
[bookmark: _ohs8iesdflpx]Pokyny k tvorbe quad chart tabuľky
Quad chart je tabuľka na jednej strane na šírku (veľkosti A4) rozdelená do štyroch kvadrantov, ktorá poskytuje zhrnutie projektu. Je vhodné, keď obsahuje informácie vo forme odrážok, ktoré si môže hodnotiteľ vopred pozrieť rýchlym pohľadom a získať, čo najviac informácií o projekte. 

Príklad rozloženia quad chart:
	Názov projektu
Autor/i

	Vedecká otázka / Ciele
obrázok

· Bod 1
· Bod 2
· Bod 3
· …
	Dáta a výsledky
graf

· Bod 1
· Bod 2
· …

	Metodológia / Návrh projektu
· Bod 1
obrázok

· Bod 2
· Bod 3
· …
	Interpretácia a závery
· Bod 1
· Bod 2
· Bod 3
· …




Pri tvorbe quad chart postupujte podľa nižšie uvedeného postupu:
1. Quad chart má byť vytvorená na strane A4 na širku v ľubovoľnom programe (Word, PowerPoint, Canva alebo iné).
2. Celý dokument musí byť v slovenskom jazyku.
3. Farba pozadia dokumentu by mala byť svetlá a farba textu by mala byť prevažne tmavá (kvôli čo najlepšej čitateľnosti).
4. Minimálna povolená veľkosť písma je 12 bodov. Kvôli čitateľnosti použite čo najväčšie písmo. Výnimka: Pre popisy obrázkov alebo fotografií môžete použiť menšiu veľkosť písma, minimálne však 10 bodov.
5. Texty by mali byť vo forme odrážok a čo najstručnejšie. Tento dokument je určený na zhnutie projektu. Nemusí obsahovať úplne všetko - radšej vyberte a zosumarizujte najdôležitejsie časti projektu.
6. Všetky štyri kvadranty quad chart majú rovnakú veľkosť a sú rozmiestnené ako na príklade vyššie. Počet odrážok v jednotlivých kvadrantoch je ľubovoľný. Na vás je aj použitie alebo nepoužitie obrázkov a grafov. 
7. Hlavička by mala obsahovať názov projektu a meno autora/ov, môže obsahovať názov školy.
8. Prvý kvadrant: Vedecká otázka / Ciele
a. Uveďte výskumnú otázku alebo technický problém, ktorý riešite. 
9. Druhý kvadrant: Metodológia / Návrh projektu
a. Spôsob zodpovedania na výskumnú otaźku alebo spôsob riešenia technického problému. Obsahuje stručné (v odrážkach) zhrnutie metodiky alebo navrh projektu.
10. Tretí kvadrant: Dáta a výsledky
a. Odporúča sa, aby tento kvadrant bol predovšetkým grafickým znázornením najdôležitejších (relevantných ) údajov a výsledkov.
b. Text obmedzte na minimum.
11. Štvrtý kvadrant: Interpretácia a závery
a. Zhrňte najdôležitejšie závery vášho projektu.
12. Quad chart by mala obsahovať stručný popis použitých obrázkov. Nemala by obsahovať bibliografiu.
13. Celá strana sa po vyexportovaní vo formáte PDF nahraje na zdieľané úložisko a následne sa sprístupní hodnotiteľom. Názov súboru je vo formáte skratka kategórie a priezvisko/a autora/ov (napríklad BIO_Mrkvicka.pdf alebo ENT_Kapustova_Zeler.pdf)

Nižsie uvádzame príklady quad charts. Sú síce v anglickom jazyku (váš quad chart musí byť v slovenčine), môžu pre vás však byť inšpiráciou.
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Evaluation of Antioxidant Activity of Flavonoids — Remarkable Effect of Hydroxy Groups in the B Ring and the Substituent in the C Ring —

Kokomi Makino, Tokushima Prefectural Johnouchi Secondary School, Tokushima city, Tokushima prefecture, Japan

CHEMO047

Q1: Research Question
Research purpose : Systematic studies to reveal the relationship between
the antioxidant ac of flavonoids and their total number of OH
groups in the B ring and the substituent in the Cring.
Flavonoids are polyphenolic compounds wide-spread in plants, having antitumoral,
antiallergic, and anti-i ies, which are thoughtto be the result of
their antioxidant acti
The antioxidant activities of flavonoids strongly depend on their structures, especially
the total number of OH groups, but the structure-activity relationship of flavonoids

Q3: Data Analysis & Results
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The radical-scavenging ability was in the relative order:
H tricetin (3) > luteolin (2) > apigenin (1)
L1 Onions contain & high - OH kaempferol (4) > quercetin (5) > myricetin (6)
Basic structure of flavonoids ___ Structure of quercetin concentration of quercetin. - O-Glycoside _isoquercitrin (8) > myricitrin (9) > astragalin (7)

Q2: Methodology

Flavonoids tested : Nine structurally different

compound
flavonoids in the total number of hydroxy ,,,.g:...n & =
groupsinthe B ring and a substituentat the luteolin (2) H H
3-positioninthe C ring tricetin (3) OH
T O6lY= e zzozs™ ey .
w0 2 W for7and 8 _ myicetin @ on
@ 34 " on S astragalin (7) H
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Activity determination : Efficiency of scavenginga stable radical (DPPH)
Method 1 : Kinetic analysis of the radical scavenging reaction
by UV-vis spectroscopy
Method 2 : 1*C NMR analysis of competitive reactions of two flavonoids with
DPPH

Antioxidant activity of flavonoids is expected to be correlated with their antiradical activity.

Q4: Interpretation & Conclusions
My interpretation of on these resultsis as follows.
1) The antioxidant activity is basically determined by the stability of oxygen-
centered radical formed from hydrogen abstraction of OH group.
2) The substitution of OH group at the 3-position in the C ring significantly stabilizes
the oxygen-centered radical generated at the R2 position in the B ring.
3) The bulky O-glycoside group at the 3-position in the C ring prevents DPPH from
accessing OH groups on the B ring, reducing their reactivities.
I have revealed the relation of the antioxidant activity of flavonoids with the
number of OH groups in the B ring and the substituent n the Cring.
1) The substituent structure on the C ring and the number of OH groups in the B ring
collaborate to determine the antioxidant activity.
2) The OH group and the O-glycoside group on the C ring control the reducing activity
ofthe OH groupsin the B ring via the electronic and steric effect, respectively.
These findings will be applicable to an understanding of Structure-activity

relationships of other polyphenolic compounds.
“All photos and figures were created by Kokomi Makino.
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Physicochemical characterization of zeolite nano resin (ZNR) for PFAS

removal and water purification
Maya Caver, Jay M Robinson High School, North Carolina, USA

Objective
Research Question; Can the physical properties of ZNR
change the rate in which contaminants can be
aEsorkea’F

« Water is essential to human survival, unfortunately our
water is contaminated with chemicals like PFAS that
bioaccumulate in our bodies.

« Causes: cancer, altered immune, organ diseases, birth
defects, and many more adverse health problems

| will aim to find out how well current ZNR works and how
much the physical change to ZNR changes its
capabilities.

| will validate Zeo-sand as a more efficient altematlve to

- ﬁ

Data Analysis and Results

Using simple UV- Visible spectroscopy to analyze the
absorbance of each sample. [*:

Methodology

Sodium Fluorescence is used as a model. It does not have
the same structure as PFAS but the same charge. The lab uses
it as they look to remove other compounds like humic acid.

« Kinetic experiments — All at different times ‘
- Create sample, incubate sample, and then filter sample

« Absorption Isotherm experiments — All at different
concentrations

- Create sample, incubate sample, and then filter sample
« Simple UV- Visible Spectroscopy analysis
- Sample is diluted, NaOH is added, process the sample

From there the data is calculated using Beer Lambert's Law,
Excel, and Origin Pro

April 2, 2024 All photos are owned by the student except zeolite diagram which was found on Wikimedia Commons.

Interpretation and Conclusion

The old and new form of ZNR can serve as a practical

booster to clean our waters. Serving as an improved method

for water filtration. Helping current scientists improve their
current method for contaminant removal using Zeolite.

Zeolite is already easily accessible, synthesizable, and

reusable.

« There is a major difference in the absorption capabilities of
ZNR and Zeo-Sand. They exhibit the same adsorption
capacity but demonstrated different rates of adsorption.

« The rate constant of Zeo-sand is at ~8 (mg/g) per second

« The exact rate of powder is 1/Ct = 8.2458 * 102-5* t +
0.015255 while grain is at 1/Ct = 2.7069 * 10*-5 * t +
1.1007making it ~4x faster than when in its grain form.

All this boils down to: Faster absorption of toxic chemicals
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Project ID: PHYS030
To Precess or to Retrogress: Dynamics and Anomalous Sway Precession of Euler’s Magnetic Pendulum

Unless othe

Zhou Houxi, The High School Affiliated to Renmin University of China, Beijing, China

Research Question Results

Dynamics of Euler’s Magnetic Pendulum Anomalous Sway Precession (ASP)

Motion of a rotational rigid body The reason of a simple system to present :

system with complex contact complex and intriguing phenomenon @

behavior Big neodymium magnets ' L ASP: a novel term |5 Certainwidth indicates

Research ﬁ - this research named oscillation of

Orientation: Nonmagnetic | fc.?r the? alternating T o Modify EIIi.plicaI

Adapted from th material direction of Potential (manifold) Trajectory without Axial Precession Elliptical Precession Precession
apted Irom the precession trajectory, Dissipation

classical Euler’s disk Experimental Data: quantitatively support the theory and capture the characteristics of ASP
model, willing to
study its trajectories
and orientation of its

rotational axis

to the best of
knowledge, marking
the first
documentation of
this behavior in the
pendulum

Neodymium
magnet rod

k

I — S

Methodology & Project Dééign

Conclusions

i
|
I . .
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. : Romormal ey B
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[ ) alternating rotational wave using gravity
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T | o (D Euler-Lagrange Equation: ideal trajectories | precession phenomenon as the primary energy source
- > Dissipation cannot be ignored » 1 and explaining its core § Developing applications of the pendulum
Neogmium @ Axial & Elliptical Precession Angular Velocities i hani infl d in the fields of behavioral psychology and -
-> Analytical results for further analysis for ASP 1 mechanisms as m_ u_enc? ) VP y 8y I
= @ Develop discussions and focus on air viscosityand | PY two types of dissipation: physiology, as a stress-relieving toy,

material & air and material based on its unique dynamics
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Project ID: PHYS060T

The Impact of Surface Conditions on the Magnus Effect

Vishnu Angiras (shrewsbury High School, Shrewsbury MA), Misha Mishechkin (Tahanto Regional High School, Boylston MA)

Magnus Effect: a force caused by a spinning cylinder/sphere
e Smooth Magnus cylinders cut ship fuel usage by 30%

\

e Little research has tested [ 1) \
impact of surface conditions
on the Magnus Effect

o Could altering the surface 4 JJJ d 54

conditions improve efficiency?

¥
Diagram created by Dan-yell

Spinning cylinder apparatus tested in
wind tunnel, 20mph laminar airflow
Altered roughness via sandpaper cover
Altered dimples via 3D-printed sheaths
Tested each variable at multiple cylinder
speeds (velocity ratios)

A Time-averaged lift & drag forces

All imges & graphs are created by the finalists unless otherwise stated.

Lift-to-Drag Ratio vs. Surface Roughness

, B By Qs g Coscas

Lift-to-Drag Ratio vs. Dimple Density
0DSI »14DS| = 27.5DS| = 38DS| =50 DS| = 60 DSI

(Average particle size)
Fine = 0.003 in.
Medium = 0.0048 in.

DSI = dimples per

square inch
2 coarse=001n.

: JI..J"IlIIIM“lI :I|I|h| l |||

-1 -1
0 075 15 2 23 3 0 075 15 2 23 3

Velocity Ratio Velocity Ratio

e Dimples did not significantly increase efficiency (p > 0.1)

e Maximum dimple density decreased efficiency (p < 0.02)

e Relative roughness of 0.048 increased Magnus cylinder
efficiency by 119% (p < 0.002)

Utilizing our pre-established Reynold's number, we
projected fuel savings of over 50% for maritime vessels
with our optimal roughness findings.

Lift-to-Drag Ratio
-
Lift-to-Drag Ratio
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Tremor-Adaptive Assistive Dining Solution: A Robotic Arm Integrating ROBO032
Computer Vision and Active Stabilization for Enhanced Autonomy

Tianhao Shao, Shanghai Starriver Bilingual School, Shanghai, China

Problems

Intensified Problem of Self-feeding in Aging Population

® The incidence of motional neuron diseases is increasing

®  The number of clinical Parkinson's patients in China has
reached 2 million

Traditional Solutions are Functionally Limited

® Manual feeding is time-consuming and labor-intensive,
lacking universality and timeliness

® Existing designs have limitations when dealing with varying
scenarios

Engineering Goals
To develop a smart anti-shake robotic arm using Al and
deep learning algorithms to improve feeding autonomy.

To optimize the system's adaptability and accuracy in real-
time food delivery.

International Data Base

Project Design
Step 1: Preliminary Research

* In-depth analysis of movement disorders and feeding

mechanics.

+ Review of existing anti-shake technologies.

Step 2: Theoretical Designing

« Designing a spoon model with an adaptive grip.

 Intelligent design considerations for telescopic structure through predictions.

Source: U.8.Census Burcau,2013;

Step 3: Hardware & Algorithm M?w
= Utilizing single-board computers::

for Al corporations and 12C

communication to connect to mother board
* Use of Al algorithms for dynamic control,
adaptation, and decision-making processes.

All graphs are created by the student unless stated

Results and Analysis

1. Integration of Al Algorithms in Improving 3. Evaluation of Jitter Reduction during Deliver
Stability Against Weight 5 T Process to Different Conrdinates

An increase in weight will YPR would each be

add to the yaw angle impacted by shifts in

deviation il = | XY.Z coordinates.
All angles ultimately reach ! 2 Have a average

the ideal target value correction effect
Can withstand <=12g with after 1.26s.
<5% deviation

. Implication of Al Filtering in Reducing gyro- 4. Confusion Matrix of Al Gesture Classification

sensor drifting e Have dominant effects in = . ) -
resolving the abnormal = |- o High precision of
results gathered by gyro- : data classified
Sensors. when considering
Largely improving the B . most gestures
precision of data gathered ; ) trained.

by more than 75% BN

i

Interpretation & Conclusions
Conclusions

® Combining deep learning and face recognition algorithms with mechanics, it largely
enhances the precision, responsiveness, and adaptability of an anti-shake robotic
arm.
This system will autonomously adjust to the dynamic requirements of feeding
individuals with varying degrees of movement disorders, which serves to reduce
mealtime challenged and improve patient’s quality of life

Developments and Innovations

® Designed an intelligent anti-shake robotic arm system that utilizes a combination of
Al algorithms, sensor integration, and mechanical innovation to feature real-time
data processing for smooth operation.

Preliminary Design and Iterations
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Unmasking CyberSecurity Vulnerabilities in Direct and Transitive OSS Dependencies
Sebastian Alexis, Northwood High School, California, USA

Research Question: Considering the impact of Data Analysis & Results:
overlooked transitive dependencies in major cyber attacks, e Revised my product SecureOSS 3 main times to
how can we detect vulnerabilities in direct and transitive improve the following Key Performance Indicator
dependencies of open-source software to secure the o Scanning Time :
software supply chain? o Error Rate . - i
o Developers often don't know all the ™" P o Accuracy
oss dependencies in their project, = ® Minimal Error Rate of 2% |} = -
e Old OSS may still work, but will e  Scanning Time was an k
not receive security patches ifits """ average of 30 secs for i = : =
community has abandoned it. every 10 libraries. == .=
is:socureoss sebasanalexs com
Engineering Design: Interpretation and Conclusions:

o My project provides a robust framework for enhancing
the security of software projects.
Identifies vulnerabilities in direct and transitive

e Cloud-Based Modular Cybersccurity Solution for
On-Demand Security Scanning

®  Depth First Search Algorithm that scans all direct and Hooma i i
transitive dependencies and hits National C?/’;‘; SHISICS a0C provices a
Vulnerability Database to identify vulnerabilities. o e .

Sl Provides a SBOM in

e Multithreading, Caching and Rate Limiting to reduce s e

scanning, the number of API calls, 10 Time and rate A P GTER G i
Generates supplementary report

limit errors. g L
featuring CHAOSS metrics
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SOFT048

DETICKT IT: A Machine Learning-Based Application for Real-Time Tick Identification and Spatiotemporal Disease Risk Assessment
Antonia Kolb, King School, Stamford, Connecticut, USA

Engineering Problem and Objectives

~500,000 people are diagnosed with tick-borne diseases each year (Kugeler
etal., 2021)

The risk pathogens and diseases transmitted varies greatly by the tick
species and geographical location of the tick (Otranto et al., 2012; Madison-
Antenucci et al., 2020)

Engineering Objectives:

Identify the 10 most disease-causing tick species using a convolutional
neural network (CNN), assess the risk of disease if bitten (spatiotemporal:
based on a heuristic algorithm and location) — data from Centers for Disease
Control and Prevention (CDC), and develop an accessible machine
learning-based mobile app (app on Apple Store)

Data Analysis and Results

Confusion matrix performance metrics were )

analyzed ) o
“Window” (auto-crop) and location-based - ]
heuristic algorithms greatly improved the .
accuracy of the ten-species CNN (97%)

Minimal errors are seen in the distribution with a

relatively high true positive rate -
Image created by student.

Model Precision Recall F1 score Overall Accuracy
Three Species 0.98 0.97 0.97 0.97
Ten Species 0.96 0.97 0.96 0.97

Project Design

Image Collection / Processing
(Data Augmentation, Black
Dot Method)

Photo taken from
CDC’s Public Health
Image Library

Images collected from available datasets
(morphologically confirmed)
Ten-species-of-ticks — ~600 per class (pre-
augmentation), ~1,800 per class (post-
augmentation) — model weights were adjusted h
to balance classes ' !
Two-step data-split process (prevent data
contamination; unbiased model performance)
Black dot method as well as “window” (auto-
crop) and location-based heuristic algorithms
CNN Architecture: ResNet50V2 (for 10—
species model)

Applied Machine Learning
(ResNe(SOV2 for ten species)

7%

Image created by student.

Interpretation and Discussions

DETICKT

The app has 97% identification accuracy for ten
species of ticks

Novel implementation of a machine learning-based iOS
app for tick identification and disease risk assessment
(based on “window” and heuristic algorithms)
Identifiable species can be expanded in future versions
— data availability permitting (current limitation)
Accessible app — deployed on Apple App Store with
~2,000 downloads (as of 04/01/24)

15 this the Tick you found?

Image created by student.
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A Graph Isomorphism Kernel Based on k-Vertex Connectivity and its Applicationin Graph Neural Networks

Deyan Hadzhi-Manich, High School of Mathematics “Dr. Petar Beron”

”,Varna, Bulgaria

Problem

Problem 1: Graph Neural Networks (GNNs) suffer from limited expressivity —
their ability to distinguish structures in graphs. Standard GNNs have good
expressivity regarding local structures but 7 W\
struggle with global properties. «

Problem 2: The Graph Isomorphism (GI)
problem asks us to distinguish two graphs.
Goal: We want to tackle Problems 1 & 2 by
developing a provably more expressive model
that s better at capturing global properties.

SOFT053
Analysis and Results

(Theoretical) The k-VCC kernel can beat commonly used kernels: 1-WL,

2-WL, SP, which are also used to bound some GNNs’ expressivity.

(Experimental) Adding the k-FA layer to a Graph Isomorphism Network

improvesits performance on molecule classification tasks by up to 8%.

Ol [k &

1:VCC beats 1WL 2:VCC beats 2-WL 2:VCC beats SP

Framework

o Although Gl is not solved in polynomial time, there exist graph
isomorphism kernels, which are polynomial in time but not fully accurate.

o We introduce a new Gl kernel that compares graphs based on vertex
connectivity (k-VCCisomorphism kernel).

©  We extend its use to GNNs by introducing a novel GNN layer (k-FA layer)
which matches the kernel’s expressivity. It rewires the edges based on the
participation of vertices in k-Vertex Connected Components (k-VCCs).

kVCClernel i oyan k-FA layer

7 N <\>

Interpretationand Conclusion

Apart from giving GNNs theoretical advantages, our approach also
performs well in practice, improving standard GNNs’ performance on
MoleculeNet.

The k-VCC kernel is the first isomorphism kernel that considers higher-
level connectivity in graphs

It has advantages over commonly used graph isomorphism kernels like
1-WL, 2-WL, and SP, and can be used to complement them.

The k-FA layer we proposed can be used to improve the expressivity of
GNNs that could be used for tasks in social network analysis, traffic
systems, and molecular research
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Credit Card Fraud Detection using Machine Learning Algorithms

SOFTO057

Sai Siddhish Chandra Sekaran, Centennial High School, Ellicott City, Maryland, United States

Problem

Can credit card fraud be better prevented and detected with the use of more advanced
Machine Learning (ML) algorithms?

About 12 billion dollars are attempted to be
stolen through credit card fraud every year.
In the US, every 7 out of 10 people have
experienced credit card fraud at least once in
their life.

Even with the sophisticated security
measures of banks today, many billions of
dollars are stolen. This issue needs to be

Image From: www.makeuseof.com/tag/credit-card-fraud-works-

addressed in order to better secure people’s stay-safe/
money from cybercriminals.
Framework
« In order to better detect and
prevent credit fraud from
happening, we need to use more Al Model and Average Training Time (seconds)

advanced Al models.

More capable Al models can achieve "™

higher accuracies in detecting .

potentially fraudulent transactions.

To find the best Al model to use for i i

this task, I trained 10 Al models and ﬁ =

. ) . ) e g Owsen famon Khoww fllum Ac D Dew  Recrer
tested their accuracies to identify R Rigo o T SR dabm M G R

the best model (explained in the top
right section).

Findings
« Through my experimentation, | discovered that two specific Al models excelled at
identifying fraudulent transactions. These were both Deep Neural Networks, one with a
structure of 8 layers and the other with 4 layers.

Model Type raining Time (seconds) Accuracy (Perc
Linear Regression 0.656 97.27339185
Logistic Regression 13.538 96.87985122
Decision Tree 35.8675 97.9876885
Random Forest 5.9665 96.37104898
K-Means Clustering 1.92 99.89393137
K-Means Clustering 15695 9443956741
Artificial Neural Network 182.4375 96.56277895
Deep Neural Network 1 2091.344 99.91129041
Deep Neural Network 2 9807.2025 99.91364777
Recurrent Neural Network 927.5 99.87282157

Interpretations & Conclusions
« The selected Al models, exhibiting
the highest accuracies in my
experiment, were Deep Neural Al Model and Average Accuracy (PErCenags) s

Networks (DNN), as shown in the
preceding table. ™
The 4-layer DNN achieved 99.911%
accuracy, while the 8-layer DNN :
reached 99.913%. This shows that =
DNNs are the best solution, and )

banks should consider adopting e i et Vo S S M NS SHeR T

these newer and better Deep Neural
Networks.
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Solving Second-Order Cone Programs in Matrix Multiplication Time
Michelle Wei, The Harker School, San Jose, California

SOFT044

Introduction

Second-Order Cone Programming (SOCP) provides a generalized representation of
several well-known convex optimization problems.

Significance

SOCP solves a wide range of linear and
quadratic programming problems with broad
applications in finance, energy, transportation
and machine learning.

Convex Program

Semidefinite
Program

Second-Order
Cone Program

Quadratic
Program

Research Goal

Develop the fastest SOCP algorithm and
mathematically prove its convergence across
all SOCP problems.

Challenges and My Solution

* The highly complex structure of
SOCP makes it difficult to find
efficient algorithms.

* The sizes of the block matrices
corresponding to constraints can
vary significantly; high-dimensional
blocks create bottlenecks in SOCP
algorithms.

* Heuristic algorithms may not
converge stably in all cases.

My Approach

« Identified approximation techniques
to overcome the complexity barrier
inherent in SOCP algorithms.

* Developed a novel approach to
decompose large cone constraints
into smaller ones, overcoming the
bottleneck.

* Mathematically proved that the
proposed algorithm converges in
matrix multiplication time

Problem Definition

Given the constraint matrix A € R™*™, two vectors b € R™ and ¢ € R", and
r second-order cones Li,...,L,. The optimization problem can be expressed

as:
()]

where z is the concatenation of z; lying inside the domain £ o Ly K o L
and each £; € R™ is a second-order cone, defined as:

min ¢ x subjectto Az = b, x; € £; foralli € [r],

{(z0,2),Z € R™ : &[]z < zo}- p
- e,
‘ - X % X
. ; V VvV V
. . £ =iy ® H % b

Illustration of a second-order cone Illustration of second-order cone constraints.

Conclusions and Impact

o This work presents a significant advancement in SOCP, achieving O* (n*)
time complexity, an improvement by a factor of O*(/r), matching the time
complexity of solving the linear sub-problem Az = b. reaching theortical
limit.

e The novel approach to decompose large constraints into smaller ones is
a significant academic contribution that can be applied to other kinds of
conic programming.

o | developed and tested a software SOCP solver, laying the groundwork for
researchers to build upon theoretical advancements.

* The new solution sets the stage for significant performance improvement
across a variety of fields, such as machine learning, operations research,
energy, transportation, and finance.

Allfigures are created by the researcher.
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EyeSpeak: A Real-Time, Non-Invasive Tear Test for Detection of Major Depressive Disorder (MDD)

James Xiao, North Allegheny High School, Pittsburgh, PA, USA

ProjectID: TMED 077

* Allfigures, images, and photos were created or taken by the finalist.
lll. Results & Discussions

Objective: 1) Identify MDD biomarkers in tear
fluid; 2) Develop a real-ime, non-invasive
depression testwith a portable point-of-care

Key Probl

« Early detection of MDD saves lives!

Tinsodus cpmence | - Ty aagrons and (POC) device.

Soprosson st somapntn | veamontcan sechly N

arite o e ey o Innovation:
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B. Development of Eye Speak:

Figure 3. Discovery of novel tear biomarkers and development
of EyeSpeak for MDD detection. A) Optimized LC-HSMS
experimental protocol led to the identification of more than
1,000 proteins in tear fluid samples. Quanttative and
difierential proteomics analysis of tear samples from MDD and
healthy controls led to the scovery of MIPS, IL8, STAMBP
as potential tear biomarkers for MDD. Validation by ELISA
showed 100% accuracy. B) The current version of EyeSpeak
Using an electrochemical sensorto measure HMPS.
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Methodology:

+ Patient selection and recruitment: Fifty volunteers (29 women, 21 men; mean age =
58 + 15 years)from two eye centers were recruited

+ Tearfluid sample collection: Tear samples collected using capillary tubes

+ LC-MSIMS proteomics analysis: Peptide samples were analyzed using a timsTOF Pro
2 mass spectrometer coupled with an Evosep One LC system

+ Development of electrochemical sensor for MDD detection: Sensor strips with gold
or carbon nanoparticle surface functional groups were activated, followed by antibody
binding. A SensitSmart potentiostat was used for votammogram reading

+ MMP9, IL8, STAMBP are biomarkers for MDD.

+ Eyespeakis an electrochemical sensor that measures concentrations of MMPS i tear
samples for detection of MDD, 100% accuracy using a small-size validation cohort

+ Future muliplexed POCT for MDD patient stratiication

‘Comparison with the “gol

standards
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Eyespeak Hen %% t0mns 508

Cllncal dopression Soveral @
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B. s sionaner s Figure 4. EyeSpeak outperforms traditional clinical MDD
N Bp  Comess . roCTes ek diagnosis and wil have a wide appication in HDD

ooms detection and management A) EyeSpeak was developed

using a Sensit Smart biosensor and demonstrated 99%

accuracy, costs 80 cents, and takes 20 minutes for a
HIDD test. B) Future development using multidiomarker
will assistin MDD patient stratification and management
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MalaScope — A Low-Cost Deep Learning Sensor for Label-Free Detection of Malaria
Gurnoor Kaur, Cameron Heights Collegiate Institute, Waterloo, ON, Canada

We are losing our battle against
Malaria

Diagnosis requires staining and
labor-intensive measurements

Engineering Goals: Develop a deep-learning enabled
sensor to detect Malaria without using staining with
>95% accuracy. Sensor should be low-cost, portable

and easy to use.
ol
oK.l

Healthy Infected

- & Analysis
Developed a lensless microscope with 25 mm2 FOV, 800x greater
than standard microscopes. In Phase |, used shadow imaging, cell
segmentation and CNN to diagnose Maliara with Giemsa stain. In
Phase 2, discovered use of whispering gallery modes at a resonant
wavelength, and image reconstruction using Fourier Transform to
differentiate healthy and infected cells without labeling.

Validation Accuracy.

Sensitvty/Recall

Healthy Infected

Healthy

Specicity

Infected

s = s o o
Resnet 101 HVGG19 m GoogleNet  m Densenet201 In Phase II, 91% accuracy, 94%
sensitivity and 0.976 AUC

achieved without using staining

In Phase |, 98% accuracy
achieved with AUC of 0.998

First demonstration of lensless microscopes
integrated with Deep Learning
+« Similar accuracies as standard microscopes at
significantly lower operational cost
First demonstration of the use of Whispering Gallery
Modes in lensless microscope
+« Stark difference in healthy vs infected cells
observed
< Can lead to label-free detection of Malaria
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A Mechanistic Analysis of Intraneuronal Amyloid- Aggregation Caused by Cellular Dysfunction in Alzheimer’s Disease

Ananya and Avyay Balaj

Research Question

Dysfunction of which cellular pathways induces
intraneuronal aggregation of the amyloid-f (AB) protein?

AB aggregation a hallmark of
Alzheimer’s (AD)

Pathway for aggregation currently
unknown

Identify cellular mechanisms for
aggregation — find targets for
early-stage AD treatment

‘Amyloid-B Aggregation

Hypothesis: Oxidative stress from H,0, will induce the most AB
aggregation

Ames High School - Ames, IA, USA

CELLO44T

Methodology

1: Transfected SH-SYSY neuroblastoma cells with the APPSwe
plasmid to genetically induce production of the AB protein

2: Treated cells with H,0,, rotenone, or tunicamycin to stress cells
3: Stained cells with fluorescent monoclonal antibodies for AR

4; Performed confocal microscopy to view A aggregation levels
5: Quantify AB aggregation in cells using Imagel software

6: Stain chemically treated cells with a live/death cell viability kit
7: Perform microscopy and use Image) to measure cell death

A=) -»E-»Y-o—

cell Plasmid  Chemical ~ Antibody  Confocal
Culture  Transfection Treatment _ Staining  Microscopy

Created in
BioRender

Data Analysis & Results

Comparsonof CramiclTeumerts i i
e St T eames @ Tunicamycin
tn induced significantly
more AR

aggregation than
rotenone or H,0,
even without
plasmid

o Tunicamycin +
plasmid killed cells
synergistically

Interpretations & Conclusions

Stress of the endoplasmic reticulum is a major contributor
to the initial aggregation of AB oligomers within cells
Future studies: explore mechanisms by which ER stress

induces AB (i.e. inhibition of protein folding mechanisms)
o Investigate targets within ER pathway for future
treatment of early-stage AD
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