wo 2013/019286 A2 |11 H0F V0RO 0 0 A A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/019286 A2

7 February 2013 (07.02.2013) WIPO | PCT
(51) International Patent Classification: (74) Agents: REESER, Robert B. III ct al.; Armstrong Teas-
GO8B 23/00 (2006.01) dale LLP, 7700 Forysth Blvd., Suite 1800, St. Louis, Mis-
(21) International Application Number: souti 63105 (US).
PCT/US2012/030260 (81) Designated States (unless otherwise indicated, for every
. . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, 151", AU, Aéj, BA, BB, BG, B}{, BR, BW, BY, BZ.
23 March 2012 (23.03.2012) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
) HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
13/195,675 1 August 2011 (01.08.2011) Us OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(71) Applicant (for all designated States except US): HONDA TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
MOTOR CO., LTD [JP/JP]; 1-1 Minami-Aoyama 2- . L
chome, Minato-ku, Tokyo, 107-8556 (JP). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors; and GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(75) Inventors/Applicants (for US only): FUNG, Kin UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,

[CA/US]; ¢/o Honda Patents & Technologies, North Amer-
ica, 21001 State Route 739, Raymond, Ohio 43067 (US).
DICK, Timothy [US/US]; ¢/o Honda Patents & Technolo-
gies, North America, 21001 State Route 739, Raymond,
Ohio 43067 (US).

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: MONITORING SYSTEM FOR USE WITH A VEHICLE AND METHOD OF ASSEMBLING SAME

(57) Abstract: A first sensor is coupled to
a seat back surface and/or a seat belt, and a
second sensor is positioned remotely from
the first sensor. The first sensor is con-
figured to generate a raw signal indicative
of biological data and noise, and the
second sensor is configured to generate a
baseline signal indicative of noise associ-
ated with the first sensor. A computing
device is programmed to determine a state
of the occupant based on at least the raw
signal and the baseline signal.



WO 2013/019286 A2 |IIWAT 00N AV 0 TR AR A

Published:

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2013/019286 PCT/US2012/030260

MONITORING SYSTEM FOR USE WITH A VEHICLE AND
METHOD OF ASSEMBLING SAME

BACKGROUND

[0001] The present disclosure relates generally to monitoring systems and, more
particularly, to methods and systems for use in monitoring a heart rate and/or a blood flow rate

of an occupant of a vehicle.

[0002] At least some known vehicles include a plurality of sensors that may be used to
detect a heart rate. For example, at least some known vehicles include an alarm device that
provides a signal that is indicative of a driver’s excitement, exhaustion, stress, and/or drowsiness.
However, at least some known heart rate detections have a low signal-to-noise ratio because the
heart rate signal may be relatively weak and/or because the environmental noise may be

relatively high.

[0003] For example, at least one known monitoring system includes a steering wheel,
a first sensor positioned at the ten o’clock position of the steering wheel, and a second sensor
positioned at the two o’clock position of the steering wheel. In such a system, the heart rate
signal may be relatively weak when a driver’s hands are moved away from the ten and two
o’clock positions. To facilitate continuously detecting the driver’s heart rate, another known
monitoring system includes a sensor positioned on a driver’s seat. In such a system, the
environmental noise may be relatively high because different clothing types and/or clothing
layering may require a different tuned circuit to obtain a desired waveform. As such, the benefits

and/or uses of known vehicle monitoring systems may be limited.
BRIEF DESCRIPTION

[0004] In one aspect, a monitoring system is provided for use in determining a state of
an occupant of a vehicle. The monitoring system includes a seat including a seat back surface
and a seat belt removably coupled to the seat. A first sensor configured to generate a raw signal
indicative of biological data and noise is coupled to the seat back surface and/or the seat belt. A
second sensor configured to generate a baseline signal indicative of noise associated with the
first sensor is positioned remotely from the first sensor. A computing device is programmed to

determine the state of the occupant based on at least the raw signal and the baseline signal.
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[0005] In another aspect, a monitoring system is provided for determining a state of an
occupant of a vehicle. The system includes a seat belt including a sash belt portion, a first sensor
coupled to the sash belt portion, and a second sensor positioned remotely from the first sensor.
The first sensor includes a piezoelectric film configured to generate a raw signal indicative of
biological data and noise, and the second sensor is configured to generate a baseline signal
indicative of noise associated with the first sensor. A computing device is programmed to

determine the state of the occupant based on at least the raw signal and the baseline signal.

[0006] In yet another aspect, a method is provided for assembling a monitoring
system that may be used to determine a state of an occupant of a vehicle. The method includes
coupling a first sensor to a seat back surface and/or a seat belt. The first sensor is configured to
generate a raw signal indicative of biological data and noise. A second sensor configured to
generate a baseline signal indicative of noise associated with the first sensor is positioned
remotely from the first sensor. The first and second sensors are coupled to a computing device
programmed to determine the state of the occupant based on at least the raw signal and the

baseline signal.

[0007] The features, functions, and advantages described herein may be achieved
independently in various embodiments of the present disclosure or may be combined in yet other
embodiments, further details of which may be seen with reference to the following description

and drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a perspective view of an exemplary vehicle seat and an associated

seat belt that may be used to selectively couple an occupant to the seat; and

[0009] FIG. 2 is a block diagram of an exemplary computing device that may be used
with the seat and seat belt shown in FIG. 1.

[0010] Although specific features of various embodiments may be shown in some
drawings and not in others, this is for convenience only. Any feature of any drawing may be

referenced and/or claimed in combination with any feature of any other drawing.
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DETAILED DESCRIPTION

[0011] The subject matter described herein relates generally to monitoring systems
and, more particularly, to methods and systems for use in measuring a heart rate and/or a blood
flow rate of an occupant of a vehicle using a piezoelectric sound pressure vibration sensor. In
one embodiment, the monitoring system includes a first sensor that is positioned in close
proximity to the occupant’s heart when the system is in use, and a second sensor that is
positioned remotely from the first sensor. In such an embodiment, the first sensor generates a
raw signal indicative of biological data and noise, and the second sensor generates a baseline
signal indicative of the noise associated with the first sensor. Based on at least the raw signal

and the baseline signal, a state of the occupant may be determined.

[0012] As used herein, an element or step recited in the singular and proceeded with
the word “a” or “an” should be understood as not excluding plural elements or steps unless such
exclusion is explicitly recited. Furthermore, references to “one embodiment” of the present
invention or the “exemplary embodiment” are not intended to be interpreted as excluding the

existence of additional embodiments that also incorporate the recited features.

[0013] FIG. 1 illustrates an exemplary monitoring system 100 that includes a seat 110
and a seat belt 120 that is selectively coupleable to seat 110 to secure an occupant (not shown)
within seat 110. More specifically, in the exemplary embodiment, seat belt 120 is selectively
moveable between an engaged configuration (shown generally in FIG. 1), wherein seat belt 120
is coupled to seat 110, and a disengaged configuration (not shown), wherein at least a portion of

seat belt 120 is uncoupled from seat 110.

[0014] In the exemplary embodiment, seat 110 and/or seat belt 120 are used within a
vehicle (not shown). As used herein, the term “vehicle” refers to any mechanism that conveys
and/or transports an object and/or person from one location to another. For example, vehicles
may include, without limitation, an automobile, a train, a boat, and/or an airplane. In the
exemplary embodiment, seat belt 120 secures a driver (not shown) within seat 110 when seat belt
120 is in the engaged configuration. Moreover, the driver may freely move with respect to seat
110 when seat belt 120 is in the disengaged configuration. As described herein, monitoring
system 100 is used to monitor a driver of the vehicle. Additionally or alternatively, system 100

may be configured to monitor any other occupant of the vehicle.
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[0015] In the exemplary embodiment, seat 110 includes a lower support 130 and a
back support 140 that extends generally upward from lower support 130. Back support 140
includes a seat back surface 150 that is oriented to face a front (not shown) of the vehicle. In the
exemplary embodiment, seat belt 120 is selectively extendable across seat back surface 150.
More specifically, in the exemplary embodiment, a lap belt portion 160 of seat belt 120 is
extendable substantially horizontally with respect to seat back surface 150, and a sash belt
portion 170 of seat belt 120 is extendable substantially diagonally with respect to seat back
surface 150. Alternatively, seat belt 120 may be extendable in any direction that enables system

100 to function as described herein.

[0016] In the exemplary embodiment, when system 100 is used, a first sensor 180 is
positioned to detect an occupant’s heart rate and/or blood flow rate. More specifically, in the
exemplary embodiment, first sensor 180 detects an occupant’s heart rate and/or blood flow rate
when the occupant is secured within seat 110 and seat belt 120 is in the engaged configuration.
For example, in the exemplary embodiment, when seat belt 120 is in the engaged configuration,
first sensor 180 is positioned in relative close proximity to the occupant’s heart. More
specifically, in the exemplary embodiment, first sensor 180 is coupled to seat belt 120 or, more
specifically, to sash belt portion 170 and/or to seat back surface 150. Alternatively, first sensor
180 may be positioned in any other location that enables system 100 to function as described

herein.

[0017] In the exemplary embodiment, first sensor 180 has a passive state, as described
above, and an active state. In the exemplary embodiment, first sensor 180 generates a raw signal
(not shown), when in the active state, that is representative of biological data and noise detected
and/or measured by first sensor 180. More specifically, in the exemplary embodiment, the raw
signal is generated proportional to a mechanical stress and/or vibration detected by first sensor
180. Moreover, in the exemplary embodiment, first sensor 180 generates an alert signal (not
shown), when in the active state, that is detectable by the occupant. For example, in one
embodiment, first sensor 180 is used to produce a tactile and/or audible signal that may be
detected by the occupant. As used herein, the term “biological data” is used to refer to data
associated with the occupant’s heart rate, blood flow rate, and/or breathing rate. Moreover, as

used herein, the term “noise” is used to refer to sensor detections other than biological data.

[0018] Furthermore, in the exemplary embodiment, a second sensor 190 is positioned

remotely from first sensor 180. More specifically, in the exemplary embodiment, second sensor
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190 is positioned to detect noise that is substantially similar to noise detected by first sensor 180.
For example, in the exemplary embodiment, second sensor 190 is coupled to seat belt 120 or,
more particularly, to lap belt portion 160 and/or to lower support 130. Alternatively, second
sensor 190 may be positioned in any other location that enables system 100 to function as

described herein.

[0019] In the exemplary embodiment, second sensor 190 generates a baseline signal
(not shown) that is representative of noise and, more particularly, noise that is substantially
similar to noise subjected to and detected by first sensor 180. More specifically, in the
exemplary embodiment, the baseline signal generated is proportional to mechanical stresses

and/or vibrations detected by second sensor 190.

[0020] In the exemplary embodiment, first sensor 180 and/or second sensor 190 is
formed with a thin film (not shown) that is flexible, lightweight, and/or durable. As such, in the
exemplary embodiment, the thin film may be contoured to be generally ergonomic and/or
comfortable to the occupant being monitored by system 100. For example, in the exemplary
embodiment, the thin film has a substantially low profile with a thickness (not shown) that is, for
example, less than 600 nm. More particularly, in the exemplary embodiment, the thin film
thickness is between approximately 100 nm and 300 nm. Morcover, in the exemplary
embodiment, the flexibility and durability of the material used enables first sensor 180 and/or
second sensor 190 to be embedded in seat 110 and/or seat belt 120. Alternatively, the thin film
may have any thickness that enables first sensor 180 and/or second sensor 190 to function as
described herein. In the exemplary embodiment, the thin film is fabricated from a thermoplastic
fluropolymer, such as polyvinylidene fluoride, and poled in an electric field to induce a net
dipole moment on sensor 180 and/or 190. Alternatively, the thin film may be fabricated from
any material that enables first sensor 180 and/or second sensor 190 to function as described

herein.

[0021] FIG. 2 is a block diagram of an exemplary computing device 200 that maybe
used with monitoring system 100. In the exemplary embodiment, computing device 200
determines a state of the occupant based on raw signals generated by first sensor 180 and/or
baseline signals generated by second sensor 190. More specifically, in the exemplary
embodiment, computing device 200 receives the raw signal from first sensor 180 and the
baseline signal from second sensor 190, and generates a desired signal (not shown) after

determining a difference between the raw signal and the baseline signal. That is, in the
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exemplary embodiment, computing device 200 increases a signal-to-noise ratio of the raw signal
by canceling and/or removing the baseline signal, i.e., noise, from the raw signal to generate a

desired signal that is indicative of substantially only the biological data.

[0022] Moreover, in the exemplary embodiment, computing device 200 may be
selectively tuned to facilitate increasing the signal-to-noise ratio of the raw signal, the baseline
signal, and/or the desired signal. For example, in the exemplary embodiment, computing device
200 is programmed to impedance match, i.c., tune, the raw signal, the baseline signal, and/or the
desired signal based on biological data, environmental data, and/or other data. For example, in
the exemplary embodiment, the raw signal, the baseline signal, and/or the desired signal may be
tuned based on a type of clothing the occupant being monitored is wearing. That is, each
clothing type and/or layer can have a respective tune circuit associated with it that enables a

desired signal that is indicative of the biological data to be generated.

[0023] In the exemplary embodiment, computing device 200 determines a state of the
occupant based on the desired signal or, more particularly, the biological data. More
specifically, in the exemplary embodiment, computing device 200 creates a parameter matrix
(not shown) that includes a plurality of footprints associated with the occupant’s biological data
over time. Generally, the plurality of footprints are indicative of the occupant in an operating
state. However, when the biological data associated with at least one footprint deviates beyond a
predetermined threshold from the biological data associated with the other footprints, computing
device 200 may determine that the occupant is in a drowsy state. For example, in the exemplary
embodiment, a heart rate and/or blood flow rate that is slower and/or is less than an average heart

rate and/or blood flow rate by a predetermined amount may indicate drowsiness of the occupant.

[0024] In the exemplary embodiment, computing device 200 includes a memory
device 210 and a processor 220 that is coupled to memory device 210 for executing programmed
instructions. Processor 220 may include one or more processing units (e.g., in a multi-core
configuration). In one embodiment, executable instructions and/or biological data are stored in
memory device 210. For example, in the exemplary embodiment, memory device 210 stores
software for use in converting a mechanical stress and/or vibration to a signal. Computing
device 200 is programmable to perform one or more operations described herein by
programming memory device 210 and/or processor 220. For example, processor 220 may be
programmed by encoding an operation as one or more executable instructions and providing the

executable instructions in memory device 210.
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[0025] Processor 220 may include, but is not limited to, a general purpose central
processing unit (CPU), a graphics processing unit (GPU), a microcontroller, a reduced
instruction set computer (RISC) processor, an application specific integrated circuit (ASIC), a
programmable logic circuit (PLC), and/or any other circuit or processor capable of executing the
functions described herein. The methods described herein may be encoded as executable
instructions embodied in a computer readable medium, including, without limitation, a storage
device and/or a memory device. Such instructions, when executed by a processor, cause the
processor to perform at least a portion of the methods described herein. The above examples are
exemplary only, and thus are not intended to limit in any way the definition and/or meaning of

the term processor.

[0026] Memory device 210, as described herein, is one or more devices that enable
information such as executable instructions and/or other data to be stored and retrieved. Memory
device 210 may include one or more computer readable media, such as, without limitation,
dynamic random access memory (DRAM), static random access memory (SRAM), a solid state
disk, and/or a hard disk. Memory device 210 may be configured to store, without limitation,
executable instructions, biological data, and/or any other type of data suitable for use with the

systems described herein.

[0027] In the exemplary embodiment, computing device 200 includes a presentation
interface 230 that is coupled to processor 220. Presentation interface 230 outputs and/or displays
information, such as, but not limited to, biological data and/or any other type of data to a user
(not shown). For example, presentation interface 230 may include a display adapter (not shown)
that is coupled to a display device (not shown), such as a cathode ray tube (CRT), a liquid crystal
display (LCD), a light-emitting diode (LED) display, an organic LED (OLED) display, and/or an

“electronic ink” display.

[0028] In the exemplary embodiment, computing device 200 includes an input
interface 240 that receives input from a user. For example, input interface 240 receives
instructions for controlling an operation of system 100 and/or any other type of data suitable for
use with the systems described herein. In the exemplary embodiment, input interface 240 is
coupled to processor 220 and may include, for example, a keyboard, a pointing device, a mouse,
a stylus, a touch sensitive panel (e.g., a touch pad or a touch screen), a gyroscope, an

accelerometer, a position detector, and/or an audio input interface. A single component, such as
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a touch screen, may function as both a display device of presentation interface 230 and as input

interface 240.

[0029] In the exemplary embodiment, computing device 200 includes a
communication interface 250 coupled to memory device 210 and/or processor 220.
Communication interface 250 is coupled in communication with a remote device, such as first
sensor 180, second sensor 190, and/or another computing device 200. For example,
communication interface 250 may include, without limitation, a wired network adapter, a

wireless network adapter, and/or a mobile telecommunications adapter.

[0030] In the exemplary embodiment, computing device 200 may be used to enable
first sensor 180 to generate the alert signal. More specifically, in the exemplary embodiment,
computing device 200 may be programmed to determine whether the alert signal is generated
based on at least the raw signal from first sensor 180, the baseline signal from second sensor 190,
and/or the desired signal generated by computing device 200. Moreover, in the exemplary
embodiment, computing device 200 may be transmit a signal to first sensor 180 that enables first
sensor 180 to transmit a tactile and/or audible signal that may be detected by the occupant. As

such, in the exemplary embodiment, the occupant may be stimulated by the alert signal.

[0031] The subject matter described herein enables a state of an occupant to be
determined. More specifically, the embodiments described herein facilitate increasing a signal
indicative of an occupant's heart rate or blood flow rate and/or reducing undesired noise.
Moreover, the embodiments described herein are generally more ergonomic and/or more

comfortable relative to other known monitoring systems.

[0032] Exemplary embodiments of methods and systems for measuring a driver’s
heart rate and/or blood flow rate are described above in detail. The systems and methods are not
limited to the specific embodiments described herein, but rather, components of systems and/or
steps of the method may be utilized independently and separately from other components and/or
steps described herein. Each component and each method step may also be used in combination
with other components and/or method steps. Although specific features of various embodiments
may be shown in some drawings and not in others, this is for convenience only. Any feature of a
drawing may be referenced and/or claimed in combination with any feature of any other

drawing.
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[0033] This written description uses examples to disclose the embodiments, including
the best mode, and also to enable any person skilled in the art to practice the embodiments,
including making and using any devices or systems and performing any incorporated methods.
The patentable scope of the disclosure is defined by the claims, and may include other examples
that occur to those skilled in the art. Such other examples are intended to be within the scope of
the claims if they have structural elements that do not differ from the literal language of the
claims, or if they include equivalent structural elements with insubstantial differences from the

literal language of the claims.
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WHAT IS CLAIMED IS:

1. A monitoring system that may be used to determine a state of an occupant of a

vehicle, said monitoring system comprising:
a seat comprising a seat back surface;
a seat belt removably coupled to said seat;

a first sensor coupled to at least one of said seat back surface and said seat belt, said first

sensor configured to generate a raw signal indicative of biological data and noise;

a second sensor positioned remotely from said first sensor, said second sensor

configured to generate a baseline signal indicative of noise associated with said first sensor; and

a computing device that is programmed to determine the state of the occupant based on

at least the raw signal and the baseline signal.

2. A monitoring system in accordance with Claim 1, wherein said first sensor is

coupled to said seat back surface.

3. A monitoring system in accordance with Claim 1, wherein said first sensor is

fabricated from a flexible material.

4. A monitoring system in accordance with Claim 3, wherein said seat belt comprises a

sash belt portion, said first sensor coupled to said sash belt portion.

5. A monitoring system in accordance with Claim 1, wherein said seat belt comprises a
lap belt portion, said second sensor fabricated from a flexible material and coupled to said lap

belt portion.

6. A monitoring system in accordance with Claim 1, wherein said computing device is

selectively tuned to increase a signal-to-noise ratio of the raw signal.

7. A monitoring system in accordance with Claim 1, wherein said computing device is
programmed to generate a desired signal based on at least the raw signal and the baseline signal,

the desired signal indicative of the biological data.
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8. A monitoring system in accordance with Claim 1, wherein said first sensor is

configured to generate an alert signal that is detectable by the occupant of the vehicle.

9. A monitoring system that may be used to determine a state of an occupant of a

vehicle, said monitoring system comprising:
a seat belt that comprises a sash belt portion;

a first sensor coupled to said sash belt portion, said first sensor comprising a first
piczoelectric film that is configured to generate a raw signal indicative of biological data and

noise;

a second sensor positioned remotely from said first sensor, said second sensor

configured to generate a baseline signal indicative of noise associated with said first sensor; and

a computing device that is programmed to determine the state of the occupant based on

at least the raw signal and the baseline signal.

10. A monitoring system in accordance with Claim 9, wherein said second sensor

comprises a second piezoelectric film.

11. A monitoring system in accordance with Claim 9, wherein said seat belt further

comprises a lap belt portion, said second sensor coupled to said lap belt portion.

12. A monitoring system in accordance with Claim 9, wherein said computing device is

selectively tuned to increase a signal-to-noise ratio of the desired signal.

13. A monitoring system in accordance with Claim 9, wherein said computing device is
programmed to generate a desired signal based on at least the raw signal and the baseline signal,

the desired signal indicative of the biological data.

14. A monitoring system in accordance with Claim 9, wherein said first sensor is

configured to generate an alert signal that is detectable by the occupant of the vehicle.

15. A method of assembling a monitoring system that may be used to determine a state

of an occupant of a vehicle, said method comprising:
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coupling a first sensor to at least one of a seat back surface and a seat belt, the first

sensor configured to generate a raw signal indicative of biological data and noise;

positioning a second sensor remotely from the first sensor, the second sensor configured

to generate a baseline signal indicative of noise associated with the first sensor; and

coupling the first sensor and the second sensor to a computing device that is
programmed to determine the state of the occupant based on at least the raw signal and the

baseline signal.

16. A method in accordance with Claim 15, wherein coupling a first sensor further
comprises coupling the first sensor to at least one of the seat back surface and a sash belt portion

of the seat belt.

17. A method in accordance with Claim 15, wherein positioning a second sensor further

comprises coupling the second sensor to a lap belt portion of the seat belt.

18. A method in accordance with Claim 15 further comprising programming the
computing device to be selectively tunable to enable a signal-to-noise ratio of the desired signal

to be increased.

19. A method in accordance with Claim 15 further comprising programming the
computing device to generate a desired signal based on at least the raw signal and the baseline

signal, the desired signal indicative of the biological data.

20. A method in accordance with Claim 15 further comprising programming the

computing device to generate an alert signal based on the state of the occupant.
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