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(57) ABSTRACT

A method determines an insulation resistance of the high-
voltage network in an electric or hybrid vehicle, in which a
controllable continuous voltage source connected to the
body and to a single first terminal of a high-voltage battery
of the vehicle is provided, a first resistor being connected in
series to the source between the single first terminal and the
body and a second resistor being connected in series
between the first resistor and the source, consecutive voltage
setpoint values are applied between the body and the single
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first terminal, a measurement signal of the voltage at the
terminals of the second resistor is acquired for each setpoint
value, adaptive filtering of the signal is carried out and an
estimate made, in a recursive manner, of a vector of the filter
transfer function coefficients, providing an update of the
filtering coeflicients, the insulation resistance being deter-
mined based on the estimate.
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METHOD FOR ESTIMATING THE
INSULATION RESISTANCE OF A
HIGH-VOLTAGE CIRCUIT IN AN ELECTRIC
OR HYBRID MOTOR VEHICLE

The present invention relates to the field of electric or
hybrid vehicles. The invention relates more particularly to a
method for determining the insulation resistance between a
point on a high-voltage circuit of an electric or hybrid
vehicle comprising a high-voltage battery and the ground of
the vehicle.

In electric or hybrid motor vehicles that have a traction
chain equipped with at least one electric machine, this
electric machine is used to provide the motor torque required
to drive the vehicle. For that, electrical power is delivered to
the electric machine by a high-voltage battery. The required
voltage levels reach several hundred volts, typically around
400 volts. Such batteries also have a high capacity in order
to further the range of the vehicle in electric mode. A number
of technical reasons specific to the automotive application
lead to the use of insulation between the body, or mechanical
ground of the vehicle (formed by the metal chassis and metal
bodywork of the vehicle, and therefore accessible to the
user) and the potentials of the battery. Thus, any part of the
vehicle electrically connected to the battery must be insu-
lated from the ground. This insulation is achieved through
the use of electrically insulating materials. However, the
insulation is likely to deteriorate over time and therefore put
the ground of the vehicle at a potential that is dangerous for
the passengers of the vehicle or any person coming into
contact with the vehicle.

That is why it is essential to check the insulation resis-
tance between any point on the high-voltage circuit and the
ground of the vehicle in order to prevent potential electric
shocks for the passengers of the vehicle, or any person
coming into contact with the vehicle. In particular, this
monitoring may make it possible to correct a first insulation
fault before a second insulation fault occurs. Specifically,
only a double fault can create a short circuit, which is liable
to cause the vehicle to break down.

This insulation resistance may be measured physically or
estimated.

Physically measuring the insulation resistance requires
that high voltages and current be injected at the insulation
point being tested. However, it is necessary to be able to
know the insulation resistance at any time, between any
point on the high-voltage circuit of the vehicle and the
ground of the vehicle, while still allowing the system to
remain operational, in other words without it resulting in a
traction or load interruption.

Thus, in the context of checking the insulation of the
high-voltage network of electric and hybrid vehicles during
their operation, obtaining the insulation resistance through
estimation is preferred.

This estimate must be accurate enough so as never to be
an overestimate, in order to allow reliable detection of any
insulation faults, and not to be an underestimate, in order to
avoid any false detection liable to lead to a breakdown of the
vehicle.

Devices for detecting insulation faults for electric or
hybrid vehicles are known in the prior art, these devices
being based on resistive measurement circuits, in which a
leakage current is measured using a voltage divider bridge
formed of a plurality of resistors connected between the
terminals of the battery. Such circuits have the drawback of
needing to be connected to both terminals of the battery,
which complicates their integration within the vehicle.
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Document FR3037406 discloses a circuit for detecting an
electrical insulation fault between the high-voltage battery
of an electric vehicle and the body of the vehicle, forming
an electrical ground of the vehicle. This detection circuit is
electrically connected to the body and to a single first
terminal of the battery, for example the negative terminal of
the battery. An insulation fault typically manifests as the
insulation resistance that connects a point on the battery, for
example located between two adjacent cells of the battery
and the body, having a value lower than a safety threshold.
Thus, a potentially dangerous leakage current flows through
this isolation resistance from this point on the battery to the
body. The detection circuit according to the aforementioned
document comprises a controllable DC voltage source,
connected to the body on the one hand and to the single first
terminal of the battery on the other hand, allowing various
voltage values to be applied between the body and the single
first terminal. The detection circuit also comprises a device
for measuring the current incoming over the single first
terminal of the battery and exiting through a point on the
battery, exhibiting an insulation fault, this current then
flowing through the insulation resistance to the body. Thus,
the application of the voltage by the controllable voltage
source gives rise to an electric current which passes through
the measurement device and the insulation resistance. In this
way, for each voltage value applied by the controllable
voltage source, a measurement of this current is acquired,
from which the value of the insulation resistance between
the point in question on the battery and the body can be
calculated.
However, the calculation of the value of the insulation
resistance is relatively lengthy to implement according to
this method. In particular, it is necessary to bias the body and
the single first terminal of the battery at different potentials
for a certain time, to reach a steady state in which the
leakage current measurements may be carried out. The time
required to obtain this steady state may be disadvantageous
in the implementation of a reliable strategy for checking the
insulation of the high-voltage network of the vehicle.
Thus, an object of the invention is to at least partially
overcome this limitation.
To that end, the invention relates to a method for deter-
mining an insulation resistance between a point on a high-
voltage battery of an electric or hybrid vehicle and the body
of the vehicle, comprising steps of:
providing a controllable DC voltage source connected to
the body and to a single first terminal of the battery,

providing a first resistor connected in series with said
voltage source between the single first terminal and the
body, capable of limiting a current incoming over the
single first terminal of the battery,

providing a second resistor connected in series between

the first resistor and said voltage source,
providing a measurement device capable of measuring the
voltage across the terminals of the second resistor,

applying, by means of said voltage source, different
successive voltage setpoint values between the body
and the single first terminal of the battery,
acquiring, by said measurement device, a voltage mea-
surement signal representative of the measurements of
the voltage across the terminals of said second resistor
for each voltage setpoint value applied successively,

calculating a value of the insulation resistance on the basis
of said voltage measurement signal,

the method being characterized in that it implements a

step of adaptive filtering of the voltage measurement
signal, and in that it comprises a step of estimating, in
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a recursive manner, a vector of the transfer function
coefficients of the adaptive filter, providing an update
of the filtering coefficients, the insulation resistance
value being calculated on the basis of said estimate.
The application of the method of the invention makes it
possible to optimize the speed of convergence of the method
for determining the insulation resistance without increasing
the calculation complexity.
Advantageously, the value of the insulation resistance is
calculated by means of the following formula:

where Ri is the value of the insulation resistance, Rd is the
value of theAﬁrst resistor, Rm is the value of the second
resistor and U(k) is the estimate of the vector of the transfer
function coefficients of the adaptive filter.

Advantageously, the estimate of the vector of the transfer
function coefficients of the adaptive filter is made by con-
sidering the transfer function of the input signal u(k) and of
the output signal y(k) which are defined as follows:

u(k)=U p(k)=U 4 ()=AU 4(k)

YR)=U o (k)=U, (R)=AU,,,(6)

where U, (k) and U, (k) correspond to the voltage values
measured across the terminals of said second resistor for,
respectively, the voltage setpoint values U, (k) and U, (k)
successively applied by said voltage source.
Advantageously, the input signal of the filter transfer
function is replaced with the input signal defined as follows:

(Upar2 = Upar1) - (Um1 - Uz = Uz - Ua1)

u(k) = AU (k) +
® 4 (Um2 * Upant = U1 * Upar2)

where U,,,,; and U, , correspond to the total battery voltage
values considered for, respectively, the voltage setpoint
values successively applied by said voltage source, so as to
take into account the variations in the total battery voltage in
each iteration of applying a voltage setpoint value.

Preferably, the method comprises a step of calculating the
position of the insulation resistance with respect to the single
first terminal of the battery on the basis of said estimate.

Advantageously, the estimate of the vector of the transfer
function coefficients of the adaptive filter is made by con-
sidering the transfer function of the input signal u(k) and of
the output signal y(k) which are defined as follows:

w(k)=Upar(Uppy=Upp1)

YO=Up 1 Uiy=Uiy Uy

where U,,, and U, correspond to the voltage values mea-
sured across the terminals of said second resistor for, respec-
tively, the voltage setpoint values U, and U, successively
applied by said voltage source, et U, being the total battery
voltage.

Advantageously, the input signal of the filter transfer
function is replaced with the input signal defined as follows:

u(k)=U,5 Upar1 Ui Upary

where U,,,,; and U, , correspond to the total battery voltage
values considered for, respectively, the voltage setpoint
values successively applied by said voltage source, so as to
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take into account the variations in the total battery voltage in
each iteration of applying a voltage setpoint value.

Advantageously, the filtering step is carried out by means
of a recursive least squares algorithm.

Advantageously, the method comprises the use of a single
filtering setting parameter, said setting parameter represent-
ing the forgetting factor of the filter, consisting of a real
coefficient between the values 0 and 1.

The invention also relates to a device for determining an
insulation resistance between a point on a high-voltage
battery (1) of an electric or hybrid vehicle and the body of
the vehicle, comprising a detection circuit for detecting an
insulation fault between the battery and the body, the detec-
tion circuit comprising a controllable DC voltage source,
capable of applying a voltage setpoint between a single first
terminal of the battery and the body, a first resistor con-
nected in series with said voltage source between the single
first terminal and the body, capable of limiting a current
incoming over the single first terminal of the battery, a
second resistor connected in series between the first resistor
and said voltage source and a measurement device capable
of measuring the voltage across the terminals of the second
resistor, the device comprising a control unit capable of
controlling the application, by means of said voltage source,
of different successive voltage setpoint values between the
body and the single first terminal of the battery, of acquiring,
by said measurement device, a voltage measurement signal
representative of the measurements of the voltage across the
terminals of said second resistor for each voltage setpoint
value applied successively, and of calculating a value of the
insulation resistance on the basis of said voltage measure-
ment signal, characterized in that said control unit comprises
an adaptive filtering module for implementing the adaptive
filtering processing according to the method as described
above.

Other features and advantages of the present invention
will become more clearly apparent from reading the follow-
ing description, which is given by way of illustrative and
non-limiting example with reference to the following single
figure:

FIG. 1 schematically shows a circuit for detecting an
insulation fault in the high-voltage battery of an electric or
hybrid motor vehicle;

FIG. 2 schematically shows an insulation fault in the
high-voltage battery of FIG. 1.

The following description relates to one exemplary
embodiment of the invention in the context of application to
the high-voltage electrical network of an electric or hybrid
motor vehicle. With reference to FIG. 1, an electric or hybrid
motor vehicle comprises a rechargeable high-voltage battery
1 as a high-voltage electricity source on board the vehicle.
The battery 1 comprises two terminals, respectively a posi-
tive terminal HV+ and a negative terminal HV—. The battery
1 consists of a set of cells connected in series between the
two terminals of the battery HV— and HV+. The battery 1 is
designed to deliver a DC voltage U,,,, whose value remains
constant over time. In this example, the battery voltage U,,,,
is equal to 400 V.

Connected to the terminals HV+ and HV— of the battery
is an electrical load (not shown) comprising an inverter and
an electric machine for propelling the vehicle. The inverter
converts the battery voltage U, ,, into an AC supply voltage
for the electric machine. The vehicle also comprises a body
2, formed by the chassis and bodywork of the vehicle, which
are generally made of metal. This body constitutes the
electrical ground for the vehicle, to which electric charge
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can flow in the event of an insulation fault at a point on the
high-voltage battery of the vehicle.

What is meant here by insulation fault is the abnormal
presence of an electrical contact of low electrical resistance
between the body 2 of the vehicle and a point of electrical
potential on the battery, such as one of the terminals HV+,
HV- of the battery. FIG. 1 illustrates the electrical resis-
tances 31, 32, which have a value denoted by Ri+ and Ri-,
respectively, between the body 2 of the vehicle and each of
the respective terminals HV+ and HV- of the battery. The
value of such a resistance is said to be low if it is lower than
or equal to a predefined safety threshold, for example 100
kQ. Typically, in the absence of an insulation fault, the
resistance between, on the one hand, the body 2 and, on the
other hand, the terminals HV+ and HV- and, more gener-
ally, any point of potential on the battery 1, is higher than
100kQ or 1 MQ. Alternatively, this resistor may be modeled
as a resistance of infinite value. Because of this high
resistance value, no potentially dangerous leakage current
flows between the battery 1 and the body 2.

FIG. 2 illustrates a single insulation fault between a point
3 on the battery 1 and the body 2. This insulation fault
manifests here as the insulation resistance 30, which con-
nects this point 3 and the body 2, having a value, denoted by
R;, that is lower than the safety threshold. A potentially
dangerous leakage current then flows through this resistor 30
from the battery 1 to the body 2. Such a leakage current is
undesirable and may endanger a user of the vehicle who
might come into direct contact with the body 2. For example,
the point 3 is located between two adjacent cells of the
battery 1. The battery 1 may then be likened to two DC
voltage sources 11 and 12, connected in series with one
another between the terminals HV+ and HV -, on either side
of the point 3. The sources 11, 12 deliver, between their
terminals, voltages (1-a)*U,,, and a*U, ,, respectively,
where the coefficient a is a real number within the range [0;
1]. Knowing the coefficient . makes it possible to know the
position of the insulation fault in the battery 1. Thus, the
insulation resistance, indicating the state of insulation of the
battery, is located at a position a with respect to the terminal
HV- of the battery and at a position (1-a) with respect to
the terminal HV +.

As shown in FIGS. 1 and 2, the vehicle further comprises
a circuit 4 for detecting such an insulation fault between the
high-voltage battery 1 and the body 2 of the vehicle. The
detection circuit 4 is electrically connected between the
body 2 and a single terminal of the battery 1, here the
terminal HV-. In other words, the terminals of the detection
circuit 4 are connected to the body 2 constituting the ground
of the vehicle on the one hand and to the terminal HV- of
the high-voltage battery 1 of the vehicle on the other hand.

The detection circuit 4 comprises a controllable DC
voltage source 41, capable of applying a non-zero voltage
setpoint U, to the circuit between the terminal HV- and the
body, according to a control signal received from a control
unit 46, in order to generate, if necessary, a difference in
potential across the terminals of the insulation resistance 30
and consequently to cause an electric current i, to flow
through this insulation resistance. The voltage setpoint value
U, is preferably lower than or equal to 60 V, for example
between 0 and 24 V.

The detection circuit 4 also comprises a first electrical
resistor 42, called the limiting resistor 42, which is con-
nected in series with the DC voltage source 41 between the
terminal HV - of the battery and the body. More precisely,
the limiting resistor 42 is connected between the terminal
HV- and the DC voltage source 41. This limiting resistor 42
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makes it possible to ensure better insulation between the
battery 1 and the rest of the detection circuit 4, so as to
prevent the value of the current i, from being too high and
presenting a danger to a user. The value of this limiting
resistor 42, denoted by R, is, for example, chosen so as to
be as low as possible in order to facilitate the measurement
of'the current i, while being high enough so as not to damage
the electrical insulation of the detection circuit 4. A value for
R, will preferably be chosen that is higher, for example five
times, or even 10 times, higher than a value R, of the
abnormal insulation resistance which is, for example, of the
order of 100 kL, for a voltage of 400 V, leading to a
maximum acceptable current of 4 mA (the highest maximum
acceptable current commonly accepted for the safety of
persons is of order of 10 mA). For example, the value R ; of
the limiting resistor is thus equal to 500 k€.

The detection circuit 4 also comprises a device 43 for
measuring the current that flows through the terminal HV-
of the battery and the insulation resistance 30. The mea-
surement device 43 comprises a second electrical resistor 44,
called the measurement resistor 44, the value of which is
denoted by R,,,, which is connected between the DC voltage
source 41 and the limiting resistor 42, in parallel with a
capacitor 45 of capacitance Cm. In other words, the DC
voltage source 41, the measurement resistor 44 and the
limiting resistor 42 are connected in series between the body
2 and the terminal HV- of the battery. The measurement
device 44 is capable of measuring the voltage U,, across the
terminals of the measurement resistor 44 when a voltage
setpoint Ud is applied to the detection circuit 4 by the DC
voltage source 41. Since the value R, of the measurement
resistor 44 is known, measuring the voltage U,, across the
terminals of the measurement resistor 44 makes it possible
to automatically deduce therefrom the value of the current i,
that flows through the limiting resistor 42 to enter through
the terminal HV- of the battery and then to flow through the
insulation resistance 30 to the body 2.

Thus, the application of the voltage setpoint U, gives rise
to an electric current i, which passes through the measure-
ment device 43 and the limiting resistor 42.

Thus, to estimate the value R, of the insulation resistance
30, the control unit 46 is capable of controlling the succes-
sive application, by the DC voltage source 41, of a plurality
of different voltage setpoint U, values, and then of acquir-
ing, for each of the voltage setpoint values applied by the DC
voltage source 41, the value of the corresponding current i,
measured by the measurement device 43. The control unit is
then able to automatically calculate the value R; of the
insulation resistance 30 associated with the insulation fault
located at the point 3 on the battery on the basis of the
current i, values acquired and the voltage setpoint U, values
applied.

For example, the DC voltage source 41 is controlled so as
to successively apply two different voltage setpoint values,
denoted by U,, and U_,. Each of these voltage setpoint
values U, and U, corresponds to a measurement value of
the voltage across the terminals of the measurement resistor
R,,, denoted by U,,, and U, ,, respectively.

Thus, the value R, of the insulation resistance 30 and the
position a of this insulation resistance with respect to the
terminal HV- of the battery are calculated according to the
following equations, assuming the total voltage of the bat-
tery U,,, to be constant in each iteration of applying a
voltage setpoint value:
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Uar —Ua
Unz = Unm

@®

Ri =Ry - —(Ra +Rp)

o o YmUn = UnUn
Ubat - (Umz = Um1)

@

If it is desired to take account of variations in the voltage
U, these equations become:

Ry
Uz = U

&)

=

Wharr = Upant)* (Ut - Uz = Uz - Ua)]
(U2 - Upart = Ut - Upar2)

Un=Uan + (Bg + Rm)

Un U = Un U
U2 Upart = Unt - Uparz

G

oc =

With U,,,, and U,,,, the respective battery voltages con-
sidered for the successive applications of the two voltage
setpoints U, and U ,,.

Since the measurement of the voltage U,, across the
terminals of the measurement resistor R, is generally noisy,
equations (1) and (2) or (3) and (4) are not used directly. In
accordance with the invention, these equations are processed
by two respective adaptive algorithms operating on the
known recursive least squares (RLS) model, which are
capable of providing a stable estimate of each of the two
quantities R; and a. Thus, the control unit of the detection
circuit is capable of periodically providing the battery man-
agement system (BMS) with a reliable indication of the state
of the electrical insulation of the traction system, allowing it
to take the necessary measures if an insulation fault is
observed.

An exemplary embodiment of this adaptive filtering by
means of a recursive least squares (RLS) method will now
be described in more detail for estimating the insulation
resistance on the one hand, and for estimating the position
of the insulation fault in the battery on the other hand.

First, the equations for implementing the RLS algorithm
are recalled. Only the discrete case in which the signals are
sampled, the index k representing the index of the current
value of a quantity, will be considered hereinafter.

In general, this algorithm may be used to estimate the
coefficients a, and b, of the discrete transfer function H(z) of
the input signal u(k) and of the output signal y(k):

Hz) = Y(Z’l) _ bo+br -z 4. by o)
U(z’l)

na

l+a -z +.. +ay-z

Thus, it is a question of finding the “best” filter, that is to
say the one that makes it possible to obtain at output the
response y(k) that is the “closest” possible to a desired
response when the input is a given sequence u(k). This
adaptive filtering comprises recursive updating of the coef-
ficients of the filter.

Thus, the algorithm starts from predetermined initial
conditions and recursively modifies the coefficients of the
filter in order to adapt to the process.

The main steps of each of the RLS algorithms are:

1. An initialization step: 0<A<1; C(0)=C,; 9(0)=0;

C(k) is the covariance matrix of the input quantity of
the algorithm, equal to C, at the initial time k=0. A

is the forgetting factor parameter. 0 (k) is the vector
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of the coefficients of the filter to be estimated, taken

as equal to O at the initial time k=0.
2. A prediction step: (k)=y(k)— Vi =y(kK)-X"(k)- § (k-1);
&(k) is the prediction error corresponding to the crite-
rion to be minimized. In the present case, it is sought
to minimize the difference between the current value
y(k) of the signal produced at the output of the
algorithm, and the result of the filtering, by the
transfer function with the estimated coefficients

9(k-1), of the past values of the signal. X"(k)
represents the transpose vector of the vector X(k)
defined as follows:

X(k)=[u(kyu(k=1) . . . u(k—nby—y(k=1) . . . —y(k—na)]”
and

BER=lbehy. . . buay. . . a,]"

3. A step of calculating the optimal gain: L(k)=C(k—1)-X
(K)-[A+XT (k) C(k=1)-X (&)™

4. A step of updating the estimate of the vector 9 (k) of the
filter coefficients:

B =9 t=1+1(-e0)

This adaptation of the coefficients of the filter is carried
out on the basis of the prediction error, which therefore
makes it possible to calculate an update of the filtering
coefficients.

5. A step of updating the covariance matrix C(k):

Clh) = %[C(k -1 - Lk-XT(k)- Clk— 1)

Ctk-1)-X(ky- X (k- Clk = 1)
A+ X7y -Clk—-1)- Xk

—le 1
= 2|ce-n-

In the steady state, in which the target impedance is purely
resistive, equation (5) defined above becomes:

H(g)=b,

In other words, the purpose of the adaptive algorithm is to
provide an estimate of the vector of the coefficients of the

filter, here consisting of the single parameter 9 (k)=b,
corresponding to the static gain b, of the transfer function
H(z) of equation (5), in two different implementations of the
adaptive algorithm in order to deduce therefrom the values
R, and a.

A first implementation is used to estimate the value R; of
the insulation resistance. As mentioned above, two cases
may arise depending on whether or not account is taken of
variations in the battery voltage U,,,. Thus, in a first case in
which the variations in the battery voltage U, are ignored,
the static gain b, of the transfer function H(z) of equation (5)
is evaluated by considering the transfer function H(z) of the
input signal u(k) and of the output signal y(k) which are
defined as follows:

u(l)=U (k)= 11 (k)=AU £k)
Y)=Uo(l)=U,, ((K)=AU,(k)
Hence the equation for updating the estimate § (k):

8 (=B (k=D+L(K)-6(h)

with: 6(0)=AU, (k)~AU L&) D (k1)
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Cle=1)-AU4(k)

L=——
® A+ Clk—1)- (AU»(k)?

12 2
C(k):l Clh-1)— (Clk - 1) (AU (k)

A A+ Clk— 1)- (AU 4(k))?
After convergence of the algorithm, there is obtained:

Sy = 200 _ AUn)

uk) ~ AUk

Based on equation (1), the estimated insulation resistance
R, is calculated as follows (7):

In a second case in which the variations in the battery
voltage U,,, are taken into account, the static gain b, of the
transfer function H(z) of equation (5) is evaluated in the
same way as for the first case, but with the following input
signal being considered for the transfer function H(z):

(Upar2 = Upar1) - (Um1 - Uz = Uz - Ua1)

u(k) = AU (k) +
® 4 (Um2 * Upant = U1 * Upar2)

A second implementation of the adaptive algorithm is
used to estimate the value o corresponding to the position of
the insulation fault with respect to the terminal HV— of the
battery. Like for estimating the value of the insulation
resistance, two cases may arise depending on whether or not
account is taken of variations in the battery voltage U,,,.
Thus, in a first case in which the variations of the battery
voltage U, are ignored, steps 1. to 5. of the adaptive
algorithm are implemented with an input signal u(k) and an
output signal y(k) of the transfer function H(z) which are
defined as follows:

w(l)=Upar(Upo—U,,1) and

YO)=U, Uiy=Ugy Uy
After convergence of the algorithm, the estimate of the

vector of the coefficients of the filter 9 (k) provides the
estimate of the value o

For the case in which the variations of the battery voltage
U, are taken into account, steps 1. to 5. of the adaptive

algorithm for estimating § (k) are implemented this time
with an input signal u(k) and an output signal y(k) of the
transfer function H(z) which are defined as follows:

w(l)=U,p'Upar1 =Upn1* Uparo and

YO=U, Upp=Usy U,

Implementing the RLS-type adaptive algorithm, whether
for estimating the value of the insulation resistance or for
estimating the position of the insulation fault, has the
advantage of having just one setting parameter. This setting
parameter, representing the forgetting factor A, is defined in
the equations above. Its value, ranging between 0 and 1,
makes it possible to give greater or lesser importance to the
preceding samples in the covariance matrix. [ts parameter-
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ization is therefore essential in order to optimize the speed
of convergence of the algorithm while keeping the error to
a minimum.

Another advantage of using the RLS-type adaptive algo-
rithm to estimate the insulation resistance is that it allows
computing costs to be optimized, as it does not require
matrix inversion. Thus, it allows this estimation function to
be integrated without having to increase the computing
capabilities in the BMS and therefore without entailing any
additional cost due to this still essential function.

To avoid instabilities, the updating of the estimate of the
value of the insulation resistance R; is activated only if the
following conditions are met:

AU, (O1>AU,, in

This condition allows the algorithm to be made robust
with respect to measurement noise and synchronization of
the voltages U, and U,, to be ensured,

AU, (k)-AU, (k=120

This condition allows the algorithm to be made robust
with respect to sudden transitions.

AU ol ONIAU s i

This condition makes the algorithm robust with respect to
variations in the total battery voltage.
The invention claimed is:
1. A method for determining an insulation resistance
between a point on a high-voltage battery of an electric or
hybrid vehicle and the body of the vehicle, comprising:
providing a controllable DC voltage source connected to
the body and to a single first terminal of the battery,

providing a first resistor connected in series with said
voltage source between the single first terminal and the
body, configured to limit a current incoming over the
single first terminal of the battery,

providing a second resistor connected in series between

the first resistor and said voltage source,
providing a measurement device configured to measure
the voltage across the terminals of the second resistor,

applying, by said voltage source, different successive
voltage setpoint values between the body and the single
first terminal of the battery,
acquiring, by said measurement device, a voltage mea-
surement signal representative of the measurements of
the voltage across the terminals of said second resistor
for each voltage setpoint value applied successively,

calculating a value of the insulation resistance based on
said voltage measurement signal,
adaptive filtering of the voltage measurement signal,
estimating, in a recursive manner, a vector of the transfer
function coefficients of the adaptive filter, and

providing an update of the filtering coefficients, the insu-
lation resistance value being calculated on the basis of
said estimate.

2. The method as claimed in claim 1, wherein the value of
the insulation resistance is calculated by the following
formula:

Rn
Ri= = = (Rq+Ry)
b

where R, is the value of the insulation resistance, R, is the
value of the first resistor, R,,, is the value of the second
resistor and 9 (k) is the estimate of the vector of the
transfer function coefficients of the adaptive filter.
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3. The method as claimed in claim 2, wherein the estimate
of the vector of the transfer function coefficients of the
adaptive filter is made by considering the transfer function
of the input signal u(k) and of the output signal y(k) which
are defined as follows:

u(k)=U 5 (k)=U 11 (k)=AU (k)

YR)=U o (k)=U, (R)=AU,,,(6)

where U, (k) and U,,(k) correspond to the voltage
values measured across the terminals of said second
resistor for, respectively, the voltage setpoint values
U ;1 (k) and U, (k) successively applied by said voltage
source.
4. The method as claimed in claim 3, wherein the input
signal of the filter transfer function is replaced with the input
signal defined as follows:

(Uparz = Upar1) - (U1 - Uz = Uz - Ua1)
(Unz* Upart = Ut * Upar2)

u(k) = AU (k) +

where U, and U, correspond to the total battery
voltage values considered for, respectively, the voltage
setpoint values successively applied by said voltage
source, so as to take into account the variations in the
total battery voltage in each iteration of applying a
voltage setpoint value.

5. The method as claimed in claim 1, further comprising
calculating the position of the insulation resistance with
respect to the single first terminal of the battery on the basis
of said estimate.

6. The method as claimed in claim 5, wherein the estimate
of the vector of the transfer function coefficients of the
adaptive filter is made by considering the transfer function
of the input signal u(k) and of the output signal y(k) which
are defined as follows:

w(k)=Upar(Uppy=Upp1)

YO=U, Upp=Usy U,

where U,,; and U,, correspond to the voltage values
measured across the terminals of said second resistor
for, respectively, the voltage setpoint values U, and
U, successively applied by said voltage source, and
U,,, being the total battery voltage.
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7. The method as claimed in claim 6, wherein the input
signal of the filter transfer function is replaced with the input
signal defined as follows:

w()=U Upart=Upn1* Upara

where U,,,, and U,,,, correspond to the total battery
voltage values considered for, respectively, the voltage
setpoint values successively applied by said voltage
source, so as to take into account the variations in the
total battery voltage in each iteration of applying a
voltage setpoint value.

8. The method as claimed in claim 1, wherein the filtering

is carried out by a recursive least squares algorithm.

9. The method as claimed in claim 1, further comprising
using a single filtering setting parameter, said setting param-
eter representing the forgetting factor of the filter, including
a real coefficient between the values 0 and 1.

10. A device for determining an insulation resistance
between a point on a high-voltage battery of an electric or
hybrid vehicle and the body of the vehicle, comprising:

a detection circuit for detecting an insulation fault
between the battery and the body, the detection circuit
comprising a controllable DC voltage source, config-
ured to apply a voltage setpoint between a single first
terminal of the battery and the body, a first resistor
connected in series with said voltage source between
the single first terminal and the body, configured to
limit a current incoming over the single first terminal of
the battery, a second resistor connected in series
between the first resistor and said voltage source and a
measurement device configured to measure the voltage
across the terminals of the second resistor; and

a control unit configured to controlling the application, by
said voltage source, of different successive voltage
setpoint values between the body and the single first
terminal of the battery, of acquiring, by said measure-
ment device, a voltage measurement signal represen-
tative of the measurements of the voltage across the
terminals of said second resistor for each voltage
setpoint value applied successively, and of calculating
a value of the insulation resistance on the basis of said
voltage measurement signal, wherein said control unit
comprises an adaptive filtering module configured to
implement the method as claimed in claim 1.

* * * * *



