 
a second device for monitoring a temperature corre 

sponding to the temperature of the energy source; 
and 

a second circuit for adjusting the charging rate and 
discharging rate of the capacitive sensor in re 
sponse to the sensed temperature so that the second 
signal is related to the state of the energy source at 
the sensed temperature. 

45. The apparatus of claim 44 wherein the second 
device for monitoring temperature is a second thermis 
tor and the second circuit further comprises an unbal 
ance circuit including the second thermistor for adjust 
ing the offset voltage of the operational amplifier to 
correspond to the charge capacity of the battery at the 
sensed temperature. 

46. The apparatus of claim 40 wherein the device for 
monitoring temperature is a thermistor and the circuit 
further comprises: 
an operational amplifier having the capacitive ele 
ment in the feedback path and an input resistor 
across which the first signal is passed for integrat 
ing the first signal and an output for providing the 
Second signal; and 

an unbalance circuit including the thermistor for 
adjusting the offset voltage of the operational am 
plifier to correspond to the charge capacity of the 
battery at the sensed temperature. 

47. The apparatus of claim 40 further comprising: 
a first circuit for detecting a short circuit in the en 

ergy source. 
48. The apparatus of claim 47 wherein the first circuit 

further comprises: 
a first comparator for comparing the sensed charging 

current to a first threshold corresponding to a 
charging current; 

a second comparator for comparing the sensed sec 
ond signal to a second threshold corresponding to 
a full charge; and 

means for indicating a short in the battery when the 
magnitude of the sensed output current is a charg 
ing current greater than the first threshold and the 
sensed integrated output signal is at or greater than 
the second threshold. 

49. A method of monitoring the state of an electrical 
energy source comprising the steps of: 

sensing the direction and amount of current flow into 
and out of the energy source; 

integrating the net amount of said current flow con 
tinuously as current flows into and out of said en 
ergy source and providing a first signal corre 
sponding to the net charge in the energy source; 

the step of integrating comprising charging a capaci 
tive element having an effective capacity of more 
than 0.01 farad in response to current flow in one 
direction, at a charge rate that is in proportion to 
the amount of current flow, and discharging the 
capacitive element in response to current flow in 
the opposite direction, at a discharge rate that is in 
proportion to the amount of current flow; 

monitoring a temperature corresponding to the ten 
perature of the energy source; and 

adjusting the first signal in response to the sensed 
temperature and providing a second signal corre 
sponding to the charge capacity of the energy 
source at the sensed temperature. 

50. The method of claim 49 wherein adjusting the 
first signal further comprises adjusting the amplitude of 
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the first signal to correspond to the charge capacity of 
the energy source at the sensed temperature. 

51. The method of claim 49 wherein adjusting the 
first signal further comprises adjusting the offset volt 
age of the integration of the current flow so that the 
charge rate and discharge rate of the capacitive device 
correspond to the charge capacity of the energy source 
at the sensed temperature. 

52. The method of claim 49 wherein adjusting the 
first signal further comprises adjusting the self-dis 
charge rate of the capacitive element to correspond to 
the self-discharge rate of the energy source at the sensed 
temperature. 

53. An apparatus for monitoring the state of an elec 
trical energy source comprising: 
a current sensor for producing an output signal re 

lated to the magnitude and direction of the current 
flowing to or from said energy source; 

an operational amplifier having a capacitive element 
in the feedback path and a time constant resistor 
through which the output signal is integrated on a 
continuous basis as the current flows to and from 
said energy source and an output for providing the 
integrated output signal corresponding to the state 
of charge of the energy source, the capacitive ele 
ment having an effective capacitance of 0.01 farad 
or more and charging at a rate proportional to the 
magnitude of the sensed current when the current 
flow is in one direction, discharging at a rate pro 
portional to the magnitude of the sensed current 
when the current flow is in the opposite direction, 
and having a self-discharge rate when no sensed 
current flows to or from the energy source; and 

a circuit for detecting a short circuit in the energy 
SOC 

54. The apparatus of claim 53 wherein the circuit 
further comprises: 
a first comparator for comparing the sensed inte 

grated output signal to a first threshold corre 
sponding to a full charge in the energy source; 

a second comparator for comparing the sensed cur 
rent to a second threshold corresponding to a 
charging current that is greater than what the 
charging current should be when the energy 
source is at a near full charge; and 

means for indicating a short in the energy source 
when the sensed output current is a charging cur 
rent greater than the first threshold and the inte 
grated output signal is at or greater than the second 
threshold. 

55. The apparatus of claim 54 wherein the indicating 
means is a device having one output state indicative of 
a short in the energy source. 

56. The apparatus of claim 54 wherein the indicating 
means further comprises a visual display device having 
a first display condition indicative of a short in the en 
ergy source and a second display condition not indica 
tive of a short in the energy source. 

57. The apparatus of claim 53 wherein the energy 
source is a battery having at least one battery cell, the 
circuit further comprises: 
a first comparator for comparing the sensed current 

to a first threshold corresponding to a charging 
current of one short circuited battery cell; 

a second comparator for comparing the sensed inte 
grated output signal to a second threshold corre 
sponding to a full charge; and 
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means for indicating a short in the energy source 
when the sensed output current is a charging cur 
rent greater than the first threshold and the inte 
grated output signal is at or greater than the second 
threshold. 

58. The apparatus of claim 57 wherein the indicating 
means is a device having one output state indicative of 
a short in the energy source. 

59. The apparatus of claim 57 wherein the indicating 
means further comprises a visual display device having 
a first display condition indicative of a short in the en 
ergy source and a second display condition not indica 
tive of a short in the energy source. 

60. An apparatus for monitoring the state of an elec 
trical energy source comprising: 

a current sensor for producing an output signal re 
lated to the magnitude and direction of the current 
flowing to or from said energy source; 

an operational amplifier having a capacitive element 
in the feedback path and a time constant resistor 
through which the output signal is integrated on a 
continuous basis as the current flows to and from 
said energy source and an output for providing the 
integrated output signal corresponding to the state 
of charge of the energy source, the capacitive ele 
ment charging at a rate proportional to the magni 
tude of the sensed current when the current flow is 
in one direction, and discharging at a rate propor 
tional to the magnitude of the sensed current when 
the current flow is in the opposite direction; and 

means for determining whether or not the energy 
source is defective in response to the charging 
current flow and the integrated output signal. 

61. The apparatus of claim 60 wherein the circuit 
further comprises: 

a circuit limiting the charge on the capacitive element 
to a level corresponding to a full charge on the 
electrical energy source during a continuing charg 
ing current; and 

an indicator for indicating when the energy source is 
fully charged. 

62. The apparatus of claim 60 wherein the circuit 
further comprises: 

a first comparator for comparing the integrated out 
put signal to a first threshold corresponding to a 
full charge on the electrical energy source; and 

a switch for inhibiting the capacitive element from 
charging further in response to a continuing charg 
ing current when the integrated output signal is at 
or greater than the first threshold. 

63. A method of monitoring the state of an electrical 
energy source comprising the steps of: 

sensing the direction and amount of current flow into 
and out of the energy source; 

integrating the net amount of said current flow con 
tinuously as current flows into and out of said en 
ergy source; 

the step of integrating comprising charging a capaci 
tive element in response to current flow in one 
direction, at a charge rate that is in proportion to 
the amount of current flow, and discharging the 
capacitive element in response to current flow in 
the opposite direction at a discharge rate that is in 
proportion to the amount of current flow, thereby 
providing an integrated output signal correspond 
ing to the state of charge of the energy source; and 
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determining whether or not the energy source is 
defective in response to the charging current flow 
and the integrated output signal. 

64. The method of claim 63 further comprising: 
limiting the charge on the capacitive element to a 

level corresponding to a full charge on the electri 
cal energy source during a continuing charging 
current; and 

indicating when the energy source is fully charged. 
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65. The method of claim 63 further comprising: 
comparing the integrated output signal to a first 

threshold corresponding to a full charge on the 
electrical energy source; and 

inhibiting the capacitive element from charging in 
response to a charging current when the integrated 
output signal is at or greater than the first thresh 
old. 

k k 
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