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OCCUPANT MOTION SICKNESS SENSING

TECHNICAL FIELD

[0001] The present disclosure relates to systems with
integrated sensors to provide sensed information about the
occupant to control vehicle operation, e.g., to detect motion
sickness and deploy countermeasures in vehicles.

BACKGROUND

[0002] Motion sickness is an impairing issue for many
people, e.g., travelers of any age and gender. Motion sick-
ness of an occupant in a motor vehicle can be a potentially
unsafe situation and may be a cause of vehicle accidents
caused by the driver. Due to its nature (dissociation between
visual cue and vestibular stimuli) it is estimated to be even
more relevant with the advent of autonomous vehicles.

SUMMARY

[0003] A vehicle system with sensors to sense motion
sickness-inducing stimuli that triggers motion sickness onset
as experienced by a driver or occupant of the vehicle who
may be seated in any vehicle seat. The seat may be config-
ured to support an occupant and be mounted in a vehicle.
Various sensors may be used to detect physiological param-
eters that indicate motion sickness.

[0004] A motion sickness-inducing stimuli sensing system
is at least partially integrated into the seat and/or vehicle to
sense stimuli (i.e., frequency, magnitude, forces, displace-
ment, acceleration, jerk, etc.) that can induce motion sick-
ness in a living creature and configured to output stimuli
values (i.e., frequency, magnitude, forces, displacement,
acceleration, jerk measurements and the like). A controller is
positioned in the vehicle to receive such measurements to
determine presence of the motion sickness-inducing stimuli.
[0005] An electro-dermal potential sensing system is at
least partially integrated into the seat to sense physiological
properties of an occupant and configured to output an
electro-dermal potential signal. A controller is positioned in
the vehicle to receive the electro-dermal potential signal
from the electro-dermal potential sensing system to deter-
mine a motion sickness of the occupant.

[0006] In an example embodiment, at least one physi-
ological parameter is one or more of heart rate, respiration
rate, heart rate variability, Cardiorespiratory Coupling/Syn-
chrogram (CRS).

[0007] In an example embodiment, the control signal is to
adjust operation of a collision avoidance system or an
adaptive braking system in the vehicle.

[0008] In an example embodiment, the electro-dermal
potential system includes a plurality of contactless sensors
mounted in the seat.

[0009] In an example embodiment, 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 or other
physiological parameters.

[0010] In an example embodiment, the seat includes a
driver warning device to indicate to the driver that motion
sickness is determined by the controller.

[0011] In an example embodiment, the controller mea-
sures the motion sickness-inducing stimuli based on fre-
quency, magnitude, forces, displacement, acceleration, jerk
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etc. detected at the interface between the occupant and the
vehicle (seat, steering wheel, pedals, etc.).

[0012] In an example embodiment, the motion sickness-
inducing stimuli sensing system includes a plurality of
sensors mounted in the seat, steering wheel, pedals, any site
of contact between the occupant and the vehicle.

[0013] In an example embodiment, the controller mea-
sures motion sickness based on individual frequency com-
ponents in the electro-dermal potential signal.

[0014] In an example embodiment, the controller uses the
electro-dermal potential signal as an input to determine
driver motion sickness and when motion sickness is detected
outputs the control signal to increase a time to impact
variable in an object avoidance calculation.

[0015] In an example embodiment, the controller mea-
sures motion sickness based on physiological parameters of
one or more of heart rate, respiration rate, heart rate vari-
ability, CRS (Cardiorespiratory Coupling/Synchrogram).
[0016] In an example, embodiment, the motion sickness
stimuli sensing system includes sensors at least partially
integrated into the seat, a vehicle cabin, or both and adapted
to sense at least one of frequency, magnitude, forces, dis-
placement, acceleration, jerk, or combinations thereof.
[0017] In an example, embodiment, the vehicle includes
and an active suspension system that is adjusted to reduce
offending forces to assist the occupant to overcome the
motion sickness.

[0018] In an example, embodiment, the ride profile of the
seating system is adjusted to assist the occupant to overcome
the motion sickness.

[0019] In an example embodiment, the sensor signals can
include a video output from a cabin camera to detect
physiological parameters of the occupant. The controller can
use the video output and the electro-dermal potential signal
to determine motion sickness state of the occupant.

[0020] A vehicle system is described that include a vehicle
safety sensor system configured to sense external objects
around the vehicle and output an external sensor signal. The
vehicle system may also include a seat configured to support
an occupant and to be mounted in a vehicle and an electro-
dermal potential system at least partially integrated into the
seat and configured to output an electro-dermal potential
signal. A controller is to receive the electro-dermal potential
signal from the electro-dermal potential system, another
sensed physiological signal and the external sensor signal
and to output a control signal, using the electro-dermal
potential signal and sensed physiological signal to determine
motion sickness. The controller can adjust operation of the
vehicle safety sensor system in the vehicle based on motion
sickness determination and the external sensor signal. In an
example embodiment, the electro-dermal potential system
includes a plurality of contactless sensors mounted in the
seat of the vehicle. In an example embodiment, the sensed
physiological signal can be produced by sensors in the
vehicle cabin or in the vehicle seat.

[0021] Any of the above examples may be combined with
each other to form additional embodiments 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.
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[0024] FIG. 3 is a process flow for determining motion
sickness according to an example embodiment.
[0025] FIG. 4 is a process flow for determining motion
sickness according to an example embodiment.

DETAILED DESCRIPTION

[0026] As required, detailed embodiments of the present
invention are disclosed herein; however, it is to be undetr-
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 sensors array that can be embedded in any part of the
foam, trim, frame, headrest or a combination thereof of a
vehicle seat. The seat sensors can be contactless sensors,
which produce sensed signals, which may be combined with
other sensed signals, through the acquisition of the appro-
priate motion sickness-inducing stimuli, physiological met-
rics to determine if the seat occupant is experiencing motion
sickness. This detection or determination of motion-sickness
can be ahead of full-blown motion sickness symptoms,
which in severe cases may include nausea and vomiting. The
vehicle or seating system may employ motion sickness
countermeasure treatments upon detection of the onset of
motion sickness. The countermeasures may include non-
pharmacological countermeasures, e.g., autogenic feedback
training exercise, breathing control, non-invasive vagal
maneuvers, and the like. The present motion detection and
countermeasure can be used in any seat in a vehicle.
[0028] A number of sensors are placed in any site of
contact between the occupant and the vehicle. The sensors
(e.g., accelerometers, force transducers and the like) are
capable of detecting frequency, magnitude, force, accelera-
tion, jerk, etc. of stimuli capable of inducing motion sick-
ness. We can measure a wide range of vibrations but the
most offending frequencies are from 0.001 Hz to 10 Hz, with
a frequency of about 0.2 Hz having the greatest adverse
effect on the occupant. Frequencies in that range with at least
0.1 m/sec® magnitude recorded in the fore-aft direction,
(Y-axis) side-to-side motion (X-axis) and up and down
direction (Z-axis) are capable of inducing motion sickness.
The sensed physiological measurement or EDP brain wave
can be temporally aligned with the sensed motions. The use
of these two different sensed signals (vibration and physi-
ological measurement) can predict motion sickness with a
high degree of accuracy. Thus, the use of multiple different
types of sensed signals can be combined in a sensor fusion
effect to determine motion sickness.

[0029] A number of contactless electrodes and/or sensors
are placed in proximity of the occupant’s head and chest
cavity, e.g., embedded in the seat. The sensors are capable of
detecting Heart Rate (HR), Heart Rate Variability (HRV),
Breathing Rate (BR), Cardiorespiratory Coupling/Synchro-
gram (CRS).

[0030] The sensors embedded in the headrest are capable
of detecting EDP (e.g., EEG-like brain activity) and the
individual frequency sub-components (c., f, 0, 9). At the
onset of motion sickness, a clear and distinctive pattern will
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appear with an increased firing of the sympathetic system
and HRV reduction (e.g., a stress-like reaction). At the same
time, the power of all EDP subcomponents increase with
changes to their ratios.

[0031] In an example embodiment, machine vision data is
used in combination with the sensed EDP data and the
physical data to help to positively identify positions and
activities that tend to induce motion sickness. This can be
used in the vehicle to assist the occupant in to reduce
activities that induce motion sickness.

[0032] At least one of the sensors uses non-contact detec-
tion at a distance to determine the electro-dermal potential
(EDP) originating primarily from cortical activity. This will
reveal high-level central nervous system (CNS) functions,
such as motion sickness. The systems described herein
employ real-time processing of the electrical potential fluc-
tuations, 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
system, through the acquisition of the appropriate physi-
ological metrics, and use of a software algorithm, is capable
of determining if the occupant is about to experience motion
sickness or is experiencing motion sickness.

[0033] 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 controller 102 can be used
to determine motion sickness of an occupant of a set or a
vehicle. 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.
[0034] 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, motion sickness 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. The displays can also be anti-motion sickness
images produced by the controller 102.

[0035] The internal camera 104 can sense physiological
parameters of a vehicle occupant. The camera 104 can
monitor the occupant’s eye and/or musculoskeletal position-
ing. Certain eye movements or musculoskeletal positioning
can be indicative of motion sickness.

[0036] 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 or anti-motion sickness instructions as
described herein based on instruction from the controller
102. The audio output can be spoken words or tones to
indicate anti-motion sickness instructions, change in set-
tings, imminent danger, activation of collision warning
system or combinations thereof.

[0037] Avehicle speed sensor 107 is provided to detect the
speed of the vehicle and provide a speed signal to the
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controller 102. The vehicle speed can be used as a possible
indicator of motion sickness. Vehicle speed can be stored
when motion sickness is detected. In an example, a person
may experience motion sickness at certain speeds.

[0038] 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,
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.
The position of the vehicle may be used as an input for
motion sickness detection. In an example, a person may
experience motion sickness at certain the vehicle locations.
The vehicle locations that may trigger motion sickness
include, but are not limited to, hilly roadways, roads where
stop and go traffic typically occurs, and the like.

[0039] An alarm 109 is positioned in the cabin. The alarm
109 can include mechanical alarms like vibration devices
that can be positioned in the steering wheel or the seat. The
alarm 109 can be a signal to vibrate a mobile electronic
device associated with the vehicle and a passenger in the
vehicle. The alarm 109 can be triggered when motion
sickness is detected.

[0040] 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 seat 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 150, 155,
and 156 can detect other biometric information.

[0041] A brake system 111 is provided to brake the wheels
of the vehicle. The brake system 11 can be activated by the
driver and can also be activated automatically by the con-
troller, e.g., when motion sickness is detected and when a
crash is detected as imminent or an imminent danger is
detected as described herein.

[0042] 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. When
motion sickness is determined, the scanning range of the
laser system 112 can be changed, e.g., increased.

[0043] 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. When motion sickness is deter-
mined, the scanning range of the RADAR system 112 can be
changed, e.g., increased.
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[0044] 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.

[0045] 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
in the vehicle cabin, e.g., by rails. A headrest 203 may be
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 second
occupant. The plurality of second sensors 155 may include
at least one sensor that does not sense EDP signals but can
sense other physiological parameters of the person. One or
more third sensors 156 are positioned in the seat base 201.
The third sensors 156 may also sense non-EDP signals, such
as physiological parameters of the person. 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 to develop raw EDP signals, which are
filtered the raw signals to produce analysis signals including
frequency components relevant to EDP of the person in the
seat while attenuating unrelated frequency components.
[0046] In another aspect, a method is provided for moni-
toring a person including brain waves, e.g., EDP signals and
physiological parameters. The method includes positioning
a brain waves sensor adjacent the head to sense brain waves
and a sensor at least proximate to portions of the skin of the
body below the head to develop physiological parameters of
the person. The raw sensed signals can be processed to
produce at least one bandpass-filtered state-indicating signal
representative of raw signal magnitude within a predeter-
mined frequency range as an indication of the motion
sickness of the person.

[0047] The sensors 150, 155 can also sense respiration
rate, pulse rate, temperature, pulse volume, EDP on a limb,
systolic blood pressure, diastolic blood pressure, vagal tone,
coherence between respiration and heart rate, and the like.
Sensors can also be positioned on the steering wheel to sense
finger pulse volumes, which can be used as an input to
determining motion sickness. Seat sensors 160 are posi-
tioned in the seat base or seat back. The seat sensors 160 can
sense motion being experiences by the seat occupant. The
seat sensors 160 can include an accelerometer, a force
transducer, gyroscopes or the like. The sensors 160 can be
integrated circuits or mems devices. The seat sensors 160
can detect motion in a frequency range of the 0.001 Hz to 10
Hz, with a frequency of about 0.2 Hz with at least 0.1 m/sec2
magnitude recorded in the fore-aft direction, (Y-axis) side-
to-side motion (X-axis) and up and down directions
(Z-axis).

[0048] Sensors 161 are mounted are in the vehicle cabin,
e.g., in the control pedals, steering wheel, and the like that
can be in contact with the vehicle occupant. The cabin
sensors 161 can sense motion being experiences by the seat
occupant. The sensors 161 be similar to the sensors 160 and
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can include an accelerometer, a force transducer, gyroscopes
or the like. The sensors 161 can be integrated circuits or
mems devices. The sensors 161 can detect motion in a
frequency range of the 0.001 Hz to 10 Hz, with a frequency
of about 0.2 Hz with at least 0.1 m/sec2 magnitude recorded
in the fore-aft direction, (Y-axis) side-to-side motion
(X-axis) and up and down directions (Z-axis). The sensors
161 can be integrated into a wearable that the occupant is
wearing. Such a wearable will be in communication with the
vehicle so that its sensed signals can be transmitted to the
vehicle controller for processing. The sensors 161 can be
part of a mobile communication device, e.g., a mobile
smartphone or tablet, that is in communication with the
vehicle so that its sensed signals can be transmitted to the
vehicle controller for processing.

[0049] FIG. 3 shows process 300 that can be implemented
in the vehicle 100 to sense possible motion sickness of the
occupant of the seat. At 301, the driver or occupant is sensed
in the vehicle seat. This launches a motion sickness deter-
mination algorithm at 302. The motion sickness determina-
tion algorithm 302 loads instructions from vehicle memory
to controller circuitry. At 303, the seat occupant is moni-
tored, which can include EDP sensing using the contactless
sensors 150 and sensing other physiological parameters of
the occupant. The use of two or more inputs, including an
EDP signal and non-EDP signals, to determine motion
sickness. At 304, it is determined whether the occupant is
about to experience or is experiencing motion sickness. If no
305, the process returns to step 303 and the occupant is
continued to be monitored. If yes 306, then the vehicle will
launch motion sickness countermeasures at 307.

[0050] The driver or occupant sensed in the vehicle seat
301 also determines the individual person in the seat. Each
individual may have a different motion sickness suscepti-
bility. For example, a vehicle may be driven by multiple
drivers, e.g., a husband, a wife, and a child. The individual
in the seat can be identified by the sensors, e.g., by physical
characteristics such as weight, height, facial recognition and
the like. A key fob can also be used to identify an individual
in the driver seat. The autogenic feedback therapy takes into
account a stimulus response specificity, e.g.. a tendency for
a stimulus to evoke a consistent pattern of physiological
responses from a group of individuals, and. individual
response stereotypy, €.g., the tendency that an individual has
to respond with the same physiological pattern.

[0051] At 303, the EDP signals are used to detect a motion
sickness of the driver. 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 relation-
ships between these sub-signals can be used to determine
whether the driver is distracted from the task of driving. The
patterns of the sub-signals or the ratios of multiple sub-
signals to each other can be used to determine is if motion
sickness is about to start or is occurring.

[0052] At 303, a cockpit camera can be used to detect
physiological parameters of the driver or occupant in the
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vehicle seat. The camera can detect movement or lack of
movement of the driver, facial features of the driver, tem-
perature, breathing rhythms, or combinations thereof. The
camera data can be video signals sent to a data processor in
the controller to determine if the physiological parameters
matches a stored motion sickness pattern. Examples of
motion sickness patterns can stored in vehicle memory.

[0053] The motion sickness countermeasures 307 can
include at least one of autogenic feedback, neuromodulation,
PEMF, active breathing control coaching or combinations
thereof. The autogenic feedback can be provided by the
vehicle, e.g., through the entertainment unit. The autogenic
feedback can communicate to the occupant experiencing
motion sickness through audible commands through the
vehicle speakers and visuals shown on displays. The audible
commands can encourage the occupant to perform various
acts to counter the motion sickness. The monitoring of the
EDP and other physiological parameters occurs while the
autogenic feedback is being performed. Examples of auto-
genic feedback can include direction for the occupant to
reduce the extrinsic stimuli, such as light and sound. The
vehicle may reduce the light level in the vehicle. The sound
in the vehicle can also be reduced by either reduce volume
from the entertainment system or produce noise cancelation
from the sound system to seemingly lower the sound level
in the vehicle. The vehicle can direct the person experienc-
ing motion sickness as determined as described herein to
wear headphones that are in communication with the vehicle
entertainment system. The headphones can then provide
autogenic feedback to the person that is different than
general cabin. The vehicle can determine which autogenic
feedback works to reduce motion sickness in real time, while
the occupant is in the vehicle. The autogenic feedback can
include a respiration exercise, which may simultaneously
teach the person to divide his/her attention. For instance, a
metronome signal from the vehicle can be used to cause the
person to synchronize the rate and depth of their breathing.

[0054] FIG. 4 shows a process 400 that can be imple-
mented in the vehicle 100 to sense possible motion sickness
of the occupant of the seat. At 401, the driver or occupant is
sensed in the vehicle seat. At 401, the driver or occupant
sensed in the vehicle seat determines the individual person
in the seat, using the process as described with reference to
step 301. This launches a motion sickness determination
algorithm at 402. The motion sickness determination algo-
rithm 402 loads instructions from vehicle memory to con-
troller circuitry. At 403, the seat occupant is monitored,
which can include EDP sensing using the contactless sensors
150 and sensing other physiological/motion sickness stimuli
parameters of the occupant using other sensors 155, 160,
161. The sensing 403 can include the steps as described
above with reference to step 303. The use of two or more
inputs, including an EDP signal and motion sickness sensed
parameters to determine motion sickness. At 404, it is
determined whether the occupant is experiencing possible
motion sickness or about to experience, or is experiencing
motion sickness using at least two sensed signals relating to
the occupant. If “NO” at 409, the process checks for other
conditions, e.g., distractedness or drowsiness and returns to
step 403 and the occupant is continued to be monitored. If
“YES” 405, then the vehicle will launch other seat sensors
to detect nauseating motions or signals at the occupant at
406. The sensors 160, 161 can be used to sense the motion
being experienced by the occupant. The sensed signals can
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be motion signals, signals at a seat or other vehicle contact
to the occupant. The motion can be array of accelerometers
and/or gyroscopes and/or force transducers to measure the
lateral oscillations, fore-aft oscillations, and vertical oscil-
lations to determine frequencies, magnitude, force, relative
acceleration, jerk and snap of the vehicle/seat system as a
representative of that is being experienced by the occupant.
The oscillation measurement by the sensors can include
frequencies, relative acceleration, jerk and snap of the
vehicle/seat system. The oscillations can be measured in a
nauseogenic range of frequencies (0.1-10.0 Hz). These
oscillations are tracked in time to correlate these with the
biometric parameters to further provide data relating to
motion sickness.

[0055] If the motion is a nausogenic and triggering motion
sickness, then the decision 406 results in a “YES at 407 and
launches motion sickness counter measures at 408.

[0056] Ifstep 406 does not confirm motions sickness, then
the process results in a NO at 409 and the process moves to
a check for other occupant conditions. Other occupant
conditions can include distractedness or drowsiness.
Examples are described in co-pending patent application
Ser. No. 15/792,085, filed Oct. 24, 2017, titled DROWSI-
NESS DETECTION SYSTEM, which is incorporated
herein in its entirety.

[0057] Embodiments of the presently described motion
sickness detection may provide a specificity and a precision
to the detection motion sickness and reduce the number of
false positives of motion detection. The seat and/or the
vehicle may include an array of accelerometers and/or
gyroscopes and/or force transducers to measure the lateral
motion, fore-aft motion, and vertical motion, e.g., oscilla-
tions, to determine frequencies, magnitude, force, relative
acceleration, jerk and snap experienced by the occupant,
e.g., using the vehicle/seat system as described herein. The
seating system may include an active suspension system to
determine the frequencies, relative acceleration, jerk and
snap of the vehicle/seat system. The motion sickness detec-
tion methods and system can detect a nauseogenic range of
frequencies (e.g., 0.01-10 Hz) and within the same time
range a change in the occupant’s biometric make up (e.g.,
brain signals, heart rate, heart rate variability, breathing rate)
suggesting onset of motion sickness is detected. then a
warning and/or a number of countermeasures to motion
sickness can be activated.

[0058] A vehicle system is described that can include a
global positioning system (e.g., GPS in North America)
configured to monitor and track global positioning of the
vehicle. A vehicle system is configured to share motion
sickness data between infrastructure and/or other vehicles. A
seat is 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 seat to sense at least one physiological parameter of the
occupant. A controller is configured to receive the electro-
dermal potential signal from the electro-dermal potential
system and the physiological parameter to determine motion
sickness. The controller outputs a control signal based on
determination of motion sickness. The vehicle can use the
output signal to adjust operation of the vehicle safety sensor
system in the vehicle. In an example embodiment, the GPS
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routing features may be configured to avoid routes known to
induce motion sickness in a given population of drivers who
have traveled a given route.

[0059] Long term data related to motion sickness detection
can be processed secondary 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 external server, e.g,,
over WIFI, mobile communication networks, such as cellu-
lar communications, and the like. The long-term motion
sickness calculations may be used to alter the instructions
for determining motion sickness. The present disclosure
quantifies the motion sickness status of the driver. The
vehicle can use the motion sickness 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 accidents.

[0060] The present system can be used in an autonomous
vehicle, e.g., a level 1-2 automobile, the vehicle needs to
know the level of distraction due to motion sickness, to be
able to judge the most appropriate time to switch from
manual to autonomous drive and vice-versa.

[0061] This system is beneficial to all modes of transpor-
tation extending even beyond automotive and personal
vehicle.

[0062] The present disclosure illustrates a controller 102.
It is within the scope of the present disclosure for the
controller 102 to represent multiple processors, memories
and electronic control units, which can work independently
with various systems to affect the functions and tasks
described herein. The vehicle may use a more distributed
controller system then a single controller and remain within
the scope of the present disclosure. The controller 102
include circuitry to execute processing of inputs to produce
an output signal.

[0063] One example of electro-dermal potential may be a
type of electroencephalography (EEG), which is an electro-
physiological monitoring method to record electrical activ-
ity of the brain. It is typically noninvasive, with the elec-
trodes 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
aperiod 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] 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-
ing embodiments may be combined to form further embodi-
ments of the invention.

What is claimed is:
1. A vehicle seating system, comprising:

a seat configured to support an occupant and to be
mounted in a vehicle;
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a motion sickness-inducing stimuli sensing system to
sense stimuli capable of inducing motion sickness in
the occupant and configured to output sensed stimuli
values;.

an electro-dermal potential sensing system at least par-
tially integrated into the seat to sense the occupant and
configured to output an electro-dermal potential signal;
and

a controller to receive the electro-dermal potential signal

from the electro-dermal potential sensing system and
the sensed stimuli signal to determine a motion sick-
ness experienced by the occupant and to launch a
motion sickness countermeasure for the occupant in the
vehicle.

2. The vehicle seating system of claim 1, wherein the
motion sickness countermeasure includes autogenic feed-
back to the occupant through a vehicle system.

3. The vehicle seating system of claim 1, wherein the
motion sickness countermeasure includes active breathing
coaching through an entertainment system of a vehicle.

4. The vehicle seating system of claim 1, wherein the
physiological sensor includes a heart rate sensor to detect
heart rate of the occupant.

5. The vehicle seating system of claim 1, wherein the
physiological sensor includes detection of a heart rate vari-
ability, and wherein the controller detects a decrease in heart
rate variability to indicate motion sickness.

6. The vehicle seating system of claim 1, wherein the
physiological sensor includes detection of a breathing rate,
and wherein the controller detects an increase in breathing
rate to indicate motion sickness.

7. The vehicle seating system of claim 1, wherein the
controller measures motion sickness based on individual
frequency components in the electro-dermal potential signal.

8. The vehicle seating system of claim 7, wherein the
controller measures motion sickness based on an increase in
power in the individual frequency components in the elec-
tro-dermal potential signal.

9. The vehicle seating system of claim 1, wherein the
controller uses the electro-dermal potential signal to detet-
mine motion sickness of the driver in the seat and when
motion sickness is detected outputs the control signal to
increase a time to impact variable in an object avoidance
calculation.

10. The vehicle seating system of claim 1, wherein the
sensor signals includes a video output from a cabin camera
to detect the occupant, and wherein the controller uses the
video output and the electro-dermal potential signal to
determine the motion sickness of the driver.

11. The vehicle seating system of claim 1, wherein the
controller outputs video signals to a display to advice the
occupant to overcome motion sickness as detected.

12. The vehicle seating system of claim 1, wherein the
motion sickness stimuli sensing system includes sensors at
least partially integrated into the seat, a vehicle cabin, or
both and adapted to sense at least one of frequency, mag-
nitude, forces, displacement, acceleration, jerk, or combina-
tions thereof.
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13. The vehicle system of claim 1, wherein the vehicle
includes and an active suspension system that is adjusted to
reduce offending forces to assist the occupant to overcome
the motion sickness.

14. A vehicle system, comprising:

a vehicle safety sensor system configured to sense exter-
nal objects around the vehicle and output an external
sensor signal;

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

an electro-dermal potential system at least partially inte-
grated into the seat and configured to output an electro-
dermal potential signal;

a physiological sensor in the seat to sense at least one
physiological parameter of the occupant; and

a controller to receive the electro-dermal potential signal
from the electro-dermal potential system and the physi-
ological parameter to determine motion sickness, the
controller outputs a control signal based on determina-
tion of motion sickness, and the output signal adjusts
operation of the vehicle safety 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
safety sensor system includes a detection and ranging sys-
tem with a range setting to sense objects outside including
a position and a range of an external object and the external
sensor signal includes the position and range of the external
object.

17. The vehicle system of claim 16, wherein the controller
outputs a range extension signal when the controller deter-
mines that the driver is experiencing motion sickness, and
wherein the vehicle safety system extends the range setting
when the controller outputs the range extension signal.

18. The vehicle system of claim 17, 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.

19. The vehicle system of claim 18, wherein the collision
avoidance system has a first trigger time when motion
sickness is not detected and a second trigger time when
motion sickness is detected, the second trigger time being
less than the first trigger time.

19. The vehicle system of claim 1, wherein the ride profile
of the seating system is adjusted to assist the occupant to
overconie the motion sickness

20. A vehicle system, comprising:

a vehicle safety sensor system configured to monitor and
track global positioning;

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

an electro-dermal potential system at least partially inte-
grated into the seat and configured to output an electro-
dermal potential signal;

a physiological sensor in the seat to sense at least one
physiological parameter of the occupant; and

a controller to receive the electro-dermal potential signal
from the electro-dermal potential system and the physi-
ological parameter to determine motion sickness, the
controller outputs a control signal based on determina-
tion of motion sickness, and the output signal adjusts
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operation of the vehicle safety sensor system in the
vehicle, wherein the GPS routing features may be
configured to avoid routes known to induce motion
sickness of the main occupant.
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