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(54) METHOD FOR THE CALCULATION OF AN OPEN-CIRCUIT VOLTAGE OF AN ENERGY 
ACCUMULATOR, AND ASSOCIATED GRAPHIC REPRESENTATION DEVICE

(57) Method, and associated data processing de-
vice, for the calculation of an open-circuit voltage (10) of
an energy accumulator (2), which comprises the follow-
ing steps: i) establishing a mathematical model of the
energy accumulator (2) according to a system of equa-
tions and a plurality of descriptive parameters, ii) obtain-
ing the measurement of electric current (3) which is flow-
ing through the energy accumulator (2), iii) verifying a
null value of the electric current measurement obtained

during a predetermined period of time, iv) obtaining the
voltage measured at the terminals of the energy accu-
mulator (21), v) calculating the estimated voltage at the
terminals of the energy accumulator (22) by means of an
observer (41), v) calculating the open-circuit voltage of
the energy accumulator (10), such that a precise calcu-
lation is obtained in any type of situation, for example
during driving, and without knowing the prior state of use
of the battery.
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Description

SUBJECT OF THE INVENTION

[0001] The subject of the present patent application is
a method for the calculation of an open-circuit voltage of
an energy accumulator according to claim 1, which in-
corporates advantages of precision and speed of calcu-
lation, as well as an associated graphic representation
device according to claim 12, which also incorporates
significant advantages. The invention also relates to a
data processing device according to claim 14, and to a
computer program according to claim 15.

ANTECEDENTS OF THE INVENTION

[0002] Nowadays there is a need in the automotive in-
dustry to determine some internal characteristics of a bat-
tery, for a better control and precision of the energy effi-
ciency. However, some of these characteristics cannot
be measured directly during the use of the battery, or
even after a short period of time since its last use, and
this prevents the results obtained on the basis of direct
measurements from being precise and certain. Some of
the internal characteristics of the battery cannot be meas-
ured during driving, since a current flow exists which in-
volves internal chemical reactions which mask these
characteristics. Thus, there is a need to provide a calcu-
lation method in order to determine at least one of the
said characteristics, particularly the open-circuit voltage
of the battery, even in those situations in which the energy
accumulator is not in an ideal situation for the measure-
ment.
[0003] In some ideal conditions or situations, the rela-
tionship between the measurable characteristics of a bat-
tery and those which are not measurable is direct. This
assists the fact that, in these situations, it is possible to
succeed in determining internal characteristics of the bat-
tery using exclusively measurements which are availa-
ble, or in other words, measurements which can be meas-
ured directly.
[0004] However, when the conditions or situations are
not ideal, the measurable characteristics cease to have
a direct relationship with the non-measurable character-
istics. Consequently, it is necessary to find a method
which can relate the measurable and non-measurable
characteristics in any situations or conditions, such that
the results never cease being reliable.
[0005] Measurable characteristics are defined as all
the physical variables which can be determined by
means of the general sensors or sensing means of the
vehicle, which in this case, and without being exclusive
of others, would be the: voltage, current or Ta (tempera-
ture), etc.
[0006] Non-measurable characteristics are defined as
all the functions which are not determined directly by
means of the general sensors or sensing means of the
vehicle, which in this case, and without being exclusive

of others, would be the: SoC (State of Charge) of the
battery, internal losses from the battery, etc.
[0007] In addition, there are another type of character-
istics which in certain ideal situations can be measured,
and which however, when these situations change, are
converted into non-measurable characteristics, such as,
for example, and without excluding other characteristics,
the open-circuit voltage function Vocv.
[0008] A "Method capable of relating these types of
characteristics" is defined as all the descriptive functions
which can relate the behaviour of the measurable char-
acteristics to the non-measurable characteristics with a
certain degree of precision in the long term, for example
a mathematical model.
[0009] Thereby, the ideal situation for the measure-
ment of characteristics of the energy accumulator or bat-
tery is considered to be the one in which there has not
been an exchange of energy, in other words a current
flow equal to zero, for a specific period of time. In partic-
ular, with reference to the motor vehicle field, this situa-
tion is associated with the one in which the vehicle has
been parked for a period of time.
[0010] Finally, a non-ideal situation is considered to be
any case other than that previously described. In partic-
ular, with reference to the motor vehicle field, this situa-
tion is associated with that in which the vehicle is running,
or when the battery is in use, or also in a state in which
the vehicle has been parked but just a little time has
elapsed since its latest use. In these situations, the prior
state of use of the energy accumulator may not be known
because of a stoppage of the processing units of the ve-
hicle at the time of parking. If, when these processing
units are restarted, the energy accumulator is not in a
known state, in which this known state would be equiv-
alent to an ideal situation, the calculation of, in this case
and by way of non-limiting example, the voltage Vocv,
cannot be carried out directly. Although the energy ac-
cumulator model is known, the calculation cannot be car-
ried out directly because of lack of information about the
state of this energy accumulator.
[0011] A very simple mathematical model which re-
lates measurable characteristics to non-measurable
characteristics of an energy accumulator or battery would
be a circuit constituted by a source of voltage Vocv, this
voltage Vocv being function of the SoC and the Ta, with
a resistor R0 in series, and another impedance in series
constituted by two passive elements in parallel, C1 and
R1, with R0, R1 and C1 being functions of the SoC and
the Ta, and not constant parameters. This circuit would
be supplied by a current U. This model is represented
schematically in figure 6.
[0012] This model is extremely non-linear, since its de-
scriptive functions, necessary to relate the measurable
and non-measurable characteristics, have parameters
which also depend on these characteristics. In addition,
the voltage Vocv which appears in the output equation of
the mathematical model impedes the direct implementa-
tion of methods which are known in the prior art.
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[0013] The calculation of the state of charge (SoC) of
the battery is always related in some way to the voltage
Vocv. In an ideal situation, this open-circuit voltage (Vocv)
is directly related to the battery voltage (V). However,
outside this ideal situation, estimation of the voltage Vocv
is not easy, since it depends on each type of energy ac-
cumulator, the temperature, and also the level of use to
which this energy accumulator has been subjected. The
direct equation which calculates Vocv by means of the
model previously described is: Vocv = V - η0 - η1, where
V is the battery voltage, η0 is the overvoltage in the re-
sistor R0, and η1 is the overvoltage in the passive ele-
ment R1. Because of the mathematical description of this
function, it is necessary to know the at least one state-
variable of the battery model, which involves having to
know the conditions of the battery itself at the moment
which coincides with the start of calculation of the func-
tions of the model (initial conditions).
[0014] If these initial conditions described cannot be
determined, then the calculation of the functions of the
model does not make it possible, in a functional way, to
succeed in determining the Vocv. These initial conditions
are not known in the motor vehicle field when the situation
is not ideal at the moment when calculation of the function
is begun, i.e. when the vehicle is started before the bat-
tery has been able to reach a complete state of relaxation,
in other words when it has been switched off and switched
on in a given period of time (ranging from minutes to
hours), or when the vehicle is being driven.
[0015] At present there are not many techniques which
estimate the value of Vocv in another way, and those
which do use direct conversion tables using the SoC,
which is risky if in turn good estimation of the state of
charge is not available. Other methods use quite complex
nonlinear techniques with mathematical approximations
which are not always certain, or which cannot be imple-
mented because of their complexity. For example, a quite
common but complex technique consists of the use of
Kalman filters and their non-linear variants (extended Ka-
lman filters, etc.) in order to extract the function Vocv. This
technique can involve complex challenges, and a lack of
reliability in some applications.
[0016] In addition, a method is known in the prior art,
as reflected in document US20150219726, for estimating
the state of charge of a battery which uses a model of
the battery based on a multi-RC electric circuit designed
to represent an open-circuit voltage and/or an impedance
of a battery. A state observer can be used in relation with
the estimation of parameters associated with the battery
model. This methodology is based on the estimation of
some of the parameters of the electric model of the bat-
tery. Impedance calculation is used based on FFT (fast
Fourier transformations) at various frequencies and a Lu-
enberger observer in order to correct the impedances.
The function Vocv can be obtained from the calculation
of the SoC, and a table of the LUT type (look-up table,
or static tables) previously estimated, or by means of any
other method. The initial conditions of the model are as-

sumed to be known.
[0017] A device is also known according to the prior
art, as reflected in document US8099180, for the deter-
mination of state-variables and/or parameters of a math-
ematical model of an energy accumulator, the electric
properties of which are described on the basis of various
variables of state and parameters. The mathematical
model of the energy accumulator has correction equa-
tions by means of which the state-variables and/or the
parameters are corrected and adjusted using the error
between the voltage measurement of the energy accu-
mulator and the voltage measurement of the model. This
error is divided into different individual components
equivalent to a proportional factor, a derivative factor,
and another integral one, which are weighted using a
weighting factor.
[0018] The use of the same components to adjust both
the parameters of the model and its states does not make
the viability of this technique apparent, and the design
criteria for its implementation lack rigorousness, meaning
that the applicability of this technique is unclear.
[0019] An apparatus is also known in the prior art, as
reflected in document EP0505333, for the continuous es-
timation of the charge of electrochemical lead batteries,
which apparatus includes data acquisition means for the
measurement of the battery voltage, the current and the
ambient temperature. It comprises a system for the con-
ditioning and conversion for the signals of these data
acquisition means, as well as a data processing system
which is designed to provide information and any control
signal with respect to all the operating parameters of the
battery with reference to a predetermined dynamic mod-
el, in order to be able to simulate the performance of this
battery. The battery charge is corrected by means of the
error signals, according to the difference between the
measured voltage and the estimated voltage obtained
from a control or observer structure.
[0020] Thus, this method focuses on estimating the re-
maining charge in the battery, and not on carrying out a
prior estimation of Vocv. In addition, it is important to in-
dicate the following points:

- In cases in which the initial conditions of the model
are not known, the system is slow and inaccurate
(even more so in batteries where the dynamics are
generally slow). The reason is that the control struc-
ture, which permits correction of the error, is imple-
mented once the voltage value Vocv has been ob-
tained, which affects the obtaining of the estimated
charge value, thus requiring many iterations in order
to obtain a precise value.

- According to the type of battery analysed, the esti-
mation method according to the invention can take
many minutes to obtain an estimated charge value
which converges towards the real charge value.

- In order for the estimated charge value to be precise,
the method according to the invention must be proc-
essed and iterated continually. Once the estimated
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charge value is substantially equal to the real charge
of the battery, the method according to the present
invention requires continuous processing. Other-
wise, the estimated charge would become distanced
from the real value, once again requiring a long time
until the estimated charge value converges towards
that of the real charge. As previously stated, the mo-
tive will be to start once again with initial conditions
which are not known, and the application of control
correction of the error outside the load estimation
model.

[0021] There is also known in the prior art, as reflected
in document US7109685, a method for estimation of a
state of charge (SoC) and a state of health (SoH) of an
electrochemical cell (CE), which includes modelling of
the electrochemical cell in a linear equation, measure-
ment of a terminal current of the electrochemical cell,
measurement of a voltage at the terminals of the elec-
trochemical cell, and measurement of a temperature of
the electrochemical cell. The linear equation is processed
by means of a state estimator and parameters using the
aforementioned measurements.
[0022] The described method is based on the Kalman
filter variant, wherein both parameters and states are es-
timated. If the states are known, the estimation of Vocv
is direct, since the problem of the ideal/non-ideal cases
is solved. The disadvantages of this method consist of
the complexity involved, particularly at the time of imple-
mentation, and the compromise between complexity and
precision. For methods based on Kalman filters which
are not so complex, a series of parameters are necessary
for a correct functioning (e.g. a matrix of covariance of
the process). If these parameters are not precise, the
method does not work well.
[0023] Therefore, it can be seen that there is still a need
to have a method for calculation of an open- circuit volt-
age of an energy accumulator and associated graphic
representation device such that a precise and rapid result
is obtained in the estimation of the voltage Vocv, even
when there are errors in the estimations of the model
because the initial states are not known. In addition, it is
desired to reduce the complexity of the known models
and reduce the processing resources required by the
control unit. This means that this estimation can be car-
ried out for example during driving, without this altering
either the precision or the reliability of the results.
[0024] The present invention consists of a method for
the estimation of the function Vocv or open-circuit voltage
of an energy accumulator in any type of situation, for
possible subsequent use in the correction of the estima-
tion of the state of charge of the accumulator. It is under-
stood, more specifically, but not restrictively, that the en-
ergy accumulator is a battery or a battery cell of a motor
vehicle. It is also understood that the situation can be
both ideal and non-ideal. By way of non-limiting example,
an ideal situation is that in which the motor vehicle is
parked, and sufficient time has elapsed since its latest

use for the intrinsic electrochemical reactions of the bat-
tery to reach a stationary state. It should be noted that
many of the models known in the prior art are valid only
in order to estimate the function Vocv in an ideal situation,
i.e. in which the initial conditions are known.
[0025] Alternatively, the present invention provides a
method for estimation of the function Vocv both in ideal
and non-ideal situations, i.e. by way of non-limiting ex-
ample, a non-ideal situation is that in which the motor
vehicle is running, or is parked but has only been so for
a short time since its latest use, such that there is a current
circulating through its battery circuit, and/or intrinsic elec-
trochemical reactions are still running in the battery. A
non-ideal situation therefore means that the initial con-
ditions or initial state are not known. It should be noted
that these situations are very common in the automotive
industry. In addition, the present invention is resistant to
parameter estimation errors in some of the descriptive
parameters of the model of the energy accumulator.
[0026] The invention will be described with reference
to the appended drawings which show by way of non-
limiting example a method for calculation of an open-
circuit voltage of an energy accumulator, and associated
graphic representation device, constituted according to
the invention. Other characteristics and advantages of
this method for the calculation of an open-circuit voltage
of an energy accumulator, and associated graphic rep-
resentation device which are the subject of the present
invention, will become apparent from the description of
a preferred, but not exclusive embodiment, which is il-
lustrated by way of non-limiting example in the accom-
panying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Figure 1 is a lateral view of a vehicle which comprises
two energy accumulators according to the present
invention.
Figure 2 is a graphic representation of a possible
electric current u, according to the present invention.
Figure 3 is a graphic representation of a possible
open-circuit voltage of the energy accumulator Vocv,
according to the present invention.
Figure 4A is a representation of the main equations
which follows the method according to the present
invention.
Figure 4B is a detailed graphic representation of one
of the periods during which the measurement of the
function Vocv is estimated according to the method
of the present invention.
Figure 5 is a graphic representation which compares
the estimation of the function Vocv by means of a
methodology known in the prior art and the method
according to the present invention.
Figure 6 is a graphic representation of a generic first-
order model of an energy accumulator based on an
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electrical-description circuit..

DESCRIPTION OF THE INVENTION

[0028] In the light of the aforementioned figures, and
in accordance with the numbering adopted, an example
can be seen of a preferred embodiment of the invention,
comprising the parts and elements which are indicated
and described in detail hereinafter.
[0029] This method for the estimation of the function
Vocv or open-circuit voltage 10 of an energy accumulator
2 is based on the structure of at least one Luenberger
observer, which is the basic structure of a states observer
of a linear system. In order to overcome the non-linear-
ities of the system, the descriptive parameters of the en-
ergy accumulator model 2 are described by means of
linearised functions around operating points which are
normally dependent on the temperature measurement
and the estimation of the state of charge of the energy
accumulator. The function Vocv is observed using a Lu-
enberger structure which is combined in an innovative
manner. This combined structure makes it possible to
observe the function Vocv without prior knowledge of the
initial state of the battery or energy accumulator 2. It is
carried out without needing any uncertain or approximate
mathematical approximation. The simplicity of the struc-
ture is something to highlight, as it allows its technical
viability with means of the present technology.
[0030] Thus, and by way of example, the graphic rep-
resentation in figure 5 is presented, showing a compar-
ison of the open-circuit voltage 10 according to methods
known in the prior art and the method according to the
present invention. In this matter, a discontinuous line rep-
resents the estimation of Vocv by means of other methods
based exclusively on a mathematical model of the energy
accumulator, which do not include any control structure.
In this example, this estimation is based on an electric
accumulator model with 20% error in the parameters of
the matrix B, and with lack of knowledge of the initial
conditions. In addition, a continuous fine line represents
the real value of Vocv. Finally, a continuous thick line rep-
resents the open-circuit voltage Vocv 11 estimated by
means of the method according to the present invention,
with the same conditions of 20% error in the parameters
of the matrix B, and with lack of knowledge of the initial
conditions. The lower shaded portion below each esti-
mation of the function Vocv by means of the method ac-
cording to the present invention represents the time dur-
ing which the calculation process is executed.
[0031] Therefore, and as shown in figure 5, the objec-
tive of the method according to the present invention is
to carry out an estimation of an open-circuit voltage 10
of an energy accumulator 2 with minimisation of the
processing resources or consumption of resources by
the control unit or data processing device, and overcom-
ing of the possible errors of the descriptive parameters
of the accumulator model. This estimation is used sub-
sequently in order to correct the calculation of the state

of charge of the energy accumulator, which can be car-
ried out continuously by means of methods which are
simple but prone to cumulative errors, already estab-
lished, such as, and without excluding others, the Cou-
lomb Counting method. Consequently, only intermittent
corrections of the charge of the energy accumulator 2
are required. Therefore, periodic corrections of the state
of charge are carried out by means of the estimation re-
sults obtained by means of the method according to the
present invention and a characteristic table which relates
the open-circuit voltage (Vocv) to the state of charge.
Therefore, a method is obtained which does not require
continuous processing in order to obtain an estimated
charge value which converges towards the real charge
value, and carries out only intermittent corrections which
succeed in solving the problem of the unknown initial
conditions (non-ideal situations), and that of the impre-
cise parameters of the model. The following points can
be distinguished:

- A period of time of a few milliseconds is required by
the present method to obtain a charge value which
converges toward the real charge value. By this
means, and advantageously, at intermittent mo-
ments and very short intervals of time, it will be pos-
sible to correct the charge value of the energy accu-
mulator 2.

- The method according to the present invention is
executed when the function Vocv or open-circuit volt-
age 10 is constant, by way of example when the mo-
tor vehicle 1 is stopped or the energy accumulator
is not used during driving (by way of example situa-
tions in which acceleration or braking do not take
place). It will be at this time that the method is exe-
cuted for the purpose of correcting the charge of the
energy accumulator 2.

[0032] It is also observed that there is minimisation of
the consumption of resources required in order to exe-
cute the method according to the present invention, by
limiting it only to intermittent moments which make it pos-
sible to obtain a estimated charge value that converges
towards the real charge value, consequently correcting
at this time the charge value of the energy accumulator
2 obtained by means of other simple methods which re-
quire corrections.
[0033] Thus, the present invention consists specifically
of a method for calculation of an open-circuit voltage 10
of an energy accumulator 2, which comprises the follow-
ing steps:

i) establishing a definition for the energy accumulator
2 according to a system of equations and a plurality
of descriptive parameters in accordance with the fol-
lowing equation: 
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where x is a variable which defines at least one state
of the energy accumulator 2, x is the temporal deriv-
ative of the variable which defines at least one state
of the energy accumulator 2 x, A, B, C and D are a
plurality of matrices which constitute the perform-
ance of the energy accumulator 2, u is a measure-
ment of electric current 3 which circulates through
the energy accumulator 2, V is a voltage measured
at the terminals of the energy accumulator 21, and
Vocv is an open-circuit voltage 10 of the energy ac-
cumulator 2;
ii) obtaining the measurement of the electric current
u 3 which circulates through the energy accumulator
2;
iii) determining on the basis of the electric current
measurement u 3 obtained that the open-circuit volt-
age 10 Vocv of the energy accumulator 2 is constant
for a predetermined period of time;
iv) obtaining the voltage measured at the terminals
of the energy accumulator 21;
v) calculating an estimated voltage at the terminals
of the energy accumulator V 22 by means of an ob-
server 41, wherein the observer 41 is defined by
means of a specific control structure;
vi) calculating the open-circuit voltage Vocv 10 of the
energy accumulator 2 by means of the formula: 

where eV is a signal 20 which depends on a differ-
ence between the voltage measured at the terminals
of the energy accumulator V 21 and the estimated
voltage at the terminals of the energy accumulator
V 22 by the observer 41, and K is a variable 61 which
defines a time of convergence of the calculation of
the open-circuit voltage of the energy accumulator
Vocv 10 by means of the observer 41.

[0034] As previously stated, the energy accumulator 2
has been defined in accordance with the model in figure
6.
[0035] Advantageously, this method is valid for both
ideal and non-ideal situations, since the result of Vocv
continues to be precise including when the energy accu-
mulator 2, or battery, or battery cell, is not in an ideal
situation (e.g. during a driving cycle, i.e. with current
passing through it). It is also possible that, because of
the ageing of the energy accumulator, the parameters B
and D of the model may be affected by an incremental
error over a period of time. Since this methodology is
executed at moments when the electric current is null,
the errors in these parameters do not affect the conver-
gence result of Vocv. It should be noted that although

reference is made generically to an energy accumulator
2, this is applicable to a battery or a cell of this battery.
[0036] Figure 2 shows an example of demand for elec-
tricity by a plurality of electrical consumers of a motor
vehicle 1 during a period of driving, and shows the value
of the electric current supplied by the energy accumulator
2. This figure shows by means of circles with discontinue
lines the moments in time when the current supplied is
zero.
[0037] In addition, figure 3 shows the moments in time
when the open-circuit voltage 10 is constant. These are
the moments in time which concur with the moments
when the current measurement 3 is zero, as shown in
figure 2. This figure shows by means of circles with bro-
ken lines the moments in time when the open-circuit volt-
age 10 is constant.
[0038] According to a first application of the present
invention, the step of determining the constant open-cir-
cuit voltage 10 Vocv of the constant energy accumulator
2 consists of obtaining a value of the electric current
measurement u 3 which is close to zero. Value of the
electric current measurement u 3 which is close to zero
means when the current supplied by the energy accu-
mulator 2 is very low compared with its capacity. Refer-
ence is then made to an electric current measurement u
3 which is close to zero or substantially null obtained
during the predetermined period of time.
[0039] An example where the electric current value u
3 comprises a value which is close to zero is when an
electric vehicle is stopped, or no energy is being supplied
to the propulsion system of this vehicle. Thus, small con-
sumers such as control units continue to function, since
this consumption is very low in comparison with the ca-
pacity of the energy accumulator 2. In an example such
as the one previously presented, the matrices A, B, C
and D of the mathematical model of the energy accumu-
lator 2 must be known.
[0040] According to a second application of the present
invention, the step of determining the constant open-cir-
cuit voltage 10 Vocv of the energy accumulator 2 consists
of obtaining a value of the electric current measurement
u 3 which is equal to zero. It should then be noted that
the zero value of the electric current measurement u 3
means a null value, i.e. when no energy accumulator 2
consumer exists. The step consists of observing, from
amongst the electric current measurements 3 obtained,
those which have a null value. When the value of the
electric current measurement 3 is kept at null during the
predetermined period of time, this means that the open-
circuit voltage 10 of the energy accumulator 2 remains
constant. It will be at this moment that the following steps
described in the present method will be carried out. By
way of example, the electric current measurements 3 are
null when the motor vehicle 1 is switched off.
[0041] Another example is a motor vehicle 1 of a hybrid
type, where the electric vehicle is being driven by the
combustion engine, and therefore the energy accumula-
tor 2 which supplies the electric drive motor is not sup-
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plying current. The electronics of the vehicle, or other
electrical consumers, are supplied by another source of
supply, such as another battery. In this case, the value
of the electric current u 3 measured is equal to zero. In
an example such as the one presented previously, the
matrices A and C of the mathematic model of the energy
accumulator 2 must be known. On the other hand, the
matrices B and D can be partially unknown, with a certain
error in their estimation.
[0042] According to another aspect of the present in-
vention, obtaining the value of the electric current meas-
urement u 3 which is equal to zero consists of forcing an
interruption of a first electrical supply by the energy ac-
cumulator 2 during the predetermined period of time.
Thus, by forcing the interruption of the first electrical sup-
ply, the electric current measurement u 3 will be equal
to zero, and the method according to the present inven-
tion can be executed.
[0043] More particularly, forcing the interruption of the
first electrical supply by the energy accumulator 2 con-
sists of providing a second electrical supply by means of
an additional device 8 during the predetermined period
of time, such that an electric current supplied by the en-
ergy accumulator 2 and by the additional device 8 is con-
tinuous. This then means that, for the purpose of coun-
tering the interruption of the electrical supply of the en-
ergy accumulator 2, the second electrical supply is ena-
bled by the additional device 8, which can be another
battery integrated in the motor vehicle 1, as shown in
figure 1. It should be remembered that the current sup-
plied is a value close to zero, such that the additional
device 8 has a reduced or limited capacity.
[0044] By these means, the method according to the
present invention can gather the function Vocv even when
the initial conditions are not known, i.e. with the battery
or energy accumulator 2 in a state which is not relaxed
at the moment when this method begins to be executed.
In the case of the present invention, a structure is used
which is based on a Luenberger observer, in which the
combination of the output error eV, defined as (V-V), is
equal to the function Vocv of the energy accumulator 2
once the stationary state has been reached (which is
established after a certain period of time, of approximate-
ly a second).
[0045] The terms used are defined as follows:

x is a variable which defines at least one state of the
energy accumulator 2;
x the temporal derivative of the variable which de-
fines at least one state of the energy accumulator 2;
V is a voltage measured at the terminals of the en-
ergy accumulator 21;
V is an estimated voltage at the terminals of the en-
ergy accumulator 22;
u the input of the equations system (on the battery
model), and corresponds to measurement of the
electric current 3 which is circulating through the en-
ergy accumulator 2;

Vocv is the open-circuit voltage 10 of the energy ac-
cumulator, 2, or more specifically of the battery, es-
timated during driving.

[0046] A, B, C and D are matrices, and are assumed
to be known, or to have a tolerable error. These are the
parameters which define the energy accumulator model
2, and characterise this model (in particular, each energy
accumulator 2 has its own parameters A, B, C, D, with
the exception of C which is a vector, and is constant for
all the battery models). The errors at B and D are tolerable
according to this invention, whereas A must be assumed
to be known at all times.
[0047] K is a variable 61 which defines a time of con-
vergence of the calculation of the open-circuit voltage 10
of the energy accumulator 2 by means of the observer
41. This time can be reduced to less than a second, and
during this period it is necessary to maintain the electric
current measurement 3 to a null value. Otherwise, it is
not necessary to carry out any calculation until the con-
dition of the electric current measurement 3 is null for at
least the convergence time indicated.
[0048] eV is a signal which is described as the differ-
ence between the voltage measured at the terminals of
the energy accumulator 21 and the estimated voltage at
the terminals of the energy accumulator 22 by the ob-
server 41;
t is the time;
T is the temperature of the battery, on which the values
of the parameters of the energy accumulator model de-
pend.
[0049] It is important to mention that the conventional
structure of a Luenberger observer 41 is known, and it
is used for estimating states in very basic systems, where
no unknown functions appear at the output of the model
(in the case of the present invention Vocv would be an
unknown function which affects the output of the model).
This observer 41 and the subsequent control of its error
make it possible to obtain, as a result, the function which
affects the output of the present model.
[0050] Thus, and as observed in figure 4A, the model
output estimation error is used in a conventional Luen-
berger structure as the system feedback, which in the
present case is equivalent to V - V, multiplied by a con-
stant (which in this case would be equivalent to K).
[0051] The feedback of the observer 41 structure fol-
lows the conventional architecture. Expressed in alge-
braic form, the observer structure proposed for the en-
ergy accumulator 2 is: 

[0052] The conventional structure of a Luenberger ob-
server is traditionally used for calculation of the states-
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vector (x) of a system, or mathematical model, based on
the following formulation: 

where, in the present method, "y" would be equivalent to
the voltage "V" of the energy accumulator 2, or more
particularly the motor vehicle 1 battery.
[0053] However, the formulation of the mathematical
model of the battery, represented in figure 6, does not
have a form which corresponds to the system previously
described (the conventional one on which the Luenberg-
er system is based). For this reason, the calculation of
the estimated states-vector using the method described
here (x) does not match with the states-vector from the
plant (x). However, the proposed further combination of
the estimation error of the voltage at the terminals of the
accumulator (eV = V - V) makes it possible to determine
the aforementioned function Vocv. Once this function Vocv
is known, it is simple to use a Look Up Table in order to
obtain the state of charge at the moment when the cor-
rection is carried out.
[0054] The manner of combining the error eV with the
other parameters of the model is as follows: 

[0055] Therefore, this method can estimate the func-
tion Vocv with precision, without having, in the calculation
process, any prior knowledge of the states-vector (x). To
summarise, the innovative way of application of this
method makes it possible to estimate a non-measurable
characteristic of the battery in any type of situation, in-
cluding in a non-ideal situation (such as, in particular,
during driving, without previously knowing the state of
the battery (a condition caused by resetting, or a loss of
memory of the computer unit of the motor vehicle 1), in-
cluding when there are modelling errors in the descriptive
parameters).
[0056] In addition, it can be observed that the method
according to the present invention has the advantage of
ensuring precision in the results, irrespective of the state
of the battery and/or its time of use, since it is dependent
only on measurements of the battery itself, i.e. V, I and
Ta (voltage, current and temperature).
[0057] Furthermore, this method makes it possible to
observe the function Vocv without prior knowledge of the
initial state of the energy accumulator 2, or the battery,
or the battery cell, without needing any uncertain math-
ematical approximation and without being in a specific
highly determining situation, such as when the vehicle

has been stopped for a prolonged period of time (relaxed
battery).
[0058] More specifically, the estimated voltage at the
terminals of the energy accumulator 22 by the control
structure of the observer 41 is obtained according to the
formula: 

where x is a variable which defines at least one state of
the energy accumulator 2 estimated by means of the ob-
server 41.
[0059] It should be noted that the variable which de-
fines at least one state can be both scalar and a vector,
and is not limited to one of the two. "At least one state"
can be a single one, in the scalar case, or a plurality, in
the case of the vector.
[0060] According to another aspect of the method of
the invention, the variable which defines at least one es-
timated state of the energy accumulator x is calculated
by solving a first differential equation of the type: 

where  is the temporal derivative of the variable which
defines at least one estimated state of the energy accu-
mulator 2 x.
[0061] This method provides advantages such as:

- greater speed in obtaining the result compared with
the present methods.

- greater precision in further calculations of other pa-
rameters of the battery or energy accumulator 2
(SoC, current limits, etc.). When basic methods are
used for estimating the state of charge, which require
of periodic corrections because of cumulative errors,
the present invention has the requirements in order
to work well with these estimations in the case of the
automotive industry.

- robustness, simplicity and reliability, in the sense that
it does not bring any hurdle defining complicated pa-
rameters in order for it towork, or in relation to the
input data used, since it is valid for any kindof situ-
ation, whether ideal (in particular when the vehicle
1 has been parked for a long period of time, meaning
that there is no current applied in its battery circuit),
or non-ideal (in particular with the motor vehicle 1
running, and therefore having current flowing
through its battery circuit, being only necessary a
condition of null current for a short period of time). It
is also observed that even when there are errors in
the parameters of the model, the error of estimation
of Vocv is substantially null.

[0062] According to an aspect of the invention, the pre-
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determined period of time is at least one second. Pref-
erably, the predetermined period of time is substantially
one second.
[0063] It should be noted that the energy accumulator
2 is at least one cell of a battery.
[0064] According to a preferred embodiment of the in-
vention, the energy accumulator 2 is a battery of a motor
vehicle 1.
[0065] It is indicated that, as observed in figure 1, the
method according to the present invention can be used
both for measurements from a low-voltage, small battery
or energy accumulator 2, and for a high-voltage, or larger,
battery or energy accumulator 2. The small one would
be the typical battery of any motor vehicle 1 driven by
fossil fuel. The large one would be the case of a battery
to drive an electric or hybrid vehicle.
[0066] In addition, as can be seen from figures 1 and
4, the present invention also comprises a graphic repre-
sentation device 5 which shows information relating to
an open-circuit voltage 10 of an energy accumulator 2
Vocv, wherein the open-circuit voltage 10 of an energy
accumulator 2 is calculated in accordance with the meth-
od of the present invention.
[0067] By these means, the information displayed can
be both the device’s own information Vocv, or any other
related information, such as a state of charge of the en-
ergy accumulator 2, or a graphic element representing
it, which is estimated according to the Vocv calculated
according to the above-described method.
[0068] Advantageously, the graphic representation
device 5 which shows information related to an open-
voltage circuit 10 of an energy accumulator 2 is a screen
of a motor vehicle 1, such that the user can easily access
the information about the state of the energy accumulator
2 of his motor vehicle 1, from his driving position.
[0069] An object of protection is also a data processing
device which comprises means for executing the steps
of the method for calculation of an open-circuit voltage
10 in accordance with the method of the present inven-
tion.
[0070] In addition, an object of protection is also a com-
puter program which comprises instructions in order,
when the program is executed by a computer, to execute
the method for calculation of an open-circuit voltage 10
in accordance with the method of the present invention.
[0071] It should be noted that the method for the cal-
culation of an open-circuit voltage of an energy accumu-
lator is easy to implement, with low consumption of
RAM/ROM memory, and brings the possibility of rapid
calculation without advanced hardware.
[0072] The details, forms, dimensions and other ac-
cessory elements, as well as the components used in
the implementation of the method for calculation of an
open-circuit voltage of an energy accumulator and asso-
ciated graphic representation device can conveniently
be substituted by others which are technically equivalent,
and do not depart from the essential nature of the inven-
tion or from the context defined by the claims which are

included after the following list.

List of numerical references:

[0073]

1 motor vehicle
10 open-circuit voltage Vocv
11 estimated open-circuit voltage Vocv
2 energy accumulator
20 signal eV
21 voltage measured at the terminals of the energy

accumulator V
22 estimated voltage at the terminals of the energy

accumulator V
3 electric current measurement u
41 observer
5 graphic representation device
61 variable K
8 additional device

Claims

1. Method for the calculation of an open-circuit voltage
(10) of an energy accumulator (2), which comprises
the following steps:

i) establishing a definition for the energy accu-
mulator (2) according to a system of equations
and a plurality of descriptive parameters in ac-
cordance with the following equation: 

where x is a variable which defines at least one
state of the energy accumulator (2), x is the tem-
poral derivative of the variable which defines at
least one state of the energy accumulator (2) x,
A, B, C and D are a plurality of matrices which
constitute the performance of the energy accu-
mulator (2), u is a measurement of electric cur-
rent (3) which circulates through the energy ac-
cumulator (2), V is a voltage measured at the
terminals of the energy accumulator (21), and
Vocv is an open-circuit voltage (10) of the energy
accumulator (2);
ii) obtaining the measurement of the electric cur-
rent u (3) which circulates through the energy
accumulator (2);
iii) determining on the basis of the electric cur-
rent measurement u (3) obtained that the open-
circuit voltage (10) Vocv of the energy accumu-
lator (2) is constant for a predetermined period
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of time;
iv) obtaining the voltage measured at the termi-
nals of the energy accumulator V (21);
v) calculating an estimated voltage at the termi-
nals of the energy accumulator V (22) by means
of an observer (41), wherein the observer (41)
is defined by means of a specific control struc-
ture;
vi) calculating the open-circuit voltage Vocv (10)
of the energy accumulator (2) by means of the
formula: 

where eV is a signal (20) which depends on a
difference between the voltage measured at the
terminals of the energy accumulator V (21) and
the estimated voltage at the terminals of the en-
ergy accumulator V (22) by the observer (41),
and K is a variable (61) which defines a time of
convergence of the calculation of the open-cir-
cuit voltage of the energy accumulator Vocv (10)
by means of the observer (41).

2. Method for the calculation of an open-circuit voltage
(10) of an energy accumulator (2) according to Claim
1, characterized in that the step of determining the
constant open-circuit voltage (10) Vocv of the energy
accumulator (2) consists of obtaining a value of the
electric current measurement u (3) which is close to
zero.

3. Method for the calculation of an open-circuit voltage
(10) of an energy accumulator (2) according to Claim
1, characterized in that the step of determining the
constant open-circuit voltage (10) Vocv of the energy
accumulator (2) consists of obtaining a value of the
electric current measurement u (3) which is equal to
zero.

4. Method for the calculation of an open-circuit voltage
(10) of an energy accumulator (2) according to Claim
3, characterized in that obtaining the value of the
electric current measurement u (3) which is equal to
zero consists of forcing an interruption of a first elec-
trical supply by the energy accumulator (2) during
the predetermined period of time.

5. Method for the calculation of an open-circuit voltage
(10) of an energy accumulator (2) according to Claim
4, characterized in that forcing the interruption of
the first electrical supply by the energy accumulator
(2) consists of providing a second electrical supply
by means of an additional device (8) during the pre-
determined period of time, such that an electric cur-
rent supplied by the energy accumulator (2) and by

the additional device (8) is continuous.

6. Method for the calculation of an open-circuit voltage
(10) of an energy accumulator (2) according to Claim
1, characterized in that the estimated voltage at
the terminals of the energy accumulator V (22) by
the control structure of the observer (41) is obtained
according to the formula: 

 where x is a variable which defines at least one state
of the energy accumulator (2) estimated by the ob-
server (41).

7. Method for the calculation of an open-circuit voltage
(10) of an energy accumulator (2) according to Claim
6, characterized in that the variable which defines
at least one estimated state of the energy accumu-
lator (2) x is calculated by solving a first differential
equation of the type: 

where  is the temporal derivative of the variable
which defines at least one estimated state of the en-
ergy accumulator (2) x.

8. Method for the calculation of an open-circuit voltage
(10) of an energy accumulator (2) according to Claim
1, characterized in that the predetermined period
of time is at least one second.

9. Method for the calculation of an open-circuit voltage
(10) of an energy accumulator (2) according to Claim
1, characterized in that the predetermined period
of time is substantially one second.

10. Method for the calculation of an open-circuit voltage
(10) of an energy accumulator (2) according to Claim
1, characterized in that the energy accumulator (2)
is at least one cell of a battery.

11. Method for the calculation of an open-circuit voltage
(10) of an energy accumulator (2) according to Claim
1, characterized in that the energy accumulator (2)
is a battery of a motor vehicle (1).

12. Graphic representation device (5) which shows in-
formation relating to an open-circuit voltage (10) of
an energy accumulator (2) Vocv, characterized in
that the open-circuit voltage (10) of an energy accu-
mulator (2) Vocv is calculated in accordance with the
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method of Claims 1-11.

13. Graphic representation device (5) which shows in-
formation relating to an open-circuit voltage (10) of
an energy accumulator (2) Vocv, characterized in
that the graphic representation device (5) is a screen
of a motor vehicle (1).

14. Data processing device which comprises means for
executing the steps of the method for calculation of
an open-circuit voltage (10) in accordance with
Claims 1-11.

15. Computer program which comprises instructions in
order, when the program is executed by a computer,
to execute the method for calculation of an open-
circuit voltage (10) in accordance with Claims 1-11.
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