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Research: MEA lab since 2023

AFourth NSF TCUP SGR award ($200,000);

ASecond and third patents issued and fouothe
pending

ATwo graduate students defended their MS theses
with two and three first author manuscripts
respectively;

AAwards, tutoring for Diné College students, running
activities for local school students at STEM festivals,
etcC.
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Award Abstract # 2415867

SGR: Comparing the Optimal Tripolar Concentric Ring Electrode to Commercial Configurations on
Phantom Data

MSF Org: DUE
Division Of Undergraduate Education

Recipient: DINE COLLEGE

Initial Amendment Date: January 16, 2025

Latest Amendment Date: January 16, 2025

Award Number: 2415867

Award Instrument: Standard Grant

Program Manager: Regina Sievert

rsievert@nsf.gay (703)292-2808

DUE Division Of Undergraduate Education
ECU Directorate for STEM Education

Start Date: February 1, 2025

End Date: January 31, 2027 (Estimated)

Total Intended Award $200,000.00
Amount:

Total Awarded Amount to $200,000.00
Date:

Funds Okligated to Date: FY 2025 = $200,000.00

History of Investigator: Oleksandr Makeyev (Principal Investigator) omakeyev@dinecolleze.edu

Recipient Sponsored Dine Callege
Research Office: 1 CIRCLE CR
TSAILE




Tech transfer and patents

ABoth tech transfer center and maker space are
located in theKinyaa'aaniCharlie Benally library
building.

ATech transfer centell f

- former audio/visualT s,
room, second floor. = L
AAudio and visual :
materials now on the! '
cofirst floor (near desk)y
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Maker space

AMaker space former periodicals room, first floor

(pictures below from April 11
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Maker space (continued)

A

ow in final

stages of renovation (pics from July 202

Item

Quantity

Deskiop Vacuum Forming Machine

Laser Engraving Cutter Machine

Multi Process Welding Machine

Deskiop Extruder

CNC Machine Lathe

CNC Milling Machine

Wireless 3D Printer

AuntoDesk AutoCAD 2022

Computer(s) 2 HP laptops

HP Printing Plotter
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Patents

AOur patenting efforts are still centered around
novel concentric ring electrode technology for
noninvasive electrophysiological measurement
capable of improving medical signal processing
significantly thus offering better diagnostic value
via better detection of relevant biomarkers for a

range of disorders and conditions.

ADiné College now holds three out of three first
patents ever issued to a Tribal College or University

(TCU) with 100% success rate well above national

verage thanks to Kilpatrick Townsend & Stockton

LLP.
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Patents (continued)

AWhat our patents (in filing order) are all about

A First: optimization of distances between recording surfaces
of equal widths and/or radii to maximize the Laplacian
estimation accuracy (12,144,630, issued November 19,
2024).

A Second: optimization of variable widths and/or radii of
recording surfaces to maximize the Laplacian estimation
accuracy (11,045,132; issued June 29, 2021).

A Third: design of preamplifiers that allow inputting optimal
Laplacian estimation coefficients for specific electrode
geometries (12,419,562; issued September 23, 2025;
continuation application to the second one).

A Fourth: calculation of the optimal Laplacian estimation
‘ coefficients for a specific electrode geometry (18/911,107,
fc"’!% published on February 13, 2025; divisional application to the

R 4goh 7 first one).
i




Patenting experience

ABefore tech transfer center
ACdzy RAy3 LI G4Syd NBfIFGSR O2adua
awards:

A Individual Board of Regents resolutions supporting each
patent application;

A Dealing with USPTO with hépm legal counsel (if anynly;
A BayhDole Act reporting.

AAfter tech transfer center

A Assistance with costs and fees associated with issuance of the
most recent patents even before reaching its full capacity.
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Graduate advisees

MASTER THESIS DEFENSE

ASSESSING THE IMPORTANCE OF OPTIMAL
LAPLACIAN ESTIMATION COEFFICIENTS FOR
COMMERCIALLY AVAILABLE CONCENTRIC
RING ELECTRODES ON HUMAN DATA AND VIA
FINITE ELEMENT METHOD MODELING

PRESENTED BY:
ALANA BENALLY

THESIS ADVISOR:
OLEKSANDR MAKEYEV, PHD

JOIN US!

Tuesday, May 6, 2025
9:00am MDT

[
© LB-206, MEA Lab
Kinyaa’aanii Library, Tsaile Campus

Zoom Link: https://dinecollege.zoom.us/
/99617172850
Meeting ID: 996 1717 2850

Very limited seating is reserved for
thesis committee members, MEA lab
employees, and college faculty and

staff on first come, first serve basis.

MASTER THESIS DEFENSE

LINEAR AND NONLINEAR SIGNAL SYNCHRONY
MEASURES TO ASSESS SALT BRIDGE SHORTING
AND CONVENTIONAL DISC ELECTRODE
EMULATION VIA TRIPOLAR CONCENTRIC RING
ELECTRODE ON HUMAN
ELECTROENCEPHALOGRAM DATA

PRESENTED BY:
SHELDON N. GHEE

THESIS ADVISOR:
OLEKSANDR MAKEYEV, PHD

Monday, May 4, 2026
9:00am MDT

[
© LIB-206, MEA Lab
Kinyaa’aanii Library, Tsaile Campus

Zoom Link: https://dinecollege.zoom.us/
/99469960701 eCoyy
Meeting ID: 994 6996 0701 qQ

Very limited seating is reserved for
thesis committee members, MEA lab
employees, and college faculty and

staff on first come, first serve basis.



2024 Tribal Colleges and Universities Program Research

Symposium
February 289, 2024
Alexandria, VA

Current Versus Optimal Laplacian Estimates via t-Lead

Alana Benally', Oleksandr Makeyev!, Yiyao Ye-Lin®, Gema Prats-Boluda?,

1Ding College, Tra

Electrodes on Human Electroencephalogram Data
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2024 Emerging Researchers National (ERN) Conference In
ST E M Current Versus Optimal Laplacian Estimates For t-Lead
March 1416, 2024 A’z@ Coceane g Elcds U it Elent o
Washington, DC e
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Alana Benally!, Oleksandr Makevevl Viyao Ve-Lin®. Gema Prats-Boluda?,
Tavier Garcia-Casado?

AZ; *Universitar Politacnica de Taléncia, Tals

cia, Spain

t-Lead (Fig- 1) is a commercial tripolar concentric ring electrode (TCEE; Obtained finite element method moedeling results {Fig. 3) indicate median
CREmedical Kingston RI), specifically designed for nonimvasive ratio of normalized relative errors comesponding to suboptimal over optimal
elecrophysiclogical measurement applications, inchading smdies involving coefficients fior two finite dimensions modelk approximatng t-Lead electrodes to

human subjects. Utilizng the ability of concentric ring electrodes to directly range betwesn 470 and §44 times. Fespective ratio of maxinmm srrors ranges
estimate the second spatial derivative (Laplacian) of surface potential at each from 278 to 375 times.

individual electrode by linearly combining differential voltages recorded Fizure 3. Ralative
between the central disc and the rings with specific coefficients used as o pam:lm;d ].‘w‘;
weights makes them of significant importance in biomedicine. Our recent o
rasearch showed that optimal coefficients (§.-1) maximizing the accuracy of
Laplacian estimation for TCEE with dimensions simdlar to those of the t-Laad
are different from the comentdy used coefficients (16, 1]. This smdy

— Eetras ForeLead. —_— X - . "
s O RS ”-"“E,'l.:,m Megbed ! ! assesses the difference between optimal and current coefficients via finite
el Via i E1

%,mm et s it element method modeling This is important since sigificant difference in
et = Laplacian estimste signal may affect its diagnostic value.
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Finite element method modeling was nsed to compare the performance of
o realistic finite dimensions models apg ing the d ions of the
commercially available t-Lead electrodes (Fig. 2A and 2B) determined in [1].
First set of dimensions was patented in [2]. Second set of dimensions was
published in [3]. Both sets of dimensions were scaled to the size of the optimal . : o
TCRE configuration from [4] with the outer radius of the outer ring subdivided Ebectoc cummte

into @ equal intervals. Te derive the saboptimal coefficients from them

additional elecrode confizuration was considered with a ratio of median radii —mi
of 1 to 2 (Fig. 2C). Since current coefficients (16, -1) wese originally desived L - .

for t-Lead using simplistic neglizible dimensions model of anslectmode with || While aforementioned preliminary emor rafios suggest a sigmificant
the same ratio, a modified version of these coefficients (13.8, -1) was derived || difference in Laplacian estmation sccuracy further investigation is needed to
using fimite dimensions model from Fig. 2C to be used 25 suboptimal address the following. First, at this point of time difference in amplimdes of
coefficients (23/60, -1/36) for confizurations approximating t-Lead from Figs. || Wfng Laplacian estimate signals cormresponding to optimal and suboptimal
24 and 2B, Optims] Laplacian estmste coefficients for Fig 2A (17/63,-1/21) || coefficients bas not been smdied and difference in amplimdes may affect
T) were adopted from [1]. Second sat respective estimation errors. Addressing this is the first step of envisioned futare

and Fig. 1B (51938/159159, -1202/22737 .
of suboptimsl cosfficients was derived from the optimal set by scaling the first work. Second, other spproaches of determining suboptimal coefficients may

coefficient by 16/6 fallowed by scaling the resulring estimate by 6/16 to aveid || 785t i closer 52 to cumrendly used (16, -1). Finally, any modeling based results
2 substansal incTesse in smplitude. Finite element method model was adopted need to be validated on real life phantom or umsn data using physical electroda

from [1, 4]. Emors of Laplacian estimation corresponding to the optimsl and prototypes.
two suboptimal estimstes fior finite dimensions models from Figs. 2A and 2B
served as primary outcomes for comparizon 4@7
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Accessed: Now. 01, 2023. [Online]. Avadlable
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Electroencephalogram Using Tripelar Concentric Jectrode Semsers,” Jowrmal off
Sesors, vel. 2020, pp. 1-9, Tun. 2020, dei- 10.1 304
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