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CONTROL SYSTEM FOR A VEHICLE SEAT

PRIORITY CLAIM

[0001] This application claims priority under 35 U.S.C.
§119(e) to U.S. Provisional Application Ser. No. 62/352,
212, filed Jun. 20, 2016, which is expressly incorporated by
reference herein.

BACKGROUND

[0002] The present disclosure relates to an electronic
system, and particularly to an electronic system for a vehicle
seat. More particularly the present disclosure relates to an
electronic system for a vehicle seat including one or more
Sensors.

[0003] SUMMARY

[0004] According to the present disclosure, an occupant
support includes a vehicle seat and a controller coupled to
the vehicle seat to control the vehicle seat. The controller
includes a sensor module configured to receive sensor data
and a processing module configured to process the sensor
data.

[0005] In illustrative embodiments, the controller is con-
figured to make biometric measurements of a vehicle-seat
occupant. The sensor module is configured to receive sensor
data indicative of a heartbeat of an occupant of a vehicle seat
from one or more sensors of a vehicle. The processing
module is configured to identify peaks in the sensor data
based on a dynamic peak detection threshold, to score the
identified peaks with a reliability score, and remove unre-
liable peaks.

[0006] In illustrative embodiments, the controller further
includes a biometrics module. The biometrics module is
configured to determine biometric data associated with the
occupant based on reliably identified peaks.

[0007] Additional features of the present disclosure will
become apparent to those skilled in the art upon consider-
ation of illustrative embodiments exemplifying the best
mode of carrying out the disclosure as presently perceived.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0008] The detailed description particularly refers to the
accompanying figures in which:

[0009] FIG. 1 is a diagrammatic view of a system in
accordance with the present disclosure showing a vehicle
seat, a controller, and multiple sensors coupled to the
controller;

[0010] FIG. 2 is a diagrammatic view of at least one
embodiment of an environment that may be established by
a controller of FIG. 1; and

[0011] FIG. 3 is a flow diagram illustrating at least one
embodiment of a method for determining reliably occupant
biometric data that may be executed by the controller of
FIGS. 1 and 2.

DETAILED DESCRIPTION

[0012] A system 10 in accordance with the present dis-
closure is shown in FIG. 1. The system 10 may be included
in a vehicle such as a car or truck (not shown). The
illustrative system 10 includes multiple controllers 12, a
vehicle seat 14, multiple sensors 16, and a vehicle network
18. As described further below, in use, a controller 12 may
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receive sensor data from the sensors 16 and determine
biometric data relating to an occupant of the vehicle seat 14
based on the sensor data.

[0013] Theillustrative vehicle seat 14 may be embodied as
an adjustable or otherwise movable vehicle seat and may
include multiple parts, including a seat bottom, seat back,
and/or head restraint. The vehicle seat 14 may include one
or more controllers, actuators, and/or other components to
provide one or more therapies. Therapies may include active
surface movement including massage, lumbar and bolster,
postural adjustment, and other moveable surfaces that
enable and/encourage postural movement. Climate therapies
may include heat, cool, venting, scent, air quality, lighting
(red/blue), and music and may also be used.

[0014] As shown, the vehicle seat 14 is coupled to mul-
tiple sensors 16. Each of the sensors 16 may be embodied as
any electronic device capable of measuring vibrations gen-
erated by biological processes of an occupant of the vehicle
seat (e.g., vibrations caused by the occupant’s heartbeat,
respiration, or other processes). In the illustrative embodi-
ment, the sensors 16 are embodied as blood oxygenation,
electrocardiogram (ECG), ballistocardiogram (BCG) sen-
sors, combinations thereof, or any other suitable alternative.
The sensors 16 may include piezoelectric cables, acceler-
ometers (piezoelectric), microphones, impedance field or
other vibration sensors. The sensors 16 may be included in,
incorporated in, or otherwise attached to the vehicle seat 14.
Thus, in some embodiments, the sensors 16 may be covered
with vehicle seat trim and accordingly spaced apart from the
occupant of the vehicle seat 14. Additionally, although
illustrated as including four sensors 16, other embodiments
of the system 10 may include a different number and/or
arrangement of sensors 16.

[0015] The system 10 further includes one or more con-
trollers 12, which each may be embodied as an electronic
control unit or other controller configured to perform the
functions described herein. In particular, and as described
further below, a controller 12 (e.g., a controller 12 coupled
to the vehicle seat 14) may be configured receive sensor data
from the sensors 16 and determine biometric data relating to
the occupant of the vehicle seat 14 based on the sensor data.
Thus, the system 10 may measure occupant biometrics even
in a noisy environment such as the interior of a vehicle when
driving. Additionally, the system 10 may measure occupant
biometrics with the sensors 16 spaced apart from the occu-
pant’s body (e.g., to allow for seat trim and clothing),
without requiring the sensors 16 to be attached to the
occupant. By measuring the occupant biometrics, the system
10 may provide biofeedback to the occupant, trigger or
suggest appropriate therapies, or perform other applications.
[0016] Referring now to FIG. 2, in the illustrative embodi-
ment, a controller 12 establishes an environment 100 during
operation. The illustrative environment 100 includes a sen-
sor module 102, a processing module 104, and a biometrics
module 106. The various modules of the environment 100
may be embodied as hardware, firmware, software, or a
combination thereof. For example the various modules,
logic, and other components of the environment 100 may
form a portion of, or otherwise be established by, the
processor 20 or other hardware components of the controller
12. As such, in some embodiments, any one or more of the
modules of the environment 100 may be embodied as a
circuit or collection of electrical devices (e.g., sensor cir-
cuitry, processing circuitry, biometrics circuitry, etc.).
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[0017] The sensor module 102 is configured to receive
sensor data indicative of a heart rate of an occupant of the
vehicle seat 14 from one or more sensors 16 of the vehicle.
As described above, the sensors 16 may include, for
example, ECG or BCG sensors.

[0018] The processing module 104 is configured to deter-
mine a peak detection function for the occupant heartbeat
sensor data. The peak detection function identifies the peaks
in the PQRST complex in the sensor data. For example, the
peak function may include a threshold dynamically set based
on the height of the last detected R peak and a time-
dependent decay. In some embodiments, the peak detection
function may be set dynamically based on determined
interbeat intervals (IBI’s) detected in the sensor data. IBI’s
are the time elapsed between consecutive peaks in the
heartbeat signal. The processing module 104 is further
configured to apply the peak detection function to the sensor
data to generate peak sensor data.

[0019] The processing module 104 further includes an
algorithm to determine individual-specific reliability of the
peak sensor data. The reliability assessment provides each
detected peak with a score so that highly reliable data may
be emphasized through weighting the effect of poor and
errant data may be minimized or eliminated in biometric
analyses. As a result of this weighting, variations are not
muted as is typical in smoothing through averaging or
filtering. In some embodiments, the system may include two
different sensors 16, such as ECG and BCG, and one or more
controllers 12 may be used to determine which of the two
sensors is providing reliable measurements at that point in
time for biometric analyses.

[0020] The biometrics module 106 is configured to deter-
mine biometric data associated with the occupant of the
vehicle seat 14 based on the verified reliable peak sensor
data. For example, the biometrics module 106 may be
configured to determine a heart rate, a heart rate variability,
and/or a stress metric.

[0021] Referring now to FIG. 3, in use, the controller 12
may execute a method 200 for determining biometric data of
an occupant of the vehicle seat 14. In some embodiments,
the operations of the method 200 may be performed by one
or more modules of the environment 100 of the controller 12
as shown in FIG. 2. The method 200 begins in block 202, in
which the controller 12 receives heartbeat sensor data from
one or more sensors 16. The heartbeat sensor data is indica-
tive of heart rate caused by an occupant of the vehicle seat
14.

[0022] In block 204, the controller 12 segments the col-
lected heartbeat signal data into chunks. For example, the
collected data may be broken down, or segmented, into
100ms to 1000ms chunks of the collected signal for pro-
cessing. At 206, controller sets the threshold for peak
identification in the data chunks by determining the height of
the last identified peak 208 and the leak decay multiplier
210. In some embodiments the leak decay multiplier may be
a constant value if the heart beat is regular and steady. For
example, the leak decay multiplier may be set to 0.5/second,
so that after one second of no detected peaks, the amplitude
threshold for peak detection is half the last peak amplitude.
In one example, the leak decay multiplier is dynamically set
by determining the IBI’s (inter-beat intervals). For example,
the leak decay multiplier may be dynamically adjusted so
that the threshold decays faster during periods of short IBI’s
and slower during periods of long IBI’s. Based on the
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determined threshold, the controller detects a peak 212 in the
segment and the threshold setting process 206 and peak
detection 212 are repeated until all peaks are detected in
each data chunk.

[0023] In some embodiments the data chunks may be
segmented at 204 into sequential, non-overlapping chunks
of heart rate data. In some embodiments, the data chunks
may be segmented at 204 into overlapping chunks of data.
This overlapping segmentation provides a more continuous
leak decay by avoiding edge effects within a given chunk of
data. In this circumstance, overlapping, or repetitively
detected peaks would be filtered out based on timestamps for
the data to avoid duplication in peak detection.

[0024] Once all peaks have been detected in a given data
chunk, the reliability of each detected peak may be assessed
and assigned a score 214. This assessment may use several
convergent measures to assess reliability of the detected
peak given the sometimes highly variable changes in heart
rate. The assessment may employ logic to determine the
similarity of the current IBI with an average previously
discovered IBI’s, and the overall distribution quality, as
peaky distributions are more trustworthy than multi-modal
distributions. The average previously discovered IBI’s may
be stored in the controller for vehicle occupants.

[0025] The assessment logic employed to assign a score
214 includes discarding any IBI that is too short. For an adult
this may be any IBI that is less than 290 ms. For a child this
may be adjusted using the calculation HRmax=220-age. For
example a HRmax of 206 BPM has a minimum IBI of 190
ms. IBI’s not meeting the minimum time may be considered
to not meet the score threshold 216 and are discarded 217.
[0026] Next, the reliability of each detected peak meeting
the minimum IBI time may be determined by applying the
following logic:

[0027] 1) Calculate the median IBI from the IBI distribu-
tion.
[0028] 2) Calculate by how much the current IBI deviated

from the median previously discovered IBI (denote this
delta).

[0029] 3) Calculate the Median Absolute Deviation
(MAD) of the IBI distribution. It was used 1.5*MAD as a
proxy for standard deviation of the IBI distribution.

[0030] 4) Calculate the delta reliability, r(delta), as a
sigmoid with the argument delta/(1.5*MAD). The lower the
delta (normalized by the standard deviation), the higher the
reliability and vice versa, with the reliability falling off
sharply after a certain threshold (depending on the param-
eters of the sigmoid function).

[0031] 5) Calculate the ratio of MAD of IBI distribution to
MAD of a uniform distribution on the range of +/-80*log(n)
around the median of IBI distribution (where n is the size of
the IBI buffer). This measure, denoted as “H,” may be used
to assess the general non-uniformity of the IBI distribution,
with the idea that the more uniform and wider the distribu-
tion, the less it is trustworthy.

[0032] 6) The reliability of the distribution, r(distribution)
is then determined as linearly decreasing with this measure:
1-min(H,1).

[0033] 7) The total reliability score, or reliability, of the
peak/IBI is calculated as a geometric average of the delta
reliability and the distribution reliability, namely, sqrt(r
(delta)*r(distribution).

[0034] In some embodiments, peak amplitude distribution
may be incorporated into the total reliability calculation. In
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some embodiments measures of signal to noise ratio may be
used to assess the quality of the heartbeat signal and logic
may be applied to each sensor at the point of receipt of the
signal. In some embodiments additional filtering such as a
Kalman filter may be applied to the IBL.

[0035] In some embodiments, peak amplitude distribution
may be incorporated into the total reliability calculation. In
some embodiments measures of signal to noise ratio may be
used to assess the quality of the heartbeat signal and logic
may be applied to each sensor at the point of receipt of the
signal. In some embodiments additional filtering such as a
Kalman filter may be applied to the IBL

[0036] In 214, the controller determines whether the total
reliability score is above a predetermined threshold. In some
embodiments, this threshold is 50%. If the score is not above
that threshold, the peak data is discarded 216. If the score is
above the threshold, the peak data may be used to calculate
biometric data 218.

[0037] In some embodiments, the heart rate is calculated
with the IBI’s 220. In some embodiments, a signal of heart
rates with their corresponding timestamps and reliabilities
may be used to calculate the average heart rate for an
occupant. In some embodiments this average heart rate is
determined as a weighted average heart rate, causing older
heart rate data to be less relevant to the current average heart
rate calculation.

[0038] In order to determine the weighted average heart
rate, a decay may be determined for each heart rate as am
exponential; of the time difference between the time of the
heart rate and the current time minus the time of the
calculation, scaled by an appropriate constant:

i timeNow — time;
decay; = exp(— T)

[0039]
the following
decay*reliability.

The average heart rate may then be weighted using
calculation with weights given by

Z HR, X reliablity; x decay;

2 reliability; x decay;

i

[0040] Average reliability of the average heart rate may be
calculated as the weighted average of the reliabilities
weighted by decay along with a multiplier of the last
calculated decay. Average reliability may be calculated as
follows:

Z reliablity; X decay;

i
X deca
decay; I

[0041] In this manner, the control gives decreased reli-
ability to a heart rate signal as the signal becomes older or
stale. Average heart rate above a certain reliability score can
be identified as reliable. In some embodiments the decay
may only be applied to average IBI after a certain period of
time has passed. In some embodiments an additional param-
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eter may be introduced to account for the non-uniformity of
a heart rate signal distribution over time.

[0042] In some embodiments heart rate variability (HRV)
may be determined 222. This may be done by buffering the
IBI's and associated timestamps of the IBI’s over a long
interval. In some embodiments, this interval may be several
minutes. The IBI buffer along with the timestamps may be
analyzed using, for example, a Lomb-Scargle Periodogram
or any other FFT (fast Fournier transform) analysis capable
of estimating spectral power of unevenly sampled signals.
This generates a HRV spectrum of the variability.

[0043] In some embodiments the reliability score thresh-
old for allowing peaks into the biometric data determination
may be lowered, thereby permitting more variability to be
introduced into this determination. In some embodiments,
the buffering includes the previous 64 IBI’s. In some
embodiments the length of buffer may be a particular
duration of time, such as minutes, instead of a number of
IBT’s.

[0044] In some embodiments, the IBI buffer may be spline
resampled at a fixed sampling rate to determine the contri-
bution of the sympathetic nervous system to the HRV. The
contribution of the sympathetic nervous system can be
calculated as the ratio between the low frequency changes
(LF; 0.04-0.15 Hz) and high frequency changes (HF; 0.15-
0.4 Hz) described by the formula LF/(LF+HF).

[0045] In some embodiments, the biometric data calcu-
lated may include a stress metric 224. A smoothing operation
the ratio described above as the contribution of the sympa-
thetic nervous system may be performed in order to deter-
mine the stress metric. For example, the ratio may be
squared so that the resultant value directly correlates to
emotional stress, or sympathetic nervous system contribu-
tion. For example 100% would be the highest stress contri-
bution and 0% would be the lowest stress contribution.
[0046] Each controller 12 may be embodied as any device
capable of performing the functions described herein. For
example, each controller 12 may be embodied as an elec-
tronic control unit, embedded controller, control circuit,
microcontroller, computing device, on-board computer, and/
or any other any other computing device capable of per-
forming the functions described herein. As shown in FIG. 1,
an illustrative controller 12 includes a processor 20, an I/O
subsystem 22, a memory 24, a data storage device 26, and
communication circuitry 28. The controller 12 may include
other or additional conponents, such as various input/output
devices or any other suitable components. Additionally, in
some embodiments, one or more of the illustrative compo-
nents may be incorporated in, or otherwise form a portion of,
another component. For example, the memory 24. or por-
tions thereof, may be incorporated in the processor 20 in
some embodiments.

[0047] The processor 20 may be embodied as any type of
processor capable of performing the functions described
herein. For example, the processor 20 may be embodied as
a microcontroller, digital signal processor, single or multi-
core processor(s), or other processor or processing/control-
ling circuit. Similarly, the memory 24 may be embodied as
any type of volatile or non-volatile memory or data storage
capable of performing the functions described herein. In
operation, the memory 24 may store various data and
software used during operation of the processor 20 such as
operating systems, applications, programs, libraries, and
drivers. The memory 24 is coupled to the processor 20 via
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the T/O subsystem 22, which may be embodied as circuitry
and/or components to facilitate input/output operations with
the processor 20, the memory 24, and other components of
the controller 12. For example, the [/O subsystem 22 may be
embodied as, or otherwise include, memory controller hubs,
input/output control hubs, firmware devices, communication
links (i.e., point-to-point links, bus links, wires, cables, light
guides, printed circuit board traces, etc.) and/or other com-
ponents and subsystems to facilitate the input/output opera-
tions. In some embodiments, the I/O subsystem 22 may form
a portion of a system-on-a-chip (SoC) and be incorporated,
along with the processor 20, the memory 24, and other
components of the controller 12, on a single integrated
circuit chip.

[0048] The data storage device 26 may be embodied as
any type of device or devices configured for short-term or
long-term storage of data such as, for example, memory
devices and circuits, memory cards, hard disk drives, solid-
state drives, read-only memory, or other data storage
devices. The communication circuitry 28 of the controller 12
may be embodied as any communication circuit, device, or
collection thereof, capable of enabling communications
between the controller 12 and other devices of the vehicle
seat 14 and/or the vehicle. The communication circuitry 28
may be configured to use any one or more communication
technology (e.g., wireless or wired communications) and
associated protocols (e.g., Ethernet, controller area network
(CAN), local interconnect network (LIN), Bluetooth®, Wi-
Fi®, etc.) to effect such communication. In some embodi-
ments, the communication circuitry 28 may include one or
more general-purpose I/0 pins, analog interfaces, solid state
motor control electronics, and/or other circuitry that may be
used to interface with or otherwise control features of the
vehicle seat 14 (e.g., seat motion, therapy, or other features).
[0049] As further shown in FIG. 1, the controllers 12 and
the sensors 16 may be configured to transmit and/or receive
data with each other and/or other devices over the vehicle
network 18. The vehicle network 18 may be embodied as
any bus, network, or other communication facility used to
communicate between devices in the vehicle. For example,
the vehicle network 18 may be embodied as a wired or
wireless local area network (LAN), controller area network
(CAN), and/or local interconnect network (LIN). Thus, the
vehicle controllers 12 may include one or more additional
electronic control units, embedded controllers, engine com-
puters, or other conputing devices used to control various
vehicle functions. In particular, the controller 12 may be
configured to communicate with one or more additional
vehicle controllers 12 via the vehicle network 18 1o deter-
mine the state of the vehicle, for example to determine
whether the ignition is on, to determine engine speed or
engine load, to determine vehicle speed, or to determine
other vehicle state. Additionally or alternatively, although
shown as communicating directly with the vehicle network
18, in some embodiments the sensors 16 may be coupled
directly to one or more controllers 12 (e.g., a seat controller
12) without using the vehicle network 18.

1. A controller for biometric measurement of a vehicle
occupant, the controller comprising
a sensor module configured to receive sensor data indica-
tive of a heartbeat of an occupant of a vehicle seat from
one or more sensors of a vehicle,
a processing module configured to identify peaks in the
sensor data based on a dynamic peak detection thresh-
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old, to score the identified peaks with a reliability score,
and remove unreliable peaks, and

a biometrics module configured to determine biometric

data associated with the occupant based on reliably
identified peaks.

2. The controller of claim 1, wherein the identified peaks
are peaks in a heartbeat signal of the occupant and the
dynamic peak detection threshold is updated based on a
height of a last detected peak and a leak decay multiplier.

3. The controller of claim 2, wherein the leak decay
multiplier is adjusted based on a detected inter-beat interval
(IBD) in the heartbeat signal so that the dynamic peak
detection threshold decays faster during periods of short
IBI's and slower during periods of long IBI’s.

4. The controller of claim 1, wherein the processing
module uses logic to score the reliability of the identified
peaks.

5. The controller of claim 1, wherein the processing
module identifies inter-beat intervals (IBI’s) between con-
secutive peaks and the reliability score for each peak is
determined based on the IBI distribution of the received
sensor data compared with a distribution of previously
identified peaks.

6. The controller of claim 1, wherein the identified peaks
are peaks in a heart-beat signal of the occupant and the
biometrics module calculates a heart rate variability of the
occupant based on the reliably identified peaks.

7. The controller of claim 6, wherein the biometrics
module determines a contribution of the sympathetic ner-
vous system to the calculated heart rate variability.

8. A method for measuring a biometric measurement of a
vehicle occupant, the method comprising the steps of

receiving, by a controller of a vehicle, sensor data indica-

tive of a heartbeat of an occupant of a vehicle from one
or more sensors of the vehicle,

detecting, via the controller, peaks in the sensor data

based on a dynamic peak detection threshold config-
ured to adjust automatically over time,

scoring, by the controller, the reliability of each detected

peak so that each detected peak is determined to be
reliable or unreliable, and

determining, by the controller, biometric data associated

with the occupant based on the detected peaks deter-
mined to be reliable.

9. The method of claim 8, wherein the sensor data
comprises a heartbeat signal of the occupant of the vehicle
and the peaks in the sensor data are indicative of R-peaks in
a PQRST Complex.

10. The method of claim 9, wherein the dynamic peak
detection threshold is updated based on height of a last
detected peak and a leak decay multiplier.

11. The method of claim 10, further comprising the step
of detecting inter-beat intervals (IBI’s) of the heartbeat
signal, wherein the automatic adjustment of the dynamic
threshold is based on the detected IBI’s.

12. The method of claim 10, wherein the processing
module identifies inter-beat intervals (IBI’s) between con-
secutive peaks and the reliability score for each peak is
determined based on the IBI distribution of the received
sensor data compared with a distribution of previously
identified peaks.

13. The method of claim 10, wherein the leak decay
multiplier is adjusted based on a detected inter-beat interval
(IBD) in the heart-beat signal so that the dynamic peak
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detection threshold decays faster during periods of short
IBT’s and slower during periods of long IBI’s.

14. The method of claim 8, wherein the identified peaks
are peaks in a heartbeat signal of the occupant and the
determined biometric data comprises heart rate variability
based on the reliably identified peaks.

15. The method of claim 8, further comprising determin-
ing the contribution of the sympathetic nervous system to
the calculated heart rate variability.

16. One or more computer-readable storage media com-
prising a plurality of instructions that in response to being
executed cause a controller to receive heartbeat sensor data
of an occupant of a vehicle seat from one or more sensors of
the vehicle,

identify peaks in the heartbeat sensor data associated with

the occupant and determine whether the identified
peaks are reliable or unreliable, and

process the identified peaks to determine a heart rate of

the occupant of the vehicle seat.

17. The one or more computer-readable storage media of
claim 16, wherein the peaks are identified by an automati-
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cally updating dynamic peak threshold that is updated based
on height of a last detected peak and a leak decay multiplier.

18. The one or more computer-readable storage media of
claim 17, wherein the leak decay multiplier is adjusted based
on a detected inter-beat interval (IBI) in the heart-beat signal
so that the dynamic peak detection threshold decays faster
during periods of short IBI’s and slower during periods of
long IBI’s.

19. The one or more computer-readable storage media of
claim 18, wherein the reliability score for each peak is
determined based on the IBI distribution of the received
sensor data compared with a distribution of previously
identified peaks.

20. The one or more computer-readable storage media of
claim 16, wherein the instructions further cause the control-
ler to determine heart rate variability of the occupant of the
vehicle seat based on the reliably identified peaks.

21. The one or more computer-readable storage media of
claim 20, wherein the heart rate uses a weighted average of
detected inter-beat intervals using the detected intervals.
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