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(54) Title: SYSTEMS AND METHODS FOR DETECTING BRAIN-BASED BIO-SIGNALS

FIGURE 1

(57) Abstract: The current invention includes
systems and methods for detecting, by a
sensor including at least two electrodes, a
multicomponent brain-based bio-signal in an
internal tissue of a patient, digitizing, by at
least one computer processor communicat-
ively coupled to the sensor, the mufticornpon-
ent brain-based bio-signal,isolating by the at

least one computer processor, a plurality of
subcomponent signals from the digitized mul-

ticomponent brain- based bio-signal, compar-
ing isolated data from one or more of the isol-
ated sub component signals, by the at least

one computer processor, to predetermined
baseline data, and generating, by the at least
one computer processor, at least one of an in-
struction to a machine and a visual diagnosis
of a condition, in response to said comparing
isolated data to baseline data.
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SYSTEMS AND METHODS FOR DETECTING BRAIN-BASED BH-SIGNALS

{ross Reference 1o Related Applications

[((01] The present application claims the benefu of priority of LLS. Provisional Application No.
61/717.997 filed October 24, 2012, and of U.S. Provisional Application No. 61/790,007, which

are incorporated herein by reference.

Field of the Invention

[0002] The present invention relates to methods of reading braiv-based bio-signals. In non-
Hmiting embodiments the present invention provides a method for detecting, processing and
extracting a variety of biosignals from a brain-based multi-component signal detected in the oral

cavity.

Backuround of the Invention

[0003] Using electroencephalogram (“EEG™) sensors positioned on the scalp to detect brain
activity has been known tn the avt since the 1920%s. As the electrieal field generated by brain
activily is very small, it can only be recognized by EEG if large assemblies of neurous show a
similar behavior, The resubting neural EEG signals are in the range of micro-volts (V) and may
be easily be masked by interfering artificial sowrees causing artifacts in the signal. Typically,
artifacts in an EEG signal are caused either by the non-neural physiological activities of the
subject or by external teclurical sources. Non-neural physiological activities may include eve
blinks, eve movements, muscle activity in the vicinity of the head {e.g. face muscles, jaws,
tongue, neck), heartbeat, pulse and Mayer waves, and the [ike. External technical sousces may
inclode swaying cables in the magnetic field o' the earth, improper grounding. power supplies or

transformers, radio waves and the like

[0004] Other ways to moaior brain electrical activity rely on invasive provedures including
needle elecirodes (sharp wires placed between the scalp and the skull) cortical electrodes,
subdural electrodes and depth electrodes. The characteristica of brain electrical activity

moniored with invasive electrodes are related 1o surface electrodes ke EEG electrodes on the
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sealp or skin, but are different since attemsation and spreading of the signal by the sealp and skin

is bypassed.

[0003] Thus it is desirable to detect and monitor brain activity and brain-based bic-signals wit

fittle interference from other elecirical sources and without requiring trvasive procedures.

{30061 The description herein of certain advantages and disadvantages of known methods and
devices is not intended to ot the scope of the present invention. lndeed, the present
embodiments may include some or alf of the features deseribed above without suffering from the

sarae disadvantages.

Sununary of the lnvention

[0GG7] In view of the foregoi;;zg it is a festure of the embodiments described herein to provide a
method for monitoring electromagnetic activity in the brain via the oral cavity without using
invasive procedures. Particular brain-based electromaguetic bio-signals can inchude multiple
component signals forming a multicomponent brain-based signal, that may include signals that
are generated from other parts of the body including the contral nervous system, heart electrical
activity, lung activity (respiration), local artery movement, eye dipole electrical activity {and

i

other dipoles), sunscle electrical activity, and local tissue electrical activity such as generated by

1

the periphers! nervous system, as well s brain-based electromagnetio signals. The
multicomponent brain-based signal may be detected by sensors positioned in the oral cavity.
The multicomponent bratn-based signal may then digitized, amplified and filtered. After
filiering desired sub-component bio signals may be isolated from the multicomponent brain-

based signal for further analysis.

[0008] For the purposes of this invention, “rulticomponent brain-based signal™ is used to
describe this collection of sub-component bio-signals, as the primary component bio-signals of
interest emanates from the brain. The multicomponent brain-based signal can include bio-
clectromagnetic signals, cardiac bio-electromagnetic bio-signals, local tissue bio-electromagnetic
signals; eye dipole bicelectric bio-signals; muscle bio-electromagnetic bio-signals] tongue bio-
electromagnetic bio-signals; cardiac related pulsatile bio-signals; respiration related pulisatile bio-

signals; movement related bio-signals; biomechanical bic-signals; bio-acoustic bio-signals. The
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component signals of the multicomponent bratn-based signal are important for many applications
{e.g. medical, veterinary and non-medical applications). Due to the brain-based signal

etector(s) of this invention being located in the oral cavity, the detector(s) may detect electrical
activity from many paris of the brain that includes the cerebral cortex, as well as other paris of

the brain.

Brief Description of the Drawings

[(009] Figuve 1 is a comparative schematic view of hard palate multicomponent brain-based

Bio-signal detection versus scalp BEEG brain wave detection.

{0610] Figure 2 is a schematic view of the hard palate multicomponent bratn-based bio-signal

and the resuiting subcomponent waves after extraction.

G011 Figure 3 is s comparative schersatic view of an extracted bard palate alpha wave

subcomponent signal versus sealp EEG alpha waves.

(G013} Figure 4 is a overlay schematic view of an extracted hard palate brain-based bio-signal

subcomponent signal verses scalp EEG brain waves during mental counting sctivity.

[0013] Figure 8 is a comparative schematic view of an extracted hard palate brain-based bio-

signal subcomponent signal versus raw EOG brain waves during up-down gve movement,

F0014] Figare 6 i3 8 comparative schematic view of an extracted hard palate brain-based bio-

signal subcomponent signal versus raw EOG brain waves during left-night eve movement.

[0015] Figare 7 is a comparative schematic view of an extracted bard palate brain-based bio-

signal subcompanent signal versus cardiac ECG waves.

[0016] Figure B 15 a comparative schematic view of an extracted hard palate brain-based bio-

signal subcomponent signal versus EEG, EOG and Respiration waves,

o

{60171 Figure 9 is schematic views of various embodinients of the electrodes of the mvention.

[0018] Figure 18 is a schematic view a system to detect sleep disorders including internal and

external units.
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{0019} Figure 11 is schematic view of an alternative embodiment multi-sensor system.
[0020] Figare 12 is an sometric view of an embodiment of an oral attachment device,
[(G021] Figure 13 is an isometric view of an embodiment of an oral attachment device.

[0022] Figure 14 is gn isometric view of an embodiment of an oral attachment device.

v

{‘; A

023] Fignre 18 is a sagittal view of a 2 human head with the oral attachiment device of Figare

——

12 inserted in the aral cavity.

Detailed Description of the Invention

[6024] The following description is intended to convey a thorough understanding of the
embodiments by providing a number of specific embodiments and details involving methods for
detecting and processing brain-based multi-composnent signals in an oral cavity, Ht is understoond,
bowever, that the invention is not limited to these specific embodiments and details, which arg
exemplary only. It is further understood that one possessing ordinary skill in the art, in Hght of
known devices, systems and methods, would appreciate the use of the invention for its intended

purposes and benefits in any numbsy of alternative embadiments,

{00257 in a preferred embodiment of the invention a systern for detecting multi~-component

oRt,

brain-hased electromagnetic bio-signals includes a senaor {n the oral cavity may be coupled to

one or more electranic processors capable of electronically digitizing, amphifving, attenuvating,
filtering and normalizing the multi-component brain-based bio-signals as needed. The computer
processor may also be capable of extracting, isolating or otherwise dividing sub-component
stgnals from the multi-component brain-based bio-signals, and optionally elassifving and

analyzing the sub-component signals.

[0026] The sensor may be an electrical or magnetic sensor capable of detecting multi-component
brain-based electromagnetic bic-signals. In a preferred embodiment the sensor includes
electrodes touching the hard palate, whers one electrode acts as a reference for comparison with

¥

one or moare other electrodes,
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[£027] The electrodes may be resistive mode electrodes, capacitive mode electrodes, current
mode electrodes, or inductive mode electrodes. The electrodes may be passive electrodes which
simply receive a signal, or may be active electrodes which are able to digitize or otherwise

process the received signal with an internal elestronic processor.

{002%] In some embodiments the sensor in the oral cavity may be included in an oral device
configured to couple to the dentition or other oral tissue. In further embodiments the position of

the seasor or electrodes of the sensor may be adjustable in relation to the oral device.

(00297 In some embodiments the seasor may be communicatively coupled o a processor in the
oral device. In other embodiments the sensor may be communicatively coupled to one or more
exterual processing device. The sensor and/or processor(s) may be coranunicatively coupled via

wires and/or wirelessly, such as Bluetooth or other wireless technology.

[O030] Figure 1 is a comparison of the hard palate 1§ malticomponent brain-based bio-signal
188 versus a standard scalp EEQ brain wave signal. A sensor including reference electrode 13
and left signal electrode 12 coupled or proximate to hard-palate 18 are used to detect the
multicomponent brain-based bio-signal 188, In some embodiments the sensor may also include
right signal electrode 13, The mubticomponent brain-based bio-signal 180 is the raw hard palate
bio-potential signal. The raw unfiltered scalp EEG signal 288 is detected from the F4AZ
electrode 26 (F=frontal, 4=right side of scalp by 14-20 standards) with a reference electrode on
the vight mastoid. The multicomponent brain-based bio-signal 188 is a relatively unremarkable
pattern of the raw hard palate blo-potential signal in comparison to the raw scalp EEG signal
288, The multicomponent brain-based bio-signal 108 has a significantly larger voltage range
when compared to raw scalp EEG signal 286, 100 gV versus 10 pV respectively. This
demonstrates that special analysis of the hard palate 18 suulticomponent brain-based bio-signal
184 is necessary to determine subcomponents of the hard palate 18 multicomponent brain-hased

bio-signal 108 especially the brain-based subcomponent signals,

{003 1] The reference electrode 11 was placed on the hard palate 18 to avoid mixing of sealp
REG with oral brain-based signals. left signal electrode 12 and right signal electrode 13 may be
gold or gold plated elecivodes covered in cotion gauze. 3alive may be used in some

ol

embodiments to wet the gauze.
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{00327 Figure 2 shows the hard palate 18 multicomponent brain-based bio-signal 108 being
split into its various subcomponent signals afler being provessed according to embodiments of
this invention. The subcomponent signals may include an & - 14 Hz brain wave subcomponent
signal 181, an eye movement subcomponent signal 183, a cardiac subcomponent signal 164 and

& reapivation subcomponent signal 168,

(0033} Figure 3 shows the strong correlation between the ¥ - 14 Hz brain wave subcotmponest

signial 102 detected on the bard palate snd the § - 14 Hz brain wave scalp EEG signal 261

[0034] Figure 4 shows the strong correlation between the 3.5 - 30 Hz brain wave subcomponent
signal 102 detected on the hard palate and the 3.5 - 30 Hz brain wave scalp ERG signal 202 of a
subject when subject was performing the mental activity of counting backwards from 10 by 7°s

(e, Y00, 93, 86, 79, ste.). The subject was seated in a well-lit, environmentally controlled room.

[0G35] Figure 5 shows the strong correlation between an 80 pV range multicomponent braip-
based bio-signal 108 detected on the bard palate 10 and the 53 1V brain wave EQG signal 308
detected with EQG electrodes 30 on the vight-side human scalp while the subject was quickly
looking up and down, Mo filtering or isolation of subcomponents of the muiti{:ﬂmp«mem brain-

based bio~signal 188 was needed for this embodiment.

0367 Figure 6 shows the correlation between an 50 pV range multicomponert brai-based
bio-signal 104 detected on the hard palate 19 and the 358 uV brain wave EQG signal 308
detected with EOQG electrodes 3¢ on the right-side human scalp while the subject was quickly
looking left and right. No {iltering or isolation of subcomponents of the multicomponent bram-

based bio-signal 188 was needed for this embaodiment.

[0037] Figure 7 shows the correlation between cardiac signals detected at 0.5 - 249 Hz in the
brain wave subcomponent signal 104 on the hard palate 18 and the cardiac signals in an
unfiltered ECG signal 408 detected with ECG electrode 48, The subject was seated in a well-lit,
envivonmentally controlled roont during recording, The multicomponent brair-based bio-signal

16¢ was filiered this apphication to remove DC offset.
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[0038] Figure 8 shows the correlation between respivation sub component signals 186 at 1.5 Hz
Q

z extracted from the brain-based multicomponent bio-signals detecied on the hard palate

.
ey

~ 24
18 and scalp EEG signals 283, right eye EOG signals 361 both of which were filtered at 1.5 Hz —
49 Hz, and a nasal cannula respiration sigoal 300 while the subject takes a fast deep breath 581

and holds the breath 3062 for 20 seconds. The graph shows that the bard palate bio-potential
changes at the same time the scalp EEG and EOG changes showing the strong temporal relation

between the hard palate multicomponent bio-signals and the scalp related signals.

[(039] Figars 9 shows various electrode embodiments for use in bard palate nnulticomponent
bio-signal detection to accommodate the shape of oral tissue and provide for comfort and
biocompatibilily, Soft materials {gauze, or foam) may provide mechanical safety and maintains
electrolytes around the electrode. Uther matsrials can be used for electrodes as desired. The
electrode assembly 86 include 8 metal electrode 51 and termperature sensor 32, The combination
of electrode 51 with temperature sensing 52 for the oral cavity or other body locations. The
electrodes detect current flow from tissue and the temperature seosor allows determination of
oral temperature, motion antitact {since temperature is not & blo-potential measurement), and oral
airflow, Average oral temperature can be estimated by a thermistor, semiconductor 1,
thermacouple, or other appropriate sensor. Variations in temperature arising from sirflow can be
used to determine the presence/absence of airflow as part of pre-processing or by the
microcontrofler (pCUY). One embodiment of the electrode may be a convex electrode assembly
68 which may include a metal electrode with a Tead wire 61 and temperature sensor 62 and a
soft, absorbent cover-surface 63. Another emnbodiment of the electrode may be a concave
electrode assembly 78 which may include a metal electvode with a lead wive 71 and temperature
sensor 72 and a soft, absorbent cover-surface 73. & third embodiment of the electrode may be a
flat electrode assembly 88 which may include a metal electrode with a lead wire 81 and a soft,

absorbent cover 82, The reference electrode 11, may be a civeular metal electrode.

[00407 Figure 18 §s a schematic of a system to detect sleep disorders $88 including an internal
oral unit 681 and an external unit 658. The internal oral unit 681 may include a convex electrode
&8 positioned near the middle of the hard palate and one or two concave electrodes 78 positioned

to the left andfor right near the gums.
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00417 The internal oral arit 681 may include a sensor unit 642, a power source 803, a power

manager 804, a microcontroller 683, and a transmission unit 686. The wternal oral unit 661 may
plify, filter and/or digitize multicomponent bio-signals using dedicated circuitry as shown or

as part of the data-management microcontroller (0CU). Digital signals may be passed 1o a radio-

frequency {RF) module for transmission to a remate receiver, €.g., a Smariphone or computer, ot

cloud eic.

(00427 Detecting multicomponent brain-based signals may be accomplished by placing the
internal unit 681 inside the appropriate body cavily wherg brain-based multicomponent bio-
signal detection can automatically {or manually) be initiated. Signal detection usually begins
immediaiely, howeyver a temperature sensing component can be added to monitor environmenial
temperatures 1o ensure proper operating conditions and or monilor temperature during data
collection. The temperature sensor can also be used to monitor changes in airflow via the mouth.
Additional sensors an also be added to monitor a variety of additional physiological variables
including oxygen saturation via optical PPG sensot/monitor, accelerometer, gyroscope, GPS,

pressure, camera, biological or chemical monitors ete. Brain-based Detectors monitor

multiparameter physiological signals including brain waves

[043] The detector {i.e. sensor) can be based on any of the folfowing sensors: resistance mode
electrodes, capacitive mode electrodes, current mode electrodes, passive electrodes, active
electrodes, magnetic mode detectors, inductive mode detectors, acoustic mode detectors, optical
or electro-optic mode detectors, chemical or biochemical mode detectors, biclogical made
detectors and brain-based detector arvays (brain-based detector can also comprise multiple

sensors oriented in different geometric planes). The sensors may be of various shapes and
include various metals, metal salts, or metal alloys, senuconductors, polymers, carbon
compounds, conductive fabrics, composites, graphenes, non-metals; sensor comprises rigid,
semi-rigid, and other flexible materials. The sensors may utilize microelectronivs techuology.
The sensors may be disposable and/or reusable. The sensors may inciude remote sensors,

Sensors may be adjustable in position and/or performance to optimzie brain-based

multicomponent bio-signal detection.



WO 2014/066666 PCT/US2013/066661

[00441 Sensor unil 682 may detect electrical signals from the hard palate picked up by electrodes
and may amplity and filter the electrical signals to remove motion and other artifacts and

eved to the microcomtrolier (pCU) 683 via the 8P bus for fiwther processing, storage and
Lransmission.

[0645] Signal and power management scheduling are performed by the pCU 808, nergy
consumed from a disposable or rechargeable power supply 683 can be nunimized by the plU
§0% by controting the duration and duty cycle of data~collection deviges, the transmission
module 66, and the pCU 688 itselt Emeiiigent power management can reduce the size and

complexity of the power source 683 and eliminate the need for a power line-operated system.

(00467 Data transayssion by the transmission unit $86 may be via well-known standard
communications protocols, such as Bluetooth (BT} and Bluetooth LE (Low Energy) (BLE) ora
proprietary protocols or frequencies, Use of standard protocols may ensure easier post-
transmission processing, The transmission unit 86 may support both BT and BLE, which can
be accessed by Smartphones and other devices, An antenna of the tranpsmission unit 686 may be
built into the side and/or front walls of an oral appliance attachment device as shown in Figures

12-18

[0047] The external unit 638 includes a receiver unit 881, a preprocessing unit 832, an
Independent Component Analysis (“ICA”) processor 788, a raw brain-based multicomponent

bio-signal component analyzer 756,

{00487 The receiver unit 651 may be configured to recetve signals from the ransmission wnit
686, The preprocessing unit 632 removes as much sigoal noise as possible The ICA processor
786 may use standard ICA algorithms to extract and isolate individual subcomponent signals.
To ensure a good estimate of the components of the brain-based raw hard palate signal, brain
wave filters 1-N 781, 7582 and 783, eye movement signal processor 718, cardiac signal processor

728 and respiration signal processor 738

[0049] To ensure a good estimate of the subcomponents of the brain-based raw bard palate

multicomponent bio-signal it's important {o remove as much signal noise as possible with

preprocessing unit $32. The preprocessing unit 652 may eliminate non-physiological noise via
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filtering and sensors (thermistors) built into electrodes or a sensor platform. Electrodes may be
shielded on thelr rear surface by the oral attachment device to prevent disturbance by the tongue
and or internal facial muscles. Thermistors also provide a means to detect movement of the
device relative to tissue as well as provide memns to correct for large temperature changes due fo
breathing. Additional processing includes data filtering such as low pass filtering. Additional
preprocessing may include centering and whitening. Centering removes the mean from sach
component by subtracting the mean of the data from the actual data. Whitening the data is done
to make the raw data uncorrelated to ensure that sach subcomponent is as independent as
possible. Preprocessing can also identify eyve movements dug to the unigue arrangement of the
electrades (left and right) that produce significant differences in the raw signal detected by each
electrode. Root mean square vahies can be determined and threshold detectors may be

incorporated.

[0050] Digitization by the pre-processing unit 632 may be electronically performed 1o enable
efficient digital processing as well as signal amplification and or attenuation of the bio-signals if
necessary, Presprocessing also seeks to remove unwanted nojse by filiering, shielding, blocking,
or algorithmically removing or elinuinating undesirable physiological and or non~-physiclogical
signals such as clectrical noise, acoustical noise, mechanical noise, other artifact, or galvanic
currents from dissimilar metals, or tongae artifact ete. Undesirable artifact contained in

biosignals can hamper recordings. Signal normalization can also ocowr at this stage.

[0051] The ICA processor 788 determines the individual subcomponent signals of the raw hard
palate multicomponent bio-signal without previously knowing each component. To effectively
detersnine each subcomponent the number of detectors {sensors) must be equal to or greater 1o
the nunber of individual signal components. Embodiments may utilize three electrodes to detect
bio-potentials each with a built-in thermistor which provides six (6) detectors overall. This
embodiment may detect 4 subcompounent bio-signals. To separate the componewts the JADE

algorthin (Jobnt Approximate Diagonalization Eignen Matrices), which tends to perform best for
smail datasets) can be incorporated used by the ICA processor 788 of a computer or Field

Programmable Gate Array (FPGA).
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{6052] Extracting, isolating, or dividing the detected multicomponent brain-based sigual inte
individual parasubcomponent signals may involve appropriate means to exiract, isnlate, and/or
divide the brain-based mulicomponent signal into constituent physiological signals and/or other

signals as desired.

[00337 Primary subcomponent signals may include brain-based bio-¢lectromagnetic signals,
cardiac bio-slectromagnetic bio-signals, TCG, local tissue big-electromagnetic signals; eve
dipole bioelectric bio~signals, muscle bic-electromagnetic bio-signals, tongue bio-
slectromagnetic bio-signals, cardiovascular related pulsatile bio-signals {e.g. Blood Volume
Pulse): respivation related puisatile bio-signals, movement related bio-signals, biomechanical
bio~-signals and/or bio-acoustic bio-signals. Each subcomponent sigual typically includes
multiple frequencies, and may have different dynamic ranges that may overlap. In some
embodiments additional physiological parameters can be derived, including heart rate,

vespiration rate, beart rate variability, pulse transit time, arterial blood pressure.

05471 A variety of signal processing or signal analysis means Gmplemented in algonthmg) can
be utilized to extract the subcaponsnt bio-signals described. Subcomponent bio-signal
extraction may include use of patiern recognition, Independent Component Analysis, Principls
Component analysis, Linear analysis, Frequency domain anaylsis, time ~ frequency and non-
linear techniques such as corvelation dimension {CI1), phase space plots, different entropies,

wavelet based, Hilbert—Huang Transforms (HHT), and similar means as desived:

[0055] For some applications, signal isolation or extraction may not be requived. For example,
eve movement signals tend to be larger than other oval signals so for eve movement applications

extracting other signals may not be required.

[0056] In some embodiments key subcomponent signal features , such as data points, thresholds
and/or data slope be extracted or isolated from the signal of futerest. This may involve
idensification of brain-based signal patterns and translation into commands to extract said feature
and or issue commands to perform a task, A desired algorithm may be used to automatically
estimate/caleulate # value to represent the signals by a few refevant key values. There are a large
variety of algorithms that may be implemented from the simplistic methods such as adding,

subtracting, multiplving, dividing, etc., to other complex techniques involving time-based
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approaches or frequenecy based approaches, Principle component analysis, Support vector

machine , Genetic algorithm, Distinctive sensitive learning vector quantization ete.

[0057) In some embodiments key features of a subeomponent bio-signal may be classified or
transiated to a command, The classification step assigns a class to a set of features extracted
fromi the signals. The class can correspond to the type of mental states Wentified. This step can

also be denoted as “feature translation”,

[(3)38] Key featurs information may be provided or displayed to a user/operator and//or used fo
perform tasks, such as comparing an extracted subcomponent bio-signals to a database of
haseline signals to control a device, assist in a diagnosis of a disease, disorder, or condition, and

or report the status of the device function.

[0039] Following subcomponent bio-signal extraction, individual subcomponent bio-signals can
be displaved or utilized for other purposes such as calculating vital signs, part of a copynand to

contral another device(s), or to perfory additional processing such as extract particular features.

[0060] Following separation fnfo ndividual subcomponsent signals the raw brain- signal can be
further analyzed or separated into various frequency bands using band-pass filters 758 and then
displaved or ased to issve a command. This may mclude bratn wave filters 1. 781, The filters

may be programmed or maintained in hardware for bands of interest 782, 753,

[0061] Eyve movemens sub component signals 730 can be displaved and observed for Rapid Eve

Movement (REM) to determine sleep stage.

5]

[0062] Cardiac signals 726 can show basic heart rate and can be used to determing R wave peaks

as-well as heart rate variability.

[0063] Respiration signals 730 can be displayed to determine breathing rate.

100647 Various data may be stored on s data storage device incorporated into the internal oral

unit andfor exiernal unit.,

(00651 In some embodiments of the system may also include a stimulate Hssue device.
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[0066] In some applications brain-based biosignal maps can be developed to allow for

topographical mapping of electrical activity for internal body locations,

[0067 An alternative embodiment that incorporates multiple sensors such as oxygen saturatios,

head position via accelerometers, temperature, and brain-based siguals &5 shown in Figure 11,

[0068] Figare 12 shows an embodiment of the internal oral unit 888 ncluding convex electrodes
68 configured to contact the conter of the hard palate, and concave electrodes 76 configured to
contact the gums, The internal oral unit B0 may be a mouth-guard platfora which may
incorporate a biocompatible adhesive to maintain contact with the dentition and/or oral tissue
simifar to a denture adhesive. In some embodiments the internal oral unit 868 electronie circuits
601 that perform some or all of the functions described above. The electrodes may be positioned
in the structure which provides a slight spring force against the gums and hard palate to ensurg

electrode cortact with oral Hissue.

3697 Figuve 13 shows Oral attachment device 988, whicl incorporates a flexible transverse
support band 981 {0 maintain contact with the hard palate and electrodes 11,312,513 and
temperature sensor 53, Oral attachment device 988 may include electronics 681 and

fransmission unit §i6.

[070] Figure 14 shows an oral attachment device 188 which ncludes a thin flexible platiorm

that incorporates a biocompatible adhesive to maiutain contact with the mandible and tlexible
slectronic ¢ircuits, The electrodes 11, 12 and 13 are positioned in the structure which provides a

slight spring force against the gums and hard palate to ensure electrode contact with oval tissue.

Some embodiments may include temperature 82, electronics 661 and transmission unit 686,

[0071] Figuve 185 shows a sagital view of a human head with an example of an oral attachment
mouthguard 808 with electrodes contacting the the left and right side of the hard palate and one
electrode contacting the hard palate and transmission system, and an exemplary embodiment of

the external unit 638, External unit can be a smariphone, computer or other computing device,

(00721 An embodiment of the present invention may utilize subcomponent signals of the braln-

based multicomponent bio-signals for sereening, diagnosing and monitoring obstr uctive sleep

apnea (“OSA™) OSA is a breathing disorder caused by movement and upper alrway blockage
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by the tongue and narrowing of the upper ajirway by soft tissues within the nose, mouth and
throat that oceurs during sfeep. This phenomenon causes sporing and recurrent interruption of

breathing due to pertodic obstruction of airflow in the upper airway during inhalation,

[00731 The current state of the art in diagnosing USA and other sleep disorders tnvoelves using
multichanne! polyvsomnography to evaluate EEG, respiratory signals, cardiac signals, muscle
tone, eye movements, and leg movements of a sleeping patient, This requires the cumbersoms
attachment of multiple EEG leads to the sealp, as well other transducers such as microphones,
electrocardiograph {“ECG™) electrodes, electromyograph (“EMG”) clectrodes and a pulse
oximeter attached various parts of a patient. Devices intended for home use may measure fower

arameters are available, but still require multiple connections.

“3

00741 Embodiments of the invention enable detection of multicomponent brain-based bio-

poren

signats (FI1G. xx) from which sabcomponent bio-signals can be extracted including brain-based

electrical agtivity inchuding alpha or other waves(FIG. xx). eye movement (FIG, xx}, respiration
{FIG. xx) and ECG (FIG, xx). Brain elecirical activity subcomponent signals can enable
determination of sleep state/stage and overall sleep time. Respiration subcomponent bio-signals
may enable determination of apnea events, Eys movement subcomponent big-signals can enable
determination of rapid eve movement (REM) sleep, and ECG subcomponent bio-signals can
enable determination of heart rate during sleep. By analyzing the individual or combinations of
these sabeomponent bio-signals, either manually or with 2 computer system/program, a patients

slegp patiern may be determined to diagnose OSA.

{0075] In some embodiments, signal processing (including filtering, amplification, digitizing,
storage eic.) and recording of some or all of the sub-component signals may oscur in computer
chip{s) embedded in an oral device including the sensor(sjcan be accomplished. Resulting data
cap either be transmitted as it becomes available via wired or wireless technology {such as
Bluetooth) to a receiving device {such as a smartphone, a computer, ov dedicated device) and/or

aploaded to a receiving device at a later time.

[0076] In other embodiments the multicompongnt brain-based bio-signal is transmitted to an
external recetving device (such as a smariphone, a computer, or dedicated device) for signal

processing. The multicompenent brain-based bio-signal may be ransmitted as it is being
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detected by the sensor or it may be recorded on a storage device in an oral device for retrieval at

a later time,

100771 I desired, in further embodiments the sensor detecting the multicomponent brain-based

bio-signal may be supplemented with additional secondary sensors (Le. accelerometers,

thermocouples, Oy saturation seasors, C0; sensors, aiv flow meters, etc.) may be used in
combination with the multicomponent brain-based bio-signal to determing head position and

oxvgen desaturation and other events during sleep.

[(078] In some embodiments, the oral device may automatically when it is removed from the
patient’s mouth. In other embodiments the oral device may be turned off manually. The signals
stored on the device may then be uploaded to a computer systern including a software program
for tterpretation of the signal data, and be available for a diagnosis 1o be made by a physivian

or other medical personnel.

[0079] In some smbodiments, the electrical braln activity subcomponent signals extracted from
the detected brain-based multi-component signal may be used along with sigaals from
accelerameters to detect traumatic brain injury in mifitary personnel, sports participants, or other
people in at-risk professions or activites, such as concussions, strokes and seizures. Detection of
travmatic brain ijury may be facilitated by comparing eurrent subcompent signals to pre-
existing baseline signals. The pre-existing baseline signals may be recorded from the specific
paticnt being tested or a generic baseline derived from consolidation of multiple previously
regorded signals from the patient or a segment of the population. In sther embodiments these

signals may be used to monitor performance.

[00801 In some embuodiments, subcomponent signals extracted from the detected brain-based
multi-component signal may be used to optimdzs training and provide feedback on performance
of athletes and soldiers in order to enhance their capabilities during competition or in the field.
The subcomponent signals extracted from the from detected brain-based multi-component signal

may also be used in biofeedback applications,



WO 2014/066666 PCT/US2013/066661
16

[0081] In another embodiment, brain waves and muscle activity subcomponent signals extracted
from the detected brain-based multi-component signal may be used to determine the level of

consciousness of a patient under general anesthesia,

{0082] In another embodiment, subcomponent stgnals extracted from the detected brayn-based
multi-component signal may be used to detect abnormal brain wave patterns indicative of

hypoglycemia in persons with diabetes.

b

{00837 In another embodiment, brain-based bio-signals, eye moverent, head position and
breathing signals and other subcomponant signals extracted from the detected brain-based raulis-
component signal may be used to assist individuals who are physically impaired but mentally
capable to operate a wide variety of equipment and tocls using a brain-computer interface whick
interprets the subcomponent signals to operate a variety of equipment’s actions. For example

moving an motorized wheel chair or operating an artificial Hmb.

[0084] In another embodiment brain waves and eve movement subcomponent signaES extracted
from the detected brain-based multi-component signal can be mounitored for advertising or media

progranming evaluation,

[0085] In ancther embodinient, a user can be trained to alter his brain waves in order 1o send a
subcorpponent signal extracted from the detected brain-based multi-component signalto a
central computer in order to automativally control his mobile telephone, video game console,
television set, music system or DVD player; change the teroperature settings in the room; control
an alarm system; control kitchen appliances; or control au automobile’s computer system. For
example, subcomponent signal exiracted from the detected brain-based multi-component signal
may be used o detect drowsiness or sedatives or drug related impairment in the operator of a
motor vehicle by monitoring sub-component signals related to respiration, eye movement, and
other useful parameters. The device for this application may be in the form of a nose clip, a
mouthpiece, or combinations thereof that collscts and processes brain-based multi-component
signal via an onboard computer that can subsequently trigger alurm systerns and provide

notification, or alarm when a driver becomes a drowsy or falls asleep at the wheel,
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[6086] In another embodiment, a device may utilize subcorsponent signal extracted from the
detected brain-based multi-component signal, such as gyve movement and other bio-signals to
contro! machines such as autonobiles or airplanes using thought control especially for complex,
rapid or emergency maneuvers, For example one application may be enhancing combat or drone
pilots reaction times and assist in the control of aireraft during high-performance or wartime

sifpations,

{0087] In an alternative embodiment of the svstem, the sensor and/or other elements of the
system may be implanted in soft tissue, such as the soft palate or gums; or alternatively insf ide
teeth or tooth mplants; or in a third alternative, in parts of the body other than the oral cavity.
For example the sensor and/or other elemenis of the system can be iroplanted in the soft palate
and self-powered via pieroeleciric material within the device. Or in another example the sensor
and/or other elements of the system may be toplanted beneath the skin and pertodically charged

inductively, capacitively, optically or other charging methods.

[O088] in another alternative embodiment, the sensor and/or other elements of the system may be

located I & swimmes’s or underwater diver’s mouthpicce.

[0089] in third alternative embodiment, the sensor and/or other elements of the system ouay be

mourtted on a nose olip designed for comfortable placement within the nosteils of an individual.

{0080] Though many of the embodirsents described herein describe applications in the oral

N

gavity; the systenms and methods deseribed berein may also be applied to other internal tissues

¥

aceessed through orifices ov incisions in the body.

(091 In the preceding specification, various preferred exemplary embodiments have been

described with reference to the accompanying drawings. [t will, however, be evident that various
madifications and changes may be made thereto, and additional exemplary embodiments may be
implemented, without departing from the broader scope of the invention as set forth in the claims

that follow. The specification and drawings are accordingly to be regarded in an Ulustrative

rather than resivictive sense.
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Claims

What is claimed is:

2. The method of claim 1, wherein the condition is a concu

A method comprising:

detecting, by a sensor including at least two electrodes, 8 multicomponent brain-based

hio-signal in an internal tissue of a patient;

digitizing, by at least one computer processor eommunicatively coupled fo the seasor, the

multicomponent bran-based bio-signal;

isolating, by the at least one computer processor, a phurality of subcomponent signals

frony the digitized multicomponent brain-based bio~signal;

comparing isolated data trom one or more of the isolated sub component signals, by the

at least one computer processor, 0 predeternuned baseline data; and

gengrating, by the at least one computer processor, at feast one of an tnstruction to a
machinge and a visual diagnosis of a condition, in response o said comparing tsolated data to

baseline data,

SSHHML.
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