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(57) Abstract: A method and apparatus using brainwaves to control real objects is provided. The method and apparatus comprise
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lating to success, a control signal is developed that can be sent to a real object to control 3 dimensional motion of the control ob-
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BACKGROUND

5

The techuology of the present application relates generally o neurological fecdback

systems, and more specifically to using newrological systems to control physical obiects for

therapeutic and other reasons.,

Background
Bicofeedback has been a known conditioning and therapewtic technigue for vears.
enerally, the freatment and taining provides 8 sensor to identify or monitor a

hystological condition, such as electrodermal or galvanic skin response (EDR or GSR),
PRY & 1, i

heart rate variability (HRV), or the Hke, and 2 display, such as a computer or television
sereen. A conirol processar receives the sensor information snd, in many simplistic

devices, adjusts the displayed response to induce the appropriate response, For example, &
resting HRV may provide a balloon tmage on a display floating high above a landscape.
Asz the patient’s or subject’s HRV becomes more indicative of agitation, the balloon may
fall closer to the horizon on the display.

Another tyvpe of biofeedback relates to the electrical functioning of the brain and is

generally referved o as nowofecdback.,  Brain functions generate electrical sipnals
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(hrainwaves) that may be sensed by electrodes typically in close proximity to the skall.
Controlling the bralnwaves or conditioning the brain 1o produce certain types of brainwaves
is belteved 1o faciiiate wellness, In this regard, newrofeedback is of particular interest o
psychologists and the ke as the brain is the central organ that controle emotions, physical
actions, thoughts, and behaviors. Thus, it is believed that influencing the brain to produce

particular types of brainwaves may facilitate corrective training for various disorders, such

3 x

fiyperactivity disorder, Asperger’s

&Y

bl

as, for example, anxiety, depression, attention deficit and
syndrome, obsessive corapulsive disorder, and the like,

Using an electroencephalograph (BEG) in conjunction with computer processors
allows precise and fast determination of bralnwave activity. Generally, brainwaves are
classified into five generic categories:

t. Bramnwaves having a freguency of 2 to 4 hertz are generally reforred to as Delta
WAVES]

2. Bramwaves having a fregoency of 4 to 8 hertz are generally referred to as Theta

Waves,

3. Brainwaves heving a freguency of & o 12 hertz are generally referred o as

£

Alpha waves) &

A

4. Brawwwaves having 2 frequency of 12 to 28 )

e

terty are generally reterred to as

s

Beta waves; and
5. Bramwaves having & froguency of 26 to 50 hertz are generally referred 0 as
Gamng Waves.

These brainwaves are measured by sensing the elecirical signals of the brain using

slectrodes.  The electrical signals sensed by the electrodes are passed through band pass
filters to isolate brainwaves in particular frequescy ranges to estabiish the Delta, Theta,

Alpha, Beta and Gamima wave sets. Typically, Delta waves are associated with deep sleep

brain activity, Theta waves are offen associated with g transitional phase betwesn slzep and

wakefiilness.  Alpha waves are typically associated with periods relaxation, such as, o
&

%

example, mediation. Beta waves are associated with concentrgtion and task specific
activities,
One popular way to amalyze brainwaves IS io measure the coherence or

diseoherence {also referred to as non~coherence and incoherence) between the brainwaves
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from various portions of the brain in a particular freguency range. For example, 2 patient’s
Alpha waves from two different reglons of the brain can be compared. The degree of
simtlarity between the Alpha waves of the two regions would determine the degree of

coherence.

Not uncommon eday, a person undergoing neorofeedhack ireatment uses a video
dizplay to provide “ea}—'i‘;me visual feedback in response o detected brainwave activity. A

computer processes the bramwaves and compares the actual brainwave to 2 nonmalized or
desired pattern. The “closeness” to the normalized or desived pattern provides an inpat fo

the processor controlling the wideo display. Based on the desived activity, the video may

S

beliave int a pattern to induce tho user o alter the uwser’s brainwave, Thus, the visual
feedback can be used to condition the brain to produce a desired brafnwave pattern matched
fo o normalized or desived brainwave paltern. Recently, » trend has existed that uses the
information o contrel video iIn simulations more akin to game plaving than therapeutic
cxercises. Today’s technology regarding using brainwaves in newofeedback therapeutic
devices and/or game playing, however, is relatively uneatisfactory.  In particular, due in
part to the ramdity that brainwaves change, the brainwave coherence values provide at best

-

an unstable signal to control video, Moreover, the instability of the signal makes it Gifficult
or virtually impossible to control a physical device based on brainwave activity. However,
for at least improved therapentic results, it would be preferable to provide a real vs. vival
visual feedback mechanism. Moreover, for both game playing and therapeutic svstems,

brainwaves typically change overly rapidly for a fine-tuned control, thus today’s systems

generally have only slugpish, course controls that are unsatisfactory for either games or
therapies.
Thus, against this background, it would be desirous 1o provide a method and syste

of using brainwaves to provide improved therspeutic and game-plaving controls,

Aspects of the technology of the present application disclosed hereln address the
above stated needs by providing s method of tralming = patient/user to produce desired
brainwave patterns. The method of fraining comprises obtaining two or more brainwave

signals from a patient/user. The brainwave signals are separated into corresponding bands
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and compared o determine a ooherence between the brainwave signals. The coherence

¥

between the signals is compared 1o a predetermined threshold to determine whether the

brainwave siguals are behaving in 2 desired manner. Based on comparison to the threshold,

&

o]

a control signal owtpwt is provided to a contrel object that moves based on the control
signal. Controiling at least one control object using aof least one contro! signal based on the
comparison, such that the control object moves and provides visual feedback to the patient
tending o cause the user to produce desived brainwave In response 0 & neurslogical

Dy

3 b3

Another aspect of the technology provided in the present application includes
converting the brainwave signals tnto the frequency specirum and filtering the brainwaves

3 b
X

mto a number of frequency hands for which a coherence determination is desired. Each of

2
p

he coherence values is used in a comparison to a threshold to develnp a plurality of contro!
signals toa control the physical motton of an object.
Ancther aspect of the technology relates 1o converting brainwaves info control
}g- 1 he w 1 i ~ Ye—ﬂt 53{“ ‘i"“ wral Qio i(il thye
signals thet can be wirelessly transmitted o 2 remote object. The control signalx dirvect the
motion of the remeote object.
in one aspect, the technology of the present application may be applied o video

sumnlations, such as, ganing inpuls to control virtual obiects. The input directs the motion

of the virtual object and/or the difficulty of the background associated with the game,

Yrors

n sl another aspect of the technology, the present spplication provides
~ . ES .i

mechanisms o allow brainwaves to control prosthetics such as, for example, artificial arms
and legs. The technology may allow for individual freining to produce bralnwaves that are

cnverted to electrical control signals to operate the prosthetics.  The electrical control
signals may be provided wirclessly or wired,

Another aspect of the techuoiogy provides cognitive foodback to a person using the

device. The cognittve feedback relates to sensory input that may tend to cause the brain to

produce the desired brainwave patterns.  The sensory input may include visual feedback

based on a video monitor and real object motion.

%

‘

The technology of the present application also provides non~cognitive feedback to g

k]

person using the device, The non-cognitive feedback relates 1o sensory and non-sensory

=

nput that may tend to cause the brain to produce the desired brainwave patterns. The non-
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cognitive feedback may tnclude low frequency sound, rapid visual stimulation, slectrical
émpuise, and feedback altering processing values to more readily allow the user 1o achieve
15623 Still another aspect of the technology provided in the present appHeation includes an
apparatus o provide a binasural beat to induce a patient/user to produce brainwaves in &

cular frequency range.

{9624} it is to be understood that the scope of the nvention 18 1o be determined by the
claims a8 issued and net by whether & given embodiment includes any or all featuwres set
forth 1o this Summary of by whether a given embodiment addresses any or all issues
wdentified in the Background of this Applicstion. there sre additional aspects of varving
ambodiments of the present application. These additional aspects arve apparent to ene of

&

ordinary skill i the art on resding the disclosure set forth below and a3 set forth in the

glaims heretn

BRIEF DESCRIFTION OF THE DRAWINGS
00251 FIG. 1 is a functional block disgram of an exemplary embodiment of the technology

of the present application;

{626 FIG. 2 18 an exemplary methedology using the technology of the present

b
{.‘«)

637} FIG. 3 i a 15 a funclional block diagram of extracting signals from a patient in

accordance with the technology of the present application

3

28} FiG. 4 shows various modules of the controd processor of figre §;

{9294 FIGL 5 shows portions of & bingeral beat gencrator of the control processor of Sgure
T .

{30 FIG. 6 shows a control module of Sgure 15 and

31} FIG. 7 18 an exemplary embodiment of a display of information associated with the

technology of the present apphication,

DETALED DESCRIPTION

5432} The technology of the present application will now be explained with reference to

the figures. The figures which disclose various exemplary embodiments of the technology

1934
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generally relate {o a method and appararus designed to use brainwaves to contvol objects or
inputs to contro] systens. In one exemplary embodiment, the sppsratus and method can be
used to control real objects, such as a remetely operated car, vebicle, keyboard, prosthesis,
or the Bike. In other exermplary embodiments, the apparatus and method provide control
signals to virtual objects. To still other exemplary embodiments, the apparatus and method
provide control signals to both real and virtual objects. I general, the technology of the
present application, however, is described in relation to therapeutic uses. One of ordinary
skill in the art, however, on reading the disclosure hereln would understand the technology

{ the present application has many non-therapentic wses, such as, for example, thought-
controlled romote exploration, thought-controlled inputioutput devices for interaction

between disabiod people, iimugi t~eontrolied input {o clectro-mechanical prosthesis devicss,

and the fke. The word “examplary” is used herein to mesn “serving as an example,

mstance, or illustration.”  Any embodiment described herein as “exemplary” 18 not
necessarily t© be construed as preferred or advaniagesus over other embodiments
Moreover, all the embodiments described herein should be considered exemplary wnless
spectiically noted otherwise:

Generally, the term telekinesis refers fo the ability to influence objects solely

o

through the wse of the mind. The technology of the present apphication is not telekinesis,

but rather uses the energy of the cerebmam to provide inpuds fo a processor. The processor
processes the inputs and provides conteol signals that influence the shjects. The process of

using brainwaves as inpuls to a control processor 1o control and objoct may he o m;,é to as
cerebral robotics or CEREBOTIC control.

Brainwaves are devived frony any animal with brain functionality. While it could be
ased on numerous animals, the technology of the present appleation is deseribed with
particudar reference 1o & human. For ease of reference, the brainwaves may be oblained
from a player, user, subject, patient, or the Hke, which are generally used interchangeably
heretin

As mentioned above, conventionally, brainwave goherence, or thcoherence {fzﬂsa
referred fo as discohersnce or nom-coherence), i measured by comparing a patien
braimwave coherence values calenlated between two reglons of the cerebral cortex {or outer

brain) against normalized brainwave coherence values. The technology of the present
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application, however, messures coherence befween multiple parts of a single brain and
compares them to values associated with improvement. For example, a processor compares
the patient’s left homisphere Alpha wave i the patient’s right hemisphere Alpha wave to

determine coherence between the left and vight heraispheres of the brain.  Alternatively,

,,

coherence may be measured between two argas of the brain that may operate cooperatively

for a particular task, the areas may be left/right hemisphere, front-leftback-left portions of
the brain or the like. Designations of left, right, front, and back as used herein should not
be considered limiting for purposes of the technology of the present application, but rather

as g relative location. A left hemusphere brainwave and right hemisphere brainwave, for

exaippie, conld sasily be consaidered a first bralnwave god a second brainwave:

As mentioned above, one aspoct of the technology of the present application relates

sped

tn using the techhology to improve therapentic training of the brain.  Thus, the present
application is described lurgely in relation to therapsutic aspects of the technology.
However, one of ordinary skill in the art will recognize on reading the present disclosure
that the teehnology of the present application may be used for alternative applications, such
as, for example, game input, remote operating equipinent, prosthesis control, and the like.
Referring now to figure 1, & functional schematic diagran is provided that generally
outlines a therapeutic systom 100, The therapeutic system 100 inchudes one or more patient
brainwave sensors 102 supported proximate g patient 108, a conirol processor 104 {which is

: ELD“\F

o

1 a8 one componet in Hgure 1, but as will be understood Fom the below may in fact

L8]

be several distinet processors or a singly integrated unit), snd a control object 106, Patient
168 would be provided with sensors 102 1o detect slectrical activity of the patient’s brain
{notf specifically shown}). The sensors 1802, or electrodes, may be individually adhered to

&~

the patient 108 or provided iIn g support 101, such s for example, a helmet, headband, or

other head wear as a matter of design choice. For therapeutio use, it may be beneficial to
provide sensors as individual electrodes and not in a pre~-developed helmet, for example, to

facilitate placement around the skull as desired by the doctor, thevapist, or the like.

The actual scusors 102 and placement of the sensors 102 are generally within the
orvdinary skill in the art and will not be further explained except for completeness relating to
the technology of the present application. The sensors 15}25 which may mchude a processor

108 o preprocess the soused slectrical signals, transmit the signals to control processor 104

pet)

g



WO 2009/155172 PCT/US2009/046774

through a communication Hnk 110, Communication link 110 may be a cable, bus, ribbon
cable, solder connection, wircless fransmission, or the Hke. If a2 wireloss transmission,
sensors 102 would require a RF transmitter, such as, g Bluctooth fransminter, Zighee

transnutter, or the ke, and an associated antena. Controd processor 104 would similarly

require 8 corresponding RF receiver and antenna. Control processor 104 and control object
105 are commected by commuumication hink 1120 Similer o communication Hak 116,

communication Hnk 112 may be a cable, bus, nibbon cable, solder connection, wircless

transmussion, or the ke, To facililate control of a real object (vs. ¢ virtual object),

commugication link 112 as a wirelesy link may provide greater potential range of motion

<3

I control object i a virtual objoct, such as a display 119, a cable connection may be
sufficient. The conpnunication Hinks 112 and 110 may sometimes be referred to as dats
iinks., The communication links 112 may be networked comnections such as, for example,

through a LAN, WAN, WLAN, WWAN, WiFi, Infernet, Bthemet, personal area network or

PAN, a private network, or the ke

3

As described above, and as shown in figure 1, sensors 102 are armanged to pick up »

7

N

left hemisphere brainwave and generste a corresponding left hemisphere brainwave signal

116 and to pick wp a right hemisphere brainwave and penersie a corresponding right
hemispiwre brawpwave signal T8 {see figwre 3 showing signals being transmitted to contro!
processor 104} The left hemisphere brainwave signal 116 and the right hemsphere

CL

braimwave signal 118 are sometimes referred to gs fiest or second brainwave signal and

coliectively as brainwave signals.  For example, seasors T2 may be arranged in various
cotnbinations, but vne exemplary placement of sensors 102 includes three sensors gt T3,

Ny

Cz, CT4 { which s halfiway behween International 10-20 sites C3-T3 and 04-T4) and two
reference sensors at Al and around the skl

The individoal signals are input to control processor 104, Control processor 104, as
will be explamed in more detail below, processes the signals to develop control ouiput
signals IR transmitied o control object 166, While shown in figure 1 as a single control
processor 104, control processor 104 may be several independent processors connected via
& network, such as, for example, an Bthernet, a LAN, 2 WAN, a WLAN, WiFi, Internst, or

1O

the lke. Control processor 104 controls the major functions of the therapeutio system

by

including providing computing functionality to process the inpuls {brainwaves signals)
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and/or date required for operation of the therspeutic system 100, Control processor 104
may include 2 user interface 10 to allow a therapist or the ke to interact with the processes
described helow to manually adjust various settings, inputs, and the like. User interface
Qs v et 3 ryvemeteves fr CTIOE A PASTA S trrei i e o/ aecve  abedinsvrer S o
may comprise a typical interface for such a device including keyvhoards, alphanumeric pads,
mouse, track balls, Hght pens, tonch sereens, volce recognition, microphones, speakers, and
the like. Morsover, control processor 104 may include one or more memory banks 15
cormected or integrated into control processor 104 or the additional components associated

- p

with control processor described below. Memory 15 may be volatile and/or sonvolatile

memory on any suilable medis. Memory 13 may include code, routines, modules, or the
Bke o allow control processor to perform varions operations and functionality as hersin
described.

5 -

Referring now © figm‘e 2, an exemplary method 150 of operating thevapeutic
system 100 will be explained. While method 150 15 deseribed as comprising discrete steps
or actions in @ particular order, the steps outlined below are provided in an exemplary order

3

for case of understanding.  The methodology outlined may be executed in mwwe, levs, and

different steps arranged in the same or different orders.  Additionally, the methodology
deseribed herein may be a substantially continuous process where the steps are performed
substantially stomitaneously, or discretely as described.

Method 150 will be explained in contexi of providing therapeutic influence to assist

ann mdividual {patient 108) fo produce brainwave patterns to mindmize the s¥fects of a

bkl

neurological disorder. However, the system could Hkely be used to train patient 108 to

produce brainwaves to augment g partivular sowrological effect as well  Also, the

be used for other than therapeoutic matters, such as, for example,

3

methodology

Cix

38 comi

o

3

game inpuiﬁ prosthesis control, or the like

Referring specilically to figure 2, the method is initialized at step 152, Initializing

”

the method may include the step of phu*ig, eusor 102, step 152A, inttiating fiming and
gontrol of the processors, step 1528, initating the control object 118, step 152, and the

o. Once mitisted, therapeutic system 100 beging ebtaining at Ipast two brainwave signals

N

ey
=
4]

from at least two sections of the brain, step 154, The methodology and system 100
deseribed herein penerally refors to a left hemisphere brainwave signal and a right

hemisphere brainwave sigasl as an example, but the two bralnwave signals may be
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enorated from any two portions of the brain as desired. The raw brainwave signals ave

9

provided to a Ritenng system to filler the brainwaves into frequency bands, step 156

Filtering the brainwaves into frequency bands may inclode converting the brainwave signal
into a format wsable by a signal processor, step 156A, performing a Fourier transform on
the brainwave signal, step 1568, and the like. The filtering may be accomplished by any
number of conventional devices, such as, for example, low pass, band pass, and high pass
filters g5 are comumonly understood in the art,

{hoa4 The technology of the present application is described with refation to therapeutic
uses. Thus, in accordance with conventional therapeutic methodologies, the bratnwaves are
described as being filtered into an Alpha Theta range, 8 sensory motor thytlun range, & Beta
range, and & Gamma range. Onee filtered into frequency bands, a coberence between the
two brainwave signals in each band i determined, step 158, Notice, distinctly unlike

3

onventional therapentic methodologiss that compare coherence of 4 patient’s brainwave to

< \

a normative database, Sie present application compares two bralrwave signals of the patient
for @ trend in the coherence towards or away from a “therapeutic” value. Such

therapeutic value may include, for example, that once Alpha wave coherences 18 ghove

75% it does not fall below 70% coherence. For example, the left hemisphere brainwave

pa—

produces, after fltering, an Alpha Theta range signal and the right hemisphere brainwave

ok

v

i3 a2
aela range sienal

& &

3

rodnces, after filtering, an Alpha T fie left and right hemisphere Alpha

o
Lo

Theta range signals would be compared to determine a coherence between the signals. The
coherence would be used to delermine whether coherence 8 moving towards the
therapeutic goal. Conventional methodologiss would tvpically compare the left, right, or a

combination of the Alpha Theta range to 2 normative signal in a dutabase. The technology
of the present application, however, in the first instance does not compare gny brainwave

coherences 1o a pormative datagbase of tosinwave coherence.

pr

10648} In addition to coherenve, another therapeutic value that may be measured is the
amplifude or energy of a particular wave form, Thus, at step Eéﬁ, the amphbitude or energy

of a signal is determined. The signal may be total energy of the left hemisphere signal,

fotal energy of the right hemisphere signal, fotal energy of the loff and right hemisphere

signial, energy of the Alphe Theta brainwaves, or any possible conrbination theveofl

10
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Using the coherenice valoes, amplitude or energy values, or & combination thereot,
method 150 compares the values against one or more threshold values, step 162, As can be
appreciated, brainwave signal changes are generally rapid. Thus, the coherence value

often changing rapidly and is difficult 1o monitor, making 1t especially ditficuli to provide

253

stable control signals fo coutrol  the molion of real objects. However, by comparing
coherence, amplitude or energy, to a threshold value, an output signal based on the
comparison may remain consiant over an extended period. For example, Alpha Theta

coherence may be trending in an upwards direction, but freguently dips into g downwards

=]

4

hus,

[

directiom (i.¢., incoherence or discoberence) on its trend foward more coherence.
although the actual coherence value may be in flux, the coberence above a threshold of the
coherence trending up, 18 typically not changing as rapidly as the actaal valye. The outpwt

of the comparisons of coherence, amplitude or energy, or a combination thereo? lo

thresholds inchuding, for example, whether coherence is above a particalsr minimum value
or below a parbeulsr maximum valus, whether coherence values are Increasing or

decreasing, whether energy of the signal is above g minimum signal or below a maximum

o~

signal, or the Hke, or some combinstion thereof, s wed fo generate control output signal,
Ay &y 3

I v
H

step 164. The control putput signal may provide 2 or 3 dimensional control signals, such
as, for example, a thrugt, rotation, and N signal, mubiiple thrust signals, 2 movement vector
in the X.Y.Z plang, 3 movement vecter in the XY plane, any other type of movement

<.

vector, or the hke to control an object, step 165, Some exemplary operational and

unctional steps associsted with developing the various control signals of a present

ks &

*

prototype are provided below, Throughout the process of methodology 150, a display
screen or montor 119 may provide various display various signals, step 166, An
exemplary dispiay output will be explained further below in connection with figure 7. The
dispday output may be used as visual feedback to the patient 108, The display may inchude,
for example, raw braimwave EEQ signals, coheronce signels, control signals, threshold

chisplavs, and the hke ax will he sxplained in connection with Seure
¥ EF el

of methodology 150, and generally in relation to coherence values and threshold values,
binaural beat may be generated, step 168, The binsural beat genersted non-cognitively
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cascade or fuzzy logic) monitors the system, for example, the coherence, amplitude or
energy, of thresholds or & combination thereof] step 170, Based on the monitoriag, s

determined whether the desired brainwave functions are being obtained, step 172, fe., or

L=

2

the desired thresholds are being met or the Hke. I o is defermined that the thresholds are
not being niet or being met teo readily, the threshold iz adjusted based on 8 predetermined
adjustment algonithm, step 174, For example, one possible threshold consideration s s
determination regarding whether Alpha Thels brainwave coherence is Increasing, The
threshold for this value may be adjusted depending on whether the patient i3 successful in
causing the increass in coherence {0 exceed the required threshold, If for exsmple, it is
determined the patismd cannot successfully obtain the Alpha Theta coborence at the mitial
threshold, the threshold is lowered {or raised) unid the patiend can in fact meet the

threshold

The foedback lbop described above a3 an agto logic cascade ncludes components of

»

fuzzy logic that combines a simple logic feedback systems with 2 lincar feedback system io
adjust the threshold values associated with the coherence and energy levels. These controls
0 adinst both the input threshold controls and the output threshold control assist.
For example, one therapeutic goal 18 fo inoresse Alpha Theta coherence. I Alpha Theta
coherence is low such that the initial threshold is not exceeded within a predetermined

X

tmeframe or not exceeded and mamtained for a predetermined tmeframe, the fwzy logic

feedback loop may in the first instance allow the threshold variation and in the second

instance reduce the reguired coherence threshold fo sn achuevable level. The amount the

,C‘)..

threshiold 15 fowered may be, Tor example, based on an iterative process pntil the threshol

is achieved, for example, or on other control algorithums. SMmilarly, the feedback toop may
increase the threshold if the coborence value exceosds the threshold by & cerfam amount,
consistently for a predefermined tmelame, or overly rapadly, some combination thersof or
the live,

Another exemplary foedback may be related to another therapoutic goal of

4

mcreasing Alpha Theta coherence while decreasing Beta coherence {froquency scparation).

£
d

In the first instance, the feedback loop would determine whether Alpha Theta coherence is
satisfactorily exceeding its threshold. Next, the feedback loop would determine whether

the separation between the coherences is shove a desived zeparation. Depending on the

12
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adjustinent algorithm, the separation threshold may be incregsed or decreased. Changing
the threshold of Srequency separation may influence whether the initial flwresholds are still

being satistactorily achieved.

p2s

x

Thus, as can be asen, the feedback loop in one exemplary embodiment reacts o a
series of inpuis to adjust threshold values.  The first input should be performed
satisfactortly before ovaluating and adiusting the second nput, ete.  Moreover, each
adiustment causes a recvaluation of the preceding thresholds to comipensate for any

5

imfluence that adjusting later thresholds wmay have on previcus thresholds, While identified

\

as seguential in natwe, the feedback loop may operate sequentially, in pamallel, or 2

combination. Moreover, multiple foedback loops may be established to control for vanious
desired results. For example, in the method 150 described, separate feedback loops or
cascades may be established for cach of the cobierence, amplitude, efe. measurements,

One of ordinary skall in the art will recognize on reviewing the above that display
outpist {step 166} and control object {step 1635) provide visual feedback to the patient. For
example, i increased Alpha Theta coberence causes Hft of an object, the object’s
movement up or down wonld provide visual, cognitive feedback to the patient. Similarly,
display output would function in a similar way, As will be explained in connection with
figure 7 below, certain features of the display output may increase the ability of the patiend
to control the veal object although the therapeutic effcet and training of the brain is
generally enhanced by conttrel of the real object. Steps 168 {0 174 generally provide a non-
cognitive feedback. A bingural beat generator provides neurclogical feedback by providing
low resonance frequency sound waves thal faciiitate the bram’s producing the desired
patterns, The neural net adjusting the thresholds provides feedback in making the actions
casier or harder to assist i training the brain,

Reforring now Yo Ggures 1 and 3-7, one exemplary embodiment of a therapeutic
system 100 capable of performing the methodelogy 150 described gbove is provided.
Therapeutic system 10 will generally be described in functions! block diagrams and the
fike. Onc of ordinary skill in the art on reading the disclosure will appreciate that the
various illustrative functional blocks, modudes, circuits, and algorithm stops Sesceribed in
connection with the embodiments disclosed heretn may be implemented as slectronic

hardware, computer software, or combinations of both.  To cleerly Husteate this

ke
L
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interchangeability of hardware and software, various illustvative components, blocks,

modules, circuits, snd steps have been described above generally in terms of their

fimcttonality. Whether such Rmetionality is implemented as hardware or software depends

upon the particnlar spplication and design constraints impoesed on the overall system.

Red S

Skifled artizans may implement the deseribed functienality in varying ways for egch

particular application, but such implomentation decisions should not be interpreted as
causing a departure from the scope of the present application.

Reforring fust o ¢ 3, the raw electrical signal obtained by sensors 102 18
converted fo a format usable by computer processors or the bike. To convert the raw
hrainwave signals sensed by sensors 102, brainwave signals 118, 11¥ are transmpitied 1o @

conventional electroencephalogram (EEG) 202, or similar device. The EEG 202 amplifies

the electrical signals using amplifier 204 and digitizes the signals using an agalog o digital
(A} 206 1o produce amplified, digitized brainwave signals 208, 210, The 8EG 202 may

be separate as shown or integrated into contrel processor 104
The control processor 104 will now be described with refersnce to the figures. Esch
of the parts identified in figures may be individnal components, integrated into 2 single

gomponent, or inlegrated into more or less components. Referring fist o figure 4, the

amplified, digitized loft brainwave signal 208 and the amplified, digitized right braimwave

~

signal 210 are iwput to g coherence module 302, Coherence modude 302 in general

o
o
@
[y
4]
b

provides a coherence value between the two brainwave signals — in this case

hemisphiere brainwave signal and the right hendsphere bramwave signal although any two

»,4

brainwaves are possible. The coberence module 302 provides coherence for pach of the
vartous types of brainwaves. Thug the amplified, digitized brafnwave signal 208 is input

iters 303, 304, 305, and 306. More or lesg filters may be

K‘.h

through a series of band pass |
weed as & matier of design choice depending on what values are 1o be measured for
coherence.  As shown, the filters are shown In paraliel © provide four distinet outputs for
cach amplified, digitized brainwave signal 208, 210, The band pass Glters 303-300 may be
mdividual filiers, a software module, or integrated into a single device, such as a microchip
or the tike, Filier 303 passes a Brst fequency band, filter 304 passes a second frequency
hand, fiter 308 pagses a thivd frequency band, and filter 308 passes a fowth freguency

band, One sxemplary first frequency band may be 6 to 11 He. The & to 11 Hz comprises

P
P



WO 2009/155172 PCT/US2009/046774

Kl

4

s Ha, T
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Alpha Theta brainwaves. One exomplary second frequency band mayv be 12
12 to 15 Hz comprises sensory motor rhythm brainwaves, sometimes referred to as SMR or
“low Beta,” {One exempiaﬁs third frequency band may be 18-28 Hz, The 18 to 28 Hz
comprises Beta braimwaves. Une exemplary fourth frequency band may be 37 o 49 Ha
The 37 to 49 Hz comprises Gamma bratnwaves. The exomplary freguency bands shown
ave smaller than the traditional ranges for the respective bratnwaves, for example, the Alpha
Theta rsnge is typleally consdered to extend from about 4 Hz to abowt 12 Hz. The reduced
equency range of each band, however, allows a frequency separation between the bands.
The first exemplary frequency band, may be, for example, 4 to 12 Hz to cover the entire
traditional range of the Alpha Thets brafnwaves, ot perhaps would need to be reduced to
provide a clear separation between the fregoency bands, While the ﬁ’equemy ranges and

mumber of comparizons 15 a matter of specific design choice and functionality desired, the

technology of the present spplication will generally be explained with reference to the four

frequency ranges provided sbove recognizing that more, less, and different frequency

s

ranges are possible over the spectrum of brainwave frequencies. The chosen frequency
ranges is in part based on current understanding of the braiy and 188 function mdicating tha
iny peneral wellness i increased with increased coherence among Alpha Theta brainwaves
and decreased cohierence smong Beia bralnwaves.

Onece the frequency signals are separated into one left amplified, digitized firs
freguency range signal and one right amplified, digitized Sirst Hequency range signal, the
one left amplified, digitized first freguency range signal and the one vight amplified,
itized frst frequency signal are input into a first freguency range coherence generator

£

4

308, in this case, the fivst freguency range is the Alpha Theta range. Thus, the fir

=

coherence  generator 308 is generating an Alphe  Theta coherence signal 310

)"«

Conventionally, coherence is determined by comparing the values of cross-power spectrign
from one wave form fo another wave formn in the frequency spectrum. Thus, the frst
coherence generator 308 may include a Fourler transform generator 312, and such a
transtormation may be completed using, for example, & quadrature Glter as is generally
known in the art.  As this example has been arranged with four frequency ranges, the

o ot

coherence module 302 inctudes four coherence generators 308 {as explained above), 314,

UJ

16, and 318, which could he separate hardware, software modules, or integrated into

e
R
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single parts. Coherence penerators 314, 316, and 318 may sinularly include a Fourie

transform generator 312 although other types of coherence may be measwred instead of

power of the waveforns,  Ccoherence generator 314, in this example, provides a SMR

e

coherence signal 3200 Coherence generator 316, in this example, provides a Bels

coherence signal 3220 Coherence gensrator 318, in this example, provides a Gamma

fad

coherence signal 324, The designations Alpha Theta coherence, SMR coherence, Beta
coherence, and Gamma coherence used herein are for simplicity of reference.  The

particular fequency ranges selected m this example should not be considered limiting, By

way of reforence, coherence generally can be considered s value between 0% coherence {or
discoherence or owt of synch or morphologically dissimilar) to 100% coherence, which

tuticates identical wave forms.

Amplified, digitized brajnwaves 208, 210 also may be combined by an amplitude
generator 326 to form g total brainwave amplitude signal 328, While shown separate from
coherence mwaduale 302, amplitude generator 326 may be mtegrated with the coherence
wmodule 302 as i also uses the amplified, digitized brainwaves directly from EEG 202, The

30, such as a

it

amplified, digitized brainwaves 208 and 210 may be displayed on a display
conventional mgonitor, LD screen, flat screen, or the ke, Displayving the amplified,
digitized bramwaves 208 and 210 may indicate whether, for example, an clectrode is
property oriented, whether the cables or transmitters are properly connected, or the ke,

i

b 3

The coherence signals, Alpha Theta cohersnee signal

Kb
o)

i, SMR coherence signal
320, Beta coherence signal 322, and Gamma coherence signal 324 are fransmitted {o 2
threshold module 332 portion of control processor 104, Again, threshold moduls 332 may
be integrated into a single control processor 104 or a separate, networked control processor
104, In this exemplary emmbodiment, threshold module 332 detormines whether particular
coherences are, for example, ghove a certain minimum threshold, below a corfain maximum

threshold, or between a certain mintmum and maximum, and whether they are increasing,

are decreasing, or some combination thereof, such as, for example, sbove a certain

~

w
“ad

Wk,

nuinimuam threshold and increasing. Generally, threshold module 332 comprises a series of

o

T

4

comparaters o provide a modified culput data stremn based on the comparisons made. In
one exemplary embodiment, threshold module 332 comprises at least one comparator for

-'\

each coherence determination. Thus, threshold module 332 may inclide comparators 334,
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336, 338, and 340, In this exemplary embodiment, comparator 334 makes a fivst Hweshold

.

determination based on comparing & present Alpha Theta coherence to the previous Alpha
Theta coherence. I the comparison indicates coherence s increasing, the comparator

M 3

42, I coherence 15 constant {unhikely} or

.JJ!

outputs an Incrsasing Alphe Coheronee signal 3

decreasing, the comparator does not output the Increasing A}pha Coherence signal 342, In
this exemplary embodiment, comparator 336 may determine decregsing Bets coherence fo
cutpnt 8 Decreasing Beta Coherence signal 344, Comparator 338 may determine & SMKR

Coherence to output an Increasing SMR Coherence signal 346, Finally, comparator 340
may determine a Ganuna coherence to output an Inereasing Garvina Cohorence signal 34R.
In one working embodiment of the technology of the present application, a useful
threshold calenlation inclades band ratio delerminations. The ratio is caleulated by a ratio
generator 350 in threshold module 332 that generates at least one first ratio signal 352,
First si.gmﬂ 352 may be a ratio capurison of one frequency range to another, For example,
the amplitude of the Alpha freguency range divided b}e the amplitude of the Theta
frequency range. Other ratios, more, and different ratios ave possible. In this example, the
amplittdde signals to gonerate the ratic may be received from amplitude generator 326, The
first signal 352 may be used, for example, as a control input, sometimes reforved to as an

aute threshold, When the first signal 352 exceeds ¢ predefined tlweshold, a positive or

achieved state is ouipot by threshold module 332, The positive or achigve state allows the
foedback mechanism, Le., the apto logic cascade identified above to monttor and adjust

3

threshold values based on predefined satisfuctory response criteria. Conversely, when the

3,

wegative, nidl, or not achieved state is output by threshold module, the thresholds agsociated

o

with threshold module 332 are locked. Ratio generator 350 slso may oviput an indication
regarding whether the ratio between the ranges is Dnereasing, decreasing, or remaining
steady.

As one of ordinary skill in the art would now recognize on reading the disclosure
herein, coherence between separate brainwaves changes rapidly and mowent (o moment.
By inputting the coherence signal to compare the signal to a threshold, the rapidly changing
brainwave coherence is less problematic for a control signal as the coherence typicaily
tends to increase or decresse at » less rapid rate. Additionally, the threshold deternunation

~

may be based on a hysteresis, such that, for example, once the threshold ix achieved at a

wads
‘~"3
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first predetermined level, it will not be turned off (or unachieved) until a second
predetermined level is reached. Furthermore, the actus! threshold values themselves
hecome useful outpol since they take advantage of the hysteresis inherent in the neural net
aspeet of this design. Moreover, as can be appreciated by one of ortinary skiil in the art on
reading the disclosure, meoreasing Alpha Theta coherence while decreasing Beta coherence
is gencrally considered a good therapeutic resull. Thus, the above thresholds are largely
based on therapeutic consideraticns and not necessarily on, for example, game simulations,
proathesis control, or the like. In other words, more, lesy, different, other, or a combination
of the these and other threshold determinations are possible depending on the desived
output of the system.  Other threshold values may inclnde, for example, an Alpha Theta
phase synchromization relating to the phase difference between the first and second
brainwave signals being wmeasured. Stll other threshold values may tnclude, for example,
total or individual wave amplitude threshold values.  Yet other thresholds may compare
relative coherence or discoherence between ranges, such as a8 ratio between Alpha Theta
coherence a8 compared to Beta coherence.  These examples of various thresholds are
simiply that, and should be considered exemplary and non-limiting examnpies

LU The outputs, of dweshold module 332 are provided to a perceptal control theory

{PCT) processor 360, PUT processor 360 combines the mputs from threshold module 332,

<

coherence module 302, smplitude generaior 326, other, less, more, or different wpots as

desired into a PCT control output stream 362 wsable to a portion of the display, which wiil

be explained further below with regard o figure 7. PCT control oufput stream 362 is

3

generally understood in the &t and will not be huther explained except as necessary 0

o

explain the present invention. As shown in the figure for simplhicity, PCT processor 360 18

2 1

shown as recgiving nput from thresheld module 332 only.

(} can generate & control signal using a pumber of different

o

106 PCT progessor 3
caleulations relating to the thresholds and coherence values measures as deseribed above
The inputs ave processed by the POT processor 360 fo output a video signal as described

conjunction with figure 7 below. The video signal is designed to influence brain function

to produce the desived brainmwave activity. Some exemplary calcnlations include, equstion

[Py

A4

{nereasing Aloha Theia Coherenee signal 342 < Deorcasing Beta Coberencs sianad 3¢

{Intreasing Alpha Theta Coberence sigaal 342 4 Decreaging Bota Uoheronce signal 344)

e
o
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This is the equation for Preguency Separation and is the fnput {o threshold 3 (noted below).

This is one of the vatues inserted into the POT data stream. This eguation is not necessarily
i ang of tseif a PCT caloudation.

Equgtion | returns a value between -1 and 1. The closer the value 1o 1 indicates the
greater relative difference botween Alpha Thote Coheorence and Bele Coberence.
Increasing Alpha Thets coherence while dooreasing Beta Coherence is considered to have a
positive therapeutic effect.

The result of eguation 1 alsoe is used o generate a Frequency Separation signal 356

ES

by a freguency separation generstor 354 in threshold module 332, In particular frequency
"ﬁ

separation generator 354 produces the fregquency separation signal 356 if the result of

equation 1 shows increasing dominance of Alpha Theta Coherence over Beta Coherence.

Bouation 2 reforns an absolate value of the difference between Alphs Theta

Coherence and Beta Cohevence

{Fooreasdng Alphs Thew Cobiorence signal 342 - Deorasing Bete Colierence signal 3445 * 100 Equation 3

{roreasing Adpha Thew Cobgrence s g\sm{ 342y ¥ I Eguation 4

{ Decreasing Beta Cohargnee signal 3443 % 100 Equation 5
{6864 The POT processor 360 further defines a continuons PCT controf output strean 362

{{Ingreasing Alpha Theta Coherence rabio signal 342 + Decreasi

1068

[6056]

by selecting the muniwum value of 300 or the result of {note the absolute values of each

\ £

additive 1s taken 1 the equation 6 below):

g Beta Colierence vatio signal 344 + fregquensy separation tatio

sigmal 356 + first ratio signal (Alpha Them ratle) 352 4 hdressing SMR Unherense signal 348)* 29

The PCT processor 360 may be imcreased (make control move difffeudty or
decreased {make control easier) by adjusting the multipler “29" up or down. Generally the
multipler may be adjusted between showt 25 to 33, The control cutput signal 118 sends &
positive value, in the above exemplary embodiment, when the value of eguabion 6 s greater
than 160 and a negative value or 0 when the value of equation 6 is less than 160, Again,
the difficultly of control may be modified up or dows by adjusting the value up or down
from 160, QGenerally, value 160 may be adjusted between sbout 145 {easy) o about 178
¢hard) to adjust control

The PCT control output stream 362 provides visual feedback relaling to a virtual
object as will be explained below. The virtual object provides visual feedback to patient

108,

Absolute vilue of {Inuressing Alpha Theta Coboranoe signgd 342 -~ Decreasing Beta Coherence signal 344y Bguaion 2



A

(068

WO 2009/155172 PCT/US2009/046774

s & binaural beat, which s a non-cognitive

£

Another form of feedback provide
feedback. Referring back to figure |, one or more speakers or tone genevators 120 are
provided abowt user 108, Figure § shows a binaural beat generator 400 in more detail.
Binaural beat generator 400 includes a plurality of tone generators 402, 404, 406, and 408,
The paired tone generators are used o provide Interference of & particular binsural beat. In
this exemplary embodiment, fone generstor 402 provides a 60 He signal to, for example,
the right ear of user 108 and tone generator 404 provides a 88 Hz signal to, for example, the
fefl car. The interfvrence of the tone gonerators 402 and 404 provides a binaural beat
frequency of § Hz. Tone generator 406 provides a 104.1 Hz signad to, for example, the ekt
ear. Tone gencrator 408 provides, a 149.1 Hr signal o, for example, the right sar. The
interference of the tone generators 406 and 408 provide a hinsural beat freguency of 45 Ha

Toats may e used as desired. The bimauwral b

s
s

Ciher binaura yeals pwriu sed by binaural beat

e

w
(
o]
4
o
..-
f' %
7
b
f.;‘..
w
3
ek
a3
L ool
foks
fossd

generator provide an induced resonance frequency causing

~

user via the ears, body and head and tend to assist in the formation of the desired bratowave
coherence. In this example, tone generators 402, 404, 406, and 408 are activated by a first
feedback signal 410 genersted by POT processor 360 indicating that squation 3 3§
approaching 1. In general, the tornes produced by the bunaural beat generator 400 may
ncluds more or less tones, but producing three tones has been satisfactory for a prototype.

&Y 3

The frequencies of the three tones inclade 88z (Thetr), 8Hz (Low Alpha} & 45Hz (High

Gammma). Bach tends 1o assist improving coherenee ot or neay its own frequency, The & &
i} . 3

ey
ok

XMz tones are generated when Prequency Separation is decreasing (below threstold). The

on

58z tone is generated when Freguency Separation is sbove threshold, Binaural beat

,»;

generator 400 further inclodes an audio player 412 providing a 6 Hz signal.  The signal

using a iransfer function to move the sound o provide the illusion of & moving sound
SOUTee.

Referring now to figure 6 a control module 380 18 provided. Control module 500

may be ntegrated into control processor 104 or a separate unit as a matter of design choice.

-

Control module 500 receives a series of inputs from threshold module 332 and uses those

inputs to generate the conirol output signal 118, Control module 300 is separated into three
components fo provided three dimensionsl control signals, which in this exemplary

o

embodiment inclade a vertical contral module 5004, g rotational control module 5088, and
»

20
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a thrust control medule 300C. (ther control modules o provide three dimensional control
signals ave possible,

N

Control module 500 includes vertical control module 3084, Vertical countrol

module S00A includes an averaging component 502, Averaging component 502 receives

inpat indicative of the actual value of the threshold as determined by the neural nel over a

fong and short window, Le., dynamic averaging. A long windosw of about 120 seconds and

s

a short window of about 5 seconds provide satisfactory results.  Although the above
identified windows have proven satisfactory with a prototype, the winddow was empirically
fe smoothest possible response once again riding the hysteresis
latency identified above, The precedent for this type of caleulation goes back to the early
davs of hiofeedback when temperature training was accomplished by feeding bagk only the
rate of change information while ignoving absolate and relative values. In this case
increasing the degree of tmprovement provides increased vertical liff. Referring back o
figure 4, threshold meodale 332 includes, for example, a comparator 334 that outpuls a
vositive response when it iy determined that the Alpha Theta coherence is increasing, i.e

the Increasing Alpha Cobherence threshold signal 342, In this exemplary embodiment,
contred module 300 uses averaging component 302 to average Increasing Alpha Coherence

threshold signal 342 over a long window, Decreasing Beta Coherepce threshold signal 344
over a long window, Increasing Alpha Coherence threshold signal 342 over a short
window, and Decreasing Beta Coherence threshold signal 344 over a short window,

The desired dynamic averaging of threshold signels 504 generated by averaging

g

&

R

component S02 are provided to ratio component 506. Ratio component 336 create
dynamic ratio of ratios by dividing the raftio of the short window moving average by the
long window moving average and outputs a first control signal 118 based on the ratios. In
this exemplary embodiment, the fivst control signal Is used as a vertieal control signal, e,

1, The first control signal 118, provides a control value to both & virtual object and a real

oot

ghiect in this case to provide 1ift indication. Anecdotal evidence suggests 1l may be the
vortion of the system most responsive fo training,  Averaging component 302 and ratic
component 506 may be referred to as first or vertical control module 5004

Contral module 500 comprises 8 second or, in this example, rotaticnal control

module SO0B.  Rotational control module S00B recefves first ratio signal 332 from

yoi
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threshold module 332 and uses a first comparator 508 to determine whether the fivst ratio
signal 352 satisfies a fivst predetermined threshold, stther above a mummum, below a
maximum, or a combination thereof. In one ﬁxempiar}f cmbodimoent, comparator 308

kS

righ signal on successfully meeting & high threshold value and outpuly & low

sk

outputs

o

signal on successfully meeting a low threshold vatue. To maintain separation between

ertical and rotational controls, vertical control 8 based primartly on coherence without
amplitude considerations and rotational contrnl is determined on the basis of caleulating the
amplitude or energy ratios, In the exewmplary profotype, Alpha amplitude dominance will
produce a clockwise spin control 11&e and Thets amplitude dominance will produce a
counter-clockwise spin control 118ce. Relative Alpha/Theta balance (not nevessarily parity)
will stabilixe spin.  Spin may function by determuning the “SPIN" or “NO SPINY state
based on 1} the Alpha/Theta amplitude ratio, 2) the alfisade, and 3} if the round is in the

first 30-seconds, Otherwise no rotationgl control signal 4 outpat,

Contrel modale 500 includes or comprises a thrust control module S00C. Thrust
control in this exemplary embodiment uses ong or more w"npam\ v 512 to determine
whether all the generated coherence signals are above (below) certain mimiroum threshold
values. For example, comparator{s) 512 may detenmine whether the foliowing sigials meet
a predeterniined mintmum coherence level:

Increasing Alpha Theta Coherence signal 342,

fncreasing SMR Coberence signal 346,

increasing Garbma Cohorence signal 348,

Becreasing Beta Coherence signal 344,

Based on the combined determingtion that coherence is above s minimurn value and

3

other signals determined from the actual threshold valpes and combined in a logical
statement, thrust control meodule S00C outputs a thrast control signgl 118, For example, if
the combined coherence is above a minimum value and it s determined the rotation of the
device is zero (e, signals 118, and 118, are below values to cause rotational movement),

thrust control signal 118y may be positive to provide forward motion of control object 106,

Regarding the controls, the lopic cascade deseribed above also provides an output
assistivontrol feature. In particular, the feedback loop may assist or control the ability of

the control object, whether virtual or real, to move. For example, the systom may fiest
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cortfiem the vertical control module SG0A has provided a particular amount of Lift as
defined by the contral sigaal 118, which amount may vary between 0% Hft to 100% hit
Ouce a predetermined amount of Hift s determined or provided, rotation control module

enabled and allowed to provide cither clockwise rotstion or counter clockwise rotation. It
the rotation control s enabled and providing a rotational comtral signal, fe., the control
ohject 18 rotating clockwise or coumter clockwise, then thrust control module 300C 18

3

disabled. If rotational control module 5008 is enabled, but the rotational signal is below a
predetermined gmount of rotation, which may be set as low as zevo rotation or as high as
full rotation, the thrast control module 300C is enabled to provide thrust to control object

18 to cause movement throngh a 3 dimensional space {whether real or virtuall

[

f“\l
R

ferring now to figure 7, an exemplary display 700 associated with the therapeutic
- shown on displayy 119 (e 1, or a

display 330 figure 4. Display 700 includes # number of displays that gssist patient 108

r‘

andfor a therapist to facilitate use of therapentic system 100, For example, display 700 may

include o vertical B8 display 702 shown as a simpie bar g graph and an altitude simulator

704, Altitude stmuolator 704 may display a video representation 706 of the control object
106, Generelly, the Hit display 702 and altitude simulator 704 may display simifar
information in different formats relating to the vertical iR of condrol object 106, In some

cases, the video display may assist a patient 108 maintain flight status when they have

3

difficnlty controliing the real object. While two formats are shown, other similar displays

o
could he provided. Display 700 alse may provide an indicator 708 of the number of times

£y

patient 108 has used the therapeutic system 1080, which couid be the nuetber of times In a

single session or the number of times over multiple sessions, as well as a tumer display 714,

3 o

which displays for example the time of a current flight use, the total time of a current

sl 1

session, or & iotsl time across multiple sessions. Display 700 also includes o calibration

display 712, The Ualibration display measures time during the first 30 sceonds of each

3

round during which time all controls are offiline while the computer 1) re-establishes a

bascline and 2) initiglizes one of the drive chips on the UFO receiver. Display 700 further

>

inchudes a video display 714 of aill control object movemen{ contrel output signals 118

€

mclude a display associgted with HR 7141, rofation T14R, and thrust 7147, which may
.a ¥ o

X

corvespond to an animation 716 and graph 718, Animation 716 would ammaie the control

[
¥
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signals 7141, 7H4R, and 7147 onte a snimation of control object 106, Smmlarly, graph 718
would show separate traces 7181, 718R, and 7187 over time of the control output signals
LR, DMeplay 720 is a bar graph associsted with forward speed of control object 106,
Display 722, 724, 726, 728, and 730 display numerical values associated with each of
thrust, power, {f, POT value and threshold difference, The Threshold Difference Display
shows the mathematical difference between the thresheld values under consideration.

Display 700 also includes a frequency separation video display 732,

POT video display 734 provides the PCT control ontput stream 362 to generate

o

3¢ at a location on display

34 such that pstient 108 should attempt to locsie indicator 738 using eye contact. By
L - -

on moving indicatyr 736 o the center, for example, of display 734, the
& E

patient’s brajswaves arg inflaenced in the proper direction.

Ddsplay 700 also may include displays related fo the various tweshold aud

caloulations snch as display 738 {thrust conirel), display 740 (rotation), display 742

ha Theta Coherence), display 744 (Decreases Beta Coherence), display 749
{gate status), display 748 (frequency scparation), and display 730 (Incresse Ganuma
Coherence},

One working embodiment of the techuology of the present application is provided.

x

This sumnary 18 broken down into modules, similar to the sbove, including medaies -1

23

Modules 1, 2 and 3 may be referred to as stage one of the overall techoology desertbed
above and include converting the vaw EEG signal wto meaﬂingﬁﬂ data stregms.  Modules

4, 5, 6, 7, 8, and 9, may be referved to as stage two of the overall technology described

above and inclode f;‘-r;z:{;diﬁg the data streams into discreet data usable as biofeedback

.

Modude 10 may be referred t e overall tochnology deseribed ahove and

CB

stage three of §
includes dvnamic intoraction using the adaplive and seiftadjusting calculations as
described. Finally, 2 stage four of the overall techuology, not represented by a moduls,
may be described as the output to control a remwie device.  Moreover, the variow

algotithms may be considered as the coherence values estshlished in Module One are
passed to threshold objects that caleulater 1) pass/fail states modified by inpwt from the

gural net, 2} threshold to «lgnal ratios. The newral net described in Modole Ten 18 an
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16686

(O8]

{DORR]

adaptive logie cascade that Hnks all the tweshold ohijects together imto ¢ dynamic decision
making network

pa

The software algorithms are coraposed of the following cloments:

¥ Four coherence bandwidths

2 Coberence frequency separation/dispersion calenlation

3 Neural Net inking suto threshold switches inte a rational/adaptive decision
tree

4. Novel caleulation {neurogistic euphonics) of binaurg! beats frequencies o
produce IRF {Induced Resonant Frequencies)

5, Use of IRY as subliminal foedback loop including tactile foedback

£. POT (Perceptual Control Theory) data streaming

7. Two-branch alternating teedback decision tree

&, Cutput (Piloting) algorithans {cerehotic re ;mnsc}:

“Y

RA UTPUT {V a.,:ri icaly: Regressinn of regressions analysis of
Aip 1 a,hu:a B‘ @ noural pet cutput

b. ,AAE‘»&EI}-*LE’ET{_:?E}E BALANCE QUTPUT  (Rotationaly Simple
: litude ratio

"}"m f‘T P "“ OI TPUT {(Forward thrustyy Total of Newal Net

3

Moduie

{MPUTS & COHERENCE CALCULATIONS

Modole One recgives the two extomal EEG inputs, filters the signal for noise and
performs all initial mathenuatical fransforms.  This meodule s comprised of a total of 13
obigets: ¥ EEG input devices, 4 Giters, 2 spectrum analvzer display objects, 4 coherence
obiects, f4 Boolean OR gatelfmoved fo Module 3] and an equation calculation objsct

The initial signal processing 18 ¢ the active calculation from the two EEG input’:: of
coherence for four separate bandwidths: AlphaTheta 6-11 Hey SMR 12415 Hz; Beta 18
Hy; Gamma 37-49

Cobierence is dynamically ealculated within the BioExplorer software presumabdy
using the outputs of a guadrature flter (90 phase shifl converting sine into cosine} mserted
inte the basic cohersnce squation identified as the cross~power spectrum divided by the

sum of the autospeciva.

One definition of the mathematics for coherence was provided by Roberr ¥

T

Thatcher, PO, & &l in *An EEQ Swﬁrity Index of Traumatic Brain Inury”, L

~

b3
o X

2

Neuropsvehiatry Chin, Newrosel, 13:77-87, February 2001, “Coherence is defined as

Srprasc
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A

{8 where G {l) is the cross-power spectral density and Gl and G} are the

ites.”  “The computational procedurs to obtain

anh
(=¥
&
e
%

respective  mutopower spectra
coherence nvolved first computing the power spectra for x and v and then computing the
normalized cross-spectra. Because complex analyses are involved, this produced the

cospectruan {r for real} and quadspectram {g for imaginary). Then coherence was conputed
X 5 B X o X

as
{8941 Further mathematical detatls of the analyses are provided eisewhers.”
10091} The Design Objcots of this module are s follows.  loput cludes Sowves 1 &

Source 2 receive the raw EEG data via serial, parallel or USB mtzzr*at,e throngh COMIY or

data port, Fiilters are provided ay Filter 1 & Filter 3 are highpass &' 8 order Busterworth

s

filters and pormit frequendcies above 1.50 Hz and Filter 2 & Filter 4 are lowpass FIR filiers
of length 80 and pernut frequencies below 36 Hz,
106921 Coherence Calculators ave provided. the coherence caleulators provide:
Coherence 1 {6-11 Hz, AlphaTheta Up) nses a Chebyshev IR ¥ order filter with a
100.0m ripple,
Cokerence 2 (18-28 Hr, Beta Down) uses g Butterworth HR 6" vrder filter,
Cokeorence 3 (12-15 Hz, SMR Up) uses a Butterworth TR 6™ order flter.

. rom S g 3 it Py
Cokerence § {3749 Hz, Gamuma Up) uses a Bulterworth IR & " order filter.

The Calowdarion Olject of moduie one then become

10093} Expression 7 {Band Ratio Cale) combines the two raw EEG signals by simple
addition for later analysis of BEG amplitude rabios.
§G0941 Visual Display Objects include a Spectrum Aunslyzer 1 (RHemusphere) &

Speetrum Analyzer 2 {LHemisphere) use Hann fltering with 128 Bins and 2 refresh rate

of 100ms, The display renge is set to record amplifude activity from 2 to 50 He with e

28
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sensitivity of 20.0 microvoits. These displays provide infbrmation used to determine signal
streneth, slectrode status and artitact status in read fime,

B Module 1

NIEA Madule I includes BASIC THRESHOLD CALCULATIONS., Thas can be
considered one of the primary processors fur the incoming coherence data from Module §

and establishes the essential caleulations on which the rest of the design depends. Module

Two is adaptive and is both part of and uader the contrel of the primary newral net
configuration {(Module Ten).

{Hoen This modale I {s comprised of a total of 11 objects: ¥ caleulation objects and 3

4

n

display objects. The calculation objeets include 7 threshold calculation devices and one

,»/,

rad ratio caleulation device, The display objects include 2 bar graph displays and one

S

trend graphic display. The bar graphs are shown in figuee 7.

m
[
el
e
&
%

&

Caloulation Objects
{96997 Threshold 1 {(Iner Alpha Cob) receives coherence wmput from Coherence 1
{AlphaTheta Up) and calenlates success based on fncrease ondy at g base tolerance of 40%.

The auto-threshold function receives control activation from NOT 1 (NOT Sep) described

e

i Madule 3.
160168} Thresheld 2 {(Degr Beta Coh) receives coherence input from Coherence 2 {Beta
Down) and calenlates success based on deorease onfy at a base tolerance of 35%. The

anto-threshold function receives control activation from the Pass/Fail output of Theeshold 4

{Alpha Syne}.

s

{161} Threshold 3 (Freq Sep) receives mput from an Expression device {Freg Sep Cale)
described in Module 3 and calculates success based on fncrease onfy at 2 bage tolerance of

75% with 200ms averaging. The auio-threshold function receives control activation from

the Pase/Fail ontpt of Threshold 1 (Inor Alpha Uoh)

[B0163 Threshold 4 {Alpha Syne) receives input from the Phase Difference output of
Coherence 1 and ealculates success based on double thresholds at a base tolerance of 63%
for both upper and lower Hmits. The auto-threshold function recetves control activation
from the Pass/Fail cutpuat of Threshold 3 (Freg Seph.

168103} Threshold 5 (AT Ratio) receivey inpot from the oulpwt of BandRatio 1 and

calculates success based on dowble thresholds at a base tolerance of 75% for both upper and
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lower limiis with S00mes averaging, The anto-threshold function recetves control activation
from the Pass/Fail output of Threshold 3 (Freg Sep).

{00164] Threshold & {(SMR COH) receives mput from Ccherence 3 {SMR Up) and
caleulates success based on fmerease onfy at a base tolerance of 60% with no averaging.
The auto-threshold function receives control activation from the Pass/Fail oulput of
Thresheld 3 {A-T Ratio).

(00105 Threshold 7 {Gamma COH) receives input from Uoherence 4 (Gamma Up) and
caloulates success based on inorease only at a base {olerance of T3% with no averaging.
The awto-threshold fimction receives control activation from the output of an Expression

2
z

device deserthed in Module 3 that caleulates & fixed threshold of BOT data

{60168} Band Ratio | receives mput from the Expression dovice Band Ratie Cale i Moduale
1 and caleulates the power ratio as:

(8017 fAmphitnde(S.0 — 10.0 )] divided by { Araplituded 6.0 ~ 8.0 Hzyl

{0108} with a resoiution of 1 Mo Output from this device goes 1o both Threshold § (AT

Ratio} and Threshold & (Rotation Index: A/T Ratio}.
10861091 The display objects from the sbove include a bar graph of {Iner Alpha Coh) display

1

the signal output from Threshold 1 {Incr Alpha Coh) with no averaging and a 353ms refresh
bl . 3 4 Siim
rate in g range of U — 1 and 2 bar gaph of (Deor Beta Coh) displays the signal output from
Threshiold 2 {Becr Beta Coh) with no averaging and a 35ms refresh rate in a range of 8 - 1.
3 el 22
1901143 A trend is provided as (Alpha Coh Dom) combines the coherence oulputs of
Coherence 1 gnd Coherence 2. Coherence 1 appears inred as a solid area, and Coheronce 2

appears as the background color. In this manner the only data represented will be when

Coherence 1 exceeds the value of Coherence 2. The coherence owipit of Threshold 6 s

‘:f.r

a0 represeqted as a simple line graph. Averaging i1s 10 secs with a display range of 30

minnses and 300 second delineations to identity each S-mumute period.

{001} Moduie 1

o

FHENE Module I provides caleuiations for band ratio, freguency separation, PCT, and a

ANII gate. Module Three creates the theee data streams on which the neurcfeedback and

the pilot controls gre based, This module completes Stage Ons,

HEI R This modide HU 18 comprised of z total of 16 objects: © calenlation objects, a
Boolean NOT gale, ¢ Boolean OR gate and 5 display objects.  The caleulation objects
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% 3

include 8 eguation devices and one threshold device. The display ohjects include 2 trend

it

graphiic displays and 3 pumenic readouts,

681141 Calerdation Objects mcluda
[68115) Threshold & (GATE STATUS) receives nput from Expression 14 {GATE} and

3

caleulates sucoess based on fncrease only above a threshold with a fixed value of 7. The
pass/fail output is used as a Hmdting factor in Expression 43 (Low Power Assist), controls
the auto-threshold function of Threshold 2 and triggers Continnous MIDI 1 (Event Bell)

5
3

The apto-threshold input function 15 not wsed.
’\ ‘

G Expression 1 (FreqSepCale) receives inputs from the ooherence outputs of

hese datg as Sollows:

’.‘,f
s

Coherence 1 (Inl} and Coherence 2 (In?) and processes

{(AlphaTh

r'}

-

“ohwrence — Beta Coherence}

o]
£

«;_‘

i
{D

divided by

{AlphaThets Coherence + Beta Coherence)

BT} A value dn the range of -1 o +1 is returmned with the higher value indicating a grester
X =
relative difference between AlphaTheta coherence and Beta Coherence

sston 3 receives threshold data from Threshold 4 {AlphaSyne) with the low

[O81 18] Exy
threshold values going to In2 and the high threshold values going to Inl. The equation,
ABS{int « In2}
retums the ghsolute value of the difference between the two thresholds and sends this
information to numeric readout Meter & (AlphaSyoeDif

FEUAR AL Expression 4 receives data from the low threshold cutputs of Threshold | (Inl} and

Threshold 2 {In2) and processes the data through the equatios

which is then sent to both numerie (Meter 7, Sep Value) and graphic readouts (Trend 1L

{06128 Expression 5 repeives data from the low threshold outputs of Thresheold 1 (Ind
multiplies it by 100 and sends these data to Trend 1 (DEG of SEP).
B134 Fxpression § receives data from the fow threshold outputs of Threshold 2 (Inl}, and

1

muitiplies i by 100 and sends these data 1o Trend 1 {OEG of SEP).

[
(3]
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10122}

"

pos

Expression & (PCT Caleulation) recetves input from the ratio output of 5 threshold
objects to create a contintous data stream. The ratio output is caloulated as
“the signal divided by the threshold value”
Inl is from Threshold 1.

fromn Threshold

ot
=5
]
2
i
“ A

iz from Threghioid &,

et
poe?
Lsd
b
(7]

fnd i from Threshold 5.
n%is from Threshold 6

Because Threshold 5 uses double thresholds as lmits, the ratle output from

“{the signal minus the low threshold value)
divided by

{the high threshoid value minus the Iow threshold value)”

L

The PCT equation is embedded in 8 logical stgtement:

e

MINGABSInl + In2 + a3 + Ind + Wn5)*29), 3003

3

and returns the lower value of EITHER the absolute valne of the sum of all 5 ratic fnput

]

muttiplied by a correction constant with a value of “29” OR “300™.

NOTE: The percetved difficuity for the conirol of the PUT data stream can be

P

adjusted by increasing {easier} or decreasing (harder) the value of the constant throvgh a
A o Pl &

-

range of 25 ihrg)u.gh 33. The effect of dus change on the overall design will §

o

s shight
These PCT adjustments in Bxpressions §, 9 & 29 are the only independent adjustments that
can be made 1n the desipn. Atiempting to change other variables will imbalance the
outpuls.

Expression 9 receives the PUT dats stream from Expression 8 (PCT Caleulation), It

sends a positive value {“17) when the POT data stream exceeds a value of 160 and &

negative value (“07) when the PCY data stream is 160 or less. The percelved difficulty for

the control of the PCT data stream can be adjusted by increasing (harder) or decreasing

% — ~

{easier} the constant vaiue through a range of 145 through 175, The effect of this change

ook

o the overail design will be slight. These POT adjustments in Expressions &, & & 29 are

30
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the only independent adiustments that can be made i the design.  Aftempting to change

other variables will imbalance the outputs.

' .

{00128} Expression 14 {GATE) reeeives pass/al

s

binary data fom § souress ag bllows:

o

Il
[
v
o
I3
1253
e
o
=
fal
2

in?

inG = Threshold 6

In7 = Expression 8

It processes these data by simple sddition and sends out a value with ¢ range of 0o &,

{64126} Also pmﬁdﬂi in this module three are Boolean operators as follows:
IBRI2T NOT 1 {(NOT Ssp) recctves the pass/fuil output from Threshold 3 (Fregbep),

reverses i and sends it to OR 2 (NN ON} as well as Tone Generator |, Tone Generator 2
and Audio Plaver 1 which are deseribed in Module 4.

{69128} QR 2 (NN ON) recetves the outputs from NOT 1 {(NOT Sep} and Expression 43
{Low Power Assist) and, if either iInput is not “0”, sends an activation signal to the auto-

§ 2

threshold input of Theeshold 1 which initiates the neural net caseade,

RN The display objects include meter 5 (SEP %) displays the output from Expression 1

{Freg@epCale) in integer only percentage format with a 300.0ms refresh rate and 2 sec
averaging, moter & {(AlphaSyacDif) displays the output fom Expression 3 as whole
integers representing the difference between the high and ow threshold values of Threshold
4, There is a 35.0ms refresh rate with no averaging, and meter 7 {Sep Value) displays the
cutpwt From Expression 3 as whole integers representing the difference between the low
threshold values of Threshold 1 minus Threshold 2. There s 2 35.0ms refresh rate with no

averaging, which are all represented in Sigure 7. Also provided is a tend (DEG of SEP)

P 5

that combines the outputs of Expression 5 and Expression 6. Expression 4 appears in green

t"}
£,
"\-r-'
E’:‘:ﬂ
{.':é;
P
51
faac!
ot
z
7

as a solid ares, and Expression 5 appears as the background color (bla

the ondy data represented will be when Expression 4 exceeds the value of Expression 5.

31
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The owtput of Expression 4 18 also represented as & simple Hne graph {red). Averaging 13 10
sees with a display range of 30 mimstes and 300-second delinegtions o wdentify each 5-
minute perind, Trend 3 (PUOT) displays the output of Hxpression & (POT Calculation) i
graphic format as a Une graph. Averaging is 1 sec with a display range of 30 minutes and

300-second delineations 1o identify cach S-minute period,

{0613 Module IV
[B613Y Maodide Four is the beginning of Stage Two. It is comprised of 5 objects and is

responsible for the neurcgistic cuphonics which is the non-cogmitive portion of the

3

cerebotic Hnk and is responsive to the output of Threshold 3 (Freg Sep). As dispersion of
the coherence specira improves above the dynamic threshold, the 45-Hz binaural beat
generator {Tone Generatar 3 & Tone Generator 4) is activated providing support with a
gamma frequency sssist, As dispersion of the coherence spectra drops below the dynamic
threshold, the B-Hz binmuwal beat generater {Tone Generator 1 & Tone Generator 2} and the
6 Hz HRTF recoding {Audio Flaver 1) are activated providing assizstance for fow alpha-
hieta coberence values.
196132} The freguency of the compatible carrier wave pairs {Wg) for beat freguencies {¥y,
Fa) is calculated as follows;
Wers=(FY 7 {(Int {1+ (F/10) ] |+ (F/2)
Wep = (B 7 it 1+ (FA6 11 - (R
{HY33 Tone Generator 1 {Right Ear 60} emits a sine wave at 60 Hz ot 70% volume into the
vight chamel onty. This tone is enabled by a pass signal from NOT § {NOT Sep). When

combined with the output of Tone Genervator 2 {Left 68} 4 binaural beat fequency of & Hz

.

s an IRF i the neurofesdback

9«1

is formed midway between the output locations which acts

charmel only. This tone is enabled by a pass signal from NOT 1 (NOT Sepy. When
combined with the output of Tone Generator 1 (Right Far 60} 4 binaural beat frequescy of
& Hy is formed midway between the output locations wiuch acls as an IRF mn the
newofeedback design,
1358 Tone Generator 3 {(Left 104.1) emits & sine wave al 1041 Hz at 98% volume into

the fefi channel only. This tone is enabled by a pass signal from Threshold 3 (Freg Sep)

w
%1
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Vhen combined with the output of Tone CGenerator 4 (Right 1491} a binsural beat
frequency of 43 Hz is formed midway between the output locations which acts a5 an IRF in
the nevrofeedback design.

106138} Tone Generator 4 (Right 149.1) emils o sine wave at 1491 Hz at 95% volume it

el

the left channel only. This tone 15 enabled by a pass signal from Threshold 3 (Freg Sep).

When combined with the cutput of Tone Generator 4 {Left 104.1) a binaural beat frequency
of 45 Hz is formed midway between the output locations which acts as an IRF m the
neurotcedback design

{66130 Aundio Player 1 {§Hz HRTE) plays a digitally recorded binaural beat pattern that
outpits a 6-Hz pulse with a head related transfer function (HRYF} creating the iltusion of g
moving sound source. This recording is enabled by a pass signal from NOT 1 {(NOT Sep).

Volume1s setto 100%. The file 13 “oHy lotfwav)

{OOE38E Modulg V
R Module Five manages all tomporal aspects of the design: timing snd identifying

cach Sve-minute round, the 3-second control delay at the start of each round, and

maiutaining the high count of successful events. This module 1s comprised of a total of 25

N

objects: 4 equation caleulation objects, 6 counter objects, 2 sample & hold objects, I NOT

cate, 1 OR gate and 10 display objects. The 10 display objects include 8 nomene readouts,
[ p R )

st o

pue bar graph and one continuous MIDT generstor. This module i3 controlled by the cutput

of the OR | gate.

90144 Calonlstion Objects mclnde:

{06141} Expression 2 (Inl + 1) receives the count ontput of Counter 3 {(Period Counter). By
adding “17 the Gnal output value starts at ¥0 + 1 = 17

01421 Expression 22 {Start Delay) receives the cutputs from Counter 2 {Pertod Timer)

{Inl) and Average 5 (In2}
I In <308y, 1R000, 2
IF Ind o less than 30 sees THEN send out the value of 18800 (PPM value to amrest
vertical 1t capability) ELSE send out the value of In2 to contrel vertical il (Module 7},
{60143} Exprossion 36 {VerticalDisplayContrel) receives the output fom Counter 2 {Pertod

Timer) and Expression 29 {High Value Compressor), sends g start signal {o the Time High

33
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elernent of Counter 8 (LOFTY and signals inttiation of Video Plaver 4 {Vertica! Prop) and

MIDI 1 (Lift Tone).

0144} Expression 37 {Reverse Timer} recetves the count output from Counter 2 (Period

Timer), subtracts this value from 301 and sends the output 1o Meter 12 (Flight Time}

HEE S Boolean Operators inelude
R TR OR 1 (Timer Control} receives the output of the 2 raw EEG signals to activate a

timing routing.

{147 NOT 4 receives the delay control cutput from Expression 35 (FlightStartRecord),

reverses if, and sends the output to the roest slement of Score 1 {F CTRI/FLTY {(Module 9%

{86148] Counder Objects melude:
{f1ay] Counter 1 {HIGH) receives the output from Threshold 8§ (GATE STATUR) and

Y ey '-‘“
i

maintaing & comulative count of all events {Rising Edge) each time g positive (%17} signal i3

reectved. These svents ave defined by Threshold 8§ as

“7 ot & positive Inputs to the GATE (Expression 14Y
& L XY

and are cunulative for the entive session rogardless of individual poriod sfatus.

19615H Courter 2 {Period Tihmer) maimtains the time {Time High) for each 300-sscond

{
period with the end-ofperiod reset ﬁh% coming from Counter 3 (Fertod Countter).

LS Counter 3 {Period Counter) recetves the trigger pulse output from Counter 2 (Pertod
Timer) and sends a irigeer pulse and cumulative count valoe at the end of cach 300-second
period as determined by Counter 2 {Period Tiw

{O8152] Counier 4 receives the oufput from Threshold 8 {GATE STATUS) and mamtains a

w.ﬁ ¥y

cumulative count of &l ovents {Rising Edge) each time a positive (“17} signal is received.

This value is reset to “0” when an end-ofperiod trigger pulse is recetved from Counter 3
{Peviod Counter) which then provides a count of events for cach pertod.
{3153) Couanter 7 {FRWD Count) recetves the signal from Expression 15 (FRWD Flight

Record) into its “rising odpe” clement and sends a irigger pulse fo Score 2 (FULL

CONTROL TTL) once for every 3 inputs.

S Counter 8 {LOFT) receives the output from Expression 36 (VerticaiDisplayControl}
and sends the value representing the total duration of all positive value signals
Expression 42 {LofiCale).

108135) Sample/Hold Object includes
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B9156] Sample/Haold 1 receives the outpwt from Counter 4 as well as the end-oftperiod
trigger pulse from Counter 3 (Perind Counter). Al the end of each periad # will maintain
the former period’s event total for 15 seconds (Dwell) afier the next period starts,

{00187 Sample/Hold 7 receives the trigger output fom Couwnter 7 (FRWD Count) and a
Hold command from Expression 35 and sends a irigger output to Score 1. The Hold

conunand freeres the ontput duning the 30-second calibrations.

{36188} MNumeric DHsplay Objects include

196189} Meter | (High Count) displays the output from Counter 1 (HIGH)} as whole integers.
There s 2 35.0ms refresh rate with no averaging,

H301.68) Meter 2 (PERICGD #) displays the output from Expression 2 as whole integers.
There is a 35.0me refresh rate with no averaging.

U Meter 3 (Peried Time) displavs the cutput from Counter 2 (Period Timer) to one
decimal place In standard tiwe format. There is 2 33.0ms refresh vate with no averaging.

{00182} Meter 4 {Pertod Score) tmpla 2 the ontput fom Sample/Haeld T gs whole mtegers.
There s a 35.0ms refresh rate with no averaging.

L83 Meoter 10 {GATE EVENTS TTL) displays the output from Counter 1 {HIGH) as
whole integers on the Pilot Control Screen. There is & 35.0ms refresh rate with no
Averaging.

100164} Meter 12 (Fight Time) displays the output from Expression 37 (Reverse Timer) 48
a countdown timer on the Pilot Conirol Screen with no decimaly in standard time format.
There is @ 35.0ms rofresh rate with no averaging,

108165 Meter 14 {(PCT Value) displays the output from PCT Caleulation {Expression 8} as
whole integers on the Pilot Control Screen. There is a 33.0mg refresh rate with 300 ms
averaging.

o166} Metor 15 (Plight &) s:iif:ph\'\ the output from Expression 2 as whole integers on the
Pilot Control Screen. There is a 35.0ms refresh rate with no averaging.

95167} Bar Graph Display wclude:

0168 Bar Graph 4 {{I’& sration displayvs the first 30 seconds of each period from Counter
2 (Period Timer) with no aversging and a 35.0ms refresh rate. Contrel of the UFG/blimp is

withheld during these 30 seconds.
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Generator includes Continuous MIDY 1 {(Event Bell) provides a

Aidi
Note Valpe = 35; Volume = 34} for each event ay defined by

\
atus}.
BT Module V1
HORT7E Module Six is responsible for calculating and maintaining an alternating

audio/visual feedback display of the primary data strearas as secondary pilot coniral. The
putputs of Module Six are used by the pilot/trainee as baseline guides if subjective loss of
contrad is experienced.  This module is comprised of a total of 10 objects: 4 equation

objects; 2 counter objects, 2 Boolean NOT gates and 2 video players.

0173 Caleulation Objests inchade:
081734 Expression 10 (Inl < 8} receives the output of Counter § (SEP/DRIVE) and sends

out a positive value (1) untl] the separation caloulation has muairtained its target value &

al of & seconds,

{61741 Expression 11 {(Inl > §) receives the sutput of Counter 6 (PCT/ASTROG) and sends
out & negative value {07 wntil the PCT caleulation has met its favget valve for a total of 6

{H0175] Expression 12 (M{Tal = 1}, 1, §) receives the output of Expression 10 and relays the
sass/fatl data to NOT 2,

{8176 Expression 13 {I€ind = 1), In2, ©) receives the outmn of Expression 10 as Int and
Threshold 3 (FregqSep) as 2. This enables the audiofvisual displays of Degree of
Separation.

e17H Counter Objects inchade:

{0178} Counter § (SEP/DRIVE) receives the pass/fail output of Thresheld 3 {Freg Sep) and

accwmulates the pass time which is sent to Expression 10, The value s reset when the
condition of Expression 11 is positive.

100179} Counter & (PUT/ASTROG) receives the pass/faml dats

D

{ Expression 9 and
accumulates the pass time which is sent to Expression {1, The valoe is reset when the
condition of NOT 3 1 negative

{0189 Boolean Operators inchade:
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HDIRY} NOT 2 receives the passifall data from Expression 12, reverses it and sends this
signal as activation for the audin/visual displays of PCT. This has the effect of activating

the PCT displavs only when the Frequency Separation condition has been met,
iR NOT 3 receives the pass/fail data from Expression 10, reverses it and sends it 1o

reset Couater 6. Thes has the effect of resetfing the PCT display counter when the

Frequency Separation condition 1s met.

{90183 Video Players include:
{0184} Video Plaver 1 (Degree of Sep) receives signal output data from Throsheld 3
3 3 ) fre) %

{FregSep) and enable control data Som BExpression 13, The proportional position of the

video display responds 1o 2 vange of -300m to +500m with averaging of 500 ms. The video

file {5 “"UFC Radaravi™

¥

[B8188] Video Player 2 (PCT} receives signal output data from Expression 8 (PCT

Caloulation) and enable control data fromn NOT 2. The proportional position of the video

et

display responds to & range of O to 300 with aversging of 300 mg. The video file s “UFQ
- o Fovl

Radar.avi™
HERS Modulg VI
{0187} Modide Seven is vesponsibie for converting the neural net adjusted thresheld values

from Module Twe inio a retional data stream that is further converted mto PPM instructions

\

to control the speed of the vertical propeller {or other primary confroi output) while

3

sinnftaneously providing andio-visual feedback o the pilotftraines. This is the primary
learning algorithm and, in conjunction with the feedback information from Modules Fow,
Five and Six, creates the leaming environment for enhanced cognitive functioning. The use
of the “ratic of ratios” or “‘rﬁgression of regressions” egunation in Expression I8 combined
with the adaptive quality of the neural nets allows this software design aﬁjus' seif to the

training requirements of ecach individual, Thiz module comprises 29 objects: 5 average

Nk

b osquation obiects and 14 display objects. The 14 display objects includer §

3

cateulators,

numeric readonts, 3 video plavers, § graphic trend display, 4 bar graph displays and T MIDH
player.
[SOIRE] Average Caleulators mehade:

W
o~
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{0189 Average 1 {Alpha THRESH) receives output from the low threshold value of

Threshold T (ner Alpha Coh) and creates 8 dynamic average across a 120-second meoving

pertod.

RS Average 2 {Beta THRESH) recetves output from the low threshold value of
Threshold 2 (Decr Beta Coh) and creates a dynamic aversge across a 120-second moving
period

{0191} Average 3 (Alpha Thresh) receives output from the low threshold value of

Threshold 1 {Iner Alpha Coh) and creates a dynamic average across a S-second moving

HUTN Average 4 {Beta Thresh) receives output from the low threshold value of Threshold

2 {Dser Beta Coh) and creates a dynamic average across & 3-second moving period,

{60193 Average § regeives output from Expression 17 (Ratio PPM) and creates a dynamic
erage across a 1-second moving period

198194 The Caleulation Objects include:

1B 98] Expression 17 {Ratio to PPM) receives the output from Expresston 29 (High Value

Compressor) and processes it through thus Jogical statement:
CEILOAXMINGOO00-{(In1 -1 P*ROGONHHE3003, 18008}, 90001

SUBTRAUCT “1™ from the current ratio valuve {In 1) and MULTIPLY the result by
the PPM constant {“8800™. ADD this resultant to “R3007 THEN SUBTRACT the new
value from “90007. IF this mamber is less than “18,000™ AND greater than 90007 THEN
traneate it to an integer and pass i into the data stream BELSE IF number I8 greater than
“18,0007 THEN pass “13,0007 into the data stream ELSE IF number is less than “00047
HEN pass 90007 info the dats stream.,

This expression converts the ratio data inte the PPM language used by the RY
transmitter and restricts output o the range: 18,060 to 9000, The value of 18,000 is both
the lower limit and the null signal, and the value of 9000 is the higher Himit, Decreasing
the PPM constant {the mantber after the asterisk) will extend the usable ratio range but wil
also decrease vertics! responsiveness. Usable ratio range: .85 - 207,

{06156} Expression 18 {A/B COH RATIOS) creates a dynamic ratio of ratios {regression of
regressions) by dividing the ratio of the short period moving average of the threshold values

of the aipha-theta and beta threshold objects by the ratio of the long period moving average
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of the threshold values of the alpha-theta and beta threshold objects.  To this ratio a
threshold correction term from Expression 19 {ADJ) THRESH MEAN DMFF) is added
X3

{Vertical Boosty, This value is multiplied by 100, truncated to integer form (CEILY and

o

This value represents the RATIO QUTPUT which is used as the verlical contvol
dats stream in thas design.  This data stream ig sent to Expression 29 (High Value
Compressor} before being incorporated inte all calonlations for output control that {follow.

Drata wmput i3 received as follows:

fnl = Average 3 {Alpha Thresh, 5.0 sec}

#

in2 = Average 4 {Beta Thresh, 5.0 sec)

In% = Expression 19 (ADJ THRESH MEAN DIFF}
Ing = FExpression 43 (LOW POWE

=
e
[
&
=
Hoy

neIeTy Expression 19 (ALY THRESH MEAN DIFF) recetves the outputs from Average 1
{In1) and Average 2 (In2) and processes them through this logical statement:

MAX{{Inl~-1n2)y/3}, &)

-

Tis expression creates a correction ferm that cannot drop below 07 that 15 sent fe
Expression 18 {A/B COH RATIOB) and Meter 13 {VERTICAL BOOGST) and provides a
small proportional mprovement for vertical responsiveness when the alplr colierenc

thresholds are greater than the beta coherence thresholds,

163198} Expression 21 (MINGIB000 — Int), 8000} reverses the signal from Expression 22
{Module 5: Start Delay) and sends it to the sudio~visusl elements. This re-reversal &eeps
the up and down orlentstion normalized since the PPM data decreases from 18,000 to 85¢

as the vertical it increases.

SR Expression 29 (HIGH VALUE COMPRESSOR) modifies the data stream from
3 ¥
Expression 1§ {A/8 COH RATIOS) with the following logical statement:

F(Inl>1.2, dnt-12) 320123, Inl)
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IF flight sltitude exceods mid-level THEN correct all data beyond that pmni to 32%

fowi
bt
bty
e g
4
e
ool
o3
(5o
s
i
,?A

of the put values, This statement has the effect of reducing overal
altitude o allow for a more stable range of dats by decreasing the degree of vertical

movement in the upper vertical range. Incressing 1.2 will delay the EFFECT of the

&

4

omapression.  Inereasing 32 will diminish the DEGREE of compression. These data are

then sent o the ﬁ}i“zmﬁfmg devices: Expression 16 (Forward Base Value), Expression i

{Ratic to PPM), Expression 24 (ROTATION CALC) Expression 28 (Wertical Control

/

State), Expression 30 (PilotConwoiSfatus), Expression 36 (VertizalDisplayControl},
Expression 39 (FlightMeterControl), Expression 43 (LOW POWER ASSIST), Meter 11
{POWER]}, Meter 16 (POWER OQUTPUT) and Trend 4 (FLIGHT RECORD}

BG2661 Expression 38 (Blue Line) reccives the output from Expression 3¢ and sends a

continuous signal with a valne of “17 1o Ch3 of Trend 4 which has the eftect of placing a

Blue lne at “1.07 on the Flight Reoord
{00281} Expression 39 (FlighiMeterControl}y receives the output from Expression 28 and
uses the following logical statements
MIN(Z, Inh)
This has the offect of limiting the cuiput of this Expression fo no more than *27. This
output goes to the Position input of Video Player 7 {Flight Meter).
{62821 Expression 42 {Loft Cale) receives input from Counter 8 and Expression 2 and nses
the following logical statement
MIN{In A Tme-(In2¥303), 1}
This calculates the running ratio of the amount of time the basic flight ratio s above .99

against the tofal runuang thne exdudiﬂg the calibration periods. This value is sent o

Hxpression 44 (NN Congrol}, Bar 7 & &, and Meter 17

166283 Expression 43 (Low Power Assist) receives the putpots Expression 44 (NK
Comtrol), Expression 29 and Threshold § and processes these data through the logical

statement:

{{In&In2=1)&(In3<1 153} 2.5,

IF LOFT % is low (<0.6) AND GATE STATUS is low (<7} AND POWER RATIO

helow 1.15 THREN provide power assist of 2.5% o Expression 18 ELSE send a null value,

(;{} kR
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{86304} Expression 44 (NN Control} (Neural Net Caﬂmﬁ} receives the output signal from

N

s value drops below 0.6, THEN a value of “17 g

.

Expression 42 {Loft Cale). IF this signe

sent out to Input 1 of Expression 43 {Low Power Assist) ELSE s null value, “0

¥

(2

, 1S sent.

{6268 Numgrie Display Objects include:
{ 33 '}
{6206} Meter & (VERT PPM DATA} receives the ontput from Expression 22 {Start Delay)

and reports in mfeger format the PPM data calculaied w Txpression 17 {Ratio PPML

Averaging is 300 ms with a 35ms refresh rate.

the output from Expression 29 (High Valoe

Compressory and presenis tf on the Pilot Control Sereen accurate to three decimal places
There 15 a 33ms refresh rate with no averaging.
MEAN DIFF) and presenis #f accurate {o four decumal places. Theve is @ 35ms vefresh rate

with no averaging.

B39 Meter 16 {(POWER OUTPUT) recetves the output from Expresszian 28 (High Value

2
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v decinal places:
There is & 35me refresh rate with no averaging.

100218} Meter 17 (LOFT %) recetves the output from Expression 29 (High Value

3

Compressor}y and presents it on the Instrument screen accurate to four decimal places.

There 1s a 35ms refresh rate with no averaging,

{B621Y The Video Players mclude:
06212} Video Player 3 (ALTITUDE SIMULATOR) receives the output from Expression

21 which controls 2 video representalion of the rvelative vertical position of the contral

object. The proportional position of the video image responds to an input rapge of 1 {o

>3

$.000 with no averaging, The video file

o v

is “TubeRise.avi™,

{6213 Video Player 4 (VERTICAL PROP) receives the pass/fad output from Expression
36 and presents a video representation of a propelier which Is synchronized 1o be activated

when the vertical propelier of the control object is activated. There is no sveraging. The
video file is “VertPropd08.avi”
992143 Video Player 7 (Flight Meter) receives the ouiput {from Expression 39 mio #s

Position input and presents an unage of a needle meter with special markings to assist data

interpretation.  The position and movement of the needle is proportional © the fully
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The input range is set to “0 ~ 1.97 with 1.0 second averaging. The

g

o acessed rafio s U]'i:i?

video file is “TlightMeterB.avy’

3

{38215 Graphic Trend Display include:
108216} Trend 4 (FLIGHT RECORD) receives the output from Expression 29 (High Value
Compressor), Fxpression 15 (FRWD Flight Record), Expression 33 (Flight Start Record)

PN

and Expression 38 (Blue Line) and presents the graphic ontput on the Pilot Control Screen
as & history of vertical and forward flight activity for each S-minuwte peried. There are

&

horizontal divisions of 30 soes with a vertical axis display range of 0.5 to 2.5 and L0 8¢

averaging.
{19217 Bar Graph Displays include:
180218 Bar Geaph 3 (LPA) receives the output from Expression 43 (Low Powsr Assiat) and
: y X g ki iy %, .

acts as a signal indicator by changing coloy completely when the Low Power Assis
sonditions have heen mel. There 18 a 35ms refresh rate and no averaging.

HEIPS Sy

B
!
Ligd
g
| )-v,.(
b S
,M-.
uJ

On) receives the opippt from Expression 19 and acts as a

Cha

signal mdicator by w“mggrg color compietely when the Adjusted Mean Threshok
Difference conditions have boen met. There i a 35ms refresh rate and no averaging.

[8O220 Bar Graph 7 (PREPF) recetves the oufput from Expression 42 {Loft Cale) and
presents the data in the range 0£ 0~ .38, There 18 no averaging and a 35ms relresh rate.

199223} Bar Graph § (OPTIMIZE) recefves the output from Bxpression 42 (Loft Cale) and
presents the dats in the range of .50 - 1.0, There is 8 35ms refresh rate and no avergging

{86222} MDD Player include:

{90223 MIDE 1 (Lift Tong) receives the output from Expression 21 for note pitch value and
Expression 36 as the enabling signal., Input range is 0 to 8,000 gnd MIDI note range i 40

to 100, The notes are set to follow a pentatonic major “A” scale al a volume of 40% with

no averaging, The MIDI player is set to produce no sound unti] sctivated,

190224 Module VI
1602281 Maodule Hight recetves the output of BandRatlo 1 (Modude Two} and creates a triple

Y

Fias parameter

3

state directional control output that can be proportional or state dependent.

s the secondary pilot comtrol. This module c:_mzpzises of § objects which inclade 4

expression calelations, 1 threshold calculator and 3 display objects.
166226} Threshold Caloulator includes:
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[68227}

(255

1962341

Threshold 2 (Rotation Index: A/T Ratio) receives the output from BandRatio

{Module Two) and sets upper and lower Hmils at g base tolerance of 90% success and 1 see

averaging. The auto-thresholil fonction is controlled by the pass/fail output from Threshold

T
N
Nt

aleulation Objects include:

“‘

Fxpression 20 {RIGHT Rotativn Thresheld) receives both the signal output and the
high threshold value from Threshoeld # (Rotation Index: A/T Ratio). IF the signal (Inl) is
greater than the threshold (In2) THEN the valve “15000™ is sent to Expression 24
(Ri’f}TATE{}N CALCTY to indliate a vight {clockwise) spin. IF the signal i3 less than the
threshold THEN a nall valne iz sent,

Expression 23 (LEFT Rotation Threshold) receives both the sigoal output and the
fow threshold value from Threshold € (Rotation Index: AST Ratio). IF the signal {Inl} is

less than the threshold {'ﬁiﬁai?.} THEN the walue “20.0007 is sent 1o Expression 24

,u
el
3
3
P
“
it
=y
bt

2
g
g
[”"

i
o
o
.
3
fmd v
oot
*'::i

3 i - = | Tras iy ot gy 13 3es P ey
¢ 8 left (cowmner-clockwise} spin.  [F the signal is grestes

than the threshold THEXN a nullvalue 18 sent.

24 (ROTATION CALC) recetves outputs from Expression 29 (High
Value Conpressor) (In3), Expression 20 {(RIGHT Rotation Threshold} (Inl), Expression 23
(LEFT Rotation Threshold) (In2) and Counter 2 {Period Timer) {Ind) and calonlates the
AMPLITUDE BALANCE QUTPUT by processing these date through the following
togieal statement:

H{{Inl+In2=0i{In3<1.2)(Ind=31}, 18000, (Inl+ind})

I¥ both rotation values gre null OR IF the altitude 15 too low GR IF the timer is m
the 30-second calibration phase THEN a value of “IR,000" is sent to Inl of Server 1 {(LINK
to RF TRAMS) which will arrest rotational action ELSE the sum of Inl + In2 will send
appropriate rofational instruchions.

Bxpression 40 (Spin Meter Contrel) recetves output from Expression 36
{PilotControlStatug) and instructs Video Player 6 to engage the Spin video only when spin

is possible,
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{862358) Bar Graph 5 {Stabilization) receives data from the Pass % output of Threshold § (A~

%

"}3’

T Ratio} and presents information within a range of 46 ~ 51 with 10 second averaging and

2 35y refresh rate

082381 Meter & {Stabilization) receives data from the Pass % output of Threshold § (A-T
Ratio} and presents mumeric information to 3 decimal places with 10 second averaging and
a 35~ms refresh rate.

0237y Video Player 6 {(SPIN} receives Position data from the Ratio output of Thresheld #

and Enable instructions from Bxpression 40, The video file is “UFC Spin BSfavi™, and
there is T-second averaging

{6238} Module IX

{16239 Meodule ¥ is responsible for pilot control statas displays, control of forward thrust as
the third contrel parameter and connection to the Server object which provides the data
oufput Hink to the PPM software which will ultimately be controlling the radio transmitter.

2y Fa

This module comprises of 22 abjec 3 equation calculations, 1 threshiold calculator, 1

numeric display, 3 video players, 2 score devices, 1 andio player and 1 server object.

{3240} The Caleulation Ubjects inclade:
Bxpression 15 (FRWD Flight Becord) receives input from Expression 30 {PILOT

b

CONTROL STATUR) and determines when forward flight has been activated.

W Ini=563, .75, 0)

nrirrk

I¥ forward flight has been approved by Expressionn 30 (PILOT CONTROL

STATUS) THEN direct Channel 2 of Trend 4 (FLIGHT RECORD) to place a small yellow

5}.

bar on the Flight Reocorc

160241} Expression 16 (FORWARD Base Value) calenlates the DHRECT POT QUTPUT

Jerean.

which is used as forward thrust in this design and recetves the outputs from 8 sources:
Inl = fow threshold value of Threshold 1 {Incr Alphs Coly)
In? = low threshold value of Threshold 2 {Deor Beta Cohy

In3 = fow threshold value of Threshold 6 (8MR COH}

Ind = low threshold value of Threshold

InS = low threshold vahue of Threshold 7 (GAMMA COHD

In6 = connt sutput of Counter 2 {Period Timer}
In7 = output value of Expression 29 (High Value Compresson)
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o8 = pass/fudl value of Threshold 10 {Thrust Control}

19 = pass/fal value of Threshold 9 {Rotation Index)

These data are processed according to the following logical statement:
W6 30& s &I 7> 1 2)&(I0=1), (MAXICRIL(In 1 1a2+ Td-+Tnd+{InS *21174200),

IF the peried timer is past 30 seconds AND IF the POT value is above thweshold
AND IF the altmde is gbove minimum safe height AND IF the rotation index indicates
there 15 no spin THEN send the integer value of the sum of the low threshold values of
resholds 1, 2 \T}m:\i woid 2 ix subiracted because it varies inversely relative to the other
, 3,06 & 7 (Thresbold 7 is doubled to enhance weighting of the PCT valus.
multiplied by 4200 {initis] PPM conversion factor) to Expression 25 (Speed Govemm}
BLSE IF this value is negative THEN send a mall value

Expression 25 (Speed Gowvernor) receives the output from Expression 18

=
=
o
o
(3]

(FORWARD Base Value) and sets an upper Hinit on the PPM value for forward thrast:

BN {Ial, 7300}

n)’A

i

~~~~~

The lower of the two values will be sent to Expression 31 {THRUST STATUS}),

&

Expression 33 {TEST FORWARD THRUST yand Meter 14 {THRUBT) with forward thrust

responding inversely 1o the value of Expres 16 {FORWARD Base Value),
062433 Expression 26 (Speed to PPM) receives the outpnt fom Expression 33 (THESY

FORWARD THRUSRT) and converts it to the usable range for the PPM software by adding

L=

0244 Expression 27 {Rasic Control State) (If{{Ind ‘3*3}‘, In2, 1) receives the output from
Counter 2 (Period Timer) (Inl} and Yxpression 28 (Flight Control State) (n2) and provides
the flight status conirol data. IF the period is past the 30-second adjustment defay THEN

the value of In2 is sent to Expression 30 (PILOT CONTROL STATUS) ELSE a value of

{08245) Expression 28 (Flight Control State) (M {mh! 23, 18, 53 receives the output from
Expression 29 (High Value Compressor) and sends it to Hxpression 27 (Basic Control

~

State). IF the shtitude is above the minimum safe valne THEN send a value of “107 ELSE

send a value of 57,
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W (PILOT CONTROL STATUS) recetves the owtput from Expression

,,“.
2
[

3
Fn
ik
17

(o)
==
L9
74
UJ

i
&
Ly
jptd

Expression 31 {Thmst Statug) {(In2) and Expression 24
{(ROTATION CALCY (Ia3) and converts those data into instructions for Video Player 5
{(PilotContrelStatus) using the Hllowing logical statement;

H((In1=10), (2+{n3/500)), In

yﬂa

IF the Basic Control State {Inl} indicates flighi altitude is shove safe ninimum
THEN send control instruction data to PllotControlBtatus ELSE send the value of Inl

Piiot Coninl Status Calculations {Qutoud = Video Frame #)

OUTRPUT 5 30 39 40 55
SOURCE: Exp27 Exp2B Exp2d Cxp2d Exp2d Exp24+31
CALC: int E 3800 in3/500 3500 In2+{In3/500)

VERTICAL:  OrF  ON ON Of ON ON
SPIN: OFF  OFF RIGHT NO SPIN LEFT NOSPIN

THRUST: OFF  OFF OFF QFF OFF  ON
02477 Expression 31 (THRUST STATUS) receives input from Expression 25 (Speed

Governory and Threshold 9 (Rotation Index) and semis throst permission status t©
Expression 30{PILOT CONTROL STATLS)
H{(In1<10005(In2=0}, 0, 205
TF Thrust is too low OR UFQ is spinning THEN 0= No Thrust Allowsed ELSE 20 =
Thrust On.
{00248} Expression 32 (NO SPIN Tone) receives input from Expression 24 {Rotation Cale).
When there s no rotational signal, send a positive value (17} to Audio Player 2 {No Spin}

{00249} Expression 33 (TBEST FORWARD 7
P

(tltl

CHRUSTY receives input from Expression 23
{Speed Governor) and Counter 2 (Pertod Timer) and signals a maximal lateral rotor burst to
{4 ; {

initialize the Forward Thrust cldp.
IR 2> I D&Ta2<18)), 9500, fnl)

N

IF the period timer is between I3 AND 18 seconds THEN send a maxumal burst

2

signal to Expression 26 {Speed o PPM) ELSE pass tlwough forward fhrust data.
{6258 Expression 34 (LATERAL ROTOR TEST ALERT) receives input from EXpression

30 {Pilet Contrel Status) and Counter 2 {Period Timer) and controls the video alert for g

A8
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%

hrust chip controlled by Expression

.
i

maximal lateral rotor burst to wmitialize the Forward
33 {TEST FROWARD THRUST).

2> 12300220}, 76, Inl}
I¥ the perind timer is hetween 12 AND 20 scconds THEN send video alert data to
Video Plaver 5 (PilotControiStatus) (Frame #70) ELSE pass through data from Expression

"

HELRERE Fxpression 35 (Flight Start Record) receives input from Counter 2 (Period Tamer}

and signals Trend 4 (FLIGHT RECORD) {0 place a vertical red bar at the start of each
fight record.
1862 Expression 41 (BEG Status Control) reecives data from Expression 35 and divects

the video file, BL.avi, {0 display cither frame #1 or frame #8.

JR253] The Threshold Caleulator includes:
{254 Threshold 10 (Thoust Control) receives the output from Expression & {(PUT
Caleulation) with a base tolerange of 60% success and 230 ms aversging.  Auto-ihreshold

£ 3

control is from the pass/Hll ouipat of Threshold 9 (Rotation Indext AT Ratio), When the

pass condition is met, a value of “17 is sent 1o In8 of Expression 16 (FORWARD Base

Yalus)
{52551 The Score Devicesinclude:
{08186} Seore 1 {F CTRLUFLT) recetves output from Sample™old 2 and displays & running

Ny 3
3

total for cach period of full control events as calculated by Counter 7 (FRWD Count}.
Reset instructions arsvecsived from NOT 4. Bonnd owipul s not enabled.
{62871 Score 2 {FULL CONTROL TTL) receives data from the trigger output of Counter 7

TRWID Count) and displays the running total of full control events throughout the entire

‘—.ﬂ"

session. Soumnd ouiput is enabled so that a bell tone 18 heard with each event. The sound

{96258 The Audio Player inclades:
{O6259] Audio Plaver 2 (No Spin) receives inpuot from Expression 32 (NO SPIN Teus) mto

the Trigger input which activates the andio file, *UFO Steady.wav”. Volume is set to 38,
and both the “repeat” and “restart on trigger” functions are selected,

%

{96280 The Video Players include:
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9261} Video Player 5 (PilotControlStatus) receives the ontput from Expression 34 and

e

presents the status messages for Vertical, Spin, and Thrust controls as calcolated in

.

Exprossion 30 as well as the alert messape for the Rotor Test during the calibration period.
The video file i “ControlStatus3d.avi”, Input divecis the video object to the specific frame

in the video file containing the appropriate message with no averaging.

0262} Video Plaver § (Forward Thrust) receives the output from Expression 25 {Speed
Governor) and presents a video representation that provides proportional feedback relative

<

to the values calonlated in Bxpression 16. The video file {s “Thrast.avi”, Input divects the

video object {0 respond within the range of 0 — 6K with 1.5 sec averaging.

502631 Video Plaver ¥ {EBG Status) receives the owtpat from Expression 41 {ERBG Stak
Control} and presents the status message for the EEG link. The video file is "Bl avt”
Input directs the video obiect to the specific fame in the video file confamning the
approjriate message with no gversging.

{09264 The Rerver Object includes:

{H0265] Server 1 {LINK to RF TRANS) receives three outputs as follows
Ini = AMPLITUDE BALANCE OUTPUT (Rowtion) Souree = Bxpresgion 24 (ROTATION CALD)
2 = RATIO OUTPUT (Vertical)r Souros = Expression 22 (Sfart Delay)

nd = DIRECT POT OUTPUT (Forward thrast): Source = Hxpression 26 {Speed to PPM}

These data streams are made available to a PPM conversion program: SCROBGMECS .exe
which has besn modified specifically to receive data from the BiloBxplorer Server object
These data are fransmitied through O COME which 18 activated by running
HidComminst.exe. These are the controlling data for the external objects, devices or
displavs.

{6266} Moudie X

{30287} Module 10 permits this softwase design to adapt to individual users. The two neural
nets are: 1) Input/Primary Threshold Control and 23 Output/Pilot Threshold Control Assist.

{02681 Input/Primary Thresheld Control Cascade include:

{00369} (R 2 (NN ON) controls #2 - IF coherence tre:,qumwx dispersion is low (NOT 13 OR
IF Low Power Assist is engaged {Expression 43) THEN allow Alpha-theta Coherence

{Threshold 1} to adiust threshold value.
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1

{98278 Threshold 1 (Incr Alpha Coh) controls #3 - IF Alpha-theta Cobierence s doing weil

et
ot

{above threshold} THEN allow Freguency Separation {Threshold 3) to adjust threshold

vatue
27} Threshold 3 {(Freg Sep) controls #4a & #4b ~ IF Freguency Separation is doing well

Cf“

{above thresholdy THEN sllow BOTH Alpha Synchrony (Threshold 4) AND Alpha/Theta

.

Ratio {Threshold §) to adivst Himits.

{272 Alpha-Theta Ampiitode Controls include;
62734 Threshold 4 (Alpha Sync) controls #3a - IF Alpha Synchrony is doing well {within

threshold Hmits) THEN allow Beta Coherence (Threshold 2 to adjust threshold value.
196274} Threshold 5 {A-T Ratio) conirols #5b - IF Alpha/Theta Ratio is doing well {within

threshold Hmits) THEN allow SMR Coherence {Threshold 63 to adjust threshold value,

{062751 Beta Coherence Condrols include:
{6276} Threshold 2 {Deer Beta Coh) - Threshold 6 (SMR COHL
62778 Bxpression § controls €7 - IF combined threshold outputs (PCT data stream,

Fxprossion 8) excsed minimum value THEN allow GAMMA COH (Threshold 7} to adjust

threshold vadus,

(362781 Thresheld 7 {GAMMA COH)
166279} Qutput/Filot Threshold Control Assist include:
NGRS T F1. Threshold 8 {GATE STATUS) controig #92

IF POT Gate is open THEN allow Rotstion Index {Threshold 9) to

adiust Hmits.

3
[

1
3

Lad

hreshold § (Rotation Index A/T Ratio) controls #
IF Rotation Control is hovering pear center {no rotation) THEN
allow Thrist Control {Threshold 10} to adjust thresheld valaes.

P3. Threshold 16 (Thrust Control)

QO2R1} Those of skill in the art would understand that information and sigoals may be

represented using any of a variety of different technologies and technigues. For exampie,
data, instructions, commands, lnformation, signals, bits, symbols, and chips that may be

referenced throughout the above description may be represented by vollages, currents,

slectromagnetic waves, magnetic fields or particles, optical fields or particles, or any

combination thereof
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1006283} Those of skill would further appreciate that the variouns Hustrative logical blocks,
modules, circuits, and slgorithm steps described in connection with the embodiments
disclosed herein may be implemented as clectronic hardware, computer software, or
combinations of both, To clearly illustrate this imterchangeability of hardware and
software, various ustrative components, bloeks, modules, circuits, and steps have been
described above generally in terms of thelr functionality. Whether such Ructionality 18
implemented as hardware or software depensds npon the partionlar application and design

1%

constraints imposed on the overall system. Skilled artisans may implement the described
functionality i varying ways for each particular application, but such implementation
decistons should not be interpreted a8 causing g departure from the scope of the present

invention.

1062831 The various Hlustrative logical blocks, modules, and civeuits deseribed in
connection with the embodiments disclosed herein may be implemented or performed with

rpose progessor, 4 Digital Signal Processor {D8P), an Application Specific
integrsted  Cleuit {ASID), 8 TField Frogrammable Gate Aray (FPGAY or other
programmable logie device, discrete gate or transistor logic, discrete hardware components,
or any combination thereof designed o perform the fnetions deseribed herein. A general
purpose processer may be a microprocessor, but in the altemnative, the processor may be
any conventional processar, controlier, microcontrolier, or state machine. A processor may
iso be implemented as a combination of computing devices, ¢.g., a combination of 3 DSP
and a microprocessor, a plurslity of microprocessors, 0Bg OF MOTE NMECIOPIOCESSOTS 1n
conjunction with 2 DSP core, or any other such configuration.

160284 The steps of a method or algorithm described in connection with the embodiments

s

disclosed herein may be embodied directly in hardware, in a software module execented by a
PIOCESSOr, OF in a combination of the two. A software module may reside in Random
Access Memory (RAM), flash memory, Read Only Memory (ROM), Electrically
Programmable ROM (EPROM), Elecirically Erasable Progragunable ROM (EEPROM},

hY

registers, hard disk, a removable disk, a UD-ROM, or any other form of storage mediun

known in the at,  An exemplary storage medium is conpled to the processor such the
processor can read information from, and write information to, the storgge medium. i the
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alternative, the storage medinm may be integral to the processor. The processor and the
storage mediom may reside in ap ASIC,
[66285] The previous deseription of the disclosed embodiments is provided to enable any

person skilled in the art to make or use the present invention. Various modifications to

<

these embodiments will be readily apparvent to those skilled in the art, and the generic

&

31 s b
¥

principles defined herein may be applied to other embodiments without departing from the
spirit or scope of the invention. Thus, the present invention is not intended to be linuted to
the embodimerts shown herein but is 1o be accorded the widest scope consistent with the
principles and novel features disclosed herein,

100286] WHAT I8 CLAIMED §5:
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CLAIMS

IR A method of fraining, comprising the stops off

- 2

obtaining at fesst a first brainwave signal and o second brainwave signal from a

filtering the first brainwave signal into at least a fisst frequency band and filtering

the second bratnwave sigoal futo at least a second fregnency band;
determining & coherence between the filtered first bralnwave signal and the filtered

second bratnwave signal;

comparing the determined coherence between the filtered first bralnwave signal and
the filtered to second hrainwave signal 10 a coherence threshold; and

generating at least a first control signal based on the comparison of the coherence
the coherence threshold; and

controlling at loast one control object using the at least one contro! signal based on
the comparison, whereby the conirol object moves and provides visual feedback o the
patient tending to cause the user o produce desired brainwaves in response to 8
aenvologieal condition.
2. The method of claim 1, firther comprising placing a plurality of sensors arcund &

skull of & pationt wherein the sensors facilitate obtaining the first brainwave signal and the

second bratnwave signal.

3. The method of claim 1, wherein the step of {iltering the Hrst brainwave into at least
the first frequency brand and filtiering the second brainwave signal into at least the second
frequency band comprises fitering the first brainwave into 2 plurality of frequency v bands

X
¥

and fltering the second brainwave signal into a corresponding phurality of frequency hands.
& - o ly

4, The method of claim 3, wherein the step of fltering comprises fltering the fird
brainwave and the second bralnwave into al lesst 4 i&“ﬁqueﬂcy bands consisting of
substandially the aipha theta froquency range, substantially the sensory motor rhythm

frequency ranges, substantially the beta frequency range, and substantially the gamma

frequency range.
5. The method of claim 1, wherein the step of filtering comprises performing a Fourier

»

transform on the first brainwave signal and the second brainwave signal,

L
I3
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brainwave and the second ﬁmgmtmis., As;mesp@mﬁ ng the second brainwave.

7. The method of claim 1, whereln the first frequency band and the second frequency
band are the same
3. The method of claim 3, whersln the plurality of first freguency bands and the

pluratity of second frequency bands comprise the ranges of about 4 Hz to about 12 Hz and

abent 12 Hz'to about 308

9. The method of claim 8, wherein the p’h;amliiy of first freguency bands and the
plorality of sseond frequency bands comprise the ranges of about & Hy to about 11 Hz and

about 12 Hz i about 28 Hz.

1

10 The methed of clsim 1, whereln the step of controlling at least ong vontrol object

gomprises the step of causing a real object to move.

11, The method of claim 1, wherein the step of controlling at least one control objedt
comprises the step of causing a virtual object to move,

12, The method of claim 6 wherein the step of generating at least a first control signal
further comprises generating at least a second control signal based on comparing a ratio of
amplitudes 10 dn amplitude threshold,

<

13, The method of claim 12 wherein the Srst control signal comprises a vertical control

L

ignal and the second control signal comprises & rotational contral signal.
14, A methed of converting bratnwave signals into stable control signals for yeal or

virtual objects, the method comprising the steps of
receiving a brainwave signal;
converting the received brainwave signal info a format suitable for signal

PrOCessing;

=t

M

determining a coherence between the brainwave signal and another signal;
comparing the coherence o a predetermined coherence threshold;
outputting a first control signal based on the comparison of the coberence o the
predetermined coherence threshold;

cortrolling a real object based on the first control signal;
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~Fag

determining whether the coherence meets the predetermined threshold satisfactorily;

and
adjusting the predetermined threshold based on the determination of whether the
coherence meets the predetsrmined threshold satistactorily.

{3, The method of claim 14, wherein the step of comparing the coberence 0 &

Loy
predetermined coberence threshold comprises a fust predetesmined coherence threshold
and a second predetermined threshold such that the comparison is successfl based on
obtaining a first predetermined threshold and unsuccessful based on not obtaining & second

5 ]

predetermined threshold such that the threshold is satisfactorily meet based on 8 hysteresia.

£

proceeding coherence to determine whether the coherence is increasing or decreasing.

A, The method of claim 14, wherein the thresholds compares a first coherence 10 a

17. Themethod of ¢laim 14 further comprising the steps of!

caleulating & ratio comparing an amplitode of & portion of the brainwave sigeal to
an amplitude of another signal;

comparing the ratio to a predetermined ratio threshold:

outputting # second control signal based on the comparison of the ratio o the

weshold; and

Fmrs

predetermined ratio #

wherein the step of controlling a veal object is alse based on the second control
e

X &

signal
18, The method of claim 14 fuether comprising wirvelessly transmitting the first control
signal to the real object that is lodated romotely.
10, The method of claim 14 wherein the another signal is a second brainwave signal.
20, The method of claim 19 wherein:

the step of Gelermining a coherence between the brainwave signal and avother
signa! comprises determining a plurality of coberences between the brainwave signal and

the second brainwave signal;

the step of comparing the coherence to & predetermined coheremce threshold

3

comprises comparing the plarality of coherences to a plurality of thresholds; and

the steps of defermining whether the coherence meets the predetermined threshold

satisfactorily: and adjusting the predetermined threshold based on the determination of

52
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N

whether the coherence meets the predetermined threshold satisfactorily further comprise the
steps oft

determining whather one of the plurality of coberences meets a corresponding one

of the plurality of predetermined thresholds satisfactorily and adiusting the one of the

g

3

P

:u;
g
[
jany
s
o
o
el
[
o
Amd
b
£
%
Ler
o !
)
47
[

predetermined thresholds until it s determined that the one of the pi
meets the corresponding one of the plurality of predetermined thresholds satisfactonily, and

once the corresponding one of the plurality of thresholds has been adjusted determumning

whether & next one of the vlurality of coherences meets a corresponding next one of the

plurality of thresholds and adjusting the corresponding next one of the plusaiity of

St

thresholds tntl 18 is determined that the next one of the plurality of coherences meets the
corresponding next one of the plurality of thresholds satisfuctorily, and repeating untif all
the plurality of coherences and the plurality of corresponding thresholds have been
adiusted.

21, The method of claim 14 wherein the step of ouniputting the first control signal

comprises ;;:-mmrivimg the fisst control signal into a wircless format and wirslessly

oo

transmitting the signal,
27, An apparatus for providing neurclogical foedback, the apparatus compristng:
g §lter adapted fo receive a plurality of inputs comresponding fo & pharality of

brainwave sipnals of a user and 1o separate each of the plurality of hrainwave signals into 8

\

into the plorality of ?nuv

corvesponding frequency bands of the plurality of brainwave signals;

i

1o receive the at least one coherence and to generate at least one

by
@
et
-
o

a threshold modu

signal when the at least coherence satisfies al least one predetormuned coherence

{n-
b

]
%]
4]

threshold;

a control module to recetve the at least one signal when the at least one cohevence
satisfies the at least one predetermined coherence threshold and adapted to transmit at least
one control signal, wherein the at least one control signal 18 adap’sei. to be recetved by &

control object that causes corresponding movement of & control obje

o
(311
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23, The apparatus of claim 22, comprising & farzy logic foedback module to monitor

the signal and adjust the at lesst one predeternined coberence threshold based on the signal

satisfactorily meeting the at least one predotermined coherence threshold,
24, The apparatus of claim 22, comprising an amplitude generator © generate a signal

~

corresponding © an amplitude of at least one of the plurality of brainwave signals wherein
the threshold module recetves the signal corresponding to the amplitude of at leas to one ¢

31,

the plurality of bratnwave signals and generates at least another signal when the amplitude

50
]
ey
2
v
3]
)
52}

at least one predetermived amplitode threshold and wheretn the control module

receives the at least avother signal and s adapted to transmit st least another control signal,

pox+

wherein the at least another control signal 15 adapted to be recetvad by the control object
that causes corresponding movenient of a control object.

g g annaraty \F alaim v}r} cOE 1 d SRl r\i e;{? 1o transg o i‘} > af
25, The gpparstus of claim 22 comprising a radio transmister adapted to transmit the &
least one control signal to the control ebiect.

st one of & real o

orrn
%
b3
le
-t
"
&
=
femeic
£
o]
%

26, The apparatys of claim 22 wherein the control objex
virfual object.

27. An apperatus for generating signals to control an object using a plurality of

v
jxad
o
=
e
&
85
=
o
%
¥
-
joc'sd

brainwaves from g user of the the apparatus comprising:

means for receiving a phuality of brainwave signals;
means for separating each of the plurality of brainwave signals into at least one
frequency range;
means for gencrating a coherence by comparing at least pne of the brainwave
signals separated info at least one frequency vange to at least one other signal; and
means for penerating af least one object control signal when the generated

coherence satisfies at least one predefined opherence threshold.

2%, The apparatus of claim 27 comprising means for generating an amplitude from at

least one of the plurality of hrainwave signals and mweans for generating al least another
object control signal when the genersted amplitude satishes at least one predefined

amplitude threshold.

The apparatus of claim 77 comprising means for adjusting the at least one
e ¥ & &

I3
]

predefined coherence thresholil,
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