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{0001 ] MONTAGE DESIGN FOR CLOSED LOOP SENSING AND
NEUROSTIMULATION OF THE DORSAL LATERAL PREFRONTAL
CORTEX ANDVOR MOTOR CORTEX
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{0003]  This s a Continvation-in-Part Apphcation of U.S. Application No.
15/066,813, filed in the United States on March 10, 2016, entitled, “System and
Method for Training and Assessment,” the entirety of which are incorporated
herein by reference.

10

{0004]  This 1s also a Non-Provisional Application of ULS. Provisional Patent
Application No. 62/159,151 filed May 8, 2015, entitled, “Montage Design for
Closed Loop Sensing and Neurostimulation of the Dorsal Lateral Prefrontal
Cortex and/or Motor Cortex,” the entirety of which is mcorporated herein by

15 reference.

[0005] BACKGROUND OF INVENTION

{0000] {13 Field of Invention
200 [0007]  The present invention relates o a system for adjusting newrostirnulation and,
more pariicularly, io a system for adjusting nevrostimalation based on real-time

sensing of brain states.

fO008] {2) Description of Related Ant

%]
]

10009]  Neuvrostimulation is a therapeutic activation of part of the nervous system
using electrodes. Current technigues use a combination of
electroencephalogram (EEGYiranscranial direct-current stimulation tDCS) or
functional near-infrared spectroscopy (INIRSVIDCS 1o target a vaniety of

regions. Current state-of-the-ant montages only provide either temporal (EEG)
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or spatial (INIRS) information and do not provide all possible mformation about
the current state of the brain, leading to possible misalignment and settings for

neurostinmiation

(¥

[00010] Currently, brain imaging and planning of new stimulation occurs after the
stimulation has been completed, such as described by Datta et al. in “Validation
of finite element model of transeranial electrical stimulation using scalp
potentials: hmplications for chmcal dose,™ J Newrad Engineering 20131003},
which is hereby incorporated by reference as though fully set forth herein.

10 While operable for imaging after stimulation, such existing methods do not

allow for simultaneons stimulation and recording or imaging, Thus, a

continuing need exists for a system for adapting nevrostimulation based on

simultaneous recordings of the brain.

-
2

[00011] SUMMARY OF THE INVENTION
(000121 The present invention relajes to a svstem for adjusting newostimudation and,
more particularly, to a system for adjusting neurostimulation based on real-time
sensing of brain states. The system comprises one or more processors and a
memaory having iastroctions such that when the instractions are executed, the
20 one or reore processors perform multiple operations. The syster stimulates
specific pearal regions through a newral device, while simultaneously
performing recordings from the neoral device using a targeted arrangement of
stimudating electrodes and distinet types of recording electrodes of the neural
device. Stimulation of the specific neursl regions is adjusted in real-time based
25 on the recordings from the nearal device,
[Q0013]  In another aspect, the system sots stimulation parameters to optintize any
neural changes recorded by the recording electrodes to mateh a desired newral

activity.

b2
]
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{00014}  Inanother aspect, the system provides feedback of both temporal neural
changes and region specific neural changes via electroencephalogram (EEG)

electrodes and functional near-infraved spectroscopy (INIRS) electrodes,

(¥

respectively.

{00015]  In another aspect, preferred positions of stimulating electrodes on the newral
device are provided that will focns effects of the stimulation on the specific
neural regions while still allowing concentrated recordimgs of the specific neural

10 regions.

[00016]  In anotBer aspect, stimulation 1s applied o & specific brain region, wherein
the stimulation to be applied is determined by stimulation parameters

deternuned based on prior recordings.

{00017} Inanocther aspect, the stimulation is adjusted to decrease stimulation in one
brain region and increase stimualation i another brain region,
{O0018]  Inanother aspect, the present invention comprises & method for automatic
20 adjostment of nevrostimulation. A targeted arrangement of stimulating
electrodes and distinet tvpes of recording electrodes is created for individuslized
stinndation. Stimulation of specific neural regions through a newral device,
while simultaneously performing recordings from the neural device using the

targeted arrangement of stimulating electrodes and distinct types of recording

[
(1]

electrodes. Stimulation of the specific newral regions 18 adiusted m real-ime

based on the recordings from the neural device.

[00019]  In another aspect, the neural device 18 a neural cap.
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(000201 In another aspect, the present invention also comprises a method for cansing

a processor to perform the operations described heremn.

[O0021]  Finally, in yet another aspect, the present invention also comprises a

S computer program product comprising computer-readable instructions stored on
a non-transttory computer-readable medium that are executable by a computer
having a processor for causing the processor to perform the operations described
herein.

10 [00022] BRIEF DESCRIPTION OF THE DRAWINGS

{00231 The objects, features and advantages of the present mvestion will be
apparent from the following detailed descriptions of the vanous aspects of the

invention in conjunction with reference to the following drawings, where:

15 {00024]  FIG. 1 1s a block diagram depicting the components of a system for adjusting

neurostimulation according to embodiments of the present disclosure;

{000251  FIG. 2 is an illustration of a computer program product according to

embodiments of the present disclosure;

20
(000261 FIG. 3 1s an illastration of an example arrangement of functional near-
mfrared spectroscopy (INIRS), electroencephalography (EEG), and transcranial
direct-current stimulation (1DCY) electrodes according to embodiments of the
present disclosure;
25

(00027]  FIG. 4A is an Hustration of a control condition according to embodiments of

the present disclosure;
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000281 FIG. 4B s an illustration of a stimulation condition according to

embodiments of the present disclosurg;

[00029)  FIG. 4C is an tHusiration of topographic maps of wavelst-iransformed data

(¥

according to embodiments of the present disclosure;

{00030} FIG. S is an itlustration of a closed loop system for adjusting
neurostimulation parameters according to vartous embodiments of the present
disclosure;

10

000311  FHG o iHustrates a homan subject receiving newrostinndation via a newral

device according to some embodiments of the present disclosure; and

[000321  FIG. 7 tdlustrates a neural cap worn by & human subject for sensing and

15 neurostimulation according to ersbodiments of the present disclosure.

[00033] DETAILED DESCRIPTION
[00034]  The present invention relates to a system for adjusting neurostimulation and,
more particolarly, to a system for adjusting newrostinnlation based on real-time
20 sensing of brain states. The following description is presented to enable one of
ordinary skill fn the art to make and use the mvention and t incorporate it in the
context of particular applications. Various modifications, as well as a variety of
uses in different applications will be readilv apparent to those skilled in the art,

and the general principles defined herein miay be applied to a wide range of

[
(1]

aspects. Thus, the present inveption is not intended to be limited to the aspects
presented, bat is to be accorded the widest scope consistent with the prmciples

and novel features disclosed herein.

1 ::q
]
by
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{00035]  Inthe following detailed description, numerous specific details ave set forth
m order to provide & move thorough understanding of the preseat invention.
Howaever, it will be apparent to ong skilled i the art that the present invention

may be practiced without necessarily being limited to these specific details. In

(¥

other mstances, well-known structures and devices are shown in block diagram

form, rather than in detasl, in order to avoid obscuring the present invention,

[O0036]  The reader’s attention s directed 1o all papers and documents which are filed
concurrently with this specification and which are open o public inspection with
10 this specification, and the contents of all such papers and documents are
meorporated herein by reference. All the features disclosed in this specification,
{including anv accompanyving claims, abatract, and drawings) may be replaced
by alternative features serving the same, equivalent or sttndar purpose, unless
gxpressly stated otherwise. Thus, unless expressly stated otherwise, sach feature
15 disclosed ts one example only of a generic series of equivalent or similar

features.

[000371  Furthermore, any element in a claim that does not explicitly state “means
for” performing a specified function, or “step for” performing a specific

20 function, 1s not 1o be interpreted as a “means” or “step” clause as specified in 35

LES.C. Section 112, Paragraph 6. In particular, the use of “step of” or “act of " in

the clauns herein is not miended to mvoke the provisions of 35 US.C. 112,

Paragraph 6.

[
(1]

{D0038]  Please note, if used, the labels lefy, right, front, back, top, bottom, forward,
reverse, clockwise and counter-clockwise have been used for convenience
purposes only and are not intended to inply any particular fixed direction.

Instead, they are used to reflect relative locations and/or directions hetween

622
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varions portions of an object. As such, as the present invention is changed, the

above labels may change thewr orfentation.

1000397 (1) Prmcipal Aspects

[00040]  Various embodiments of the invention include three “principal” aspects.

The first s a system for adjusting newostimulation. The system 1s typically in
the form of a computer system operating software or in the form of a “hard-
coded” instraction set. This system may be incorporated into a wide variety of
devices that provide different functionalities. The second principal aspectis a
method, tvpically in the fonm of software, operated using a data processing
system {computer). The third principal aspect is a computer program product.
The computer program product generally represents computer-readable
instructions stored on a non-fransttory computer-readable medium such as an
optical storage device, ez, & compact disc (CD) or digital versatile disc (DVD),
ot a magnetic storage device such as a tloppy disk or magnetic tape. Other, non-
limiting examples of computer-readable media include hard disks, read-only
memory {(ROM), and Hash-type memories. These aspects will be described in

more detail below,

{00041] A block diagram depicting an example of a system {i.e., computer system

100} of the present invention 1s provided in FIG. |, The computer system 100 15
configured to perform calculations, processes, operations, and/or functions
associated with a program or algorithm. In one aspect, certain processes and
steps discussed herein gre realized ag a series of instructions {e g, software
program) that veside within computer readable memory units and are executed
by one or more processors of the computer system 100, When executed, the
nstructions cause the computer system 100 to perform specific actions and

exhibit specific behavior, such as described herein,
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{00421 The computer system 100 may include an address/data bus 102 that is
configured to commumicate information.  Additionally, one or more data
processing units, such as @ processor 104 {or provessors), are coupled with the

address/data bus 102, The processor 104 is configured to process information

(¥

and instructions, In an aspect, the processor 104 is a microprocessor,

Alternatively, the processor 104 may be a different type of processor such as a

parallel processor, application-specific integrated circuit {ASIC), programmable

logic arvay {PLA), complex programumable logic device {CPLD), or a field

programmable gate array (FPGA).

10

{00431 The computer system 100 is configured to utilize one or more data sforage

units. The computer systam 100 may include a volatile memory unit 106 {e.g.,
random access memory {"RAMY), static RAM, dynamic RAM, etc.) coupled
with the address/data bus 102, wheren a volatile memory unit 106 is configored

15 to store information and instructions for the processor 104, The computer
systesn 100 further may mchade a non-volatile memory unit 108 {e.g., read-only
memory {("ROMY), programmable ROM ("PROM"™), erasable programmable
ROM ("EPROM™), electrically erasable programmable ROM "EEPROM™),
Hash mermory, etc.} coupled with the address/data bus 102, wherein the non-

20 volatile memory onit 108 is configured to store static information and

mstructions for the processor 104, Alternatively, the computer svstem 100 may

execute wstructions retrieved from an online data storage unit such as in

“Cloud” computing.  In an aspect, the computer system 100 also may mclude

one or more interfaces, such as an nterface 110, coupled with the address/data

[
(1]

bus 182, The one or more interfaces are configured to enable the computer
system 100 to interface with other electronic devices and computer systems.
The communication interfaces unplemented by the one or more interfaces may

include wireling {e.g., serial cables, modems, network adaptors, etc.) andfor
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wireless (e.g., wireless modems, wireless network adaptors, etc.} conumunication

technology.

(000441 In one aspect, the computer system 100 may include an input device 112

(¥

conpled with the address/data bus 102, wherein the input device 112 15
configured to communicate information and conunand selections to the
processor 100, In accordance with one aspect, the input device 112 isan
alpbanumeric mput device, such as a keyboard, that may include alphanumeric
and/or function kevs. Alternatively, the input device 112 may be an input
10 device other than an alphanameric input device. 1o an aspect, the computer
system 130 may include a cursor control device 114 coupled with the
address/data bus 102, wherein the cursor control device 114 15 configured
cotmunicate user input information and/or command selections to the processor
100, In an aspect, the cursor control device 114 15 implemented using a device
15 such as a mouse, a track-ball, a track-pad, an optical tracking device, or a touch
screen. The foregoing notwithstanding, in an aspect, the cursor control device
114 is directed and/or activated via input from the input device 112, such as in
response to the use of special kevs and key seguence communds associated with
the wput device 112, In an alternative aspect, the cursor control device 114 s

20 configured to be directed or guided by voice conumands.

[O0048]  In an aspect, the computer system 100 fhurther may mclude one or more
optional computer usable data storage devices, such as a storage device 116,

conpled with the address/data bus 102, The storage device 116 is configured to

[
(1]

store information and/or computer executable instructions. In one aspect, the
storage device 116 is a storage device such as a magnetic or optical disk drive
{e.g., hard disk drive ("HDD"), floppy diskette, compact disk read only memory
{("CD-ROM")}, digital versatile disk ("DVD")). Pursuant to one aspect, a display

device 118 i3 coupled with the address/data bus 102, wherein the display device
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118 is configured to display video andfor graphics. In an aspect, the display
device 118 may include a cathode ray tube ("CRT), Haguwid erystal display
{"LCDM), field emission display ("FED™), plasma display, or any other display

device suitable for displaying video andfor graphic images and alphanamernic

(¥

characters recognizable to g user.
{00046}  The computer system 100 presented herem is an example computing
environment in accordance with an aspect. However, the non-limiting example
of the computer svstem 100 is not strictly Hmited to being a computer system.
10 For example, an aspect provides that the computer system 100 represents a type
of data processing analysis that may be used in accordance with vavious aspects
described herein. Moreover, other computing systems may also be
implemented. Indeed, the spirit and scope of the present technology is not
Himted to any single data processing environment. Thus, in an aspect, ong or

15 more operations of various aspects of the present technology are controlled or
mplemented using computer-executable instructions, such as program maodules,
being executed by a computer. In one mnplementation, such program modules
include routines, programs, objects, components andfor data structures that are
configured fo perform particular tasks or implement particular gbstract dala

20 types. In addition, an aspect provides that one or more aspects of the present

technology are implemented by utihzing one or more disttibuted computing

environments, such as where tasks are performed by remote processing devices
that are Hoked through a communications network, or such as where various

program modules are located in both local and remote computer-storage media

[
(1]

melnding memory-storage devices.

(000471 An dlustrative diagram of a computer program product {iLe., storage device)

embodying the present mvention is depicted in FIG. 2. The computer program

product 15 depicted as Hoppy disk 200 or an optical disk 202 sach asa CD or

122
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DVD. However, as mentioned previously, the computer program product
generally represents computer-readable instructions stored on any compatible
non-tfransitory computer-readable medivm. The term “instructions™ as used with

respect fo this invention generally indicates a set of operations 1o be performed

(¥

on a computer, and may represent preces of a whole program or individual,
separable, software modules. Noon-hmiting examples of “instruction” include
computer program code {source or object code} and “hard-coded” electronics
{i.e. computer operations coded into a computer chip). The “mstruction” is
stored on any nop-transitory computer-readabile medium, such as in the memory
10 of a computer or on a floppy disk, a CD-ROM, and a fash drive. In either event,

the instructions are encoded on a nop-transitory computer-readable medinm.

[00048]  (2) Specific Details of Various Embodiments

1000491 Described is a method for using non-invasive transcranial divect current

-
2

stimulation (tDCS) of neurons in specific regions of the brain {e.g., motor cortex

and/or dorsal fateral prefrontal cortex {dIPFCY) while simultaneously recording

neural activity via electroencephalography (EEG) from the entire brain and

functional near-infrared spectroscopy (INIRS) from specific regions of the bram

{e.g., motor cortex and dIPFC). The specific placement of each electrode for

20 stimulating and recording allows for a novel focality in stimulation to the
desired regions (based on an average adult male’s head) while also allowing for
full coverage from the recording electrodes. The ability o monitor the brain
activity of, for instance, the dIPFC and motor cortex m real-time allows for a
closed-loop system that will alter the stimulation settings to match desired

25 dIPFC and motor cortex nearal activity,

(000501 The svstem according to embodiments of the present disclosare provides a

unigue approach to stimulating and recording from specific brain regions such

that the different modalities cause minimal interference with each other while
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maintaining full coverage of the regions of waterest. While each of the electrode
modalities {e.g., EEG, fNIRS, tDUS) has been used individually to target the
motor cortex and dIPFC, the system secording 1o various embodiments of the

present disclosure uses all three modalities simaltaneously.

(¥

{00051} By using this “montage” of electrodes, there i3 an unprecedented level of
coverage to monitor the effects of newal stimulation to the motor cortex and/or
the dIPFC in real-time. This will improve the abality to accorately set the levels
of stimulation to optimize any neural changes to match the desired activity. By

10 using EEG and INIRS, the present invention will provide feedback of both

temporal brain changes {(via EEG) and region specific changes {via fNIRS).

[00052]  The ability to monitor brain states in real-time during stunulation will allow
adjustments to be made to the stinrulation setting based off of the changes to the
15 activation pattern caused by the neurostimulation. Currently, brain imaging and
planning of new stimulation occurs after the stimulation has been completed.
By having localized brain imaging of the regions bemg stimulated, the system

described herein has the unique ability to monitor and adapt stunulation settings

to reach a desired change in neural activity,

{00053} FIG. 3 depicts the placement of stimulating electrodes, fNIRS electrodes,
and EEG electrodes on a bead of a subject. The elecirodes are represented by
small circles. E represents EEG electrodes, S represents source electrodes, and

D represents detector elecirodes. Stimulation siies are represented by bold

[
(1]

dashed circles. Bold lines connecting elecirodes represent data chamels of
mterest. The present invention functions by placing the stimulating electrodes
{represented by bold dashed circles) at locations that will focus the effects of the
stimulation on the brain region desired {¢.2., motor cortex and/or dIPFC) while

stil allowing very concentrated recordings of the spatial areas of the regions by
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the fimctional near infrared spectroscopy (INIRS) electrodes {i.e,, electrodes

with “§8" or "Dy

[00054] Additonally, the EEG electrodes are not interfered with and provide detaled

(¥

coverage over the entire head allowing for maximal information received, This
mformation can then be analyzed and used to reset the stimulation parameters
based on the accurate recordings made from the stimulation. FiGs. 4A, 4B and
4C show results of the montage depicted in FIG. 3, providing evidence of the
ability of both EEG and INIRS to record changes that ocour during stimulation
10 with this montage. A sham sumulation (FIG. 4A) (1.e., control condition)
ndicates a simulation protocol that conveys the perception of bemg stimulated
to the subject, but does not deliver the current to the brain. FIG. 4B depicts the
actual stimulation condition in which the cuwrrent 1s delivered to the dIPFC as
depicted. Without a montage such as the one iflustrated 1 FIG. 3, these changes

15 would not be able to be analyzed and understood.

[00055]  Specifically, FIGs. 4A and 4B depict simualianeoys recording of INIRS with
tDCS showing the difference in location activities cansed by tDCS. FIG. 4C
depicts simultaneous recording of EEG with tDCS showing the difference in

20 trming activities caused by tDCS. FIG. 40 tlustrates topographic maps of
wavelet-transformed data, The smaller arrows point to significant changes in
the mudhine frontal theta spectral power across days, which corresponds to skilt
acquisition. The large arrow depicts the progression of the subjects over the

training regime of 4 days.,

[
(1]

1000561 Closed loop stimulation adaptation is unigue to the present invention. FIG. S
iflustrates the architecture for a closed stimulation adaptation that measures
behavioral output (e, piloting improvements) via behavioral sensing 500 and

mulii-modal sensing 502 o adapts the stimulation (HD-1DCS newrostimulation



1

[
(1]

(¥

0
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tratning task 506 at hand. Behavioral sensing is performed by, for example,
custom software written to read flight-recorder-like data from the simulation,
which was then wsed to compare the behavioral performance within subjects an
also across subject conditions, Behavioral sensing are specific to the skill being
trained. For example, the seonsing may be based on guantitative metrics of pilot
skill, such as G-force at landing). Multi-modal sensing 502 is performed by, for
instance, INIRS and EEG 508, which record neural activity in the brain 510 of
the user. In combination with an operator performance system 512, the
measurements from the mulit-modal sensing 502 are used to automatically
adjust stinmlation parameters for HD-DCS nevrostimulation 504 of areas of the
user’s brain 510 m order to reach a desired cognitive state to improve the user's

performance of the training task 306.

{00057]  For example, the system according to various embodiments can be used to

assist a complete novice being introduced to a fask in which they maust flv a
plane through high turbulence. Using the present invention, the user will recetve
a computed stimulation (HD-DCS neurostimulation 304) in a specific area,
such as the motor cortex. The stimulation (HD-1DCS newrostimulation 504} 18
computed based on recordings from expert pilots and other novice pilots as well
as a comparison of their INIRS and EEG measurements and behaviors to the
current novice pilot. 1t 1s critical to determine the typical variance of various
novice pilots to optimize learning and stimulation parameters. In addition,
individoal phenotypes of behavior can be nsed to personalize stimulation
montage for optimum learning. However, as the current novice pot’s
performance improves, the model adapts the stimolation to decrease stimulation
i the motor cortex, but increase the decision making aspect of the pilot’s brain
and target the dIPFC. This adjustment is performed as an evolving system that

adapts stinudation based on the current recorded expert pilots and the novice
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pilot's improvements. The goal is to improve the performance of the novice 514

pilot to the level of the advanced $16 pilot.

[O00S3]  FIG. 6 illustrates a human subject 600 receiving nevrosthmulation according

(¥

o some embodiments of the present disclosure. A neural device 602 able to
generate an electrical current delivers newrostimulation by applying a current
through one electrode 604 {e.g., anode), and # flows through the brain to another
electrode 606 {e.g., cathode). The neural device 602 is depicted as a patch that
adheres to a portion of the patient’s head. Any suitable neural device 602 can be
10 used (such as the neural cap described below) provided that it can control
stunplation of specific newral regions while pecformung recordings from the
neural device 602 using a targeted arrangement of stimunlating electrodes and

recording electrodes of the nearal device 602,

15 {00059]  FIG. 7 dlustrates a neural device worn by a human subject for sensing and
neurostimulation according to embodiments of the present disclosure. As
depicted in FIG. 7, the neural device 1s a neural cap 700. As shown, the newral
cap 700 may bave configurable harness locations for stimulators and sensors.
Additionally, the sensorfstimulator may contain a spring-loaded system 702 to

20 maintain skin contact. Compression fitting of the neural cap 700 achieves

sensor{stimulator consistency. Furthermore, the neural cap 700 can be

connected to portable data input/output {170} package 704

{00060} Finally, while this invention has been described in terins of several

[
(1]

embodunents, one of ordinary skill in the art will readily recognize that the
mvention may have other applications in other environments. It should be noted
that many embodiments and implementations are possible. Further, the
tollowing claims are in no way intended to hmit the scope of the present

mvention to the specific embodiments described above. In addition, any
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recitation of “means for” is imtended o evoke a means-plos-function reading of
an element and a claun, whereas, any elements that do not specifically use the
recitation “means for”, are not intended fo be read as means-plus-function
clements, even if the cham otherwise includes the word “means”™. Forther, while
particular method steps have been recited in a particular order, the method steps
may oceur in any desired order and fall within the scope of the present

mnvention,
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CLAIMS

What 15 clatmed 8;

1. A system for antomatic adjustiment of nenrostimulation, the system comprising:

3 one of more processors and a non-transitory memory having nstructions
encoded thereon such that when the instructions are execnted, the one or more
processors perform operations of!

controlling stinwilation of specific neural regions through a neural device,
while stmultaneously performing recordings from the neural device using a
10 targeted arrangement of stimulating electrodes and distinct types of recording
glectrodes of the neural device; and
adjusting stimulation of the specific neural regions in real-time based on the

recordings from the neural device,

15 2. The system as sot forth in Claim 1, wherein the one or more processors further
perform an operation of setting stimulation parameters to optimize any neuwral

changes recorded by the recording electrodes to match a desired neural activity.

3. The system as set forth in Claim 1, wherein the one or more processors further
20 perform an operation of providing feedback of both tempors! newral changes and
region specific newral changes via electroencephalogram (EEG) electrodes and

functional near-infrared spectroscopy (INIRS) electrodes, respectively.

4. The system as set forth tn Claim 1, wherein the one or more processors further

3
L7

perform an operation of providing preferred positions of stimulating electrodes on
the newral device that will focus effects of the stimulation on the specific neural

regions while still allowing concentrated recordings of the specitic newral regions.
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[

. The system as set forth m Claim 1, wherein the one or more processors further
perform an operation of applying stimudation to a specific brain region, wheremn the
stimulation to be applied is determined by stimulation parameters deternuned based

o8,

on prior recordiy

(¥

6. The system as set forth in Clanm 5, wherein the one or more processors further
perform an operation of adjusting the stimulation to decrease stimulation i one

brain region and ncrease stimulation in another brain region.

10 7. A computer-tmplemented method for astomatic adjustiment of neurostimulation,
comprising:
an gct of CRUSING One OF INOKE Processors to exeoute instroctions stored on a
non-transitory memory such that upon execution, the one or more processors
perform aperations of:

15 controthng stimulation of specific neural regions through a neural device,
while stimultanecusly performing recordings from the neural device using a
targeted arrangement of stimulating electrodes and distinet types of recording
glectrodes of the neural device; and

adiusting stimulation of the specific neoral regions in real-time based on the

20 recordings from the neoral device.

oo

The method as set forth o Claym 7, wherein the one or more processors further
perform an operation of setting stimulation parameters to optimize any neural

changes recorded by the recording electrodes 1o maich a desired neoral actraty,

[
(1]

9. The method as set forth in Claim 7, wherein the one or more processors further
perform an operation of providing feedback of both temporal peural changes and
region specific neural changes via electroencephalogram (EEG) electrodes and

functional near-mfrared spectroscopy (INIRS) electrodes, respectively.
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10, The method as set forth in Clamm 7, wherein the one or more processors further
perforn: an operation of providing preferred positions of stmmulating electrodes on

the neural device that will focus effects of the stmulation on the specific peural

(¥

regions while still allowing concentrated recordings of the specific neural regions.

11. The method as set forth in Clamm 7, wherein the ong or more processors further
perform an operation of applyving stimulation to a specific brain region, wheremn the
stomulation to be applied is determined by stinulation parameters determined based

10 on priot recordings,

12, The method as set forth in Claim 11, wherein the one or more processors further
perform an operation of adjusting the stimulation to decrease stimulation in one

bram region and increase stinndation m another brain region.

13, A computer program product for automatic adjustiment of nevrostimulation, the
computer program product comprising:

computer-readable nstruetions stored on a non-transitory computer-readable

medium that are executable by a computer having one or more processors for
20 causing the processor to perform operations of:

controlling stimulation of specific neural regions through & neural device,
while simulianeousty performing recordings from the neoral device using a
targeted arrangement of stimudating electrodes and distinct types of recording

electrodes of the nearal device and

[
(1]

adjusting stinmlation of the specific newral regions i real-time based on the

recordings from the neural device.

14, The computer program product as set forth in Claim 13, further comprising

wstructions for causing the one or more processors to forther perform an operation
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of setting stunulation parameters 1o optimize any neural changes recorded by the

recording electrodes to match a desived neural activity.

1S, The computer program product as set forth in Clayn 13, further comprising

(¥

mstructions for causing the one or more processors to further perform an operation
of providing feedback of both temporal neural changes and region specific neural
changes via electroencephalogram (EEG) electrodes and functional near-mfared

spectroscopy {(INIRS) electrodes, respectively.

10 16, The computer program product as set forth tn Claim 13, further comprising
mstructions for causing the one or more processors to further perform an operation
of providing preferved positions of stimulating electrodes on the neural device that
will focus effects of the stimulation on the spectfic neural regions while still

allowing concentrated recordings of the specific neural regions.

15

17. The computer program product as set forth m Claim 13, further comprising
instractions for cansing the oue or more processors to further perform au operation
of applving stimulation 1o a specific brain region, wherein the stimulation to be
applied is determined by stimulation parameters determined based on prior

20 recordings.

18. The computer program product as set forth 1 Clatm 17, further comprising
mnstructions for causing the one or more processors to further perform an operation
of adiusting the stimulation to decrease stimdation in one bram region and increase

23 stimulation m another brain region.

19. A method for automatic adjustment of neurostimulation, comprising acts oft
creating a targeted arrangement of stimulating electrodes and distinet types of

recordmg electrodes for individualized stimulation through a neural device;
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controlling stimulation of specific neural regions through the neural device,
while simultaneously performing recordings from the neural device using the
targeted arrangement of stimulating electrodes and distinet types of recording
glectrodes of the newral device: and

adjusting stimulation of the specific neural regions in real-time based on the

5
recordings from the neural device.
20, The system as set forth tn Claim 1, wherein the newral device 1s a neural cap.
10
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