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(57) ABSTRACT 

Arneasuring circuit (1) for e. g evaluating the current passing 
through a battery produces analog signals representing the 
potensials at tWo input terminals (9, 11) Which are connected 
at each side of a shunt resistor (13). The circuit has a 
high-range stage (23) and a loW-range stage (29), the tWo 
input terminals being alternatively connected to an input of 
the high-range stage. The output of the high-range stage is 
connected to an input of the loW-range stage and the output 
terminals (5, 7) of the stages are output lines of the circuit. 

(21) Appl' NO‘: 10/258’441 The stages cornprise arnpli?ers (X2i1, X2i2) and hig-pass 
. _ ?lters (25, 31) connected in front of the arnpli?ers. A line 

(22) PCT Flled' Apr' 25’ 2001 (21) for clock pulses is connected to a sWitching circuit (19) 

(86) PCT NO _ PCT/SE01/00881 for the alternating connection of the input terminals. The 
" sWitching circuit can comprise three electronic on-off 

(30) Foreign Application Priority Data sWitches (Xlil, X1i2, X1i3). The arnpli?ers can be 
differential ampli?ers, the positive and negative inputs of 

Apr. 25, 2000 (SE) ........................................ .. 0001475-3 Which are biassed to a voltage having a value being half the 
value of a supply voltage. This Will alloW negative potentials 

Publication Classi?cation or input signals to be representad by positive output signals 
loWer than the bias value and positive input signals to be 

(51) Int. Cl.7 ................................................... .. G01R 31/08 represented by positive output signals larger than the bias 
(52) US. Cl. ............................................................ .. 324/522 value. 
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CURRENT MEASURING CIRCUIT SUITED FOR 
BATTERIES 

TECHNICAL FIELD 

[0001] The present invention relates to a measuring circuit 
particularly suited to measure and sample data of the con 
dition of a battery or more particularly to measure an 
electrical quantity such as an electrical current Which can 
vary from having a small intensity to a very large intensity 
and Which can vary in sign. 

BACKGROUND OF THE INVENTION 

[0002] In applications of electrochemical batteries in eg 
vehicles they are often provided With some kind of “intel 
ligence”, such as a circuit for monitoring the charge/dis 
charge state of the battery. Such a circuit requires measure 
ments of the electric current ?oWing through the battery. 
Then a small shunt resistor is connected in a connection line 
of one of the battery terminal posts to a driven device/ 
ground. HoWever, the intensity of the electrical current 
passing through a starter battery has a very Wide range and 
cannot easily be measured by means of standard measuring 
circuits. Such a current Will also have different directions 
When the battery is charged and When it is used for poWering 
some device. 

[0003] Also in other applications there may eXist a need 
for a measuring circuit Which can measure some electrical 
quantity over a Wide range. The electrical quantity can in 
most cases be easily converted to an electrical current by 
arranging some simple circuit. 

[0004] A circuit for providing measurement signals of a 
large range is disclosed in the published European patent 
application No. 0 738 894. A potential to be measured is 
provided to a ?rst ampli?er providing a ?rst output signal. 
In the case Where the potential is too high, the ?rst ampli?er 
is saturated and a second output signal is provided from a 
second ampli?er connected in parallel With the ?rst ampli 
?er. Small signals Will thus only be ampli?ed by one 
ampli?er, the gain of Which de?ning the resolution of the 
circuit. In US. Pat. No. 5,920,189 a circuit for measuring 
currents is disclosed comprising tWo parallel channels of 
high and loW gain. AsWitch is provided for selecting one of 
the channels. 

SUMMARY OF THE INVENTION 

[0005] It is an object of the invention to provide a non 
costly measuring circuit Which alloWs measuring an electri 
cal quantity over a Wide range, such as an electrical current 
over a Wide range of the current intensity. 

[0006] It is another object of the invention to provide a 
simple sWitching circuit for a measuring circuit. 

[0007] Thus generally, a measuring circuit produces e.g. 
analog signals representing the potentials at one or tWo input 
terminals, each input terminal e.g. connected to a different 
one of the tWo sides or electrodes of a resistor, typically a 
shunt resistor having a loW resistance or even very loW 
resistance to provide measurements of the voltage over the 
resistor and thereby measurements of the electrical current 
through the resistor. 

[0008] The circuit has at least tWo stages, a ?rst and a 
second stage, eg a high-range stage and a loW-range stage, 
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the tWo input terminals being alternatingly connected to an 
input of the ?rst stage Which preferably is the high-range 
stage. The output of the ?rst stage is connected to an input 
of the neXt, second stage and the output terminals of the tWo 
stages are connected as output lines of the circuit. The tWo 
stages each comprise ampli?ers and preferably also high 
pass ?lters connected in front of the ampli?ers, to the inputs 
of the ampli?ers. The gain in the stages can be substantially 
equal to each other. A very small signal is ampli?ed in all 
stages, i.e. by at least tWo ampli?ers connected in series With 
each other. This results in a very high resolution of the 
measuring circuit, the total range of the measuring circuit 
being set basically by the measuring range of the ?rst stage. 

[0009] Each stage can comprise a differential ampli?er, 
the positive and negative inputs of Which are biassed to a 
voltage having a value being half the value of a supply 
voltage. This Will alloW negative potentials or input signals 
to be represented by positive output signals loWer than a 
center value and positive input signals to be represented by 
positive output signals larger than the center value. 

[0010] A control input line of the measuring circuit can 
receive clock pulses and is connected to a sWitching circuit 
for performing the alternating connection of the input ter 
minals. The sWitching circuit can comprise three identical, 
electronic on-off sWitches. Then a ?rst sWitch is connected 
to a ?rst one of the input terminals, the second sWitch to a 
second one of the input terminals and the third sWitch is 
connected to act as an inverter to make the ?rst sWitch be on 
When the second sWitch is off and vice versa. The sWitching 
circuit has a simple structure, only requiring one additional 
sWitch for producing an alternating sWitching sequence. 

[0011] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
methods, processes, instrumentalities and combinations par 
ticularly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] While the novel features of the invention are set 
forth With particularly in the appended claims, a complete 
understanding of the invention, both as to organiZation and 
content, and of the above and other features thereof may be 
gained from and the invention Will be better appreciated 
from a consideration of the folloWing detailed description of 
non-limiting embodiments presented hereinbeloW With ref 
erence to the accompanying draWings, in Which: 

[0013] 
[0014] 
and 

[0015] FIGS. 3a, 3b and 3c are Waveform diagrams 
shoWing input and output signals. 

FIG. 1 is a block diagram of a measuring setup, 

FIG. 2 is a circuit diagram of a measuring circuit, 

DETAILED DESCRIPTION 

[0016] In FIG. 1 a block diagram of a measuring circuit 
1 arranged for measuring the electrical current from a starter 
battery for an automotive vehicle is shoWn. The circuit 1 is 
built from relatively inexpensive components and introduces 
only a small increase of the series resistance of the electrical 
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conductor, in Which the current passes. The measuring 
circuit 1 is an analog circuit and is in the example of FIG. 
1 adapted to measure the starter battery currents in tWo 
ranges of 1100 A and :1 A. The operation of the measuring 
circuit is controlled by a micro-controller 3 having A/D 
converting inputs. The measuring circuit 1 performs the 
sampling of an analog value and the ampli?cation thereof to 
provide input signals of a suitable range to be received by 
the microcontroller 3 and converted to digital signals. The 
measuring circuit 1 has tWo output terminals or output lines 
5, 7, one for providing an analog value representing the 
quantity to measured in a ?rst range and another one for 
providing an analog value representing the same quantity to 
be measured but in a second, different range. 

[0017] The measuring circuit 1 has tWo input terminals or 
input lines 9, 11 Which in the eXample shoWn are connected 
to opposite sides or opposite ends of a shunt resistor 13 
having a very loW electrical resistance and connected 
betWeen the negative terminal 15 of the starter battery, not 
shoWn, and the negative terminal 17 of devices, not shoWn, 
Which are poWered by the battery. Normally, When no 
measurement is being made, the tWo inputs are both con 
nected to the negative terminal 15 of the battery, Which 
conventionally is connected to or constitutes the common 
ground in automotive vehicles. The ?rst output 5 for the 
range of :100Ais then at a potential of approXimatively 2.5 
V. When a measurement of the electrical current in the line 
betWeen the negative terminal 17 of the poWered devices 
and the negative terminal post 15 of the battery is to be 
made, the output voltage at line 5 for the desired current 
range and for both input lines 9, 11 connected to ground is 
?rst digitiZed by the microcontroller 3 to obtain a reference 
value Vref and then the second input line 11 of the measuring 
circuit is sWitched, by a changeover contact block 19 in the 
measuring circuit as controlled by a control line 21 from the 
microcontroller, to receive the mV signal from the shunt 
resistor 13. After a short delay, alloWing the output voltage 
at the output line 5 to stabiliZe, a second A/D-conversion is 
made in the microcontroller to produce a measured value 
Vmeas and the desired, resulting value representing the current 
through the shunt resistor is calculated as Vmeas—Vref and 
then corrected by a scaling factor and for the temperature of 
the shunt resistor to produce a value accurately representing 
the current through the shunt resistor 13. 

[0018] The changeover contact block 19 performs the 
sampling as controlled by the microcontroller 3. It has a 
single output line Which is connected to the input terminal of 
the components of the ?rst, high-range block 23. This block 
comprises a highpass ?lter 25 providing a ?ltered output 
signal Which is ampli?ed by a ?rst ampli?er stage 27. The 
output of this ampli?er stage is the output signal of the 
high-range block and is thus connected to the output termi 
nal 5 of the measuring circuit. The output of the ?rst 
ampli?er stage 27 is connected to the input of the second, 
loW-range block 29. This block comprises a high-pass ?lter 
31 receiving the signal input to the block, the output ?ltered 
signal of the ?lter being provided to a second ampli?er stage 
33. The ampli?ed signal output from the second ampli?er 
stage is the output signal of the loW-range block and is thus 
output from the measuring circuit at the output terminal 7. 

[0019] A circuit diagram of the measuring circuit 1 is 
shoWn in FIG. 2. The circuit obtains the electric poWer for 
its operation from an eXternal supply, not shoWn, providing 
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a supply voltage Vcc=5 V. This voltage is in a voltage divider 
circuit 35 provided to an end of a ?rst resistor R9, the other 
end of this resistor being connected to an end of a second 
resistor R10, Which has its other end connected to ground. 
The resistances of the ?rst and second resistors are identical, 
the supply voltage thus being divided to provide half the 
supply voltage at the connection node betWeen the tWo 
resistors. This voltage is provided to the positive input of an 
operational ampli?er X3, the negative input and the output 
of Which are interconnected, to provide at the output of the 
ampli?er a voltage VccHa1f=Vcc/2 =25 V, the output having 
a good driving capacity. 

[0020] The output line 21 of the microcontroller 3 is 
normally high, ie at about 5 V, but gives for the measure 
ment of the current in the shunt resistor negative pulses 
having eg a length of 5 ms, the pulses occurring e.g each 
250 ms. These pulses are provided to the changeover contact 
block 19, Which comprises three electronic sWitches Xlil, 
X1i2, X1i3, these sWitches for instance being analog 
sWitches and each having an input terminal, an output 
terminal and a control input terminal. The input of the ?rst 
electronic sWitch Xlil is connected to the input line 11 of 
the measuring circuit 1 and thus in the eXample shoWn to be 
connected to the positive end of the shunt resistor 13. The 
input of the second electronic sWitch X1i2 is similarly 
connected to the input line 9 of the measuring circuit 1 and 
thus to the grounded, negative end of the shunt resistor 13. 
The output terminals of the ?rst and second sWitches Xlil, 
X1i2 are connected to each other and to the input of the ?rst 
range block 23, ie to the input of the high-pass ?lter 25. 

[0021] The input terminal of the third sWitch X1i3 and 
the control terminal of the ?rst sWitch Xlil are both 
connected to the supply voltage Vcc through a resistor R7 
having a relatively large resistance. The output terminal of 
the third sWitch X1i3 is connected to ground. The control 
terminals of the second and third sWitches X1i2, X1i3 are 
both connected to the control line 21, receiving the clock 
pulses from the microcontroller. When the input control or 
clock signal on line 21 is high, the third sWitch X1i3 is set 
to be closed or to a conducting state. This gives a loW 
potential on its input terminal and thereby also the potential 
on the control terminal of the ?rst sWitch Xlil Will be loW, 
this sWitch then being set to an open or non-conducting state. 
Thus for a high level of the clock signal the ?rst sWitch 
Xlil Will be open and the second sWitch X1i2 Will be 
closed. For a loW level of the input signal on the control line 
21 the third sWitch X1i3 Will be in an open state and the 
control input of the ?rst sWitch Xlil Will have a high level, 
making the ?rst sWitch adopting a closed state. The inter 
connection of the third and ?rst sWitches X1i3, Xlil in 
this Way performs an inversion of the input control signal 
from the clock line 19 When it reaches the ?rst sWitch Xlil. 

[0022] When the level of the control signal on line 21 is 
high, the potential on the negative side of the shunt resistor 
13, the ground potential, is provided to the input of the ?rst, 
high-range block 23. When the level of the control signal on 
line 21 goes loW, the potential on the positive side of the 
shunt resistor 13 is provided to the input of the high-range 
block 23. The signal input to this block is received by the 
high-pass ?lter 25 comprising a series capacitor C1. Also the 
input of the ?lter is connected to ground through a capacitor 
C7. The ?ltered signal is input to the ?rst ampli?er stage 27 
and is received by the positive terminal of an operational or 
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differential ampli?er X2i1, this positive terminal also being 
connected to VccHalf, i.e. half the supply voltage, through a 
resistor R6 having a relatively large resistance. The negative 
input of the ampli?er X2i1 is also connected to ground but 
through a resistor R2 having a smaller resistance. The 
negative input and the output of the ampli?er X2i1 are 
connected to each other through a parallel combination of a 
resistor R3 and a capacitor C4. The output terminal of the 
ampli?er X2i1 of the ?rst stage is also connected to the 
high-range output terminal or line 5 of the measuring circuit 
1 and to the input of the high-pass ?lter 31 of the loW-range 
block 29. 

[0023] The loW-range measuring block 29 is built basi 
cally as the high-range block 23. The high-pass ?lter 31 
thereof thus comprises a capacitor C2. The second ampli?er 
stage 33 comprises an operational or differential ampli?er 
X2i2 having its positive input connected to the coupling 
and ?ltering capacitor C2 and to half the supply voltage 
VOCHQK through a resistor R8 having a relatively large resis 
tance. The negative input of the ampli?er X2i2 is con 
nected to the same half supply voltage through a resistor R4 
and is connected to the ampli?er output terminal through a 
resistor R5 and a capacitor C5 connected in parallel. The 
output terminal of the second ampli?er X2i2 is also con 
nected to the output terminal or output line 7 of the mea 
suring circuit. 

[0024] When there is a change of the potential on the input 
electrode of one of the coupling or ?ltering capacitors C1, 
C2 the respective capacitor Will change its charge by being 
charged or discharged through the large resistor R6 or R8. 
The resulting change of the voltage betWeen the inputs of the 
respective ampli?er is ampli?ed by the ampli?er, the gain 
being de?ned by the relative magnitudes of the resistor in the 
feedback loop connected to the negative input and the 
resistor connecting the same terminal to ground, the gain in 
the ?rst stage being equal to (1+R3/R2) Which With the data 
of FIG. 2 gives a gain of 21, and the gain in the second stage 
being equal to (1+R5/R4) e.g. equal to 101. 

[0025] The Waveforms of the input control signal on line 
21 and the output signals on the output lines 5 and 7 are 
shoWn in the diagrams of FIGS. 3a, 3b and 3c. By the 
method of biassing the ampli?ers X2i1, X2i2 by half the 
supply voltage, the signals output from the measuring circuit 
Will indicate Whether the respective input signals have a 
positive or negative sign. Thus an input signal nominally 
equal to Zero Will give output signals of 2.5 V and a 
nominally negative input signal Will give output signals 
smaller than 2.5 V, etc. The values actually representing the 
current through the shunt resistor are obtained by a subtrac 
tion, after digitiZing, in the microcontroller 3, as described 
above. 

[0026] In the start-up stage of the circuit of FIG. 2, there 
can be a signi?cant time period Which has to elapse until the 
relatively large ?ltering and coupling capacitors C1, C2 at 
the inputs of the ampli?ers X2i1, X2i2 have been charged 
from the voltage supply of VccHalf. These capacitors can then 
be more rapidly charged through small resistors R11, R12 
connected in parallel With the large resistors R6, R8 respec 
tively, sWitches X4i1, X4i2 being connected in series With 
the small resistors and controlled to be closed only in the 
start-up stage by a suitable signal on the control terminals of 
the sWitches and to be open otherWise. 
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[0027] The shunt resistor 13 can for eXample be made 
from a Cu-Winding and then has a temperature coef?cient of 
approximately 0.393%/° C. If the measurement is to made 
on a battery in a vehicle and if the measurement has to be 
very accurate, such as required When used as input data in 
an algorithm for estimating the remaining charge of the 
battery, the shunt resistor can have a very varying tempera 
ture, for instance if used in the northern countries. Thus, if 
the shunt resistor for eXample has a resistance value of 1 
milliohm at 20° C. the resistance value Will at —40° C. be 
0.764 milliohm and at 70° 1.196 milliohm. Thus, in order to 
obtain a correct value a correction of the measured current 
must be made, eg in the microcontroller unit 3. Then, a 
temperature sensor, not shoWn, must be arranged at the shunt 
resistor 13 and connected provide a signal representing the 
sensed temperature to an A/D-input of the microcontroller. 

[0028] While speci?c embodiments of the invention have 
been illustrated and described herein, it is realiZed that 
numerous additional advantages, modi?cations and changes 
Will readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details, representative devices and illustrated eXamples 
shoWn and described herein. Accordingly, various modi? 
cations may be made Without departing from the spirit or 
scope of the general inventive concept as de?ned by the 
appended claims and their equivalents. It is therefore to be 
understood that the appended claims are intended to cover 
all such modi?cations and changes as fall Within a true spirit 
and scope of the invention. 

1. A measuring circuit, having a ?rst input measurement 
terminal and output measurement terminals, for producing 
on the output measurement terminals signals representing 
the potential at the ?rst input measurement terminal, char 
acteriZed by at least tWo stages having different measuring 
ranges, a ?rst one of the at least tWo stages having a ?rst 
measuring range and an input terminal and an output ter 
minal and a second one of the at least tWo stages having a 
second measuring range and an input terminal and an output 
terminal, the ?rst input measurement terminal connected to 
the input terminal of the ?rst one of the at least tWo stages 
and the output terminal of the ?rst one of the at least tWo 
stages connected to the input terminal of the second one of 
the at least tWo stages, the output terminals of the at least tWo 
stages connected to the output measurement terminals of the 
measuring circuit, the ?rst and second ones of the at least 
tWo stages each comprising an ampli?er for amplifying 
signals received on the input terminal of the respective stage 
to produce ampli?ed signals on the output terminal of the 
respective stage. 

2. Ameasuring circuit according to claim 1, characteriZed 
in that the ?rst one of the at least tWo stages is a high-range 
stage and the second one of the at least tWo stages is a 
loW-range stage. 

3. A measuring circuit according to any of claims 1-2, 
characteriZed in that each of the at least tWo stages com 
prises a high-pass ?lter connected in an input line of the 
ampli?er of the respective stage. 

4. A measuring circuit according to any of claims 1-3, 
characteriZed in that each of the at least tWo stages com 
prises a differential ampli?er, the tWo inputs of Which are 
biassed to a bias voltage having a bias value equal to half the 
value of a supply voltage, alloWing that negative input 
signals are represented by positive output signals loWer than 
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the bias value and positive input signals are represented by 
positive output signals larger than the bias value. 

5. A measuring circuit according to any of claims 1-4, 
characterized by a second input measurement terminal and 
a sWitching circuit connected to the ?rst and second input 
measurement terminals to periodically or alternatingly feed 
the potential at the ?rst input measurement terminal and the 
second input measurement terminal to the input terminal of 
the ?rst one of the at least tWo stages, thereby producing 
periodic signals representing alternatingly the potentials on 
the ?rst and second measurement terminals. 

6. Ameasuring circuit according to claim 5, characteriZed 
by a control input line adapted to receive clock pulses, the 
control input line being connected to the sWitching circuit 
and the sWitching circuit comprising tWo controlled elec 
tronic on-off sWitches. 

7. Ameasuring circuit according to claim 5, characteriZed 
by a control input line adapted to receive clock pulses, the 
control input line being connected to the sWitching circuit 
and the sWitching circuit comprising electronic on-off 
sWitches, a ?rst one of the electronic on-off sWitches con 
nected to the ?rst input measurement terminal, a second one 
of the electronic on-off sWitches connected to the second 
input measurement terminal and a third one of the electronic 
on-off sWitches connected to act as an inverter to make the 
?rst one of the electronic on-off sWitches be on When the 
second one of the electronic on-off sWitches is off and vice 
versa. 

8. A measuring circuit according to any of claims 5-7, 
characteriZed in that the ?rst and second input measurement 

Aug. 21, 2003 

terminals are connected to the ends of a resistor in order to 
measure a voltage drop over the resistor and thereby provide 
a value of an electrical current ?oWing through the resistor. 

9. A sWitching circuit for a measuring circuit and adapted 
to receive clock pulses to provide an alternating sWitching of 
signals from ?rst and second input measurement terminals to 
an input stage of the measuring circuit, characteriZed by 
electronic on-off sWitches, a ?rst one of the electronic on-off 
sWitches connected to the ?rst input measurement terminal, 
a second one of the electronic on-off sWitches connected to 
the second input measurement terminal and a third one of the 
electronic on-off sWitches connected to act as an inverter to 

make the ?rst one of the sWitches be on When the second one 
of the sWitches is off and vice versa. 

10. AsWitching circuit according to claim 9, characteriZed 
in that the second and third ones of the electronic on-off 
sWitches are adapted to receive the clock signals on control 
input terminals, the third one of the electronic on-off 
sWitches having input and output terminals, one thereof 
connected to electronic ground potential and another one 
thereof connected to a control input terminal of the ?rst one 
of the electronic on-off sWitches. 

11. AsWitching circuit according to claim 9, characteriZed 
in that said another one of the input and output terminals of 
the third one of the electronic on-off sWitches is also 
connected to a supply voltage through a resistor. 
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