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parameter out of either the heartbeat and/or respiratory
signal of an occupant (2) on a member of a seat or bed.
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EP 2 409 638 A1
Description
Technical Field
[0001] The presentinvention relates to monitoring a biological parameter of an occupant on amember of a seat or a bed.
Background Art

[0002] The present invention particularly relates to extracting and monitoring a biological parameter of an occupant
such as a driver or a passenger in a vehicle, but is not limited thereto. The present invention is particularly intended to
extract a heartbeat and respiratory signal of a human without restraining the human and, if possible, under all driving
conditions. By obtaining these biological parameters, a monitoring system can be used for improving a road traffic safety.
It is especially desired to reduce the number of traffic accidents due to drowsiness or symptoms of iliness.

[0003] For example, Patent Literature 1 discloses a method for monitoring a heartbeat of an occupant on a seat. For
this purpose, the seat has piezoelectric sensors, and by analyzing signals from the piezoelectric sensors, a heartbeat
signal is extracted. However, the signals transmitted from the respective sensors contain noise that is unrelated to a
desired biological signal. The aforementioned literature discloses that in order to remove this noise, a passband filter is
used, and only a frequency range containing a frequency of a phenomenon to be studied in signals is taken into con-
sideration.

[0004] However, practically, this method does not produce a satisfactory result. This is because, practically, noise in
the signals from the sensors has all frequency ranges. Consequently, the passband filter cannot isolate a desired signal
by removing this noise. In other words, even if the passband filter limits the frequency to a certain frequency range, a
desired signal cannot be obtained due to a noise amount remaining in this range. In addition, if such a method is desirably
mounted on a vehicle and used in order to monitor a biological parameter of a driver or passenger, a satisfactory result
cannot be obtained due to a noise level caused by vehicle vibration.

[0005] Patent Literature 1: US Patent Application Publication No.2008/0103702

Disclosure of Invention
Problem to be Solved by the Invention

[0006] Accordingly, an object of the present invention is to improve estimation of a biological signal in an environment
with strong noise.

Means to Solve the Problem

[0007] To achieve the object, the present invention provides a method for monitoring at least one biological parameter
out of a heartbeat and/or a respiratory signal of an occupant on a member of a seat or a bed, the method characterized
by comprising the step of processing a signal or respective signals by non-linear filtering, received from one or more
sensors connected to the member and capable of detecting a change of pressure due to contact.

[0008] Use of non-linear filtering produces a good result as long as a phenomenon to be observed acts as a non-
linear system. Therefore, a parameter can be estimated in collected signals in the presence of noise by non-linear
filtering, and therefore a signal regarding a parameter to be monitored can be easily extracted.

[0009] Advantageously, filtering includes a Bayesian recursive estimator such as an extended Kalman filter or an
individual filter.

[0010] Use of a Bayesian toolis effective especially when a value such as a frequency that cannot be directly observed
is estimated in the aforementioned state. In the case where the extended Kalman filter is used in the presence of a non-
linear system, especially if a nonlinear shape can be modeled, a good result can be obtained. Similarly, for better
identifying a change of noise other than gaussian noise, it turns out that the individual filter is especially suitable.
[0011] Advantageously, a linear state transition equation of a following type is used:

X1 = A Xphvi

where x4 is a vector representing a state of a following state, and
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[Expression 1]

Wy
Ay
Xk = ak,m

)

V| is white gaussian noise.

[0012]
manner.

where

Advantageously, an output signal from a sensor or one of a plurality of sensors is modeled in the following

[Expression 2]

EP 2 409 638 A1

W0y =Y a(0)-sing, (1

y(t) represents a signal,
o(t) represents a momentary basic pulse of the signal,
m represents the number of sine functions,

a;(t) represents an amplitude of a sine function,
@;(t) represents a momentary phase of a higher harmonic wave, and

i=1

P1(t) = o(t) - t

ei(t)=1i- o(t) - t+6i(t),i=2...m,
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0j(t) represents a phase difference between the basic pulse and the higher harmonic wave.
[0013] Advantageously, the following observation expression is used.

[Expression 3]
e ~

y, =H(x,,w,)= Zahk -sing,, +n,
i=l

where

[Expression 4]

F o N—
represents an estimation value of a signal y(k) that is estimated by an observer, H represents a matrix associating a
state x, with a measured value y,,

[Expression 5]

Fal

d; i

Z o
and

[Expression 6]

Fa

I,k

represent estimation values of &, and ¢;  that are estimated by the observer, respectively, and n, represents noise
observed by the observer.

[0014] Itis preferable

to receive a signal from each of a group of sensors,

to input this signal to an atom dictionary (dictionnaire d’atomes in French),

to select several sensors on a basis of the input, and

to use only the selected sensors to perform monitoring.
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[0015] Inthis way, by inputting a signal to the atom dictionary, a sensor to supply the most suitable signal for monitoring
a biological parameter can be selected by an automated means with high reliability. For this reason, this monitoring
system can be adapted in real time to the physical features and posture of the occupant of a member, a change of the
posture, or a movement of the occupant. Therefore, according to the present method, a biological parameter can be
monitored by spatially and temporally adapting to various conditions for monitoring at the same time, without intervention
of an operator. Consequently, the present method facilitates obtaining the most reliable data regarding a biological
parameter to be monitored.

[0016] Moreover, when the present method is mounted on a vehicle, for example, a vibration level is configured such
that most of reliability of the present method depends on a type of processing performed in a previous stage to consider
ambient noise. In other words, by simply removing most of the noise from a signal to be utilized in the previous stage,
data indicating a biological parameter to be monitored is suitably extracted in most cases. This problem is not limited to
monitoring when the present method is mounted and used on a vehicle. In the case where monitoring relates to, for
example, a patient occupying a bed, since ambient noise (for example, noise caused by an electric appliance) may
disturb this monitoring, as a result, reliability of the present method similarly depends on quality of processing performed
for removing the noise from a signal to be utilized. In a medical bed, when the bed moves, vibration occurs, and therefore
this problem occurs when a patient is carried.

[0017] To solve this problem, it is preferable

to connect at least one accelerometer to the member,

to decide a model of a transfer function between at least one signal in input from the one accelerometer out of the at
least one accelerometer and a signal in output from one sensor of one or more sensors.

to estimate a noise value with use of the model, and

to remove the estimated noise value from the signal from the sensor.

[0018] In this way, this accelerometer or these accelerometers detect(s) vibration by definition, thereby supplying a
high fidelity reference signal of ambient noise. Moreover, by deciding the model of the transfer function, a noise value
can be estimated with high reliability. Accordingly, from a signal to be utilized, most of the noise contained in this signal
can be removed. This does not mean directly removing signals read by this accelerometer or these accelerometers from
signals to be utilized, that is, this does not mean subtraction of signals. In other words, by using a signal from the
accelerometer to model an effect of noise in a signal to be utilized, an estimation value of this noise is more suitably
extracted from the signal to be utilized. By this, the signal to be utilized without most noise can be obtained in the previous
stage. The remaining noise does not obstruct obtaining a signal to be utilized faithfully indicating one or more biological
parameters to be utilized.

[0019] The present method is used mounted on a vehicle, for example.

[0020] The present invention also provides a computer program including a code instruction, the code instruction
being able to control performance of a method according to the present invention when the method is performed by a
computer or a calculator.

[0021] The present invention also provides a data recording medium including such a program in a recorded form.
[0022] The present invention further provides such a program in such a way that it can be used by download in a
remote communication network.

[0023] Moreover, the present invention provides

a device for monitoring at least one biological parameter out of a heartbeat and/or a respiratory signal of an occupant
on a member of a seat or a bed, the device including:

at least one sensor being connected to the member and being able to detect a change of pressure due to contact; and
a means to process a signal or respective signals received from the sensor or respective sensors by non-linear filtering.
[0024] Other features and advantages of the present invention will be apparent from description of preferred embod-
iments with reference to drawings, not for limitation but for examples.

Brief Description of Drawings
[0025]

Fig. 1 is an overall view illustrating a device according to an embodiment of the present invention.

Fig. 2 is a side view of a seat connected to the present device.

Fig. 3 is a view illustrating one of sensor arrays of the seat in Fig. 2.

Fig. 4 is a graph indicating an atom of a dictionary used in a method according to the present invention.

Fig. 5 is a diagram illustrating modeling a transfer function according to the present embodiment.

Fig. 6 is a diagram illustrating that such a modeled transfer function is taken into consideration in performing the
present method.

Fig. 7 isagraph illustrating an amplitude of a signal before and after extraction of noise by a transfer function over time.
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Fig. 8 is a graph of two curves, one indicating a heartbeat estimated by the present method, and the other one
indicating a real heartbeat, and also indicates an acceptable range.

Best Mode for Carrying Out the Invention

[0026] A method for configuring a complete system to extract biological information from the body of a human 2 who
is a passenger or driver on a vehicle 4 and a device therefor according to embodiments of the present invention will be
described below.

The present invention is intended to monitor a biological parameter of a human such as a heartbeat and/or a respiratory
rhythm. This monitoring is required to be performed under various driving conditions and be accurate according to a
physical movement.

The present invention relates to obtaining and monitoring the aforementioned biological parameter. Especially, it is
desired that the aforementioned parameter can be obtained under any driving condition without restraining a person of
which the parameter is to be obtained. Actually, by obtaining information on a heartbeat and/or a respiratory signal, a
monitoring system can be obtained to reduce the number of accidents due to drowsiness or several symptoms of iliness,
thereby improving a road traffic safety.

[0027] First, a configuration of the system and steps performed in the present method will be generally described.
Then, such a configuration and several features of the present embodiment will be described in detail.

[0028] A device includes a plurality of piezoelectric sensors 6 supported by a seat 8 occupied by the human 2. These
sensors are configured so as to always obtain desired signals regardless of the posture or movement of the occupant.
The sensors can detect a change of a contact pressure, and in this device, the piezoelectric sensors are employed. The
sensors are placed on a seating portion 10 of the seat 8 and in the vicinity of an upper portion of a front face of a seat
back 12, and the front face is provided so as to be adjacent to the occupant 2. The sensors can also be directly placed
on this face. In this way, the sensors receive a pressure by the body especially in the vicinity of an artery of the occupant
2 and a change of pressure by the body. In this case, the sensors include a film or a sheet. However, as will be described
later, since these sensors detect all types of mechanical vibrations, the desired signals cannot be directly observed from
outputs of such sensors.

[0029] In this embodiment, the seat 8 includes about 60 sensors, but it should be appreciated that the number of the
sensors is not limited to this. The number of sensors placed on the seating portion 10 is 10 to 70, and may be 40, for
example. The number of sensors on the seat back 12 is 5 to 50, and may be 20, for example. A substrate used during
the use of the present method includes, for example, 20 sensors, that is, 15 on the seating portion and 5 on the seat
back. Accordingly, the substrate includes about 30% of the sensors placed in the seat.

[0030] Signal processing for the sensors uses an analog process and a digital process.

[0031] Theanalog process includes the steps of collecting and organizing amplitudes of output signals from the sensors
6. Each of the analog outputs is digitalized, and then several sensors are automatically selected according to a position
of the body of the occupant 2 on the seat 8. Signals transmitted from these sensors are subsequently processed and
combined. Such steps of selecting and combining on the sensors are performed suitably according to movement of the
body and so as to predict the movement at a plurality of number of times during performing the present method. It should
be noted that movement of a passenger and movement of a driver in a vehicle are generally different. The movement
of the passenger is more random than that of the driver, but the number of the movement is less than that of the driver.
As for the movement of the driver, characteristics such as four drive wheels in the vehicle, movement of hands of the
driver, and a position of feet for acceleration, braking or changing gear must be taken into consideration.

[0032] In Fig. 1, a unit that selects and combines signals from the sensors is illustrated as a block 14. This block can
detect the movement of the body to track and predict it. Especially, the block can select a sensor that is most able to
supply an effective signal in order to obtain a biological parameter. The block can accurately detect one movement,
predict one movement and obtain a list of candidate sensors to be selected. Accordingly, the present method is contin-
uously performed regardless of movement of the occupant. The block can also determine whether only an inertial object
is placed on the member, and if placed, can be adapted not to perform any processing.

[0033] The seat 8 is further provided with accelerometers 16 that work as reference sensors for ambient noise such
as vibration noise caused especially by the vehicle. These accelerometer sensors 16 detect noise in three directions
that are vertical to one another, that is, horizontal directions X, Y and vertical direction Z, respectively. In the scope of
the present method, a transfer function between the accelerometers 16 and the respective piezoelectric sensors 6 is
estimated, and after that, output noise from these sensors can be reduced. The transfer function is re-estimated whenever
re-estimation is determined to be necessary for tracking current driving conditions of the vehicle and movement of the
body of the occupant. A block 20 plays a role of generating a dynamic model that is changing over time in order to
estimate the transfer function between the accelerometers and piezoelectric sensors. With the use of the transfer function
estimated as above, various values regarding noise are predicted, and after that, noise transferred by signals from
piezoelectric sensors can be reduced. The model used in this stage may be linear or non-linear. This is a first step of
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reducing noise of signals supplied by the sensors 6.

[0034] Meanwhile, this step of reducing noise may be determined to be insufficient. Therefore, the block 20 further
includes a second estimation and tracking step for obtaining a biological parameter such as a heartbeat and/or a respi-
ratory signal more accurately. In this step, a change of the biological parameter can be tracked more accurately regardless
of driving conditions (movement of the body of the occupant, driving in cities, high-speed driving and driving on an
express way). This second step is configured to adapt to a non-linear system. This step can include the extended Kalman
filter or individual filter so as to better identify all noise variations. Such a non-linear processing step is highly suitable
for extracting and monitoring a parameter deriving from a non-linear model, such as a heartbeat and respiratory rhythm
in a vibrating environment changing over time.

[0035] After the two filtering steps, a block 22 can obtain and monitor a desired signal and can predict a change of
the signal.

[0036] The present invention is suitable for all types of vehicles. However, the present invention is not limited to
vehicles, and can be applied to other types of members such as a seat or bed, for example, a medical bed for monitoring
a parameter of a patient.

[0037] A method to be used is self-adapting.

[0038] Next, several features of the present method will be described in detail. It is assumed here that a biological
parameter of a driver of a vehicle is monitored.

1. Selecting and combining piezoelectric sensors

[0039] Referring to Figs. 1 to 3, the seat 8 has two sensor arrays 6, one being placed in the seating portion 10 and
the other being placed in seat back 12. Each of these arrays includes a plurality of rows and a plurality of columns in
this case. For example, as illustrated in Fig. 3, the array includes five rows and five columns, and forms grid-like sensors.
Sensors of each array are arranged on approximately the same plane. The sensors are electrically connected to other
portions of the device in a suitable manner, and signals read by these sensors are transferred to means 14 and 20.
[0040] The block 14 plays a role of selecting several sensors that can be used. This relates to selecting two sensors
in the seating portion 10 and two sensors in the seat back 12, for example. However, the number of sensors can be
reduced or increased according to the need.

[0041] It is assumed that an engine of the vehicle has been stopped. The driver and passenger enter the vehicle.
When a switch is turned on by an ignition key or an equivalent member, a device 7 according to the present invention
including means 14, 20, 22 instructs the use of the present method. In the device 7, a member for processing and a
member for computing are accommodated in, for example, a dashboard 11.

[0042] When the use of the present method is started, the device 7 operates a default substrate of a sensor 6 basically
selected from sensors of the seat portion and seat back. This substrate has a memory. This default substrate composes
part of a basic adjustment according to the present method.

[0043] If the body of the human 2 is on the seat 8, several sensors 6 transmit signals. The means 14 analyzes these
signals and takes various situations, especially characteristics of the body 2 and its posture on the seat into consideration
thereby to estimate whether or not it is preferable to adjust the substrate. The means 14 also analyzes whether or not
an object other than a human exists on the member. If the object exists, no additional processing is performed.

[0044] For this purpose, the means 14 basically identifies the sensor 6 to supply the most usable signal. A sensor that
does not supply any signal is not taken into consideration. A sensor that supplies a high pressure signal is not taken
into consideration, either. This is because the present method examines especially a change of pressure. Accordingly,
a sensor placed under the buttock of the human 2 receives most weight of the trunk of the human and supplies a signal
with relatively poor information. These signals are not generally taken into consideration. In this stage, a substrate most
related to the means 14 must be obtained; in this case, a substrate having a sensor that detects a slight movement, that
is, a slight change of pressure must be obtained. For this purpose, several sensors are added or removed thereby to
make a basic substrate adapt to. In such an adapted substrate, a sensor is selected in the latter stage of the present
method.

[0045] Inthelatter stage of the present method, whenever a slow body movement or a movement with a small amplitude
is detected, the block 14 is configured to select a new sensor that can be associated with the movement. When a quick
body movement or a movement with a large amplitude is detected, the block 14 completely renews the substrate of the
sensor thereby to adapt to the situation more suitably.

[0046] Next, it will be described how the block selects the most suitable sensor, that is, a sensor that has the highest
possibility of including a desired signal associated with a biological parameter in the presence of a predetermined sensor
substrate.
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a. Selecting Signal

[0047] Simultaneous analysis of time - frequency is performed here. Therefore, atomic resolution providing high fre-
quency accuracy is used to estimate a weight, and thereby the position of a component to be tracked can be located.
This is kind of extension by wavelet packet.

[0048] Therefore, one sensor signal is represented by linear coupling of an extension function f,, ,

[Expression 7]

M
xn — zamfm,ﬂ

m=1

[0049] This signal x can be represented by a description method of a matrix as follows: x = Fo, where F = [f;,f5,...,fy]
[0050] Here, the signal x represents a column vector (N X1 formant); o represents a column vector whose spreading
coefficient is (Nx1); and F represents a matrix of NXM whose column is an extension function f, . One linear coupling
of the spreading coefficient and various functions supplies one signal model. A plurality of compact models tend to
include an extension function having a strong correlation with a signal.

[0051] An atom dictionary to adapt to a wide range of time - frequency behavior is prepared, and a signal can be
decomposed by selecting several suitable atoms in the atom dictionary. This dictionary is configured as follows.
[0052] A pulse reply of a piezoelectric sensor is known to have an attenuation sinusoidal waveform with a basic
frequency offset. Therefore, in order to be able to cover all phases, when 9y is a cosine waveform and hv is a sinusoidal
waveform, if the dictionary is composed from a vector D = (g,,hy) system, the highly suitable dictionary can be obtained.
[0053] In this way, the dictionary is composed of a sinusoidal waveform and cosine waveform of various possible
frequencies (frequencies limited to a monitoring range according to the presentinvention). In this case, since the strongest
frequency is 20 hertz, it is preferable to use a frequency range between 0.2 hertz to 3 hertz for a single respiratory signal
in this embodiment. For two signals obtained by combining a respiratory signal and a heart rhythm, the range between
0.7 to 20 hertz is used. In either case, 1 pitch is set to be 0.1 hertz.

[0054] In order to obtain a sufficient frequency resolution, each atom of the dictionary is weighted by a hanning window
thereby to avoid, especially, an edge effect.

[Expression 8]

h, =w.sin 27yk
g, =W.CoS2myk

Ff"

...

where
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1
W= 5(1—cos(27r(1 m)/ m+1))

where m represents a length of an atom. Practically, this length is an important value for a frequency resolution. If there
is no such a weight, atoms may have different durations in the dictionary.

[0055] Accordingly, the dictionary is composed ofN pieces of weighted sine atoms and N pieces of weighted cosine
atoms. These atoms form a compact ( limited, that is, composed of finite number of points other than zero) support signal
that can be equated with a wavelet packet by analogy.

[0056] Accordingly, Fig. 4 illustrates one of atoms of the dictionary including coupling of one sine atom and one cosine
atom for one frequency. Time of the signal is represented by the axis of abscissas and the amplitude of the signal is
represented by the axis of ordinate. In this case, a length of the atom can be measured between the point of 0 samples
and the point of 2000 samples on the axis of abscissas, and time is selected as the number of samples (depending on
a sampling frequency).

[0057] Moreover, a normalized coefficient is calculated for each pair of atoms.

[Expression 10]

rr’

L, =< hwgy >

2.7 2
’ 1_¢Ly

[0058] This enables atoms each intrinsically having a different weight and length to be compared.

[0059] In this way, the dictionary composing an orthonormal base can be obtained.

[0060] A signal f (that is, its pulse reply) supplied from each of the sensors of the substrate is inputted into each pair
of the atom dictionary and calculated in terms of value as follows.

sup|C (f, g, h,)|

where C (f, 9y hy) represents a distance function. In this example, the next distance function is selected.

\.
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C(f, gy, hy) = oy (<f7gY>2 + <f7hY>2 -2¢01,<fg> - <thy>)

[0061] This distance function permits accurately locating a position of a component simultaneously generated by the
human body and the system (a sympathetic vibration by a weight of the human body and vibration of the vehicle).
Therefore, if a signal transferred by the sensor has both of a parameter of the system and a biological parameter of the
human, the sensor is deemed to be eligible. If the signal includes only a parameter of the system, the sensor s not eligible.
[0062] In such a case, by classifying sensors in the order of values calculated for a signal from the largest to the
smallest, a list of eligible sensors is generated. The number of natural numbers p is previously decided, and the first p
pieces of values in this list are taken into consideration. The first p pieces of sensors corresponding to these values are
selected sensors.

b. Predicting movement

[0063] In the present method, a human body movement can be predicted in order to appropriately maintain a set of
related signals (a biological parameter of an occupant). Therefore, in this example, the following approach is used.
[0064] The generation of movement of the body is detected by a sensor on a substrate where a supplied signal starts
changing. In Fig. 3, it is assumed that sensors on the substrate in the seat back are sensors identified based on their
references (i, j), (i+1, j+1) and (i, j+2).

[0065] The means 14 identifies the movement with the use of these sensors, and also can predict a direction of the
movement indicated by an arrow 24 in Fig. 3 by interpolation. Therefore, during such a movement, the means 14 predicts
a future movement, and during the movement, adds a sensor to the substrate on which the selected sensor is placed,
the added sensor being placed on the course of the movement and being able to supply an advantageous signal during
the future movement. In Fig. 3, two sensors (i+2, j+2), (i+1, j+2) placed on the same row of a sensor (i, j+2) are added
sensors. Accordingly, the means 14 can take signals to be supplied by these sensors into consideration as soon as
possible. After that, if it is confirmed that movement can be recognized at positions of these sensors, these sensors
remain placed on the substrate.

On the contrary, if the prediction is an error and no movement can be detected by at least one of the sensors, this sensor
is removed from the substrate.

2. Identification and Estimation of Transfer Function

[0066] A plurality of accelerometers 16 are used to play a role as references for vibration noise in the vehicle. Unless
the vibration in the vehicle is exerted in a single direction, for example, in only a vertical direction, it is preferable to use
a triaxial accelerometer or 3D accelerometer. Moreover, it is preferable to use at least two accelerometers.

[0067] Insome cases, itis determined that it is important to specify positions of these accelerometers in order to obtain
a highly reliable model. For example, by placing one accelerometer 16 in a lower portion of a structure of the seating
portion 10 composing the seat, this accelerometer is adapted to detect vibration of the occupant under the seat. In this
embodiment, the second accelerometer is placed on the top of the seat back 12. This is because it is confirmed that
this portion of the seat can vibrate independently, to some extent, from the seating portion.

[0068] According to position determination of the piezoelectric sensors 6 and accelerometers 16, modeling a transfer
function, which is performed after the position determination, can be linear or non-linear. In either case, a parameter for
such modeling is estimated by a recursive procedure. Moreover, the parameter is often re-estimated during performing
the present method so that the model accurately adapts to various situations, especially to driving conditions.

[0069] A transfer function is modeled for each of the selected piezoelectric sensors 6. Accordingly, as illustrated in
Fig. 5, this transfer function has output signals from all accelerometers 16 in input. In this case, the output signals are
three signals supplied by accelerometers 16 in the seating portion, each corresponding to each of vibrations in the
direction of X, Y and Z, as well as three similar signals supplied by accelerometers 16 in the seat back. A transfer function
has a signal s supplied by the piezoelectric sensor 6 that is taken into consideration in output. Fig. 5 illustrates a principle
for modeling the transfer function. This relates to identifying a function 11 and its parameter. Input has x, y, z signals
supplied by two accelerometers, and output has the signal s that is supplied by the piezoelectric sensor taken into
consideration. In this way, an effect unique to vibration in a signal supplied by the piezoelectric sensor can be modeled.
[0070] In this case, the means 20 first decides a model that is most suitable for obtaining a transfer function from a
list of a plurality of types of models, according to a situation. The list is as follows, in this case.

Modeling by indicating a state.

ARMA,

ARX,

10
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NLARX.

[0071] After attempting the modelling based on each type of model, the most suitable model is basically taken into
consideration.

[0072] Next, asillustrated in Fig. 6, with the use of the model identified in this way, a noise value is dynamically decided
according to momentary signals supplied by the accelerometers. Inputted are six signal values from the accelerometer.
Outputted is an estimation value by a single noise of the signal side of the piezoelectric sensor. In this case, this estimation
value is subtracted from a signal supplied by the piezoelectric sensor 6 at the position of a subtractor 13. After this
subtraction, a signal of which most of vibration noise effect is removed can be obtained.

[0073] Inthe present embodiment, the means 20 uses an ARX-type exogenous autoregressive model by default. This
means that if a better result cannot be obtained from any of the other types of models in the list, this type of model is
used. Otherwise, a model to provide the best result is used. The structure of this model is as follows.

[Expression 11]

A@)-y() =3 B(q)-u,(t - ) + et

where

A(q) represents a polynomial expression having N, pieces of coefficients.
y(t) represents an output signal of the piezoelectric sensor.

B,(q) represents a polynomial expression having Ny pieces of coefficients.
u;(t)(i = 1...N;) represents an input signal supplied by the accelerometer.
n; represents the number of unit delay in input.

e(t) represents an error signal in this model.

[0074] The total number of free coefficients N, can be found as follows.

Nc=Na+ Ni - N

[0075] A coefficient of a polynomial expression is estimated by minimizing a trace of an error prediction covariance
matrix. As described above, such estimation of a parameter is sometimes updated according to a change of driving
conditions. When a parameter of a model is estimated at each sampling step, prediction noise (that is, estimation noise)
in the piezoelectric sensor can be calculated. In this case, such estimation noise is removed in output from the piezoelectric
sensor, as illustrated in Fig. 6.

[0076] In Fig. 7, a signal 15 of the piezoelectric sensor 6 before the subtraction is indicated by a thin line, and the
signal 17 after the subtraction is indicated by a thick line. Especially, an amplitude (unit: volt) of the signal on the ordinate
extremely decreases after the subtraction, which shows that peaks corresponding to heartbeats become apparent.

3. Extraction of Biological Parameter

[0077] After such a noise removing step, the means 20 should extract a heart rhythm and a respiratory signal. This
attributes to estimating a parameter whose frequency cannot be directly observed. Accordingly, it is especially effective
to use Bayesian estimation. Moreover, since a studied system is non-linear, the extended Kalman filter can be used. In
order to closely recognize a change of noise other than gaussian noise, the individual filter may be used.

[0078] By way of example, using the extended Kalman filter to estimate and monitor a heartbeat will be described below.
[0079] Itis suggested that a piezoelectric sensor signal in response to a blood pressure is modeled by adding higher
harmonic wave components of a sinusoidal waveform having a slowly-changing amplitude element and phase element.

11



10

15

20

25

30

35

40

45

50

55

EP 2 409 638 A1

[Expression 12]

W6y = Y a(t)-sing, (1

i=1

where @4(t) = o(t) - t,
o) =i o) - t+6t),i=2..m,

o(t) represents a basic pulse of a signal associated with a heartbeat. m represents the number of sinusoidal waveform

components,

a|(t) represents an amplitude of sinusoidal waveform component,

@;(t), i =2 ... m represents a momentary phase of a higher harmonic wave, and

6,(t) represents a phase difference between the basic pulse and higher harmonic wave.

[0080]

From this expression, the vector indicating the following state is suggested.
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[Expression 13]

e
o
1

[0081] A change of an amplitude a | of the sine component over time is modeled by additional white gaussian noise

as follows.

1

k1

_¢k,m

— a
Ak+1i= Akt Vi

[0082] A change over time of a momentary basic pulse o, is also modeled by additional white gaussian noise.

— ®
WK1 = Ok + vk

[0083] A phase difference 6;(t) between a basic pulse and a higher harmonic wave component is similar to the above,
and a change over time of a momentary phase o, ;(t) can be obtained by the following expression.
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Qre1i=1" okt @it vii ©

5 [0084] Such a selection means that wy is represented by a ratio between a real pulse and a sampling frequency of a
signal. As a result, an expression representing a state transition is linear and given by the following expression.

[Expression 14]
10

a,

15

d;

20

x,, =F(x,,v,)= ag ., + Vv,

; l-w, +¢,,

30 m - Ct) ). + ¢’ I m
[0085] The above expression can also be written as follows.
35
X1 = A Xt vk (1)
where
40
45

50

55
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[Expression 15]

(2)

[0086] Estimating a variance of components of noise v, has an effect on a speed of change of an estimated parameter
(pulse, amplitude component and phase component) and a convergence speed of algorithm.

[0087] Taking Expression (1) into consideration, an expression representing predicted observation is basically given
by the following expression.

[Expression 16]
m ~

Y, = H(x; ,w,) = Za;:,k -sing, , +n, (3)
i=1

[0088] The expression representing observation is non-linear, which supports the use of the extended Kalman filter.
A variance of observed noise n, is associated with a noise variance observed in a piezoelectric signal.

[0089] The algorithm of the extended Kalman filter is executed as follows.

[0090] Initialization Step:

15



10

15

20

25

30

35

40

45

50

55

[Expression 17]

X9

EP 2 409 638 A1

[0091] Inthe case of k € {1,...,»}, a prediction expression of the extended Kalman filter is as follows.

[Expression 18]

P = A, P

i; = F(ik—l ,V)

1—1 +Wk 'QW 'Wi}T

k-1

An updated expression is as follows.

[Expression 19]

Ki=P, Cy '(Ck Py -C, +V,R"-V, )_.I

=x, +K, -(yk —H(i;,Wk))

where

~

X,

P

X

. =C£ '(I_Kk 'Ck)'Px;
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[Expression 20]

_EQL. . — 3 -‘;]‘7, )

* OF(x, V) s OF(X,V)

L ox |, ‘ Ov

gaH(x,ﬁ)\ v 4 GH(X,,m)

OX o F on

X;.,

- |

Cy

n

where Q% and R" are represent covariance matrixes of v, and n,, respectively; and | represents a unit matrix.

[0092]
[0093]

and

Accordingly, this is a standard algorithm relating to the extended Kalman filter.
According to the present invention, this algorithm is applied as follows. It is assumed that the values of noises

[Expression 21]
v = E [V

[Expression 22]

n==E

are equal to zero.

[0094]

Since it is known that Expression (1) representing a state transition is linear, the following expression can be

obtained.
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[Expression 23]

& OF(x,V)

A

" ox

where a can be obtained in Expression (2).
Taking Expressions (1) and (3) into consideration, the following expression can be obtained.

[0095]

[Expression 24]

= A (4)

Xﬁ_

A OF(x,,
W, = "
oV

) . IZ-I‘?’!+1

|

and
[Expression 25]
V ( ko
"" 0
[0096] Finally, Expression (3) is as follows.
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[Expression 26]

A 6H(X, E)‘ . n ) n
p— | |: 0 Sin ék,l r e sin ¢k,m
OX

i!r

Cy

dp,-cos@,, ... d., cosg, . |(6)

[0097] In order to simultaneously manipulate a plurality of signals from the piezoelectric sensors, lengths of the state
vector and observation vector can also be lengthened. For example, by using two signals from the sensors, the state
vector, state transition matrix, and linear matrix representing observation are as follows.
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[Expression 27]

(Dk |

Uy 11 |

¢k.1.m m

_¢k,2,m B m
0

sin ¢k_._1.'1

sin ¢k.1.m
a/;_u - COS ¢k_,§.1

Ck = a;,i.m - COS ¢k_,i.m

sing, ,

sim ¢k7_2.,m.
a,;.z,l 'COS ¢k_,2.1

ak,z.m 'COS ¢k.2,m i

20

(7)
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[0098] In this processing, in order to find a heartbeat (and/or a respiratory signal), one or more piezoelectric sensors
can be processed. This model representing a state is cited only as an example, but not restrictive.

[0099] Aresultof the above processing is illustrated by way of example in Fig. 8. A curve 30 represents a real heartbeat
signal; a curve 32 represents a heartbeat signal estimated by a method according to the present invention; and curves
34 and 36 represent tolerance thresholds of plus or minus 5% of an amplitude of the real signal. These curves indicate
the number of pulses per minute on the ordinate corresponding to time (unit: second) indicated on the abscissa. The
graph shows that most of differences between the real signal and the signal estimated by a method according to the
present invention are included in the tolerance range of plus or minus 5% of the real signal.

This relates to a result of a test performed under real driving conditions (for example, driving in cities and driving on an
expressway).

[0100] The means 14, 20, 22 include a calculation means such as a microprocessor and, one or more computers with,
for example, one or more memories. A method according to the present invention can be automatically performed by a
computer program recorded on a data recording medium such as a hard disk, flash memory, CD or DVD. The computer
program includes a code instruction that can control performance of a method of the present invention when the method
is executed by the computer. Such a program can be configured to be used in a remote communication network for
downloading, for example, downloading an updated program version.

[0101] It should be appreciated that various modifications can be made to the present invention without departing
from the scope of the present invention.

[0102] An example has been described in which selection step 1, noise removing step 2 with the use of a transfer
function, and non-linear filtering step 3 are consecutively performed. As supported by Fig. 8, this consecution produces
a highly desirable result. However, in the environment with less noise, only any one of these steps or any two of these
steps can also be used with obtaining an acceptable result.

[0103] In afirst step, a unique atom dictionary can be associated with each of frequency ranges, and accordingly, in
this case, two atom dictionaries can be used.

[0104] The present application is based on French Patent Application No. 0951714 filed on March 18, 2009. The entire
specification, claims and drawings of French Patent Application No. 0951714 are incorporated herein by reference.

Claims

1. A method for monitoring at least one biological parameter out of a heartbeat and/or a respiratory signal of an occupant
on a member of a seat or a bed, the method characterized by comprising the step of:

processing a signal or respective signals by non-linear filtering, the signal or respective signals being received
from one or more sensors that is/are connected to the member and can detect a change of pressure due to

contact.
2. The method according to claim 1, wherein the filtering includes a Bayesian recursive estimator such as an extended
Kalman filter or an individual filter.
3. The method according to claim 1 or 2, wherein a linear state transition expression of a following type is used:

Xir1=A * Xtvg

where x4 is a vector representing a state of a following type,
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[Expression 1]

Xk = ak,m ’ A = 1
De I I

_¢k,m m 1

and v, is white gaussian noise.

4. The method according to any one of claims 1 to 3, wherein an output signal from the sensor or one of the pluirality
of sensors is modeled according to a following expression,

[Expression 2]

V)= Y a (1) sing (1)

where

01(t) = oo(t) - t

Q)=i-o)-t+6t),i=2...m,

y(t) represents a signal,

o(t) represents a momentary basic pulse of the signal,

m represents the number of sine functions,

a;(t) represents an amplitude of a sine function,

@;(t) represents a momentary phase of a higher harmonic wave, and

6,(t) represents a phase difference between the basic pulse and the higher harmonic wave.

5. The method according to any one of claims 1 to 4, wherein an observation expression of a following type is used,
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[Expression 3]
e ~
y, =H(x,_,w,)= Zam -sing,, +n,
i=l

where

[Expression 4]
™ —
represents an estimation value of a signal y(k) by an observer,
H represents a matrix associating a state x, with a measured value y,

[Expression 5]

A,

and

[Expression 6]

i,k
represent estimation values of &;, and ¢; by the observer, respectively, and
ny represents noise observed by the observer.
6. The method according to any one of claims 1 to 5, comprising the steps of:
receiving a signal from each of a group of sensors,
inputting this signal to an atom dictionary,

selecting several sensors on a basis of the input, and
using only the selected sensors to perform monitoring.
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The method according to any one of claims 1 to 6, comprising the steps of:

connecting at least one accelerometer to the member,

deciding a model for a transfer function between at least one signal in input from the accelerometer or one of
the at least one of the accelerometers and a signal in output from the sensor or one of the plurality of sensors,
estimating a noise value with use of the model, and

removing the estimated noise value from the signal of the sensor.

The method according to any one of claims 1 to 7, the method being mounted on a vehicle and used.

A computer program characterized by including a code instruction that can control performance of the steps of a
method according to any one of claims 1 to 8 when the method is performed in a computer or a calculator.

A device for monitoring at least one biological parameter out of a heartbeat and/or a respiratory signal of an occupant
on a member of a seat or a bed, the device characterized by comprising:

at least one sensor that is connected to the member and can detect a change of pressure due to contact; and

a unit to process a signal or respective signals by non-linear filtering, the signal or respective signals being
received from the sensor or the respective sensors.

24



EP 2 409 638 A1

FIG. 1
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FIG. 5
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FIG. 7
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FIG. 8
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