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MULTI-SOURCE DOPPLER RADAR SYSTEM
FOR MONITORING CARDIAC AND
RESPIRATORY FUNCTIONS AND
POSITIONING OF VEHICLE SEAT
OCCUPANT

TECHNICAL FIELD

[0001] The present invention relates to Doppler radar
systems for sensing cardiac (e.g., heart) and respiratory (e.g.,
breathing) functions of a person occupying a vehicle seat
and for sensing positioning of the person in the vehicle seat.

BACKGROUND

[0002] Approaches to monitor the physiological state of a
person include attaching adhesive electrodes to the skin of
the person. These approaches are cumbersome and are not
suitable for use with vehicular applications involving a
person sitting in a vehicle seat of an operating vehicle.

SUMMARY

[0003] In an embodiment, a seating system for a vehicle
includes a vehicle seat, a first Doppler radar sensor, a second
Doppler radar sensor, and a controller. The seat includes a
seatback. The first sensor is positioned at a first location
within the seatback corresponding to an anatomical location
of the heart of a person sitting in the seat. The second sensor
is positioned at a second location within the seatback
corresponding to an anatomical location of the person offset
from the heart of the person.

[0004] The first sensor is configured to transmit a first
signal from behind the person toward the anatomical loca-
tion of the heart of the person. The first sensor is further
configured to receive a first reflected signal of the first signal
reflected from the person as modulated by a movement of
the heart of the person and by a random motion of the
person. The first reflected signal includes a component
corresponding to the heart movement and a component
corresponding to the random motion of the person.

[0005] The second sensor is configured to transmit a
second signal from behind the person toward the anatomical
location of the person offset from the heart of the person.
The second sensor is further configured to receive a second
reflected signal of the second signal reflected from the
person as modulated by the random motion of the person.
The second reflected signal includes the component corre-
sponding to the random motion of the person.

[0006] The controller is configured to remove the second
reflected signal from the first reflected signal to generate a
biometric signal having the component corresponding to the
heart movement and being void of the component corre-
sponding to the random motion of the person whereby the
biometric signal is indicative of cardiac information of the
person.

[0007] In an embodiment, a seating system for a vehicle
includes a vehicle seat, a first Doppler radar sensor, a second
Doppler radar sensor, and a controller. The seat includes a
seatback. The first sensor is positioned at a location within
the seatback corresponding to an anatomical location of the
heart of a person sitting in the seat. The second sensor is
positioned in front of the person at a location within the
vehicle corresponding to the anatomical location of the heart
of the person.
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[0008] The first sensor is configured to transmit a first
signal from behind the person toward the anatomical loca-
tion of the heart of the person. The first sensor is further
configured to receive a first reflected signal of the first signal
reflected from the person as modulated by a movement of
the heart of the person and by a random motion of the person
relative to the location of the first sensor. The first reflected
signal includes a component corresponding to the movement
of the heart of the person and a component corresponding to
the random motion of the person relative to the location of
the first sensor.

[0009] The second sensor is configured to transmit a
second signal from in front of the person toward the ana-
tomical location of the heart of the person. The second
sensor is further configured to receive a second reflected
signal of the second signal reflected from the person as
modulated by the movement of the heart of the person and
by the random motion of the person relative to the location
of the second sensor. The second reflected signal includes
the component corresponding to the movement of the heart
of the person and a component corresponding to the random
motion of the person relative to the location of the second
Sensor.

[0010] The component of the first reflected signal corre-
sponding to the random motion of the person relative to the
location of the first sensor and the component of the second
reflected signal corresponding to the random motion of the
person relative to the location of the second sensor are
additive inverses of one another.

[0011] The controller is configured to combine the first
and second reflected signals to generate a biometric signal
having the component corresponding to the movement of the
heart of the person and being void of the components
corresponding to the random motion of the person relative to
the locations of the first and second sensors whereby the
biometric signal is indicative of cardiac information of the
person.

[0012] In an embodiment, a seating system for a vehicle
includes a vehicle seat, a first Doppler radar sensor, a second
Doppler radar sensor, and a controller. The seat includes a
seatback and a seat bottom. The first sensor is positioned at
a location within the seatback corresponding to an anatomi-
cal location of the heart of a person sitting in the seat. The
second sensor is positioned at a location within the seat
bottom corresponding to the anatomical location of the heart
of the person.

[0013] The first sensor is configured to transmit a first
signal from behind the person toward the anatomical loca-
tion of the heart of the person. The first sensor is further
configured to receive a first reflected signal of the first signal
reflected from the person as modulated by a movement of
the heart of the person relative to the location of the first
sensor. The first reflected signal includes a first component
corresponding to the movement of the heart of the person
relative to the location of the first sensor.

[0014] The second sensor is configured to transmit a
second signal from beneath the person toward the anatomi-
cal location of the heart of the person. The second sensor is
further configured to receive a second reflected signal of the
second signal reflected from the person as modulated by the
movement of the heart of the person relative to the location
of the second sensor. The second reflected signal includes a
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second component corresponding to the movement of the
heart of the person relative to the location of the second
sensor.

[0015] The controller is configured to process the first and
second reflected signals to extract the first component from
the first reflected signal based on a correlation with the
second component of the second reflected signal. The con-
troller is further configured to generate a biometric signal
having the first component whereby the biometric signal is
indicative of cardiac information of the person.

[0016] In embodiments, a seating system may further
include a third sensor positioned at a third location within
the seatback corresponding to an anatomical location of a
left side of a torso of the person and a fourth sensor
positioned at a fourth location within the seatback corre-
sponding to an anatomical location of a right side of the
torso. The third sensor is configured to transmit a third signal
from behind the person toward the anatomical location of
the left side of the torso and to receive a third reflected signal
of the third signal reflected from the person as modulated by
rotation movement of the torso. The third reflected signal
includes a component corresponding to the rotation move-
ment of the torso relative to the third location of the third
sensor. The fourth sensor is configured to transmit a fourth
signal from behind the person toward the anatomical loca-
tion of the right side of the torso and to receive a fourth
reflected signal of the fourth signal reflected from the person
as modulated by rotation movement of the torso. The fourth
reflected signal includes a component corresponding to the
rotation movement of the torso relative to the fourth location
of the fourth sensor. The controller is further configured to
generate a position signal indicative of positioning informa-
tion of the person based on a comparison of the third and
fourth reflected signals.

[0017] In other embodiments, a seating system may fur-
ther include a third sensor positioned at a third location
within the seatback corresponding to an anatomical location
of a left lung of the person and a fourth sensor positioned at
a fourth location within the seatback corresponding to an
anatomical location of a right lung of the person. The third
sensor is configured to transmit a third signal from behind
the person toward the anatomical location of the left lung
and to receive a third reflected signal of the third signal
reflected from the person as modulated by movement of the
left lung. The third reflected signal includes a component
corresponding to the movement of the left lung. The fourth
sensor is configured to transmit a fourth signal from behind
the person toward the anatomical location of the right lung
and to receive a fourth reflected signal of the fourth signal
reflected from the person as modulated by movement of the
right lung. The fourth reflected signal includes a component
corresponding to the movement of the right lung. The
controller is further configured to generate a lung status
signal indicative of respiratory information of the person
based on a comparison of the third and fourth reflected
signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 illustrates a perspective view of a seating
system for a vehicle including a perspective view of a
vehicle seat of the seating system and a block diagram of
other components of the seating system;

[0019] FIG. 2 illustrates a schematic diagram of the seat-
ing system according to a first embodiment;
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[0020] FIG. 3 illustrates a schematic diagram of the seat-
ing system according to a second embodiment;

[0021] FIG. 4 illustrates a schematic diagram of the seat-
ing system according to a third embodiment;

[0022] FIG. 5 illustrates a functional block diagram of the
seating system according to the first embodiment;

[0023] FIG. 6 illustrates a schematic diagram of the seat-
ing system according to a fourth embodiment; and

[0024] FIG. 7 illustrates a schematic diagram of the seat-
ing system according to a fifth embodiment.

DETAILED DESCRIPTION

[0025] Detailed embodiments of the present invention are
disclosed herein; however, it is to be understood that the
disclosed embodiments are merely exemplary of the inven-
tion that may be embodied in various and alternative forms.
The figures are not necessarily to scale; some features may
be exaggerated or minimized to show details of particular
components. Therefore, specific structural and functional
details disclosed herein are not to be interpreted as limiting,
but merely as a representative basis for teaching one skilled
in the art to variously employ the present invention.
[0026] Referring now to FIG. 1, a vehicle seating system
10 will be described. Seating system 10 is implemented in
a vehicle (not shown). The vehicle may be an automobile, a
car, a truck, a boat, an airplane, or the like. Seating system
10 includes a seat 12. A perspective view of seat 12 is shown
in FIG. 1. Seat 12 includes a seat bottom (i.e., a seat cushion)
14 and a seatback 16. Seat bottom 14 is configured to
support the sitting region of a person sitting in seat 12. As
such, seat bottom 14 is beneath a person sitting in seat 12.
Seatback 16 is configured to support the back of the person
sitting in seat 12. As such, seatback 16 is behind a person
sitting in seat 12.

[0027] As shown in phantom in FIG. 1, seat 12 includes an
array of Doppler radar sensors 18, 20, and 22. First Doppler
radar sensor (“first sensor”) 18 is located at a first location
within seatback 16. The first location within seatback 16 is
aligned with an anatomical location of the heart of a person
sitting in seat 12. Thus, first sensor 18 is positioned at a first
location within seatback 16 corresponding to the anatomical
location of the heart of the person.

[0028] Second Doppler radar sensor (“second sensor”) 20
is located at a second location within seatback 16. The
second location within seatback 16 is offset from alignment
with the anatomical location of the heart of the person sitting
in seat 12. For instance, as indicated in FIG. 1, the second
location of second sensor 20 is offset in the x direction from
the first location of first sensor 18. Thus, second sensor 20
is positioned at a second location within seatback 16 corre-
sponding to an anatomical location of the person sitting in
seat 12 offset from the heart of the person.

[0029] Third Doppler radar sensor (“third sensor”) 22 is
located at a third location within seat bottom 14. The third
location within seat bottom 14 is aligned with the anatomical
location of the heart of the person sitting in seat 12. Thus,
third sensor 22 is positioned at a third location within seat
bottom 14 corresponding to the anatomical location of the
heart of the person.

[0030] As indicated in FIG. 1, first sensor 18 and the
anatomical location of the heart of the person sitting in seat
12 aligned with the first sensor are in an x-y plane. Second
sensor 20 and the anatomical location of the person sitting
in seat 12 offset from the anatomical location of the heart of
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the person are in the in same x-y plane. Third sensor 22 and
the anatomical location of the heart of the person sitting in
seat 12 aligned with the third sensor are in a y-z plane.
[0031] First sensor 18 is configured to wirelessly transmit
a first signal from the first location within seatback 16
behind the person sitting in seat 12 toward the anatomical
location of the heart of the person. Upon the first signal
illuminating the anatomical location of the heart of the
person, the first signal reflects from the person. The first
signal reflected from the person is modulated by a move-
ment of the heart of the person and by a random motion of
the person. First sensor 18 is further configured to wirelessly
receive a first reflected signal of the first signal reflected
from the person as modulated by the movement of the heart
of the person (e.g., pulsation of arteries of the person’s heart)
and by the random motion of the person.

[0032] Second sensor 20 is configured to wirelessly trans-
mit a second signal from the second location within seatback
16 behind the person sitting in seat 12 toward an anatomical
location of the person offset from the heart of the person.
Upon the second signal illuminating the anatomical location
of the person offset from the heart of the person, the second
signal reflects from the person. The second signal reflected
from the person is modulated by the random motion of the
person. Second sensor 20 is further configured to wirelessly
receive a second reflected signal of the second signal
reflected from the person as modulated by the random
motion of the person.

[0033] Third sensor 22 is configured to wirelessly transmit
a third signal from the third location within seat bottom 14
beneath the person sitting in seat 12 toward the anatomical
location of the heart of the person. Upon the third signal
illuminating the anatomical location of the heart of the
person, the third signal reflects from the person. The third
signal reflected from the person is modulated by the move-
ment of the heart of the person. Third sensor 22 is further
configured to wirelessly receive a third reflected signal of
the third signal reflected from the person as modulated by
the movement of the heart of the person.

[0034] Seating system 10 further includes an electronic
controller 24. Controller 24 is individually connected to first,
second, and third sensors 18, 20, and 22. Controller 24 is
configured to individually control sensors 18, 20, and 22 to
cause the sensors to wirelessly transmit the first, second, and
third signals. Controller 24 is further configured to receive
from sensors 18, 20, and 22 the first, second, and third
reflected signals wirelessly received by the sensors. As
described in greater detail below, controller 24 is further
configured to process the first, second, third, and/or other
reflected signals to generate biometric signals indicative of
cardiac information of the person sitting in seat 12.

[0035] Referring now to FIG. 2, with continual reference
to FIG. 1, a schematic diagram of seating system 10 accord-
ing to a first embodiment is shown. Seating system 10
according to the first embodiment includes first and second
sensors 18 and 20. The schematic diagram shown in FIG. 2
is a sectional view of the x-y plane containing first and
second sensors 18 and 20. Torso 26 of the person sitting in
seat 12 and heart 28 of the person are illustrated per the
sectional view.

[0036] As shown in FIG. 2, and with reference to FIG. 1,
first sensor 18 is aligned with the anatomical location of
heart 28 of the person. That is, first sensor 18 (i.e., the biased
sensor) is biased towards the anatomical location of heart 28
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of the person. Second sensor 20 is aligned with an anatomi-
cal location of the person offset in the x direction with the
anatomical location of heart 28 of the person.

[0037] In operation, controller 24 controls first sensor 18
to wirelessly transmit the first signal toward the anatomical
location of heart 28 of the person (e.g., at least toward an
anatomically biased location relative to heart 28 of the
person). The first signal reflects from the person. The
reflected first signal is modulated by the movement of heart
28 of the person, the movement of torso 26 of the person due
to breathing of the lungs of the person (i.e., breathing
movement, respiratory activity of the person, etc.), and by
random motion of the person. The random motion of the
person includes movement of torso 26 of the person caused
by the person’s body unintentionally moving and bouncing
around in seat 12 due to vehicle operation. The random
motion of the person is a motion artifact akin to noise.
[0038] A portion of the reflected first signal reflects
towards first sensor 18. This portion of the reflected first
signal is a first reflected signal wirelessly received by first
sensor 18. As such, the first reflected signal is of the first
signal reflected from the person as modulated by the heart
movement, the breathing movement, and the random motion
of the person. The first reflected signal thereby includes a
component corresponding to the heart movement, a compo-
nent corresponding to the breathing movement, and a com-
ponent corresponding to the random motion of the person.
Controller 24 communicates with first sensor 18 to receive
the first reflected signal.

[0039] Controller 24 controls second sensor 20 to wire-
lessly transmit the second signal toward the anatomical
location of the person offset from heart 28 of the person. The
first and second signals may be the same type of signal
concurrently transmitted from the first and second sensors
separately. The second signal reflects from the person. The
reflected second signal is modulated by the movement of
torso 26 of the person due to breathing of the lungs of the
person and by the random motion of the person. To a much
lesser extent, as second sensor 20 is offset from the ana-
tomical location of heart 28 of the person, the reflected
second signal is also modulated by the movement of heart 28
of the person.

[0040] A portion of the reflected second signal reflects
towards second sensor 20. This portion of the reflected
second signal is a second reflected signal wirelessly received
by second sensor 20. As such, the second reflected signal is
of the second signal reflected from the person as modulated
by the breathing movement and the random motion of the
person. The second reflected signal thereby includes the
component corresponding to the breathing movement and
the component corresponding to the random motion of the
person. The second reflected signal may also contain a
component corresponding to the heart movement. Such
component is much less in magnitude than the component of
the first reflected signal corresponding to the heart move-
ment. Controller 24 communicates with second sensor 20 to
receive the second reflected signal.

[0041] More descriptively, the component of the second
reflected signal (received by second sensor 20) correspond-
ing to the random motion of the person is of similar
characteristics as the component of the first reflected signal
(received by first or biased sensor 18) corresponding to the
random motion of the person. The component of the second
reflected signal corresponding to the heart movement is of
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similar characteristic but is of much less magnitude than the
component of the first reflected signal corresponding to the
heart movement. As such, the first and second reflected
signals include the same component corresponding to the
random motion and include unequal components corre-
sponding to the heart movement (i.e., unequal components
corresponding to physiological heart activity).

[0042] Controller 24 processes the first and second
reflected signals to generate a biometric signal indicative of
cardiac information of the person sitting in seat 12. Particu-
larly, controller 24 removes the second reflected signal from
the first reflected signal to generate a biometric signal having
the component corresponding to the movement of heart 28
of the person and being void of the component correspond-
ing to the random motion of the person whereby the bio-
metric signal is indicative of cardiac information of the
person.

[0043] For instance, the first reflected signal includes a
component ¢;HR corresponding to the heart movement, a
component BR corresponding to the breathing movement,
and a component RM corresponding to the random motion
of the person. The second reflected signal includes a com-
ponent ¢,HR corresponding to the heart movement, the
component BR corresponding to the breathing movement,
and the component RM corresponding to the random motion
of the person. As indicated, ¢,>>c, and therefore the com-
ponent ¢,HR of the second reflected signal can be ignored.
Controller 24 subtracting the second reflected signal S, from
the first reflected signal S, isolates the component ¢,HR
corresponding to the heart movement of the first reflected
signal (ie, $S,-S,=(c;HR+BR+RM)-(BR+RM)=c,HR).
Controller 24 amplifies and perhaps filters the component
¢,HR to generate therefrom the biometric signal indicative
of cardiac information of the person.

[0044] Furthermore, the components BR of the first and
second reflected signals S1 and S2 corresponding to the
breathing movement may be different from one another as
first and second sensors 18 and 20 are positioned differently
with respect to one another relative to first and second lungs
of the person. That is, the first and second reflected signals
S1 and S2 may further include unequal components corre-
sponding to the breathing movement (i.e., unequal compo-
nents corresponding to physiological respiratory activity).
As such, the first reflected signal S1 may include the
component d,BR and the second reflected signal S2 may
include the component d,BR, where d,=d,. In this case,
controller 24 subtracting the second reflected signal S2 from
the first reflected signal S1 further provides the output d;BR
where (d;=the magnitude of (d,—-d,)). In turn, controller 24
amplifies and perhaps filters the component d,BR to gener-
ate therefrom the biometric signal further indicative of
respiratory information of the person.

[0045] Referring now to FIG. 3, with continual reference
to FIG. 1, a schematic diagram of seating system 10 accord-
ing to a second embodiment is shown. Seating system 10
according to the second embodiment includes first sensor 18
and a fourth Doppler radar sensor (“fourth sensor”) 30. As
described, first sensor 18 is positioned behind the person
within seatback 16 and is aligned with the anatomical
location of heart 28 of the person. Fourth sensor 30 is
positioned in front of the person at a location within the
vehicle and is also aligned with the anatomical location of
heart 28 of the person. For instance, fourth sensor 30 is
positioned within the instrument panel, the steering wheel,
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the headliner, etc. of the vehicle to be positioned in front of
the person and aligned with the anatomical location of heart
28 of the person.

[0046] The schematic diagram shown in FIG. 3 is a
sectional view of the x-y plane containing first sensor 18 and
fourth sensor 30. Torso 26 of the person sitting in seat 12 and
the heart 28 of the person are illustrated per the sectional
view.

[0047] In operation, controller 24 controls first sensor 18
to wirelessly transmit the first signal from behind the person
toward the anatomical location of heart 28 of the person. The
first signal reflects from the person and is modulated by the
heart movement, the breathing movement, and the random
motion of the person. First sensor 18 wirelessly receives the
first reflected signal which contains the components corre-
sponding to the heart movement, the breathing movement,
and the random motion of the person, respectively. Control-
ler 24 communicates with first sensor 18 to receive the first
reflected signal.

[0048] Controller 24 controls fourth sensor 30 to wire-
lessly transmit a fourth signal from in front of the person
toward the anatomical location of the person offset from
heart 28 of the person. The fourth signal reflects from the
person and is modulated by the heart movement, the breath-
ing movement, and the random motion of the person.
[0049] As noted, the random motion of the person
includes movement of torso 26 of the person caused by the
person’s body unintentionally moving and bouncing around
in seat 12 due to vehicle operation. The effect of the
modulation of a reflected signal caused by the random
motion relative to first sensor 18 is opposite to the effect of
the modulation of a reflected signal caused by the random
motion relative to fourth sensor 30. The effects are opposite
because first sensor 18 is positioned behind the person,
fourth sensor 30 is positioned in front of the person, and first
sensor 18 and fourth sensor 30 are aligned with one another.
Consequently, the component (e.g., RM) of the first reflected
signal corresponding to the random motion of the person
relative to the location of first sensor 18 and a component
(e.g., -RM) of a reflected signal corresponding to the
random motion of the person relative to the location of
fourth sensor 30 are additive inverses of one another.
[0050] A portion of the reflected fourth signal reflects
towards fourth sensor 30. This portion of the reflected fourth
signal is a fourth reflected signal wirelessly received by
fourth sensor 30. As such, the fourth reflected signal is of the
fourth signal reflected from the person as modulated by the
heart movement and the breathing movement of the person
and by the random motion of the person relative to the
location of fourth sensor 30. The fourth reflected signal
thereby includes the components corresponding to the heart
movement and breathing movement and a component cot-
responding to the random motion of the person relative to
the location of fourth sensor 30. Controller 24 communi-
cates with fourth sensor 30 to receive the fourth reflected
signal.

[0051] Controller 24 processes the first and fourth
reflected signals to generate a biometric signal indicative of
cardiac information of the person sitting in seat 12. Particu-
larly, controller 24 adds the first and fourth reflected signals
to generate an intermediate signal void of the components of
the first and fourth reflected signals corresponding the
random motion of the person. This processing involves
adding (i) the first reflected signal having components (HR,
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BR, and RM) corresponding to the heart movement, the
breathing movement, and the random motion of the person
relative to the location of first sensor 18, respectively, and
(ii) the fourth reflected signal having components (HR, BR,
and -RM) corresponding to the heart movement, the breath-
ing movement, and the random motion of the person relative
to the location of fourth sensor 30, respectively. The com-
ponents (RM, -RM) corresponding to the random motion of
the person relative to first sensor 18 and fourth sensor 30
cancel out. The intermediate signal thereby includes two
times the components (HR and BR) corresponding to the
heart movement and the breathing movement (i.e., the
intermediate signal=2HR+2BR).

[0052] This processing further involves filtering the inter-
mediate signal to remove the components corresponding to
the breathing movement (i.e., filtered intermediate
signal=2HR) and amplifying the filtered intermediate signal
to generate a biometric signal having the component (HR)
corresponding to the heart movement. The biometric signal
is void of the components corresponding to the breathing
motion and the random motion of the person whereby the
biometric signal is indicative of cardiac information of the
person.

[0053] Referring now to FIG. 4, with continual reference
to FIG. 1, a schematic diagram of seating system 10 accord-
ing to a third embodiment is shown. Seating system 10
according to the third embodiment includes first and third
sensors 18 and 22. As described with reference to FIG. 1,
first sensor 18 is positioned within seatback 16 and is aligned
with the anatomical location of heart 28 of the person in a
x-y plane; and third sensor 22 is positioned within seat
bottom 14 and is aligned with the anatomical location of
heart 28 of the person in a y-z plane.

[0054] 1In operation, controller 24 controls first sensor 18
to wirelessly transmit the first signal from behind the person
toward the anatomical location of heart 28 of the person. The
first signal reflects from the person and is modulated by the
heart movement, the breathing movement, and the random
motion of the person. A portion of the reflected first signal
reflects towards first sensor 18 and is wirelessly received by
the first sensor. The first reflected signal includes compo-
nents corresponding to the heart movement, breathing
movement, and random motion of the person relative to the
location of first sensor 18. Controller 24 communicates with
first sensor 18 to receive the first reflected signal.

[0055] Controller controls third sensor 22 to wirelessly
transmit the third signal from beneath the person toward the
anatomical location of heart 28 of the person. The third
signal reflects from the person and is modulated by the heart
movement, the breathing movement, and the random motion
of the person. A portion of the reflected third signal reflects
towards third sensor 22 and is wirelessly received by the
third sensor. The third reflected signal includes components
corresponding to the heart movement, breathing movement,
and random motion of the person relative to the location of
third sensor 22. Controller 24 communicates with third
sensor 22 to receive the third reflected signal.

[0056] The components corresponding to the heart move-
ment, breathing movement, and random motion of the
person of the first reflected signal (received by first sensor
18) are different than the components corresponding to the
heart movement

[0057] Controller 24 processes the first and third reflected
signals to generate a biometric signal indicative of cardiac
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information of the person sitting in seat 12. Particularly,
controller 24 extracts the component of the first reflected
signal corresponding to the heart movement based on a
correlation of this component with the component of the
third reflected signal corresponding to the heart movement.
The extraction is possible as the components of the first and
third reflected signals corresponding to the heart movement
have similar characteristics whereas the (much larger mag-
nitude) components of the first and third reflected signals
corresponding to the random motion of the person have
different characteristics as the random motion relative to the
location of first sensor 18 in seatback 16 and third sensor 22
in seat bottom 14 is different. Controller 24 generates the
biometric signal based on the extracted component of the
first reflected signal corresponding to the heart movement.
The biometric signal is therefore void of the components
corresponding to the breathing movement and the random
motion of the person whereby the biometric signal is indica-
tive of cardiac information of the person.

[0058] Referring now to FIG. 5, with continual reference
to FIGS. 1 and 2, a functional block diagram of seating
system 10 is shown. The functional block diagram of seating
system 10 is pertinent to all the embodiments of the seating
system described herein, but will be described with refer-
ence to the first embodiment of the seating system shown in
FIG. 2. In general, controller 24 performs the functions of
the functional block diagram.

[0059] A first ADC (analog-to-digital converter) 32 of
controller 24 receives the first reflected signal from first
sensor 18. The first reflected signal contains components
corresponding to the heart movement, the breathing move-
ment, and the random motion of the person. First ADC 32
converts the received first reflected signal from its analog
format into digital format. A second ADC 34 of controller 24
receives the second reflected signal from second sensor 20.
The second reflected signal contains components corre-
sponding to the breathing movement and the random motion
of the person. The second reflected signal further contains a
component corresponding to the heart movement—this
component being relatively reduced in comparison with the
component of the first reflected signal corresponding to the
heart movement. Second ADC 36 converts the received
second reflected signal from its analog format into digital
format.

[0060] First ADC 34 provides a digitized version of the
received first reflected signal to SPU (signal processing unit)
36 of controller 24 and second ADC 36 provides a digitized
version of the received second reflected signal to the SPU.
SPU 36 processes the digitized versions of the reflected
signals to remove the components of the second reflected
signal from the components of the first reflected signal to
thereby generate a biometric signal having the component of
the first reflected signal corresponding to the heart move-
ment. As described, the components removed from the first
reflected signal are the components corresponding to the
breathing movement and the random motion of the person.
These removed components are identified as noise 38 in
FIG. 5. The resulting biometric signal contains the compo-
nent of the first reflected signal corresponding to the heart
movement and is void of the other components. The result-
ing biometric signal is therefore indicative of cardiac infor-
mation of the person and is identified by heart data 40 in
FIG. 5.
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[0061] Controller 24 analyzes the biometric signal for
various pattern recognition analysis as indicated by func-
tional block 42. For instance, controller 24 analyzes the
biometric signal using pattern recognition analysis to extract
various vital criteria including heart rate, heart rate variabil-
ity, etc. Controller 24 generates metrics based on the results
of the pattern recognition analysis as indicated by functional
block 44 and outputs the results as indicated by functional
block 46.

[0062] Referring now to FIG. 6, with continual reference
to FIG. 1, a schematic diagram of seating system 10 accord-
ing to a fourth embodiment is shown. Seating system 10
according to the fourth embodiment includes a fifth Doppler
radar sensor (“fifth sensor”) 50 and a sixth Doppler radar
sensor (“sixth sensor”) 52. Fifth and sixth sensors 50 and 52
are positioned at respective locations within seatback 16 and
are in the same x-y plane. Fifth sensor 50 is aligned with an
anatomical location on the left side of torso 26 of the person
sitting in seat 12. Sixth sensor 52 is aligned with an
anatomical location on the right side of torso 26 of the
person sitting in seat 12. Although not necessary, sensors 50
and 52 are geometrically reflected about a center axis 54.
The schematic diagram shown in FIG. 6 is a sectional view
of the x-y plane containing sensors 50 and 52.

[0063] In operation, controller 24 controls fifth sensor 50
to wirelessly transmit a fifth signal from behind the person
toward the left side of torso 26. The fifth signal reflects from
the left side of torso 26 and is modulated by rotation
movement of torso 26 from the person moving and shifting
position in seat 12. Fifth sensor 50 wirelessly receives the
fifth reflected signal which contains a component corre-
sponding to the torso rotation movement relative to the
location of the fifth sensor. Controller 24 communicates with
fifth sensor 50 to receive the fifth reflected signal.

[0064] Controller 24 controls sixth sensor 52 to wirelessly
transmit a sixth signal from behind the person toward the
right side of torso 26. The sixth signal reflects from the right
side of torso 26 and is modulated by the rotation movement
of torso 26. Sixth sensor 52 wirelessly receives the sixth
reflected signal which contains a component corresponding
to the torso rotation movement relative to the location of the
sixth sensor. Controller 24 communicates with sixth sensor
50 to receive the sixth reflected signal.

[0065] The effect of the modulation of a reflected signal
caused by the torso rotation movement of torso 26 relative
to fifth sensor 50 is opposite to the effect of the modulation
of a reflected signal caused by the torso rotation movement
relative to sixth sensor 30. The effects are opposite because
fifth sensor 50 is aligned with an anatomical location on the
left side of torso 26, sixth sensor 52 is aligned with an
anatomical location on the right side of torso 26, and sensors
50 and 52 are geometrically reflected about center axis 54.
[0066] Controller 24 compares fifth and sixth reflected
signals to generate a position signal indicative of positioning
information of the person sitting in seat 12. Particularly,
using pulsed or sourced frequency modulated CW (continu-
ous wave) radar with multisource antennas (i.e., fifth and
sixth sensors 50 and 52) allows for position information to
be decoded from the reflected signals. Velocity and position
can be deciphered where the inverse properties of the
rotation impact regarding sensors 50 and 52 can help to
identify and quantify the rotation of the person (or some
other object) sitting in seat 12. This can be used to determine
non-random motion and occupant out-of-position coordi-
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nates. Additionally, this information can help to remove
rotational corruption in a biometric signal to better resolve
the heart function. Further, coupling with pure CW radar the
position invariance aspect can allow for precise differentia-
tion between vital sign inputs and non-vital signal inputs like
rotation.

[0067] Referring now to FIG. 7, with continual reference
to FIG. 1, a schematic diagram of seating system 10 accord-
ing to a fifth embodiment is shown. Seating system 10
according to the fourth embodiment includes a seventh
Doppler radar sensor (“seventh sensor”) 56 and an eighth
Doppler radar sensor (“eighth sensor”) 58. Seventh and
eighth sensors 56 and 58 are positioned at respective loca-
tions within seatback 16 and are in the same x-y plane.
Seventh sensor 56 is aligned with an anatomical location of
a left lung 60 of a person sitting in seat 12. Eighth sensor 58
is aligned with an anatomical location of a right lung 62 of
the person sitting in seat 12.

[0068] In operation, controller 24 controls seventh sensor
56 to wirelessly transmit a seventh signal from behind the
person toward left lung 60 of the person. The seventh signal
reflects from left lung 60 and is modulated by breathing
movement of the left lung. Seventh sensor 56 wirelessly
receives the seventh reflected signal which contains a com-
ponent corresponding to breathing movement of left lung
60. Controller 24 communicates with seventh sensor 56 to
receive the seventh reflected signal.

[0069] Controller 24 controls eighth sensor 58 to wire-
lessly transmit an eighth signal from behind the person
toward right lung 62 of the person. The eighth signal reflects
from right lung 62 and is modulated by breathing movement
of the right lung. Eighth sensor 58 wirelessly receives the
eighth reflected signal which contains a component corre-
sponding to the breathing movement of right lung 62.
Controller 24 communicates with eighth sensor 58 to receive
the eighth reflected signal.

[0070] Controller 24 compares seventh and eighth
reflected signals to generate a lung status signal indicative of
respiratory information of the person sitting in seat 12.
Particularly, the assumption that lungs 60 and 62 will
function relatively uniformly laterally is used in the norma-
tive case. However, injury or respiratory illness can create
lateral variation which can be used for diagnostics.

[0071] As described. embodiments of the present inven-
tion may involve Doppler sensor fusion that is based upon
separation of variables. The similarities and differences in
two sensors are used to extract a desired signal such as the
heartbeat. A relatively simple point-of-care (POC) algorithm
involving the mechanical displacement spatiotemporal rela-
tionship between thoracic non-physiological motion and
heart and respiratory function is utilized. While total tho-
racic motion occurs primarily in a rigid systematic manner
it is hypothesized that the subcomponents exhibit a lateral
bias in time and space. These spatial biases being the result
of the lung differences (two lobes versus three lobes) for
respiration and the anatomical location and dampening
differences for the heart. The temporal biases form the
difference in sensor spatial locations. These differences can
be exploited to extract heart and lung function when lateral
Doppler sensor arrays are employed. In cases where neither
sensor is optimally located in relation to the person, pattern
recognition and machine learning may overcome this issue.
[0072] A basic concept of the POC algorithm works under
the assumption that the mechanical noise due to vibration is
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relatively uniform in space while the physiological mechan-
ics are not. Just as the eyes and ears triangulate the position
of a specific object or sound in space, dual radar sensors
allow the same. For the POC algorithm, a simple deconvo-
lution, which can be interpreted in rudimentary terms as
dividing one signal by the other in their frequency domains,
is performed. If the assumption is correct that the noise is
uniform, then dividing one by the other is the same as
dividing something by itself yielding a value of one. How-
ever, for physiological assumptions the nonuniformity
means that dividing the stronger signal by the weaker signal
vields a value greater than one for that signal component.
Nothing in the signal is cut out (i.e., no filtering is applied),
but rather the signal differences are exaggerated. If the
hypothesis is correct, then those signal differences are pri-
marily physiological by nature even when the noise signal is
larger than the target signal (as will usually be the case).
[0073] Incases where the heart signal is much weaker than
the noise even after fusion, the targets can still be extracted.
This is because sub-features are revealed during fusion
allowing for pattern recognition. Machine learning may also
be used to find the heart beats within the signal. As described
herein, whether the sensors are optimally placed for that
person’s anatomy or not. the combination of sensor fusion
with pattern recognition and machine learning allows accu-
rate heart activity information (heart rate, heart rate vari-
ability, etc.) to be extracted.

[0074] While exemplary embodiments are described
above, it is not intended that these embodiments describe all
possible forms of the present invention. Rather, the words
used in the specification are words of description rather than
limitation, and it is understood that various changes may be
made without departing from the spirit and scope of the
present invention. Additionally, the features of various
implementing embodiments may be combined to form fur-
ther embodiments of the present invention.

What is claimed is:

1. A seating system for a vehicle comprising:

a vehicle seat with a seatback;

a first sensor positioned at a first location within the
seatback corresponding to an anatomical location of a
heart of a person sitting in the seat, the first sensor is
configured to transmit a first signal from behind the
person toward the anatomical location of the heart and
to receive a first reflected signal of the first signal
reflected from the person as modulated by movement of
the heart and by a random motion of the person,
wherein the first reflected signal includes a component
corresponding to the movement of the heart and a
component corresponding to the random motion of the
person;

a second sensor positioned at a second location within the
seatback corresponding to an anatomical location of the
person offset from the heart, the second sensor is
configured to transmit a second signal from behind the
person toward the anatomical location of the person
offset from the heart and to receive a second reflected
signal of the second signal reflected from the person as
modulated by the random motion of the person,
wherein the second reflected signal includes the com-
ponent corresponding to the random motion of the
person; and

a controller configured to remove the second reflected
signal from the first reflected signal to generate a
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biometric signal having the component corresponding
to the movement of the heart and being void of the
component corresponding to the random motion of the
person whereby the biometric signal is indicative of
cardiac information of the person.

2. The seating system of claim 1 wherein:

the first location of the first sensor, the second location of
the second sensor, and the anatomical location of the
heart are in a common plane.

3. The seating system of claim 1 wherein:

the vehicle seat further includes a seat bottom;

the seating system further includes a third sensor posi-
tioned at a third location within the seat bottom corre-
sponding to the anatomical location of the heart, the
third sensor is configured to transmit a third signal from
beneath the person toward the anatomical location of
the heart and to receive a third reflected signal of the
third signal reflected from the person as modulated by
the movement of the heart relative to the third location
of the third sensor, wherein the third reflected signal
includes a component corresponding to the movement
of the heart relative to the third location of the third
sensor; and

the controller is further configured to process the first and
third reflected signals to extract from the first reflected
signal the component corresponding to the movement
of the heart based on a correlation with the component
of the third reflected signal corresponding to the move-
ment of the heart relative to the location of the third
sensor and to generate a second biometric signal having
the extracted component of the first reflected signal
corresponding to the movement of the heart whereby
the biometric signal is indicative of cardiac information
of the person.

4. The seating system of claim 3 wherein:

the location of the first sensor, the location of the third
sensor, and the anatomical location of the heart are in
a common plane orthogonal to the common plane of the
location of the first sensor, the location of the second
sensor, and the anatomical location of the heart.

5. The seating system of claim 1 further comprising:

a third sensor positioned at a third location within the
seatback corresponding to an anatomical location of a
left side of a torso of the person, the third sensor is
configured to transmit a third signal from behind the
person toward the anatomical location of the left side of
the torso and to receive a third reflected signal of the
third signal reflected from the person as modulated by
rotation movement of the torso, wherein the third
reflected signal includes a component corresponding to
the rotation movement of the torso relative to the third
location of the third sensor;

a fourth sensor positioned at a fourth location within the
seatback corresponding to an anatomical location of a
right side of the torso, the fourth sensor is configured to
transmit a fourth signal from behind the person toward
the anatomical location of the right side of the torso and
to receive a fourth reflected signal of the fourth signal
reflected from the person as modulated by rotation
movement of the torso, wherein the fourth reflected
signal includes a component corresponding to the rota-
tion movement of the torso relative to the fourth
location of the fourth sensor; and
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wherein the controller is further configured to generate a
position signal indicative of positioning information of
the person based on a comparison of the third and
fourth reflected signals.

6. The seating system of claim 1 further comprising:

a third sensor positioned at a third location within the
seatback corresponding to an anatomical location of a
left lung of the person, the third sensor is configured to
transmit a third signal from behind the person toward
the anatomical location of the left lung and to receive
a third reflected signal of the third signal reflected from
the person as modulated by movement of the left lung,
wherein the third reflected signal includes a component
corresponding to the movement of the left lung;

a fourth sensor positioned at a fourth location within the
seatback corresponding to an anatomical location of a
right lung of the person, the fourth sensor is configured
to transmit a fourth signal from behind the person
toward the anatomical location of the right lung and to
receive a fourth reflected signal of the fourth signal
reflected from the person as modulated by movement of
the right lung, wherein the fourth reflected signal
includes a component corresponding to the movement
of the right lung; and

wherein the controller is further configured to generate a
lung status signal indicative of respiratory information
of the person based on a comparison of the third and
fourth reflected signals.

7. The seating system of claim 1 wherein:

the first sensor is a first Doppler radar sensor and the
second sensor is a second Doppler radar sensor.

8. A seating system for a vehicle comprising:

a vehicle seat with a seatback;

a first sensor positioned at a first location within the
seatback corresponding to an anatomical location of a
heart of a person sitting in the seat, the first sensor is
configured to transmit a first signal from behind the
person toward the anatomical location of the heart and
to receive a first reflected signal of the first signal
reflected from the person as modulated by a movement
of the heart and by a random motion of the person
relative to the location of the first sensor, wherein the
first reflected signal includes a component correspond-
ing to the movement of the heart and a component
corresponding to the random motion of the person
relative to the first location of the first sensor;

a second sensor positioned in front of the person at a
second location within the vehicle corresponding to the
anatomical location of the heart, the second sensor is
configured to transmit a second signal from in front of
the person toward the anatomical location of the heart
and to receive a second reflected signal of the second
signal reflected from the person as modulated by the
movement of the heart and by the random motion of the
person relative to the location of the second sensor,
wherein the second reflected signal includes the com-
ponent corresponding to the movement of the heart and
a component corresponding to the random motion of
the person relative to the second location of the second
sensor;

wherein the component of the first reflected signal corre-
sponding to the random motion of the person relative to
the first location of the first sensor and the component
of the second reflected signal corresponding to the
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random motion of the person relative to the second
location of the second sensor are additive inverses of
one another; and

a controller configured to combine the first and second
reflected signals to generate a biometric signal having
the component corresponding to the movement of the
heart and being void of the components corresponding
to the random motion of the person relative to the
locations of the first and second sensors whereby the
biometric signal is indicative of cardiac information of
the person.

9. The seating system of claim 8 wherein:

the first location of the first sensor, the second location of
the second sensor, and the anatomical location of the
heart are in a common plane.

10. The seating system of claim 8 further comprising:

a third sensor positioned at a third location within the
seatback corresponding to an anatomical location of a
left side of a torso of the person, the third sensor is
configured to transmit a third signal from behind the
person toward the anatomical location of the left side of
the torso and to receive a third reflected signal of the
third signal reflected from the person as modulated by
rotation movement of the torso, wherein the third
reflected signal includes a component corresponding to
the rotation movement of the torso relative to the third
location of the third sensor;

a fourth sensor positioned at a fourth location within the
seatback corresponding to an anatomical location of a
right side of the torso, the fourth sensor is configured to
transmit a fourth signal from behind the person toward
the anatomical location of the right side of the torso and
to receive a fourth reflected signal of the fourth signal
reflected from the person as modulated by rotation
movement of the torso, wherein the fourth reflected
signal includes a component corresponding to the rota-
tion movement of the torso relative to the fourth
location of the fourth sensor; and

wherein the controller is further configured to generate a
position signal indicative of positioning information of
the person based on a comparison of the third and
fourth reflected signals.

11. The seating system of claim 8 further comprising:

a third sensor positioned at a third location within the
seatback corresponding to an anatomical location of a
left lung of the person, the third sensor is configured to
transmit a third signal from behind the person toward
the anatomical location of the left lung and to receive
a third reflected signal of the third signal reflected from
the person as modulated by movement of the left lung,
wherein the third reflected signal includes a component
corresponding to the movement of the left lung;

a fourth sensor positioned at a fourth location within the
seatback corresponding to an anatomical location of a
right lung of the person, the fourth sensor is configured
to transmit a fourth signal from behind the person
toward the anatomical location of the right lung and to
receive a fourth reflected signal of the fourth signal
reflected from the person as modulated by movement of
the right lung, wherein the fourth reflected signal
includes a component corresponding to the movement
of the right lung; and
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wherein the controller is further configured to generate a
lung status signal indicative of respiratory information
of the person based on a comparison of the third and
fourth reflected signals.

12. The seating system of claim 8 wherein:

the first sensor is a first Doppler radar sensor and the
second sensor is a second Doppler radar sensor.

13. A seating system for a vehicle comprising:

a vehicle seat with a seatback and a seat bottom;

a first sensor positioned at a first location within the
seatback corresponding to an anatomical location of a
heart of a person sitting in the seat, the first sensor is
configured to transmit a first signal from behind the
person toward the anatomical location of the heart and
to receive a first reflected signal of the first signal
reflected from the person as modulated by a movement
of the heart relative to the first location of the first
sensor, wherein the first reflected signal includes a first
component corresponding to the movement of the heart
relative to the first location of the first sensor;

a second sensor positioned at a second location within the
seat bottom corresponding to the anatomical location of
the heart, the second sensor is configured to transmit a
second signal from beneath the person toward the
anatomical location of the heart and to receive a second
reflected signal of the second signal reflected from the
person as modulated by the movement of the heart
relative to the second location of the second sensor,
wherein the second reflected signal includes a second
component corresponding to the movement of the heart
relative to the second location of the second sensor; and

a controller configured to process the first and second
reflected signals to extract the first component from the
first reflected signal based on a correlation with the
second component of the second reflected signal and to
generate a biometric signal having the first component
whereby the biometric signal is indicative of cardiac
information of the person.
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14. The seating system of claim 13 wherein:

the first location of the first sensor, the second location of
the second sensor, and the anatomical location of the
heart are in a common plane.

15. The seating system of claim 13 further comprising:

a third sensor positioned at a third location within the
seatback corresponding to an anatomical location of a
left side of a torso of the person, the third sensor is
configured to transmit a third signal from behind the
person toward the anatomical location of the left side of
the torso and to receive a third reflected signal of the
third signal reflected from the person as modulated by
rotation movement of the torso, wherein the third
reflected signal includes a component corresponding to
the rotation movement of the torso relative to the third
location of the third sensor;

a fourth sensor positioned at a fourth location within the
seatback corresponding to an anatomical location of a
right side of the torso, the fourth sensor is configured to
transmit a fourth signal from behind the person toward
the anatomical location of the right side of the torso and
to receive a fourth reflected signal of the fourth signal
reflected from the person as modulated by rotation
movement of the torso, wherein the fourth reflected
signal includes a component corresponding to the rota-
tion movement of the torso relative to the fourth
location of the fourth sensor; and

wherein the controller is further configured to generate a
position signal indicative of positioning information of
the person based on a comparison of the third and
fourth reflected signals.

16. The seating system of claim 13 wherein:

the first sensor is a first Doppler radar sensor and the
second sensor is a second Doppler radar sensor.
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