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NON-CONTACT BODY AND HEAD BASED
MONITORING OF BRAIN ELECTRICAL
ACTIVITY

INCORPORATION BY REFERENCE

[0001] This present disclosure claims the benefit of U.S.
Provisional Application No. 62/329,259, “Non-Contact
Body and Head-Based Monitoring of Brain Electrical Activ-
ity” filed on Apr. 29, 2016, which is incorporated herein by
reference in its entirety.

BACKGROUND

[0002] The background description provided herein is for
the purpose of generally presenting the context of the
disclosure. Work of the presently named inventors, to the
extent the work is described in this background section, as
well as aspects of the description that may not otherwise
qualify as prior art at the time of filing, are neither expressly
nor impliedly admitted as prior art against the present
disclosure.

[0003] The term electroencephalography (EEG) generally
refers to the measurement of electrical activity produced by
the brain as measured or recorded from electrodes placed on
the scalp of a person. The resultant electrical signals from
the electrodes are correspondingly termed EEG signals, and
are based on the electrical activity within the brain of a
person. Such electrical activity is commonly termed “brain-
wave” activity. A related term, electroencephalogram, refers
to a graphic record produced by an EEG.

[0004] A system for naming points on the scalp or head
where EEG electrodes are attached has been developed.
Thus, the International “10-20” system is widely used to
describe the location of EEG scalp electrodes for standard-
ization. The 10-20 system is based on the surface placement
of' the electrode and its relationship to the underlying area of
cerebral cortex. The “10” and “20” refer to the actual
distances between adjacent electrodes as either 10% or 20%
of the total front-back or right-left distance of the skull.
Further, the letters F, T, C, P and O, which stand for Frontal,
Temporal, Central, Parietal and Occipital, respectively, are
used to identify the lobe over which the sensor is placed. A
number is further used to identify the hemisphere location.
Even numbers (2, 4, 6, 8) refer to electrode positions on the
right hemisphere, and odd numbers (1, 3, 5, 7) refer to
electrode positions on the left hemisphere.

SUMMARY

[0005] Aspects of the disclosure relate to a monitoring of
electrical activity within a brain or body of a person acquired
from a distance without contact to the brain or body of the
person for purposes such as, but not limited to, biofeedback-
based attention training, monitoring cognitive state, moni-
toring emotions, monitoring drowsiness, monitoring stress,
monitoring cognitive load, human performance training,
gaming, and relaxation training.

[0006] Aspect of the disclosure may provide a non-contact
electroencephalography (EEG) device for monitoring elec-
trical activity generated by a brain of a person. The device
can include a non-contact sensor that can be configured to
detect electrical signals that include electrical signals pro-
duced by the brain of the person without making contact
with the person. The device may further include an ampli-
fying device coupled to the non-contacting sensor that is
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configured to generate analysis signals corresponding to the
electrical activity generated by the brain of the person in
proximity to the non-contacting sensor by attenuating fre-
quency components of the detected electrical signals that are
unrelated to the analysis signals, while amplitying frequency
components of the detected electrical signals that are related
to the analysis signals. The non-contact electroencephalog-
raphy (EEG) device can also include a processor that is
configured to analyze the analysis signal to detect patterns in
the analysis signal corresponding to a state of the person in
proximity to the non-contacting sensor.

[0007] In further aspects of the disclosure, the non-contact
electroencephalography (EEG) device, can detect a state of
the person in proximity to the non-contacting sensor that
includes at least one of an emotional state, a cognitive load
state, and an alertness state of the person in proximity to the
non-contacting sensor. Further, when the processor detects a
pattern corresponding to a predetermined state of the person
in proximity to the non-contacting sensor, the processor can
transmit an action signal to another device to take a subse-
quent action.

[0008] The non-contact electroencephalography (EEG)
device according to the disclosure can include a processor
that is configured to analyze the analysis signal to detect
patterns in the analysis signal corresponding to an activity of
the person in proximity to the non-contacting sensor. The
activity of the person in proximity to the non-contacting
sensor may include the moving of a head of a person in an
affirmative gesture or a negative gesture. Further, the activity
of the person in proximity to the non-contacting sensor can
include the moving a head or a body of a person in into or
out of proximity to the non-contact sensor, so that the
non-contact electroencephalography (EEG) device detects
whether a space monitored by the non-contact sensor is
occupied or unoccupied, respectively, by the person. Addi-
tionally, when the processor detects a pattern corresponding
to an activity of the person in proximity to the non-contact-
ing sensor, the processor can transmit an action signal to
another device to take a subsequent action.

[0009] Aspect of the disclosure can also include a non-
contact electroencephalography (EEG) device where the
non-contact sensor is integrated into at least one of a
headrest, seat, stantion, and visor. Further, the non-contact
sensor can be located remotely from a head of the person and
adjacent to at least one of a neck, back, and gluteus of the
person. The non-contact sensor can be configured in a bar
array configuration or a concentric ring array configuration.
[0010] Additional aspects of the disclosure can provide a
non-contact electroencephalography (EEG) device where
the amplifying device can further include a high pass filter
that is coupled to the non-contact sensor and that is config-
ured to generate a first filtered signal by attenuating low
frequency components of the detected electrical signals. The
amplifying device may also include a first amplifier that is
coupled to the high pass filter and that is configured to
generate a first amplified signal by amplifying components
of the first filtered signal that are related to the analysis
signals. The amplifying device can further include a second
amplifier that is coupled to the first amplifier and that is
configured to generate a second amplified signal by ampli-
fying components of the first filtered signal that are related
to the analysis signals. The amplifying device may also
include a low-pass filter that is coupled to the second
amplifier and that is configured to generate a second filtered
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signal by attenuating high frequency components of the
second amplified signal. In further embodiments, the ampli-
fying device can include a third amplifier that is coupled to
the low-pass filter and that is configured to generate the
analysis signal by amplifying components of the second
filtered signal that are related to the analysis signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Various embodiments of this disclosure that are
proposed as examples will be described in detail with
reference to the following figures, wherein like numerals
reference like elements, and wherein:

[0012] FIG. 1 is a schematic representation of a non-body
contact directional EEG device according to an exemplary
embodiment of the disclosure;

[0013] FIG. 2 is a schematic representation of a non-body
contact directional EEG device according to an exemplary
embodiment of the disclosure;

[0014] FIG. 3 is a schematic representation of a non-body
contact directional EEG device according to an exemplary
embodiment of the disclosure;

[0015] FIG. 4 illustrates a non-body contact directional
EEG device according to an exemplary embodiment of the
disclosure directed to a back of a head of a person;

[0016] FIG. 5 illustrates a non-body contact directional
EEG device according to an exemplary embodiment of the
disclosure directed to the back of the head of a person from
a headrest;

[0017] FIG. 6 illustrates a non-body contact directional
EEG device according to an exemplary embodiment of the
disclosure directed to a back of a person from a seatback;
[0018] FIG. 7 illustrates a non-body contact directional
EEG device according to an exemplary embodiment of the
disclosure directed to the back of a neck of a person without
touching the skin of the person;

[0019] FIG. 8 illustrates a non-body contact directional
EEG device according to an exemplary embodiment of the
disclosure directed from an automobile visor to a forehead
of a person without touching the skin of the person;
[0020] FIG. 9 illustrates a non-body contact directional
EEG device according to an exemplary embodiment of the
disclosure directed to a top of the head of a person without
touching the skin of the person from an automobile ceiling;
[0021] FIG. 10 illustrates a non-body contact directional
EEG device according to an exemplary embodiment of the
disclosure directed to a gluteus of a person without touching
the skin of the person from a seat bottom;

[0022] FIG. 11 illustrates a non-body contact directional
EEG device according to an exemplary embodiment of the
disclosure directed to a side of a person without touching the
skin of the person from a stanchion;

[0023] FIG. 12 illustrates a non-body contact directional
EEG device according to an exemplary embodiment of the
disclosure directed to anywhere on a body or head of a
person without touching the skin of the person from a
handheld device;

[0024] FIG. 13 A illustrates an exemplary bar array sensor
configuration for use with a non-body contact directional
EEG device according to the disclosure;

[0025] FIG. 13 B illustrates an exemplary concentric rings
array sensor configuration for use with a non-body contact
directional EEG device according to the disclosure;
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[0026] FIG. 14 A illustrates an exemplary non-body con-
tact directional EEG device that is positioned in proximity to
a user;

[0027] FIG. 14 B illustrates an exemplary signal that can
be detected by a non-body contact directional EEG device
that is positioned in proximity to a user;

[0028] FIG. 15 A illustrates an exemplary non-body con-
tact directional EEG device that is positioned in proximity to
a person;

[0029] FIG. 15 B illustrates an exemplary signal that can
be detected by a non-body contact directional EEG device
that is positioned in proximity to a user;

[0030] FIG. 16 A shows exemplary signals detected by a
non-body contact directional EEG device when a person is
in proximity to the device; and

[0031] FIG. 16 B shows exemplary signals detected by a
non-body contact directional EEG device when a person is
not in proximity to the device.

DETAILED DESCRIPTION OF EMBODIMENTS

[0032] The apparatus and methods described in this dis-
closure can monitor brainwave activity of an individual
without electrode attachment to the head or body of the
individual. As described by this disclosure, non-contacting
sensors can be placed proximate to portions of the head or
body without touching either the skin of the head or body.
For example, the non-contacting sensors may be used at a
distance of six or more inches away from the body and
obtain an EEG signal through various materials, such hair,
clothing, upholstery, and the like. Additionally, the apparatus
and methods for monitoring brainwaves described by this
disclosure do not require signal injection into a subject.
Further, the apparatus and methods for monitoring brain-
waves described by this disclosure can be used anywhere on
the body to acquire EEG signal in a manner similar to the
famed ‘Tricorder’ of the Star Trek television series.

[0033] In embodiments, the apparatus may be integrated
into a single device or multiple devices where sensors can be
wired or wireless coupled to electronic circuitry that typi-
cally includes a processor that is configured to perform
signal processing and analysis functions. In such an embodi-
ment, a body-directional mount including sensors can be
directed toward the head or body of an individual and be in
communication with a separate processor that is configured
to perform analysis, such as signal processing. Alternative
embodiments can employ a single self-contained unit
directed to the head or body that performs all data collection,
signal processing, and analysis functions. Another embodi-
ment employs a body-directional mount that is directed
toward the head in communication with a separate analysis
computer. Yet another embodiment employs a single self-
contained unit directed to the body below the head perform-
ing all data collection, signal processing, and analysis func-
tions. As described herein, none of the embodiments make
contact with the skin of the body or head of a person being
monitored.

[0034] Studies of the brain have found that EEG signals
include a number of components, including signals resulting
from rhythmic activity that fall within a number of fre-
quency bands. Generally accepted terminology for signals
within these various frequency bands includes delta (up to 3
Hz), theta (4 Hz to 8 Hz), alpha (8 Hz to 12 Hz), beta (12
Hz to about 30 Hz), and gamma (approximately 26 Hz to
100 Hz). Although these different brainwave signals are
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produced simultaneously and in combination, the frequency
band within which signals are dominant (strongest) at any
point in time is an indication of the state of consciousness of
a person, or of the physiological state of the person.
[0035] As examples, during sleep, the brain produces
dominant slow delta waves with a frequency range up to 3
Hz. These tend to be the highest in amplitude and are the
slowest waves. Theta waves in the frequency range from 4
Hz to 8 Hz are commonly associated with daydreaming or
being in the twilight of sleep or drowsiness. Alpha waves in
the frequency range from 8 Hz to 12 Hz are indicative of
relaxation. Beta waves in the frequency range from 12 Hz to
about 30 Hz are associated with active thinking or alertness.
Gamma waves in the frequency range approximately 26 Hz
to 100 Hz are theorized to represent cohesiveness of differ-
ent populations of neurons working together to form a
network for the purpose of carrying out a certain cognitive
or motor function. Because of filtering properties of the skull
and scalp, gamma waves can are generally recorded by using
electrodes placed directly on the exposed surface of the
brain through an invasive procedure known as electrocor-
ticography (ECoG) which requires a craniotomy.

[0036] Signal acquisition for monitoring electrical activity
within the brain has been conventionally limited to the use
of electrodes attached to the human head, and typically to
the scalp, for a variety of reasons. Electrode placement on
the head can be limiting for a variety of reasons. As one
example, if a person is active in a sport or movement,
electrical activity within the brain cannot be accurately
monitored using head-bound EEG electrodes because the
movement of the head during the activity interferes with the
signal acquisition itself by creating artifacts. Moving elec-
trodes can disrupt signal input/output. Also, if a person has
a head injury or traumatic brain injury (TBI), that person
may not be able to withstand sensors placed on the head due
to tissue damage. For use in a vehicle, attachment of
electrodes to the head has been rejected by the public.
Contact or even close proximity to the skin of the head
incorporated in traditional wired EEG acquisition sensors
and modern consumer headsets have made EEG use some-
what prohibitive in the consumer marketplace. For example,
they can reinforce a negative science fiction stereotype that
connotes an intimidating or frightening effect attributable to
visible wires attached to the head.

[0037] The apparatus disclosed herein can be particularly
useful in the fields of monitoring EEG-based biofeedback,
detecting cognitive state, detecting human emotions, detect-
ing cognitive load, and detecting drowsiness and sleep.
However, such are by way of example only, and not limi-
tations. Accordingly, embodiments of the disclosure may be
employed to acquire and analyze signals based on electrical
activity within the brain of a person for a wide variety of
purposes.

[0038] For example, the apparatus can be used in vehicles,
such an automobile or airplane, to detect attention/distrac-
tion of a vehicle operator. Additionally, the apparatus can be
used to measure cognitive load of a vehicle operator, such as
the balance between short-term memory which briefly stores
information and working memory which minimally pro-
cesses information before it gets placed in long-term
memory. A vehicle operator’s performance can be impaired
with too great a cognitive load, i.e., too much information to
process. This can include the operator’s ability to detect
safety-critical events. Contributors to cognitive overload are
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often engineered into modern vehicles and can include
infotainment systems, navigation systems, telecommunica-
tions, and the like. These devices can be deadly when
coupled with distraction caused by moving one’s eyes from
the road to interact with such devices.

[0039] The apparatus can also be used in vehicles to detect
operator drowsiness. Conventional eye detection or ocular
techniques monitor eye droop and eye blinks to detect
drowsiness. Detection by these techniques can often occur
too late, as the driver is very close to full sleep by the time
drowsiness is actually detected. The apparatus described in
this disclosure has the potential to detect drowsiness far
sooner than the conventional ocular technology.

[0040] Further, the apparatus can be used to control
devices. For example, based on a detected brain activity, the
apparatus can be used to change the music that is played in
a vehicle based on the driver’s emotional state, change the
air temperature by monitoring the driver’s stress level, or
even simplify the digital displays should the driver’s cog-
nitive load become too great.

[0041] In an embodiment, the apparatus may be incorpo-
rated into anything that comes into proximity with a person
to be monitored, such as a headrest of a seat. The apparatus
is able to perform non-contact monitoring of an individual
that is a distance away from the apparatus, for example, 10
inches away. Further, materials, such as turbans, hats, hair,
and the like, have little effect on signal detection. When
incorporated into a headrest, relevant portions of the head-
rest can be selected from a material that causes minimum
electro-magnetic interference (EMI).

[0042] In yet other embodiments, the apparatus can be
used to measure brainwave activity that are indicative of any
activity. Once an activity is sensed, the apparatus can trigger
further action. For example, the apparatus can be placed in
headrests to monitor the responses to an audience viewing a
new product, such as during a product ‘pitch.” The apparatus
can also be placed in headrests in casinos with video
gambling, for example, so that the apparatus can detect
disinterest, allowing the game to modify itself and keep the
gambler in the chair longer. Additionally, the apparatus can
be placed in mattresses where it can monitor the sleep of the
sleeper (passive monitoring), and if the sleeper is experi-
encing insomnia, it can allow them to control an app on, for
example, a tablet, PC, or phone, which will help induce sleep
brain patterns, therefore allowing them to fall or remain
asleep. Further, the apparatus can be placed in furniture (as
well as some mattresses) where it can allow the recliner to
fully recline if it senses that the user falls asleep. In a smart
home or office environment, the apparatus can interact with
smart devices. For example, if the apparatus detects that a
person falls asleep, then the apparatus can signal other
devices to turn off the lights, locks the doors, turn off the TV,
and set a thermostat to a favorite sleeping temperature.
[0043] Specific examples of EEG-based biofeedback
employed in attention training and in computerized training
apparatus are disclosed in Freer U.S. Pat. No. 6,097,981
titled “Electroencephalograph Based Biofeedback System
and Method;” in Freer U.S. Pat. Nos. 6,402,520 and 6,626,
676 titled “Electroencephalograph Based Biofeedback Sys-
tem For Improving Learning Skills;” and in Freer U.S. Pat.
Appl. Pub. No. 2004/0230549 titled “Systems and Methods
for Behavioral Modification and Behavioral Task Training
Integrated with Biofeedback and Cognitive Skills Training.”
Specific examples of EEG-based biofeedback employed in
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human performance training are disclosed in Freer U.S.
patent application Ser. No. 12/112,528, filed Apr. 30, 2008,
titled “Training Method and Apparatus Employing Brain-
wave Monitoring.” All of the above are hereby incorporated
herein by reference in their entirety into the present appli-
cation.

[0044] Generally, single neurons are not measured by an
EEG as the electrical field produced by ionization of neu-
rotransmitters in the synaptic cleft can be too small to be
detected. Instead, an EEG signal is the result of hundreds of
thousands to millions of neurons firing. It is suspected that
pyramidal neurons produce EEG signal as they are close to
the surface of the cortex and are spatially aligned. Thus,
EEG is a summation of at least hundreds of thousands to
millions of neurons which produces a field of energy also
termed volume conduction. The minute EEG signal pro-
duced by cells close to the surface of the cortex must travel
through multiple media (cerebrospinal fluid, meninges,
skull, and dermis) before reaching the surface of the dermis
where the sensors detect it. Thus, it can be polluted,
smeared, or otherwise distorted even under the best circum-
stances. Indeed, an EEG poorly measures neural activity that
occurs below the upper layers of the brain (the cortex).
Further, unlike a functional magnetic resonance imaging or
functional MRI (fMRI) which can view active brain regions,
an EEG requires protracted analysis to even suggest what
areas are activated by a particular response.

[0045] An EEG then, is a field of energy that encompasses
a wide area over the neurons that are producing the signal.
Conventionally, these minute signals can be monitored by
placing sensor plates directly over the field or millimeters
from it, such as in a skull cap worn by a person. This method
essentially forgoes the ability to look at the entire field, but
instead focuses on the deliberate attempt to monitor specific,
localized data points. For clinical use, this is highly func-
tional as it’s believed that certain local sites provide distinct
information about the brain needed to diagnose and treat
abnormalities, dysfunctions, or dysregulation. Typically, in a
clinical EEG, the electronics consist of multiple stages with
low gain on each stage. Each of the multiple stages, for
example 6 to 10 amplifier stages, provides both amplifica-
tion and a two pole filter to improve the signal-to-noise ratio.
An example would be a 2-pole filter at six stages equaling
a 12-pole filter.

[0046] Such conventional EEG acquisition, i.e., stacking
amp-filter, amp-filter provides the best solution for clinical
use in monitoring local field energy. However, contrary to
the techniques described in the present disclosure, conven-
tional EEG acquisition will not acquire EEG signal either
from the body below the head, nor even from more than a
few millimeters from the head before the signal is lost. This
is due to the inherent signal loss and increased signal to
noise ratio of the amp-filter, amp-filter stacking method
found in conventional clinical EEG devices. In essence,
using the amp-filter, amp-filter stacking method, one would
simply be amplifying noise if one attempts to measure EEG
away from the head. Thus, conventional clinical EEG
devices are incapable of either distinguishing EEG signal
from the body below the head, or sensing EEG from the head
if their sensor plate is more than a millimeter or so away.
This is also a reason that it was thought impossible to
measure EEG from the body below the head or from
significant distances away from the head.
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[0047] FIG. 1 shows an exemplary block diagram of a
non-body contact directional EEG device 22 according to an
embodiment of the disclosure. As shown, the device 22 can
include a high-pass filter 60 coupled to three amplifiers 50,
51, and 53. Further, an antialiasing filter 62 can be arranged
between the two initial amplifiers 50, 51 and the final
amplifier 53. The output of the final amplifier 53 is received
by an analog-to-digital converter (ADC) 64 and subse-
quently transmitted to a controller/wireless transmitter 70.
The above components are collective grouped into an ampli-
fier and wireless transmitter unit 24 of the non-body contact
directional EEG device 22.

[0048] The device 22 can further include non-contact
sensors 26 and 28 that collect EEG data from a person and
are coupled to the high pass filter (HPF) 60. Further, a
ground or reference electrode 30 can be included as part of
the sensor array. The non-contact sensors 26 and 28 can be
AC coupled to the high pass filter 60 to reduce or prevent
any possibility of DC current flowing into the human subject
and preventing DC input offset in the amplifier from over-
driving the subsequent stage. For example, HPF 60 can
block DC offset that can occur in a space between electrodes
and skin due to an electrochemical reaction. The cut-off
frequency in this system can be set to 1 Hz, and thus any
signal higher than 1 Hz will pass through the filter while any
signals below 1 Hz will be attenuated by 60 dB/decade. Such
method can greatly amplify all noise including 60 Hz.
[0049] In operation, and after passing through the high
pass filter 60, a first filtered signal including the attenuated
EEG raw signal from a person can be greatly amplified by
the initial single stage amplifier 50 to generate a first
amplified signal. The first amplification stage 50 can be, for
example, a differential instrumentation amplifier with a gain
of 73 that can be coupled to a second amplification stage,
rather a filter as is done in conventional systems.

[0050] The second amplification stage 51 can receive the
first amplified signal and can be a single-ended inverting
amplifier with a gain of 101, for example, that can be AC
coupled to the first stage 50. In operation, the second stage
51 can output a second amplified signal that can be trans-
mitted to an 8th order elliptical low-pass filter, such as
antialiasing filter 62, that can be implemented having a
monolithic switched capacitor integrated circuit. The filter’s
-3 db or corner frequency can be set to 40 Hz which also
happens to be the upper limit for beta frequency band. This
frequency setting is below 75 Hz (sample rate=150 samples/
second) allowing it to serve as an antialiasing filter 62, thus
removing the largest interfering signal of 50/60 Hz AC line
noise and components above the Nyquist frequency of 75
Hz, prior to ADC sampling.

[0051] In operation, the antialiasing filter 62 can be con-
figured to attenuate or minimize signal frequency compo-
nents which are above a frequency band of interest and
which are unrelated to electrical activity within the brain of
a person. A potential frequency component unrelated to and
not relevant to brain electrical activity is a signal coupled
from 50 Hz or 60 Hz AC power lines. As an example, a low
pass filter having a cut-off frequency within the range 20 to
40 Hz can be suitable. In a more particular example, the low
pass filter 62 is a fifth order switched capacitor low pass
filter having a cut-off frequency of 22 Hz. In the FIG. 1
embodiment, brainwave signal components of interest are
well below 50 Hz or 60 Hz, and a 22 Hz low pass filter can
be simple and effective. In applications in which frequency
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ranges of brainwave signal components of interest include
50 Hz or 60 Hz, a notch filter may be employed instead of
the low pass filter.

[0052] The antialiasing filter 62 outputs a second filtered
signal that can then pass to a third amplification stage 53 that
can be a single-ended inverting amplifier with a gain of 2, for
example, that is AC coupled to the antialiasing filter 62. The
third amplification stage 53 can transmit an analysis signal
to the ADC 64. In an exemplary embodiment, the ADC 64
used can be 12 bit, and a 12 bit binary number can have a
range from O to 2 to the 12th power minus 1, and therefore
permits output from 0 to 4095. The ADC 64 (12 bits) can
have a range: 2.7 Volts with a precision 670 microV. The
total gain for the system can be 14,746 minus the attenuation
of the filter stage. This provides detection of EEG signal
down to 100 nanovolts (nV) at the sensor array’s surface
(“nano” represents a factor of 10™°, so 1 nanovolt=10~°
volts).

[0053] This is a significant difference from conventional
EEG acquisition technology that can only detect millivolts
(mV; a unit of potential difference equal to one thousandth
or merely 107> of a volt). This can be a matter of conve-
nience, as the use of sensors attached directly to the head or
in very close proximity to the head require far less ampli-
fication in order to detect power spectrum band powers, that
are reported in units such as Volts-squared per Hz (VZ/Hz).
Millivolts are used due to the close proximity of the sensors
to the energy they detect. This is necessary in clinical
applications to view localized energy in specific areas of the
brain.

[0054] The output of the ADC 64 can be a digital version
of the analysis signal and can be coupled to a microcon-
troller 70 and a wireless transmitter, such as a Bluetooth®
device 32. In operation, the microcontroller 70 can analyze
the analysis signal to recognize patterns in the signal that
correspond to particular brainwave activity. For example,
the microcontroller 70 can identify patterns in the analysis
signal corresponding to mental states of an individual, such
as an emotional state, a cognitive load state, and an alertness
state of a person being monitored. Additionally, the micro-
controller 70 can identify patterns in the analysis signal
corresponding to an activity of the person in proximity to the
non-contacting sensor including, for example, when that
person moves their head in an affirmative or a negative
motion. Also, the microcontroller 70 can identity patterns in
the analysis signal corresponding the activity of the person
in proximity to the non-contacting sensor including when
the person moves their head or body into or out or proximity
to the non-contact sensor so that the non-contact electroen-
cephalography (EEG) device detects whether a space moni-
tored by the non-contact sensor is occupied or unoccupied.
[0055] Further, the microcontroller 70 can be configured
to control the components of the amplifier and wireless
transmitter unit 24 to process the detected EEG data and
wirelessly transmit the EEG data to other devices, as nec-
essary. Additionally, under the control of the microcontroller
70, detected EEG data can be transmitted to other devices
for further processing and/or control of other devices.
[0056] The non-body contact directional EEG device 22
described in the present disclosure permits this system to
obtain EEG signals from the body below the head without
contact from the head or body from 10 inches or more away
from an individual. The non-body contact directional EEG
device 22 described in the present disclosure does not
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require close proximity or contact to the head or body below
the head to acquire EEG signal. The significantly different
technique requires the monitoring of all available field
energy emanating from the brain in real-time. Compared to
conventional systems, this can be considered as different as
oil drilling is to gold mining. In other words, instead of
attaching a sensor to gain localized information from the
brain, the proposed system can continually pull in all avail-
able electrical field data of brain information for extensive
processing to parse the data into usable EEG data.

[0057] Additionally, the non-body contact directional
EEG device 22 described in the present disclosure is capable
of converting the incredibly small amount of detected nano-
volt energy into usable information. For example, the values
attained can be converted using two digit base 64 numbers
to base 10, and subtract 2048 to reconstitute the information
into a signed waveform between —-2048 and +2047. This is
an AC waveform centered about 0. The useable information
can then be passed through a digital filtering algorithm, a
RMS (root mean square) algorithm, as well as other algo-
rithms, such as those designed to translate brain wave
information into attentiveness, anxiety level, drowsiness or
another measure of brain state. Thus, as opposed to conven-
tional systems, the values have undergone a number of
complicated transforms and rescale operations from the
original voltage measurements, there is no longer a simple
linear correlation to units of Volts.

[0058] Another distinguishing feature of the non-body
contact directional EEG device 22 is the use of non-contact
sensor arrays to acquire EEG field energy emanating from
volume conduction. Conventional systems utilize single
sensors for localized acquisition of an EEG signal. These
sensors must be very close to the head or directly attached
to the head to acquire signal. As described in the present
disclosure, non-contact arrays can be used as a single
channel electric field detection system. This method can
provide distinct advantages over other systems, as the sensor
array can detect not only brain signal from up to 10 inches
or more, but can also detect a position of a head. For
example, if mounted in a headrest, the array can detect
whether the seat occupant is looking left, right, down, or up.

[0059] Additionally, the use of an array can also permit
detection of motion of the occupant’s head. As a non-
limiting example, if an person’s head were to shake left to
right in the universal sign for ‘No,” the motion creates a
distinctive wave pattern as the head moves across the array
from left to right or right to left. Additionally, if the occupant
nods their head to indicate ‘yes’ that motion produces a
distinct pattern of its own. So, in a vehicle, the commands,
‘yes’, and ‘no’, are recognizable without the driver’s hands
ever leaving the wheel or eyes leaving the road.

[0060] Another use for the non-body contact directional
EEG device 22 described in the present disclosure can
involve using the arrays as a screening device at an airport
or hotel. For example, if the arrays can be placed in
stanchions in an entryway, the apparatus can be used to
measure anxiety, stress, and/or temperament of individuals
who pass through. Similarly, if used in a headrest or seat-
back, the arrays could alert flight crews to the temperament
of a seat occupant or alertness of a pilot. Further, the arrays
can be uses to simply determine whether a seat is occupied
or unoccupied which can be useful in automated driving
situations.
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[0061] InFIG. 1, the non-contact sensors 26 and 28 can be
any type of non-contacting electrode, such as “dry” elec-
trodes which do not require a conductive gel or paste and
that are not in physical contact with the body, as well as
non-contact or contactless biopotential sensors. As active
sensors, the sensors 26 and 28 may be configured in various
arrays or having different size and shape of electrodes. For
example, multiple sensors can be designed in various pat-
terns and sizes, such as a concentric ring or parallel bar
pattern, depending on design considerations, as well as their
intended use.

[0062] In operation, the sensor array can collect EEG data,
as well as provide directionality of the received signal. In
other words, the non-contact sensor array 26 and 28 can be
aimed to receive signal from various portions of either the
head or body. This establishes a unique application of the
technology in that it can collect an abundance of EEG data
from a single array. The addition of more sensor arrays by
adding channel capacity can increase the amount of infor-
mation to be collected. This is analogous to an array of radio
telescopes looking into the vastness of the universe that
work together as a single telescope to provide higher reso-
Iution by means of interferometry. The advantage of this
technique in the current system is that it can produce EEG
data in the abundance of a clinical EEG skullcap without
using a skullcap which is tedious, invasive, and inappropri-
ate for consumer use. Additionally, the use of multiple
non-contact hidden arrays, for example five to six, can
minimize the need for many sensors, often 30 to 60 plus in
a clinical skullcap. Secondly, the configuration of such
arrays not only increases signal fidelity and data quantity, it
can also be utilized to ascertain a direction in which the
human head is looking, as signal strength detecting within
each array varies with the position of the head. In a moving
vehicle, for example, this information is imperative regard-
ing where the driver is paying attention. Looking away from
the road ahead out a side window or to the engineered
distraction of a display console can produce disastrous
results.

[0063] The non-body contact directional EEG device 22
can be configured for placement near a portion of a person’s
head or body. Various specific embodiments thereof are
described in detail herein below with reference to FIGS.
4-12. Thus, during use, the non-contact sensors 26 and 28
are placed at least proximate to portions anywhere on the
body of a person. The non-contact sensors 26 and 28 develop
raw signals including frequency components relevant to
brain electrical activity (“brainwave” signals). This is essen-
tially a brute force method of signal collection because the
initial signal may be: a) quite far from the source (brain),
possibly a distance from the head or collected from the body
perhaps, e.g., the shoulder or low back, and is significantly
smaller than the signal from a head-based clinical unit; b)
obtained through material, such as light cloth or hair, from
a distance of six to ten inches; ¢) obtained from a distance
of six to ten inches from the skin of the body.

[0064] As a signal diminishes with the square of the
distance, the signal at the body, away from the head, can be
in nanovolts. In examples, the minute signal that is collected
in the high pass filter 60 should then be greatly amplified in
a single stage amplifier 50 with an average gain of 73. This
differential instrumentation amplifier 50 is AC coupled to an
operational amplifier 51 or ‘op-amp’ with an average gain of
101. The anti-aliasing filter 62 can then be applied that is an
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8th order low pass filter implemented with a monolithic
switched capacitor device. The -3 db frequency for this
function is 40 Hz which also happens to be the upper limit
for beta frequency band. The anti-aliasing filter can elimi-
nate components above the Nyquist frequency of 75 Hz
prior to ADC sampling. The antialiasing filter 62 can then be
coupled with the final amp 53 with an average gain of 2. This
unique combination produces an extraordinarily powerful
EEG detector down to 100 nanovolts, and thus provides the
ability to detect data heretofore undetectable from distances
exceeding 6 inches from the head, or through the body away
from the head without contact.

[0065] The various elements within the amplifier and
wireless transmitter unit 24 of FIG. 1 may be implemented
employing a combination of digital and analog technologies.
Moreover, the amplifier and wireless transmitter unit 24 may
be implemented as an “intelligent” and reprogrammable
device, with the microcontroller 70 executing software to
perform various functions. The microcontroller 70 is
capable of wireless bidirectional data communications,
facilitating modifications and adjustments of the functioning
of the amplifier and wireless transmitter unit, such as by
updating “firmware.”

[0066] It will be appreciated that while shown as a single
device, the functions of the device can be accomplished in
various ways through the use of a single device, such as the
amplifier and wireless transmitter unit 24 shown in FIG. 1,
or alternatively distributed across multiple devices. For
example, the brainwave signals can be collected by a first
device and transmitted to a second device for processing.
[0067] FIG. 2 show an exemplary embodiment of a gen-
eralized apparatus 100 which produces analysis signals
including frequency components relevant to brain electrical
activity. The FIG. 2, apparatus 100 can include two repre-
sentative non-contact sensors 102 and 104, such as active
electrodes, that can be coupled through capacitors 106 and
108 to high impedance inputs 110 and 112 of an amplifier
114. The non-contact sensors 102 and 104 can be positioned
proximate to portions of a person’s body to detect raw
brainwave signals. The amplifier 114 has an output 116
connected to an input 118 of a filter 120. The signal
processing in FIG. 2 can be analog, digital, or any combi-
nation thereof.

[0068] The filter 120 attenuates frequency components
which are unrelated to frequency components of interest and
which are not relevant to brain electrical activity. Produced
at an output 122 of the filter 120 are what may be termed
analysis signals corresponding to brainwave signals for
further processing and analysis, the analysis signals includ-
ing frequency components relevant to brain electrical activ-
ity. As described hereinabove with reference to the filter 62
of FIG. 1, the FIG. 2 filter 120 can be a low pass filter or a
notch filter, as examples. The selection and design of the
filter 120 depend on the frequency components of interest
relevant to brain electrical activity, as well as on particular
unrelated frequency components which are anticipated. The
filter 120 may be implemented employing digital signal
processing (DSP) techniques, and may be adaptive.

[0069] The “brainwave” signals at the output 122 of the
low pass filter 120 may be employed for a variety of
purposes. As described hereinabove, the signals at the output
122 are analysis signals which include frequency compo-
nents relevant to brain electrical activity, with unrelated
frequency components attenuated. The non-contact sensors
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102 and 104 are positioned at least proximate to portions of
the body of a person below the head to develop raw signals.
[0070] When frequency components relevant to brain
electrical activity in general are of interest, particularly when
frequency components including delta waves (up to 3 Hz)
are of interest, signal components corresponding to a per-
son’s heartbeat (approximately 1 Hz to 2 Hz) are unrelated
frequency components of particular concern. Unrelated fre-
quency components corresponding to electrical activity of a
person’s heart are particularly high in magnitude when
sensors are connected to portions of the body below the
head. The apparatus described herein may be embodied in
systems in which signal components in the raw signals
resulting from electrical activity of a person’s heart are
actively attenuated. In an ideal case, signal components
resulting from electrical activity of a person’s heart are
entirely cancelled by active cancellation.

[0071] FIG. 3 is a representation of a generalized appara-
tus 130 which employs such active attenuation to produce
analysis signals including frequency components relevant to
brain electrical activity. The FIG. 3 apparatus 130 again
employs two representative non-contact sensors 132 and 134
connected through capacitors 136 and 138 to high imped-
ance inputs 140 and 142 of an amplifier 144. At least the
non-contact sensors 132 and 134 are positioned proximate to
portions of the body of a person below the head to develop
raw signals.

[0072] The FIG. 3 amplifier 144 has an output 146 con-
nected to two signal branches. One branch is connected to a
(+) input 148 of a summing junction 150, and the other to an
input 152 of a heart rate signal extractor 154 which extracts
signal components resulting from electrical activity of a
person’s heart. An output 156 of the heart rate signal
extractor 154 is connected to a (-) input 158 of the summing
junction 150. Analysis signals which include frequency
components relevant to brain electrical activity with unre-
lated frequency components attenuated are produced at the
output 160 of the summing junction 150.

[0073] Thus, within the summing junction 150, signal
components resulting from electrical activity of a person’s
heart are actively attenuated. Again, in an ideal case, signal
components resulting from electrical activity of a person’s
heart are entirely cancelled by active cancellation.

[0074] The heart rate signal extractor 154 can employ
digital signal processing (DSP) techniques to recognize,
isolate and track signal components resulting from electrical
activity of a person’s heart. Heart rate monitors can recog-
nize and track a person’s heartbeat or heart rate, typically
presenting a digital display. The thus-recognized, isolated
and tracked signal is provided as an output of the heart rate
signal extractor 154. With appropriate magnitude adjust-
ment, the frequency or signal components resulting from
electrical activity of a person’s heart can be attenuated or
cancelled. Accordingly, the brainwave signal that does not
include the electrical activity of a person’s heart can be
produced at the output 160 of the summing junction 150
[0075] Again, the brainwave signals at the output 160 of
the summing junction 150 may be employed for a variety of
purposes. The signals at the output 160 are analysis signals,
which include frequency components relevant to brain elec-
trical activity, with unrelated frequency components attenu-
ated. Again, what is significant is that at least the sensors 132
and 134 are positioned proximate to portions of the body of
a person below the head to develop raw signals.
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[0076] As an alternative to the heart rate signal extractor
154 and summing junction of FIG. 3, the topology of FIG.
2 may be employed to provide similar functionality. More
particularly, the FIG. 2 filter 120 may be an adaptive DSP
filter programmed to attenuate signal components resulting
from electrical activity of a person’s heart, as well as other
signals (such as coupled 50 Hz or 60 Hz AC power line
signals) unrelated and not relevant to brain electrical activ-
ity.

[0077] Signal components resulting from electrical activ-
ity of a person’s heart can be used for at least two other
purposes in embodiments of this disclosure. One such other
purpose is to ensure that a body directional device and, in
particular, non-contact sensors 26 and 28, 102 and 104, or
132 and 134 are in fact directed at, but not in contact with,
or otherwise functionally proximate the body of a person, for
convenience collectively referred to as “presence.” Ensuring
such presence can be employed to ensure that sensed signal
components within a brainwave frequency band are in fact
representative of brainwaves and are not the result of stray
signals coupled from environmental sources, in other words
to validate that an EEG signal is being collected. Ensuring
such presence can also be employed to conserve battery life,
by entering a low-power “standby” mode when the absence
of signal components resulting from electrical activity of a
person’s heart indicates no presence.

[0078] Another such other purpose is to combine indica-
tions resulting from brain electrical activity (i.e., EEG) and
from electrical activity of a person’s heart (i.e., EKG) for a
more comprehensive analysis and indication of a person’s
cognitive and physiological state. Embodiments of this
disclosure thus provide the foundation for a dual technology
approach (EEG and EKG) for more comprehensive physi-
ological state monitoring.

[0079] FIGS. 4-12 illustrate examples of using a non-body
contact directional EEG device with a person, according to
the various embodiments of the disclosure.

[0080] The non-body contact directional EEG device 172
or at least the non-contact sensors 198 and 199 of FIGS. 4-5
is configured for directional aiming to a portion of the head
of a person 174. The non-body contact directional EEG
device 170 can include at least non-contact sensors 198 and
199, reference electrode 196, as well as the amplifier and
wireless transmitter unit 172, and more particularly takes the
form of a housing 170 configured for directional aiming of
the device to the head 176 (FIG. 4). As shown in FIG. 5, the
non-contact sensors 198 and 199 can be integrated into a
headrest 180 portion (FIG. 5) of a seat in which the person
174 is sitting and detect the brainwave activity of the person
174.

[0081] In FIGS. 6-7, the non-body contact directional
EEG device 172 or at least the non-contact sensors 198 and
199 can be configured for directional aiming to a portion of
a back 181 of the person 174. Again, the non-body contact
directional EEG device 170 can include at least non-contact
sensors 198 and 199, as well as the amplifier and wireless
transmitter unit 172, and more particularly takes the form of
a housing 170 configured for directional aiming of the
device to the back 181 (FIG. 6) or the back of the neck 182
(FIG. 7) of the person 174. As shown in FIG. 6, the
non-contact sensors 198 and 199 can be integrated into a seat
in which the person 174 is sitting and detect the brainwave
activity of the person 174.
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[0082] Coupled to and/or supported by the housing 170
are a pair of non-contact sensors 198 and 199 corresponding
to the sensors 26 and 28 described hereinabove with refer-
ence to FIG. 1 that may also include a ground electrode 196
corresponding to the ground electrode 30 in FIG. 1. The
sensors 198 and 199 can be electrically connected to the
amplifier and wireless transmitter unit 172 and operate as
described hereinabove with reference to FIG. 1. The sensors
198 and 199 thus, during use, are placed at least proximate
to a portion of the person’s 174 head (FIG. 5) or the back of
the body 182 (FIG. 6).

[0083] In FIGS. 8 and 9, the non-body contact directional
EEG device can be configured for placement adjacent to a
portion of the head 176 of a person 174. The non-body
contact directional EEG device 170 provides structural
support for the amplifier and wireless transmitter unit 172,
and the non-contact sensors 196 and 198 can be integrated
into an automobile sun visor 184 configured for direction at
the head 176 of the person 174.

[0084] In FIG. 9, describes an embodiment where the
non-body contact directional EEG device or at least the
non-contact sensors 198 and 199 can be configured for
placement in proximity to the head 176 of the person 174.
The non-body contact directional EEG device 170 including
the amplifier and wireless transmitter unit 172, as well as
non-contact sensors 198 and 199 can be integrated into, for
example, an automobile interior ceiling 185 configured for
direction towards the head 176 of the person 174.

[0085] Also supported by the visor and ceiling placement
of FIGS. 8-9 are a pair of active non-contact sensors 198 and
199 corresponding to the non-contact sensors 26 and 28
described hereinabove with reference to FIG. 1, that may
include a ground electrode 196 corresponding to the ground
electrode 30 in FIG. 1. The non-contact sensors 198 and 199
are electrically connected to the amplifier and wireless
transmitter unit 172, and operate as described hereinabove
with reference to FIG. 1. The non-contact sensors 198 and
199 thus, during use, are placed at least proximate to a
portion of the person’s 174 body near the head 176 and
detect the brainwave activity of the person 174.

[0086] FIG. 10 shows an example of using a non-body
contact directional EEG device with a person through a seat,
for example, of an automobile 186. In this embodiment, the
sensors of the EEG device 170 are directed to detect signals
from a gluteus 177 of the person 174.

[0087] FIGS. 11 and 12 show examples of using a non-
body contact directional EEG device with a person, accord-
ing to the various embodiments of the disclosure.

[0088] In FIG. 11, the non-body contact directional EEG
device 170 or at least the non-contact sensors 198 and 199
is configured for placement in proximity to a portion of the
body of the person 174 below the head. The non-body
contact directional EEG device 170 provides structural
support for the amplifier and wireless transmitter unit 172,
and more particularly takes the form of a stanchion 187 for
placement near the body of a person 174 (FIG. 11).

[0089] In the exemplary embodiment of FIG. 12, the
amplifier and wireless transmitter unit 172 can be either an
integral part of the wireless handheld non-body contact
directional EEG device, or a detachable element. On the
inside surface handheld non-body contact directional EEG
device 188 are a pair of non-contact sensors 198 and 199
corresponding to the non-contact sensors 26 and 28
described hereinabove with reference to FIG. 1. In FIG. 12,
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while no sensors are visible, they may be located on the
inside surface of the handheld unit 188 at the general
position of the amplifier and wireless transmitter unit 172.
The sensors including the non-contact sensors 198 and 199
are electrically connected to the amplifier and wireless
transmitter unit 172, and operate as described hereinabove
with reference to FIG. 1. In operation, the non-contact
sensors 198 and 199 are placed at least proximate to a
portion of the person’s 174 body below the head, and/or at
the head 176 (FIG. 12).

[0090] In addition, the embodiment shown in FIG. 12
illustrates an alternative embodiment wherein all data col-
lection, signal processing and analysis functions are imple-
mented in a single self-contained unit placed proximate to
either the body or head of the person. As represented by a
display on the device 188 in FIG. 12, signal processing may
be employed to determine and drive a display of the mag-
nitude of brainwave activity in different brainwave fre-
quency bands of interest. In FIG. 12, the display represents
the magnitude of brainwave activity in the “theta,” “alpha”
and “beta” frequency bands. Alternatively, a single display
of'a person’s level of attention or other measurements can be
provided. In either case, auditory signaling or haptic
response may also be employed to indicate when certain
pre-programmed thresholds have been either exceeded or
unattained, thus alerting the user that physiological change
is necessary.

[0091] FIG. 13A illustrates an exemplary three bar array
configuration in which multiple non-contact sensors can be
arranged. As shown, the sensors 1310, 1320 and 1330 are
positioned as parallel bars within a headrest 1300 and
coupled to the device 1340. Thus, as person sits down in the
seat, their head would naturally be positioned adjacent to the
headrest 1300, and thus the sensors 1310, 1320 and 1330.
The headrest 1300 and bar array can be covered by a
material that does not interfere with the sensors’ 1310, 1320
and 1330 ability to detect. Of course, it should be understood
that the bar array configuration of sensors 1310, 1320 and
1330 can be incorporated into any number of other items
depending on the application.

[0092] FIG. 13B illustrates an exemplary concentric ring
array configuration in which multiple non-contact sensors
can be arranged. As shown, the sensors 1310, 1320 and 1330
are arranged as concentric rings within a headrest 1300 of a
seat and coupled to the device 1340. Thus, as person sits
down in the seat, their head would naturally be positioned
adjacent to the headrest 1300, and thus the sensors 1310,
1320 and 1330. Similar to the above, it should be understood
that the concentric ring array configuration of sensors 1310,
1320 and 1330 can be covered and incorporated into any
number of items depending on the application.

[0093] The concentric ring array configuration of the
sensors 1310, 1320 and 1330 includes many benefit, includ-
ing that the configuration can be highly directional. Thus, in
addition to being able to aim the concentric ring array to a
particular portion of a person’s head or body, an orientation
or movement of a person’s head can be detected. The
detected orientation or movement can then be further pro-
cess in order to recognize the movement and possibly
control other devices. Additionally, the concentric ring array
configuration permits sensors to be densely placed in items,
such as the headrest 1300. In the headrest 1300 example,
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more sensor material per square inch can result in an
increase in the sensors’ ability to detect raw signal from a
person.

[0094] FIG. 14 A illustrates an exemplary non-body con-
tact directional EEG device having at least sensors that are
positioned in proximity to a person. In this example, a
headrest 1400 is fitted with a concentric ring array configu-
ration of sensors 1410. The sensors 1410 are coupled to a
non-body contact directional EEG device that can be located
either proximate to or remote from the sensors 1410. When
a person 1450 sits, their head is positioned adjacent to the
headrest 1400, and thus the sensor 1410 may detect raw
brainwave activity signals from the person 1450.

[0095] As described above, the concentric ring array con-
figuration of sensors 1410 can be directional in that a signal
detected by the sensor 1410 can vary as an orientation of an
object emitting signals, such as a person’s head, changes.
Accordingly, as the person 1450 nods their head in a “yes”
motion (arrow 1460), the signal detected by the sensor 1410
can vary. Such specific movements of the head can cause a
variation of the signal that can have a particular signature
that the non-body contact directional EEG device 1420 can
identify. In this example, the non-body contact directional
EEG device 1420 can identify the signature of the signal as
an affirmative gesture or response.

[0096] Once detected, the non-body contact directional
EEG device 1420 can act or forward the detected response
to another device to take subsequent action consistent with
the gesture. For example, in an automotive setting, automa-
tion may ask a driver whether they would like to accept an
incoming telephone call while driving. If the person 1450
responds with an affirmative gesture, then the call could be
automatically connected; otherwise, the call could be
declined.

[0097] FIG. 14 B shows an exemplary signal 1460 that can
be detected by the sensor 1410. In this example, the signal
1460 can be processed to identify a signature pattern cor-
responding to a particular action of a person 1450 in
proximity to the sensor 1410. As shown, portions of the
signal 1460 corresponding an affirmative gesture or response
described above are identified as a “Yes” action 1470. Again,
once identified, the detected “Yes” action 1470 can be
recorded and/or used to direct further events.

[0098] In a similar manner to FIG. 14 A above, FIG. 15 A
illustrates an exemplary non-body contact directional EEG
device that is positioned in proximity to a person. Again, a
headrest 1500 is fitted with a concentric ring array configu-
ration of sensors 1510. The sensors 1510 are coupled to a
non-body contact directional EEG device that can be located
either proximate to or remote from the sensors 1510 that
detect brainwave activity signals.

[0099] In this example, as the person 1550 moves their
head in a “no” motion (arrow 1560), the signal detected by
the sensor 1510 can vary. In this example, the non-body
contact directional EEG device 1520 can identify a signature
of the signal as a negative gesture or response.

[0100] FIG. 15B shows an exemplary signal 1560 that can
be detected by the sensor 1510. Again, the signal 1560 can
be processed to identify a signature pattern corresponding to
a particular action of a person. As shown, portions of the
signal 1560 corresponding a negative gesture or response
described above are identified as a “No” action 1570. Once
identified, the detected “No” action 1570 can be recorded
and/or used to direct further events.
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[0101] FIGS. 16 A and B show signals detected by a
non-body contact directional EEG device when a person is
in proximity or not in proximity to the device, respectively.
Such detection can be useful to know whether a person is
present in a space, such as sitting in a chair. For example, in
FIG. 16A the detected signal 1610 (Theta Band) has a
signature pattern that indicates that a person is present in
proximity to a senor, while in FIG. 16B the detected signal
1620 has a different signature pattern that indicates that a
person not in proximity to a senor. The differing signature
patterns can differ in magnitude and/or frequency pattern
and can be identified by the non-body contact directional
EEG device. Once identified, they can be recorded and/or
used to direct further events

[0102] While specific embodiments of the invention have
been illustrated and described herein, it is realized that
numerous modifications and changes will occur to those
skilled in the art. It is therefore to be understood that the
appended claims are intended to cover all such modifications
and changes as fall within the true spirit and scope of the
invention.

What is claimed is:

1. A non-contact electroencephalography (EEG) device
for monitoring electrical activity generated by a brain of a
person, the device comprising:

a non-contact sensor that is configured to detect electrical
signals that include electrical signals produced by the
brain of the person without making contact with the
person; and

an amplifying device coupled to the non-contacting sen-
sor that is configured to generate analysis signals
corresponding to the electrical activity generated by the
brain of the person in proximity to the non-contacting
sensor by attenuating frequency components of the
detected electrical signals that are unrelated to the
analysis signals, while amplifying frequency compo-
nents of the detected electrical signals that are related
to the analysis signals.

2. The non-contact electroencephalography (EEG) device

according to claim 1, further comprising:

a processor that is configured to analyze the analysis
signal to detect patterns in the analysis signal corre-
sponding to a state of the person in proximity to the
non-contacting sensor.

3. The non-contact electroencephalography (EEG) device
according to claim 2, wherein, the state of the person in
proximity to the non-contacting sensor includes at least one
of'an emotional state, a cognitive load state, and an alertness
state of the person in proximity to the non-contacting sensor.

4. The non-contact electroencephalography (EEG) device
according to claim 2, wherein when the processor detects a
pattern corresponding to a predetermined state of the person
in proximity to the non-contacting sensor, the processor
transmits an action signal to another device to take a
subsequent action.

5. The non-contact electroencephalography (EEG) device
according to claim 1, further comprising:

a processor that is configured to analyze the analysis
signal to detect patterns in the analysis signal corre-
sponding to an activity of the person in proximity to the
non-contacting sensor.

6. The non-contact electroencephalography (EEG) device

according to claim 5, wherein, the activity of the person in
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proximity to the non-contacting sensor includes moving a
head of a person in an affirmative gesture or a negative
gesture.

7. The non-contact electroencephalography (EEG) device
according to claim 5, wherein, the activity of the person in
proximity to the non-contacting sensor includes moving a
head or a body of a person in into or out of proximity to the
non-contact sensor so that the non-contact electroencepha-
lography (EEG) device detects whether a space monitored
by the non-contact sensor is occupied or unoccupied, respec-
tively, by the person.

8. The non-contact electroencephalography (EEG) device
according to claim 5, wherein when the processor detects a
pattern corresponding to an activity of the person in prox-
imity to the non-contacting sensor, the processor transmits
an action signal to another device to take a subsequent
action.

9. The non-contact electroencephalography (EEG) device
according to claim 1, wherein the non-contact sensor is
integrated into at least one of a headrest, seat, stantion, and
visor.

10. The non-contact electroencephalography (EEG)
device according to claim 1, wherein the non-contact sensor
is located remotely from a head of the person, but are located
adjacent to at least one of a neck, back, and gluteus of the
person.

11. The non-contact electroencephalography (EEG)
device according to claim 1, wherein the non-contact sensor
is configured in a least one of a bar array configuration and
a concentric ring array configuration.

12. The non-contact electroencephalography (EEG)
device according to claim 1, wherein the amplifying device
further includes a high pass filter that is coupled to the
non-contact sensor and that is configured to generate a first
filtered signal by attenuating low frequency components of
the detected electrical signals.

13. The non-contact electroencephalography (EEG)
device according to claim 12, wherein the amplifying device
further includes a first amplifier that is coupled to the high
pass filter and that is configured to generate a first amplified
signal by amplifying components of the first filtered signal
that are related to the analysis signals.

14. The non-contact electroencephalography (EEG)
device according to claim 13, wherein the amplifying device
further includes a second amplifier that is coupled to the first
amplifier and that is configured to generate a second ampli-
fied signal by amplifying components of the first filtered
signal that are related to the analysis signals.

15. The non-contact electroencephalography (EEG)
device according to claim 14, wherein the amplifying device
further includes a low-pass filter that is coupled to the
second amplifier and that is configured to generate a second
filtered signal by attenuating high frequency components of
the second amplified signal.

16. The non-contact electroencephalography (EEG)
device according to claim 15, wherein the amplifying device
further includes a third amplifier that is coupled to the
low-pass filter and that is configured to generate the analysis
signal by amplifying components of the second filtered
signal that are related to the analysis signals.

17. A method for monitoring electrical activity generated
by a brain, comprising:
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positioning a non-contact sensor proximate to a portion of
a body below a head of the body of a person to detect
raw signals generated by the brain; and

filtering an analysis signal portion having frequency com-

ponents relevant to brain electrical activity from the
raw signal by attenuating unrelated frequency compo-
nents.

18. The method of claim 17, which comprises placing the
sensors at least proximate to head or body of the person from
a distance without physically touching the person.

19. The method of claim 17, wherein said step of filtering
the raw signals comprises employing a low pass filter.

20. The method of claim 19, wherein the low pass filter
has a cutoff frequency within the range of 20 Hz to 40 Hz.

21. The method of claim 17, further comprising adap-
tively determining heart rate signals of the person from the
raw signals, wherein filtering the raw signals to produce
analysis signals including frequency components relevant to
brain electrical activity while attenuating unrelated fre-
quency components comprises employing the determined
heart rate signals to actively cancel heart rate signal com-
ponents from the raw signals.

22. A method for monitoring a physiological state of a
person having a body including a head, the method com-
prising:

placing a non-contact sensor proximate to portions of the

body below the head or the head to develop raw signals;
and

processing the raw signals to produce at least one band-

pass filtered state indicating signal representative of
raw signal magnitude within a predetermined fre-
quency range as an indication of the physiological state
of a person.

23. The method of claim 22, wherein the state indicating
signal is an intention indicating signal and the method
further comprises processing the raw signals to produce at
least one bandpass filtered attention indicating signal rep-
resentative of raw signal magnitude within a predetermined
frequency range as an indication of the person’s level of
attention.

24. The method of claim 22, wherein processing the raw
signals to produce at least one bandpass filtered state indi-
cating signal representative of raw signal magnitude within
a predetermined frequency range as an indication of the
physiological state of the person further comprises:

bandpass filtering the raw signals to produce bandpass

limited signals within the predetermined frequency
range; and

analyzing the bandpass limited signals to determine a

magnitude as the bandpass filtered state indicating
signal.

25. The method of claim 24, wherein bandpass filtering
the raw signals includes applying a low pass filter ahead of
a bandpass filter.

26. The method of claim 22, further comprising actively
determining heart rate signals of the person from the raw
signals, wherein processing the raw signals to produce at
least one bandpass filtered state indicating signal represen-
tative of raw signal magnitude within a predetermined
frequency range as an indication of the physiological state of
the person comprises employing the determined heart rate
signals to actively attenuate heart rate signal components
from the raw signals.
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