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DROWSINESS SENSING SYSTEM

TECHNICAL FIELD

[0001] The present disclosure relates to systems with
sensors to provide sensed information about a person’s
drowsiness state.

BACKGROUND

[0002] It is advantageous to be able to detect a person’s
drowsiness. For instance, driving of a motor vehicle while
drowsy, which is a type of driver error, is a significant cause
of preventable road accidents. Vehicle systems that assist in
warning a driver of drowsiness or take action in such an
occurrence may reduce the number of such accidents or
attempt to mitigate damage caused by driver drowsiness.

SUMMARY

[0003] A system includes an electro-dermal potential sens-
ing system to sense electro-dermal potential of a person and
configured to output an electro-dermal potential signal. At
least one physiological sensor measures at least one physi-
ological parameter of the person and outputs at least one
physiological signal. A controller receives the electro-der-
mal potential signal from the electro-dermal potential sens-
ing system and the at least one physiological signal to
determine a drowsiness state of the person.

[0004] In an example embodiment, the system includes a
vehicle seat, the person is a driver seated in the seat, and the
electro-dermal potential sensing system is at least partially
integrated into the seat.

[0005] In an example embodiment, the at least one physi-
ological parameter is one or more of heart rate, respiration
rate, heart rate variability, CRS (Cardiorespiratory Cou-
pling/Synchrogram).

[0006] In an example embodiment, the control signal is to
adjust operation of an adaptive braking system in the vehicle
based on the determined drowsiness state of the driver
exceeding a drowsiness threshold.

[0007] In an example embodiment, the electro-dermal
potential system includes a plurality of contactless sensors
mounted in the seat; wherein the seat includes a head rest.
The plurality of contactless sensors includes one or more
headrest sensors mounted in the headrest to measure electro-
dermal potential at a head of the driver.

[0008] In an example embodiment, the seat includes a
driver warning device to indicate to the driver that the
control signal representing drowsiness is output from the
controller.

[0009] In an example embodiment, the controller mea-
sures driver drowsiness based on individual frequency com-
ponents in the electro-dermal potential signal.

[0010] In an example embodiment, the controller quanti-
fies a drowsiness state level based on the electro-dermal
potential signal and the physiological signal and outputs a
level signal to adjust a time-to-impact variable in an object
avoidance calculation.

[0011] In an example embodiment, a camera to sense an
image of the driver and produce a video output, and wherein
the controller uses the video output to detect drowsiness
indicators. The controller uses the drowsiness indicators to
calculate the drowsiness state level of the driver.

[0012] In an example embodiment, the controller quanti-
ties a drowsiness state level based on the electro-dermal
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potential signal and the physiological signal and controls a
driver alert based on the drowsiness state level. When the
drowsiness state level exceeds the drowsiness threshold, the
controller activates a driver alarm or a vibration in the seat.
[0013] In an example embodiment, an external sensor to
detect objects external to the vehicle, the external sensor
producing object detection signals using a sensor range. The
controller increases the sensor range when the drowsiness
state exceeds the drowsiness threshold.

[0014] In an example embodiment, the controller receives
sensor signals from at least one of an internal video signal,
an external camera signal, a navigational position signal, a
vehicle speed signal, or combinations thereof. The controller
uses internal video signal, an external camera signal, the
navigational position signal, the vehicle speed signal and the
electro-dermal potential signal to determine a false drowsi-
ness state of the driver.

[0015] In an example embodiment, the controller switches
vehicle operation from a manual mode to an autonomous
driving mode.

[0016] A vehicle system is described with a vehicle envi-
ronmental sensor system configured to sense external
objects around the vehicle and output an external sensor
signal and a seat configured to support an occupant and to be
mounted in a vehicle. An electro-dermal potential system is
at least partially integrated into the seat and configured to
output an electro-dermal potential signal. A physiological
sensor is in the vehicle and is configured to measure at least
one of a heart rate, a respiration rate, or both of the occupant
in the seat and output a physiological signal. A controller is
configured to receive the electro-dermal potential signal
from the electro-dermal potential system, the physiological
signal from the electro-dermal potential system and the
external sensor signal from the vehicle environmental sensor
system and to output a control signal using the electro-
dermal potential signal, the physiological signal and the
external sensor signal to adjust operation of the vehicle
environmental sensor system in the vehicle.

[0017] In an example embodiment, the electro-dermal
potential system includes a plurality of contactless sensors
mounted in the seat. The contactless sensors are positioned
adjacent the seat occupant by are not in direct physical
contact with the seat occupant.

[0018] In an example embodiment, the vehicle environ-
mental sensor system includes a detection and ranging
system with a range setting to sense objects outside the
vehicle including a position and a range of an external object
and the external sensor signal includes the position and
range of the external object. The range setting is adjusted by
the controller based on the electro-dermal potential signal,
the physiological signal and the external sensor signal.
[0019] In an example embodiment, the vehicle environ-
mental sensor system includes a light sensor, a LIDAR, a
camera, a radio frequency sensor, RADAR or combinations
thereof.

[0020] In an example embodiment, a collision avoidance
system having a trigger time based on the control signal
from the controller. The collision avoidance system triggers
an avoidance action based on the trigger time. The collision
avoidance system has a first trigger time when the drowsi-
ness state is not detected, a second trigger time when the
drowsiness state increases, and a third trigger time with the
drowsiness state exceeding the drowsiness threshold. The
second trigger time is less than the first trigger time. The
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third trigger time is the shortest. The third trigger time may
change the vehicle driving mode from manual to autono-
mous for vehicles with autonomous capability.

[0021] Any of the above examples may be combined with
each other to form additional embodiments of the present
disclosure. Other embodiments of the present disclosure will
be apparent from the remainder of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a schematic view of a vehicle according
to an example embodiment.

[0023] FIG. 2 is a schematic view of a vehicle seat with
sensors therein according to an example embodiment.

[0024] FIG. 3 is a functional block diagram of a vehicle
system according to an example embodiment.

[0025] FIG. 4 is a chart of false drowsiness detection
according to an example embodiment.

DETAILED DESCRIPTION

[0026] As required, detailed embodiments of the present
invention are disclosed herein; however, it is to be undet-
stood that the disclosed embodiments are merely exemplary
of the invention 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 struc-
tural 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.

[0027] The present disclosure is generally directed to a
seat sensor that can be embedded in any part of the foam,
trim, headrest, frame or a combination thereof of a vehicle
seat. At least one of the sensors determines the electro-
dermal potential (EDP) originating primarily from brain
cortical activity. Such EDP sensing can be contact or non-
contact (e.g., field sensing) and can also sense muscle
activity and skin characteristics. This will reveal high-level
central nervous system (CNS) functions such as drowsiness
or distraction. The systems described herein employ real-
time processing of the electrical potential fluctuations, e.g.,
comparing various frequency bands of the sensed signal
with respect to each other. These can act as the primary brain
activity quantitative classifiers. The present systems may use
the sensed signals along with other sensor information to
determine false positives of drowsiness based on the sensed
EDP signal. This system, through the acquisition of the
appropriate physiological metrics, and use of a software
algorithm, is capable of determining if the occupant is
distracted and not attentive to the road task of the moment
while correcting for false positive indications of drowsiness.

[0028] A contactless EDP sensing system can be inte-
grated with the seat including one or more sensors embed-
ded in any part of the seat, e.g., the foam, the trim, the
headrest or a combination thereof. The contactless EDP
sensing system can be supplemented by appropriate physi-
ological metrics (heart rate, HRV, CRS (Cardiorespiratory
Coupling/Synchrogram), breathing rate, and the like for both
standard and complex non-linear dynamics) of the seat
occupant, e.g., the driver. A controller can receive the
relevant signals and determine if the occupant is drowsy and
therefore if attention and reaction time is affected. The
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controller can be adapted to individual occupants using an
automated user-specific calibration

[0029] This system can also comprise inward cameras,
strategically positioned to look at the driver. Inward cameras
can be used in the drowsiness detection system to achieve
sensor fusion and increase specificity and accuracy of the
drowsiness detection. The camera generates multiple images
of the occupant, which can be analyzed to determine addi-
tional occupant metrics. The metrics can include head posi-
tion, a blink rate, pupil dilation, eye position, fixation, gaze
patterns, eyelid closure, head movement facial expression,
and the like.

[0030] The use of various metrics from different sources
provides an objective quantification of the occupant’s
drowsiness. The drowsiness quantification can be combined
with other data in the vehicle to prevent false indications of
drowsiness, e.g., vehicle performance, driving environment
and the like. If the drowsiness quantification exceeds a
drowsiness threshold, then the vehicle may automatically
trigger countermeasures, e.g., alerts, alarms, collision avoid-
ance and the like. If the drowsiness/concentration status of
the driver is quantified, the vehicle can change reaction
times of the collision avoidance system, e.g., the adaptive
braking system, to optimize the response of the system itself
in view of the driver condition.

[0031] FIG. 1 shows a vehicle 100 including a cabin 115
and an engine bay 116, which can be forward of the cabin
115. The engine bay 116 houses a motor 101 that provides
motive power to the vehicle. A controller 102 includes an
electrical signal processor adapted to execute tasks, which
can be stored in a memory. The tasks can process sensed
signals according to rules loaded into the controller 102. The
sensed data can be stored in memory associated with the
controller 102.

[0032] Visual systems 103 are provided to receive instruc-
tions from the controller 102 and produce visual displays in
the vehicle, e.g., in the cabin on display screens, the dash-
board, a mobile electronic device associated with the
vehicle. The displays produced by the visual systems can be
images sensed by and internal camera 104, an external
camera 105, collision warnings, distraction warnings and the
like. The visual system 103 can process the image data from
the cameras 104, 105 before providing, the image data to the
controller 102. The visual system 103 can process in images
to identify objects and the position of the driver in an
example embodiment. This data can be provided to the
controller 102.

[0033] An audio system 104 can be part of a head unit in
the vehicle. The audio system 104 can sense audio in the
cabin 115 and output audio into the cabin, e.g., using
multiple speakers. The audio output from the audio system
104 can be warnings as described herein based on instruc-
tion from the controller 102. The audio warnings can be
spoken words or tones to indicate driver distraction, change
in settings, imminent danger, activation of collision warning
system or combinations thereof.

[0034] A vehicle speed sensor 107 is provided to detect the
speed of the vehicle and provide a speed signal to the
controller 102.

[0035] A navigational position system 108 detects the
position of the vehicle by receipt of satellite signals or
ground based position signals. The navigational position
system 108 can include a global navigation satellite system
(GNSS) such as Global Positioning System (GPS), Beidou,
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COMPASS, Galileo, GLONASS, Indian Regional Naviga-
tional Satellite System (IRNSS), or QZSS. The navigational
system can include a receiver that receives differential
correction signals in North American from the FAA’s
WAAS system. The navigational position system 108 pro-
vides accurate position of the vehicle to the controller 102.
[0036] A distraction alarm 109 is positioned in the cabin.
The distraction alarm 109 can include mechanical alarms
like vibration devices that can be positioned in the steering
wheel or the seat. The distraction alarm 109 can be a signal
to vibrate a mobile electronic device associated with the
vehicle and a passenger in the vehicle.

[0037] A vehicle seat 110 is position in the cabin 115 and
is configured to support a person, e.g., a driver or a passen-
ger. The seal 110 can include a plurality of sensors 150, 155,
156 to detect various biometric characteristics of the person.
The sensors 150 can be contactless and can sense EDP
adjacent the head of the seated person. The sensors 155 and
156 can detect other biometric information. The sensors 155,
156 can sense the heart rate of the occupant of the seat in an
example embodiment. The sensors 155, 156 can sense the
breath rate of the occupant of the seat in an example
embodiment. The sensed EDP data from the sensors 150 can
be combined with either or both of the sensed hear rate and
sensed breath rate from the sensors 155, 156 to detect and
quantify drowsiness of the occupant, particularly, the driver,
in the seat 110. In an example, the sensors 155, 156 can
sense muscle movement to be used in determining drowsi-
ness of the seat occupant. In an example, the sensors 155,
156 can sense EDP of the seat occupant to be used in
determining drowsiness of the seat occupant.

[0038] A brake system 111 is provided to brake the wheels
of the vehicle. The brake system 111 can be activated by the
driver and can also be activated automatically by the con-
troller, e.g., when distracted driving is detected, a crash is
detected as imminent or an imminent danger is detected as
described herein.

[0039] A laser sensing system 112, e.g., a LIDAR, is
provided. The laser sensing system 112 emits light in pulses
and detects the light returned after the light reflects of object
external to the vehicle 100, The laser sensing system 112 can
produce a digital three-dimensional representation of the
external environment around the vehicle in the direction of
the light pulses. The laser sensing system 112 can perform
laser scanning to produce a representation around the
vehicle. The external environment can include other
vehicles, signs, and other objects. The representation or
individually identified objects can be provided to the con-
troller 102 for use in the vehicle as described herein.
[0040] A RADAR sensing system 113 is provided in the
vehicle. The RADAR sensing system 113 emits radio fre-
quency energy pulses and detects the returned pulses to
identify objects around the vehicle or map the external
environment. The representation or individually identified
objects can be provided to the controller 102 for use in the
vehicle as described herein.

[0041] Other typical vehicle systems may be included in
the vehicle 100 but are not illustrated for clarity of the
drawings. The controller 102 may provide inputs to these
other systems.

[0042] FIG. 2 shows the vehicle seat 110 configured to be
fixed in a cabin of a motor vehicle. The seat 110 is adapted
to support a person on a base 201 in an upright position
against a seat back 202. The base 201 is fixed to the floors
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in the vehicle cabin, e.g., by slidable rails. A headrest 203
may he positioned at the top of the seat back. Each of the
base 201, seat back 202, and headrest 203 include a rigid
frame, comfort layers on the frame and an external covering.
A plurality of sensors 150, 155, 156 can be supported in the
seat. A plurality of first sensors 150 may be positioned in the
headrest 203 and adapted to sense EDP signals from the
occupant of the seat. A plurality of second sensors 155 may
be positioned in the seat back 202. The plurality of second
sensors 155 may also sense EDP signals from the occupant.
The plurality of second sensors 155 may include at least one
sensor that does not sense EDP signals. One or more third
sensors 156 are positioned in the seat base 201. The third
sensors 156 may also sense EDP signals. The plurality of
second sensors 155 may include at least one sensor that does
not sense EDP signals and may, e.g., sense presence of a
person in the seat and sense weight of the occupant of the
seat. The sensors 150 develop raw EDP signals, which are
filtered to produce analysis signals including frequency
components relevant to EDP of the person in the seat while
attenuating unrelated frequency components.

[0043] The drowsiness state of a person is monitored using
the EDP at the head or torso of the occupant of the seat 110
by the sensors 150 in conjunction with the sensors 155, 156.
The sensors 150 are positioned proximate to portions of the
skin adjacent the head to develop raw EDP signals. The EDP
raw signals can be filtered to produce at least one bandpass-
filtered drowsiness state-indicating EDP signal representa-
tive of raw EDP signal magnitude within a predetermined
frequency range as an indication of the drowsiness of the
seated person.

[0044] FIG. 3 shows process 300 that can be implemented
in the vehicle 100 to sense a distracted state of the occupant
of the seat. The process 300 can be implemented in the
vehicle 100 in an example embodiment. At 301, the process
starts by monitoring the driver (and occupant of a vehicle
seat). The monitoring starts by sensing the presence of the
driver in the seat. The monitoring can include sensing the
EDP of the driver and a secondary physiological parameter
of the driver. The EDP can by sensed, at least in part, about
the head of the driver. The secondary physiological param-
eter can be heart rate or respiration rate.

[0045] At 303, both the EDP and the secondary physi-
ological parameter are used to determine the drowsiness of
the driver. The EDP can indicate brain waves that indicate
drowsiness. The secondary physiological parameter can also
indicate drowsiness, e.g., deep regular respiration, slowing
respiration, slowing, heart rate and the like. At 304, if
drowsiness is not detected, then the process returns to step
301 and continues monitoring the driver. The monitoring
301 and the detecting of drowsiness 303 can be performed
simultaneously in some examples. If drowsiness is detected
305, then the process moves to issuing a drowsiness warning
at 307. The drowsiness warning can be a visual indication on
the dashboard or in a heads-up display, e.g., when a low
level of drowsiness is detected. The vehicle may provide an
audio warning, e.g., a tone or a spoken voice to warn the
driver of the drowsiness state or level. Other forms of
drowsiness warnings may be used. The seat may be
equipped with a vibration device that vibrates the seat with
varying patterns of the vibration. The steering wheel may
include a vibration device to vibrate the steering wheel when
drowsiness is detected.
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[0046] The EDP signals can be separated into various
sub-signals, e.g., at different frequencies, by using filters to
allow certain divisions into sub-bands. These sub-bands may
overlap in frequency ranges. A first sub-signal can be up to
four hertz. A second sub-signal can be four hertz to seven
hertz. A third sub-signal can be seven hertz to fourteen hertz.
A fourth sub-signal can be fourteen hertz to about thirty
hertz. A fifth sub-signal can be about thirty hertz to about one
hundred hertz. Other sub-signals may overlap these ranges
for the first through sixth sub-signals, e.g., from eight hertz
to thirteen hertz. The relationships between these sub-
signals can be used to determine whether the driver is
drowsy. The patterns of the sub-signals or the ratios of
multiple sub-signals to each other can be used to determine
if a driver is drowsy.

[0047] At 309, the severity of the warning increases as the
level of drowsiness increases. In an example, the visual
warnings may be larger or brighter as the drowsiness level
increases. The audio warnings may increase in volume as the
drowsiness level increases. The tone can become one that is
considered harsher when the drowsiness level increases. The
spoken warning my use more severe language when the
drowsiness level increases. In the case of vibrational warn-
ings, the magnitude of the vibration may increase with an
increase in the drowsiness level increases. The pulse pattern
for the vibrations may change when the drowsiness level
increases. Other warning changes may be used based on the
level of drowsiness.

[0048] After the warnings are issued at an appropriate
level (309), the process can return detecting drowsiness,
e.g., with new data from the monitoring of the driver 301.

[0049] After drowsiness is detected, the process also
moves from step 305 to step 311 where the detection
distances of the collision warning systems can be increased
or the time buffers can be decreased. The LIDAR/RADAR
detection range can be increased. The external camera range
can be increased. Increasing the range of detection allows
the systems to detect objects farther away from the vehicle
and allows more time to automatically process to compen-
sate for the distracted state of the driver. The decrease of the
time buffers reduces the time to impact and will cause the
vehicle to activate collision avoidance systems sooner when
the driver is distracted. The change in the detection range
and/or the time parameters is based on the level of drowsi-
ness detected.

[0050] At 313, the controller in the vehicle determines if
a collision with a detected object is imminent. This can use
the data from the detection systems, e.g., RADAR, LIDAR
and images. If no imminent crash is detected, then the
process moves to 318. If an imminent collision is detected,
then the process moves to 317.

[0051] At 317, the collision warning systems and collision
avoidance systems are engaged to warn and reduce to the
impact of the imminent collision. If a collision does not
occur, then the process returns to step 301.

[0052] FIG. 4 shows a process 400 for detecting and
quantifying drowsiness of a seat occupant, especially a
driver of a vehicle. The process 400 can be implemented in
the vehicle 100 in an example embodiment. At 401, occu-
pancy of the vehicle seat is detected and the process of
detecting the occupant’s drowsiness begins. Occupancy can
be detected using the sensor 156 to detect a weight in the
range of a person in the seat. The occupancy can also be
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determined by an internal camera or the vehicle ignition
being on and the vehicle in motion.

[0053] At 403, the electro-dermal potential of the seat
occupant is detected. The EDP can be detected using con-
tactless sensors that are in the seat and closely adjacent the
seat occupant. The sensors can be adjacent the head of the
seat occupant. The sensors can be adjacent the body of the
occupant. The electro-dermal potential can be used to indi-
cate the drowsiness of the occupant. The various signals can
quantify drowsiness, e.g., a level of drowsiness.

[0054] At 405, a secondary physiological parameter of the
occupant is sensed. In an example, the secondary physi-
ological parameter can be the heart rate of the occupant. In
an example, the secondary physiological parameter can be a
respiration rate. In an example, the secondary physiological
parameter can be heart rate variability (HRV). In an
example, the secondary physiological parameter can be
Cardiorespiratory Coupling/Synchrogram (CRS). The sen-
sors to sense secondary physiological parameter can be in
the seat.

[0055] At 407, the drowsiness state or the drowsiness level
is determined. A controller processor receives the electro-
dermal potential and the secondary physiological signal to
determine the drowsiness state of the seat occupant or a
drowsiness level of the seat occupant.

[0056] At 409, the drowsiness state or the drowsiness level
is used to control vehicle systems. The vehicle systems can
be safety systems, e.g., imaging systems, adaptive braking,
collision avoidance. collision warning and the like. The
safety systems may include time factors that are used to
trigger an automated decision of an impending collision. The
time factors may be based in part on the vehicle speed and
the predicted reaction time of the driver. The reaction time
of the driver may be increased as the drowsiness level
increases or passes a drowsiness threshold. The time factors
may also be adjusted based on the drowsiness level. As the
drowsiness level increases, the time before the vehicle safety
features will deploy are reduced in an attempt to reduce the
likelihood of a collision.

[0057] The drowsiness state may be compared to a drowsi-
ness threshold that when passed moves the vehicle from
manual driving to an autonomous driving mode. In manual
driving mode, the vehicle is controlled by the driver. In
autonomous driving mode, the vehicle takes over most, if
not all, of the driving tasks, e.g., speed, steering, braking and
the like.

[0058] The drowsiness state or drowsiness level may be
displayed in a heads-up display in an example embodiment.
The heads-up display may be projected onto a windshield of
the vehicle in the line of sight of the seat occupant. The
heads-up display may show different icons to represent
different drowsiness levels.

[0059] The control of vehicle systems 409 can also include
calibrating the time factors based on historical records of
drowsiness levels for a particular driver in the vehicle seat.
The past drowsiness levels can be stored and analyzed to
predict likelihood of current drowsiness levels.

[0060] Historical long-term data related to detected
drowsiness can be processed secondarily to the real-time
algorithms to provide a variety of statistical information for
both the occupant and machine learning systems. The long-
term data may be stored in the vehicle or off-vehicle. The
vehicle may include electronic communication to an exter-
nal server, e.g., over WiFi, mobile communication networks,
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such as cellular communications, and the like. The long-
term drowsiness calculations may be used to alter the
instructions for determining drowsiness or for mitigating
false positives. The present disclosure quantifies the drowsi-
ness/concentration status of the driver while correcting for
false indications of drowsiness. The vehicle can use the
drowsiness/concentration status of the driver to manipulate
reaction times of various vehicle safety systems, e.g., the
adaptive braking system, to optimize the response of the
system itself. This may reduce the risk of forward collisions.

[0061] The present system can be used in an autonomous
vehicle, e.g., a level 3 automobile, the vehicle needs to know
the level of drowsiness, to be able to judge the most
appropriate time to switch from manual to autonomous drive
and vice-versa.

[0062] While the present vehicle is schematically illus-
trated as a passenger vehicle, the disclosure is not so limited.
The vehicle for purposes of this disclosure include trucks,
tractors, vans, boats, vessels, busses, trains, airplanes,
mobile farm equipment, motorcycles, and the like. The
drowsiness detection and quantification systems and meth-
ods described herein can be adapted to any of these vehicles,
even beyond automotive and personal vehicles.

[0063] One example of electro-dermal potential may be
electroencephalography (EEG), which is an electrophysi-
ological monitoring method to record electrical activity of
the brain. It is typically noninvasive, with the electrodes
placed along the scalp, although invasive electrodes are
sometimes used in specific applications. EEG measures
voltage fluctuations resulting from ionic current within the
neurons of the brain. In clinical contexts, EEG refers to the
recording of the brain’s spontaneous electrical activity over
a period of time, as recorded from multiple electrodes placed
on the scalp. Diagnostic applications generally focus on the
spectral content of EEG, that is, the type of neural oscilla-
tions that can be observed in EEG signals.

[0064] The present disclosure is directed to a vehicle
system that can detect drowsiness of an occupant in a vehicle
seat. Drowsiness can be a feeling of being sleepy and
lethargic or sleepiness, without actually falling asleep. In
another example, sleeping is the extreme end of drowsiness.
The examples used herein can quantify drowsiness up to
sleeping. Drowsiness results in increased reactions time for
a driver to respond to driving conditions. When the occupant
is sleeping, then their drowsiness level would be 100%. In
the case of sleeping, a vehicle with autonomous capabilities
would lake over the driving of the vehicle. Many of the
embodiments herein are directed to detecting levels of
drowsiness short of sleeping. This will allow the vehicle
systems to activate drowsiness indicators or alarms to alter
the driver of their current state. The vehicle systems can also
alter the factors, e.g., time parameters and detection dis-
tances, to alert the driver to a potential hazard early that
normal.

[0065] While exemplary embodiments are described
above, it is not intended that these embodiments describe all
possible forms of the invention. Rather, the words used in
the specification are words of description rather than limi-
tation, and it is understood that various changes may be
made without departing from the spirit and scope of the
invention. Additionally, the features of various implement-

Apr. 25,2019

ing embodiments may be combined to form further embodi-
ments of the invention.

1. A system, comprising:

an electro-dermal potential sensing system to sense elec-

tro-dermal potential of a person and configured to
output an electro-dermal potential signal. wherein the
electro-dermal potential system includes a plurality of
contactless sensors mounted in a vehicle adjacent a
passenger;

at least one physiological sensor to measure at least one

physiological state of the person and output at least one
physiological signal; and

a controller to receive the electro-dermal potential signal

from the electro-dermal potential sensing system and
the at least one physiological signal to determine a
drowsiness state of the person, wherein the controller is
to adjust operation of a vehicle system using the
determined drowsiness state.

2. A system as recited in claim 1, further comprising:

a vehicle seat; wherein

said person is a driver seated in said seat; and

said electro-dermal potential sensing system is at least

partially integrated into the seat.

3. Asystem as recited in claim 1, wherein said at least one
physiological state includes at least one of breathing rate,
heart rate variability, and Cardiorespiratory Coupling/Syn-
chrogram (CRS).

4. The system of claim 2, wherein the control signal is to
adjust operation of an adaptive braking system in the vehicle
based on the determined drowsiness state of the driver
exceeding a drowsiness threshold.

5. The system of claim 2, wherein the plurality of con-
tactless sensors is mounted in the seat; wherein the seat
includes a head rest, and wherein the plurality of contactless
sensors includes one or more headrest sensors mounted in
the headrest to measure electro-dermal potential at a head of
the driver.

6. The system of claim 2, wherein the seat includes a
driver warning device to indicate to the driver that the
control signal representing drowsiness is output from the
controller.

7. The system of claim 2, wherein the controller measures
driver drowsiness based on individual frequency compo-
nents in the electro-dermal potential signal.

8. The system of claim 2, wherein the controller quantifies
a drowsiness state level based on the electro-dermal poten-
tial signal and the physiological signal and outputs a level
signal to adjust a time-to-impact variable in an object
avoidance calculation.

9. The system of claim 8, further comprising a camera to
sense an image of the driver and produce a video output, and
wherein the controller uses the video output to detect
drowsiness indicators, and wherein the controller uses the
drowsiness indicators to calculate the drowsiness state level
of the driver.

10. The system of claim 2, wherein the controller quan-
tifies a drowsiness state level based on both the electro-
dermal potential signal and the physiological signal and
controls a driver alert based on the drowsiness state level,
when the drowsiness state level exceeds the drowsiness
threshold, the controller activates a driver alarm or a vibra-
tion in the seat.

11. The system of claim 2, further comprising an external
sensor to detect objects external to the vehicle, the external
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sensor producing object detection signals using a sensor
range, and wherein the controller increases the sensor range
when the drowsiness state exceeds the drowsiness threshold.

12. The system of claim 2, wherein the controller receives
sensor signals from at least one of an internal video signal,
an external camera signal, a navigational position signal, a
vehicle speed signal, or combinations thereof, and wherein
the controller uses internal video signal, an external camera
signal, the navigational position signal, the vehicle speed
signal and the electro-dermal potential signal to determine a
false drowsiness state of the driver.

13. The system of claim 2, wherein the controller switches
vehicle operation from a manual mode to an autonomous
driving mode.

14. A vehicle system, comprising:

a vehicle environmental sensor system configured to
sense external objects around the vehicle and output an
external sensor signal;

a seat configured to support an occupant and to be
mounted in a vehicle;

a contactless electro-dermal potential system at least
partially integrated into the seat and configured to
output an electro-dermal potential signal,

at least one physiological sensor to measure at least one
of a heart rate, a respiration rate, heart rate variability,
and Cardiorespiratory Coupling/Synchrogram (CRS)
of the occupant in the seat and output at least one
physiological signal indicative thereof; and

a controller to receive the electro-dermal potential signal
from the electro-dermal potential system, the at least
one physiological signal and the external sensor signal
from the vehicle environmental sensor system and to
output a control signal using the electro-dermal poten-
tial signal, the at least one physiological signal and the
external sensor signal to adjust operation of the vehicle
environmental sensor system in the vehicle.

15. The vehicle system of claim 14, wherein the electro-
dermal potential system includes a plurality of contactless
sensors mounted in the seat.

16. The vehicle system of claim 14, wherein the vehicle
environmental sensor system includes a detection and rang-
ing system with a range setting to sense objects outside the
vehicle including a position and a range of an external object
and the external sensor signal includes the position and
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range of the external object, and wherein the range setting is
adjusted by the controller based on the electro-dermal poten-
tial signal, the at least one physiological signal and the
external sensor signal.

17. The vehicle system of claim 16, wherein the vehicle
environmental sensor system includes a light sensor, a
LIDAR, a camera, a radio frequency sensor, RADAR or
combinations thereof.

18. The vehicle system of claim 14, further comprising a
collision avoidance system having a trigger time based on
the control signal from the controller, and wherein the
collision avoidance system triggers an avoidance action
based on the trigger time, wherein the collision avoidance
system has a first trigger time when the drowsiness state is
not detected, a second trigger time when the drowsiness state
increases, and a third trigger time with the drowsiness state
exceeding the drowsiness threshold, wherein the second
trigger time is less than the first trigger time, and wherein the
third trigger time is less than the second trigger time and the
first trigger time.

19. A system, comprising:

an electro-dermal potential sensing system including a
plurality of contactless sensors to sense electro-dermal
potential of a person and configured to output an
electro-dermal potential signal;

a vehicle seat; wherein said person is a driver seated in
said seat, and wherein said electro-dermal potential
sensing system is at least partially integrated into the
seat;

at least one physiological sensor to measure at least one
physiological state of the person and output at least one
physiological signal; and

a controller to receive the electro-dermal potential signal
from the electro-dermal potential sensing system and
the at least one physiological signal to determine a
drowsiness state of the person;

wherein the control signal is to adjust operation of an
adaptive braking system in the vehicle based on the
determined drowsiness state of the driver exceeding a
drowsiness threshold.

20. The system as recited in claim 19, wherein said at least

one physiological state includes Cardiorespiratory Cou-
pling/Synchrogram (CRS).
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