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(54) Battery characteristic evaluator

(57) There is provided a battery characteristic eval-
uator configured to identify a circuit constant of an equiv-
alent circuit model based on a current-voltage character-
istic of a battery. The battery characteristic evaluator in-
cludes: a current waveform divider configured to divide
a certain current waveform into a plurality of step func-
tions with a plurality of infinitesimal time intervals and
output the step functions; and a circuit constant optimiz-
ing unit configured to calculate the optimized circuit con-
stant of the equivalent circuit model, based on the step
functions, a measured voltage value, and equivalent cir-
cuit model data.
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Description

BACKGROUND

Technical Field

[0001] The present invention relates to a battery characteristic evaluator..

Related Art

[0002] Fig. 6 is a block diagram illustrating the configuration of a related-art circuit used in measuring current and
voltage to evaluate battery characteristics. A load 2 and an ammeter 3 are connected in series to a battery 1 as a
measurement target and a voltmeter 4 is connected in parallel to the battery 1.
[0003] The ammeter 3 measures a rising or falling value of output current of the battery 1 varying depending on the
turning-on/off of the load 2, and the voltmeter 4 measures a rising or falling value of output voltage of the battery 1
varying depending on the turning-on/off of the load 2. Such a specific measurement procedure is described in JP-A-
2003-4780.
[0004] Fig. 7 is a block diagram illustrating the configuration of a related-art battery characteristic evaluator for eval-
uating battery characteristics of a battery based on the measurement result of Fig. 6. Current value data IM measured
by the ammeter 3, voltage value data VM measured by the voltmeter 4, and standard equivalent circuit model data EM
of the battery 1 prepared in advance are input to an input unit 5.
[0005]  A circuit constant optimizing unit 6 includes a voltage calculator 6a and a determination unit 6b, optimizes a
circuit constant of an equivalent circuit model of the battery 1 as an identification value FV based on the current value
data IM measured by the ammeter 3, the voltage value data VM measured by the voltmeter 4, and the equivalent circuit
model data EM of the battery 1 which are input from the input unit 5, and outputs the optimized circuit constant of the
equivalent circuit model to an output unit 7.
[0006] In the circuit constant optimizing unit 6, the current value data IM measured by the ammeter 3, the equivalent
circuit model data EM of the battery 1, and a candidate of the circuit constant CC from the determination unit 6b are
input to the voltage calculator 6a, and a calculated voltage value VC is calculated and provided to the determination unit 6b.
[0007] The voltage value data VM measured by the voltmeter 4 and the calculated voltage value VC calculated by
the voltage calculator 6a are input to the determination unit 6b. The measured voltage value data VM and the calculated
voltage value VC are compared with each other and it is determined whether the circuit constant is the optimal value.
When it is determined that the circuit constant is not the optimal value, a new circuit constant CC is generated from the
comparison result and is input to the voltage calculator 6a, and the voltage is calculated again. These processes are
repeatedly performed until it is determined that the circuit constant is the optimal value. The identification value FV
optimized as the circuit constant of the equivalent circuit model in this way is provided to the output unit 7.
[0008]  The output unit 7 generates a characteristic curve of the battery 1 based on the identification value FV of the
circuit constant of the equivalent circuit model optimized by the circuit constant optimizing unit 6 and displays the
generated characteristic curve on a display unit (not shown).
[0009] Fig. 8 is a diagram illustrating an equivalent circuit representing the characteristics of the battery 1. In the
equivalent circuit shown in Fig. 8, a DC source E, a resistor R1, a parallel circuit of a resistor R2 and a capacitor C1,
and a parallel circuit of a resistor R3 and a capacitor C2 are connected in series.
[0010] When circuit data shown in Fig. 8 is input as the equivalent circuit model data EM, the circuit constant optimizing
unit 6 calculates resistance values R1, R2, and R3 of the resistors and capacitance values C1 and C2 of the capacitors
so as to reduce a difference between the calculated voltage value and the measured voltage value.
[0011] JP-A-2003-4780 discloses the configuration of method and apparatus for measuring internal impedance of a
battery.
JP-A-2005-100969 discloses removing an influence of a response voltage due to polarization at the time of measuring
internal impedance of a battery.
[0012] In a low-frequency region of impedance of the battery 1, Warburg impedance is exhibited due to the influence
of diffusion. The Warburg impedance may be calculated as impedance in a frequency domain as shown in Fig. 9, but it
is difficult to transform the impedance in the frequency domain into impedance in a time domain. Accordingly, the Warburg
impedance in the related-art equivalent circuit is expressed by a resistor, a capacitor, and an inductor.
[0013] However, a voltage drop curve based on the Warburg impedance could not be reproduced by the combination
of a resistor and a capacitor. Nevertheless, when the identification thereof is performed using a DC source, a resistor,
and a capacitor, the resistance value of the resistor or the capacitance value of the capacitor becomes a large value
that does not correspond to reality as shown in Fig. 10, thereby making the circuit constant identification meaningless.
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SUMMARY OF THE INVENTION

[0014] Exemplary embodiments of the present invention address the above disadvantages and other disadvantages
not described above. However, the present invention is not required to overcome the disadvantages described above,
and thus, an exemplary embodiment of the present invention may not overcome any disadvantages.
[0015] Accordingly, it is an illustrative aspect of the present invention to provide a battery characteristic evaluator
which can improve precision of a circuit constant identification value in an equivalent circuit model of a battery in view
of Warburg impedance.
[0016] According to one or more illustrative aspects of the present invention, there is provided a battery characteristic
evaluator configured to identify a circuit constant of an equivalent circuit model based on a current-voltage characteristic
of a battery. The evaluator includes: a current waveform divider configured to divide a certain current waveform into a
plurality of step functions with a plurality of infinitesimal time intervals and output the step functions; and a circuit constant
optimizing unit configured to calculate the optimized circuit constant of the equivalent circuit model, based on the step
functions, a measured voltage value, and equivalent circuit model data.
[0017] Other aspects and advantages of the present invention will be apparent from the following description, the
drawings and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig. 1 is a block diagram illustrating an example of the invention;
Figs. 2A to 2H are diagrams illustrating an operation of dividing a certain waveform current into step functions;
Figs. 3A to 3C are diagrams illustrating a recombination by the superposition of step responses in the circuit shown
in Figs. 2A to 2H, excluding a power source;
Fig. 4 is a diagram illustrating an equivalent circuit including Warburg impedance, which represents a battery char-
acteristic;
Fig. 5 is a diagram illustrating an equivalent circuit in which the Warburg impedance W1 is singly connected in series;
Fig. 6 is a block diagram illustrating the configuration of a related-art circuit used in measuring current and voltage
to evaluate the battery characteristic;
Fig. 7 is a block diagram illustrating a related-art battery characteristic evaluator for evaluating the battery charac-
teristic based on the measurement result of Fig. 6;
Fig. 8 is a diagram illustrating an equivalent circuit representing the battery characteristic;
Fig. 9 is a diagram illustrating the Warburg impedance; and
Fig. 10 is a diagram illustrating an example where the Warburg impedance is approximated by a resistor and a
capacitor.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0019] Hereinafter, exemplary embodiments of the present invention will be described with reference to the accom-
panying drawings.
Fig. 1 is a block diagram illustrating an embodiment of the invention, where elements common to those shown in Fig. 7
are referenced by like reference numerals and signs.
[0020] In Fig. 1, a current waveform divider 8 divides a measured value IM of a certain current waveform into plural
step functions having different time axes as shown in Fig. 2. Fig. 2 shows an example where a rising region of a current
waveform is divided into n step functions I1 to In and a falling region is divided into m step functions In+1 to In+m The step
functions I1 to In+m are input to a circuit constant optimizing unit 6.
[0021] In the circuit constant optimizing unit 6, a step response calculator 6c and a voltage adder 6d adding the
response calculation results V1 to Vn+m of the step response calculator 6c are provided instead of the voltage calculator
6a of Fig. 7.
[0022] Equivalent circuit model data EM, a candidate of a circuit constant CC from a determination unit 6b, and the
step functions I1 to In+m corresponding to the current from the current waveform divider 8 are input to the step response
calculator 6c. Accordingly, the step response calculator 6c calculates step response voltages V1 to Vn+m, for the current
given as the step functions I1 to In+m and inputs the step response voltages V1 to Vn+m as the calculation results to an
input terminal of the voltage adder 6d.
[0023] The voltage adder 6d adds the step response voltages V1 to Vn+m as the calculation results of the step response
calculator 6c to obtain a calculated voltage value VC. Then, the calculated voltage value VC is provided to the determi-
nation unit 6b.
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[0024] Voltage value data VM measured by a voltmeter 4 and the calculated voltage value VC calculated by the voltage
adder 6d are input to the determination unit 6b. The measured voltage value VM and the calculated voltage value VC
are compared to determine whether the circuit constant is the optimal value as the comparison result. When it is deter-
mined that the circuit constant is not the optimal value, a new circuit constant CC is generated from the comparison
result and is input to the step response calculator 6c so as to calculate a voltage again. These processes are repeatedly
performed until it is determined that the circuit constant is the optimal value. An identification value FV optimized as the
circuit constant of the equivalent circuit model in this way is provided to an output unit 7.
[0025] The output unit 7 generates a characteristic curve of the battery 1 based on the identification value FV of the
circuit constant of the equivalent circuit model optimized by the circuit constant optimizing unit 6 and displays the
generated characteristic curve on a display unit (not shown).
[0026] The details shown in Figs. 2A to 2H will be described below. The rising region p of the certain waveform current
I(t) shown in Fig. 2A is divided into n step functions as shown in Figs. 2B to 2H, and the falling region n is divided into
m step functions. This can be expressed by a mathematical expression as follows. Here, u(t) represents a unit step
function with amplitude 1.
[0027]

where u(t) is set so that u(ti) = 0 (if ti < 0) and 1 (if ti ≥ 0) at time ti (where i = 1 to n + m).
[0028] In Expression 1, Ii (ti) (where I = 1 to n) can be expressed as follows by the Laplace transform. 

[0029] Similarly, Ii(ti) (where i = n + 1 to n + m) can be also expressed as follows by the Laplace transform. 

[0030] Since these current signals flow in impedance Z(s) and are thus converted into voltages, the voltages Vi(s)
(where i = 1 to n + m) based on the currents are expressed as follows.

[0031] When step current flows in impedance Z, transient voltage response signals Vi(ti) are obtained as follows by
the Laplace-transforming Expression (4). 

[0032] Therefore, by recombining the step responses divided into (n + m) steps, a transient voltage response waveform
V(t) when a certain current waveform flows in the impedance Z can be expressed by Expression (6). 
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[0033] Accordingly, even when a certain current waveform is input, it is possible to calculate a voltage response of
the battery. Figs. 3A to 3C are diagrams illustrating the recombination based on the superposition of the step responses
in the circuit shown in Fig. 1, excluding the power source. In Figs. 3A to 3C, Fig. 3A shows the step functions of a certain
current waveform, Fig. 3B shows the step responses, and Fig. 3C shows the superposition of the step responses.
[0034] Fig. 4 is a diagram illustrating an equivalent circuit including the Warburg impedance representing the battery
characteristic. In Fig. 4, a DC source E, a resistor R1, a parallel circuit of a resistor R2 and a capacitor C1 and a parallel
circuit of a series circuit of a resistor R3 and a Warburg impedance W1 representing the diffusion of materials and a
capacitor C2 are connected in series.
[0035] According to this configuration, the Warburg impedance can be included in the equivalent circuit and the
identification precision of the battery increases, thereby making the current-voltage characteristic closer to reality. Re-
alistic values can be obtained for the circuit constants other than the Warburg impedance.
[0036] Although the equivalent circuit model in which the Warburg impedance is connected in parallel has been
described in the above-mentioned embodiment, an equivalent circuit in which the Warburg impedance W1 is singly
connected in series as shown in Fig. 5 can be implemented by easy calculation.
[0037] In Fig. 5, the conventional method is applied to the voltage in a circuit block in which an RLC circuit is connected
in series and the method according to the invention is applied to the voltage in a Warburg impedance block.
[0038] In this case, the voltage Vw in the time domain of the Warburg impedance block W1 can be calculated as
follows and thus the calculation is simplified. 

where δ represents a constant of diffusion and Γ represents a gamma function.
[0039] The total voltage of the equivalent circuit shown in Fig. 5 is calculated as the sum of the voltage in the Warburg
impedance W1 block and the voltage in the RLC circuit block. The voltages calculated by the methods are compared
with the measured voltage value for evaluation.
[0040] The method according to the invention can be applied when the input current has a rectangular waveform.
[0041] In the above-mentioned embodiment, the current is changed and identified with the measured response voltage,
but the voltage may be changed and identified with the measured current value.
[0042] According to the above-mentioned invention, it is possible to provide a battery characteristic evaluator which
can identify a circuit constant with high precision in an equivalent circuit model of a battery in consideration of the Warburg
impedance so as to evaluate a battery characteristic with high precision, and can be suitably used to efficiently analyze
various parameters of a battery.

Claims

1. A battery characteristic evaluator configured to identify a circuit constant of an equivalent circuit model based on a
current-voltage characteristic of a battery, the evaluator comprising:

a current waveform divider configured to divide a certain current waveform into a plurality of step functions with
a plurality of infinitesimal time intervals and output the step functions; and
a circuit constant optimizing unit configured to calculate the optimized circuit constant of the equivalent circuit
model, based on the step functions, a measured voltage value, and equivalent circuit model data.

2. The evaluator of Claim 1,
wherein the circuit constant optimizing unit comprises:

a step response calculator configured to calculate a plurality of step response voltages each corresponding to
one of the plurality of step functions, based on the plurality of step functions and the equivalent circuit model data;
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a voltage adder configured to add each of the step response voltages to output a calculated voltage value; and
a determination unit configured to determine whether the circuit constant is the optimal value, by comparing the
calculated voltage value with the measured voltage value,
wherein when the determination unit determines that the circuit constant is not the optimal value, the determi-
nation unit generates a new circuit constant based on the comparison result, and provides the new circuit
constant to the step response calculator.

3. A battery characteristic evaluator configured to identify a circuit constant of an equivalent circuit model based on a
current-voltage characteristic of a battery, the evaluator comprising:

a voltage waveform divider configured to divide a certain voltage waveform into a plurality of step functions with
a plurality of infinitesimal time intervals and output the step functions; and
a circuit constant optimizing unit configured to calculate the optimized circuit constant of the equivalent circuit
model, based on the step functions, a measured current value, and equivalent circuit model data.

4. The evaluator of Claim 3,
wherein the circuit constant optimizing unit comprises:

a step response calculator configured to calculate a plurality of step response currents each corresponding to
one of the plurality of step functions, based on the plurality of step functions and the equivalent circuit model data;
a current adder configured to add each of the step response currents to output a calculated current value; and
a determination unit configured to determine whether the circuit constant is the optimal value, by comparing the
measured current value with the calculated current value,
wherein when the determination unit determines that the circuit constant is not the optimal value, the determi-
nation unit generates a new circuit constant based on the comparison result, and provides the generated circuit
constant to the step response calculator.

5. The evaluator of Claim 1, wherein the equivalent circuit model comprises Warburg impedance.

6. The evaluator of Claim 2, wherein the equivalent circuit model comprises Warburg impedance.

7. The evaluator of Claim 3, wherein the equivalent circuit model comprises Warburg impedance.

8. The evaluator of Claim 4, wherein the equivalent circuit model comprises Warburg impedance.
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