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Peter Voltz A Message from
the Vice Dean

Vice Dean for Academic Affairs

The NYU Tandon School of Engineering’s Undergraduate Summer
Research Program (UGSRP) offers a unique opportunity for students
from NYU Tandon, NYU Abu Dhabi, NYU Shanghai, NYU College of Arts
and Science, the NYU Tandon 3+2 Dual Degree Program, and other
select institutions to engage in meaningful research over the summer.
This program transcends the traditional classroom experience,
allowing students to collaborate with faculty mentors, PhD and
master's students, and other research staff on cutting-edge projects.
Over the course of 10 weeks, students interact with peers from
various fields and levels of study, enhancing their knowledge by
applying classroom learning to solve practical and contemporary
problems, thus preparing them for lifelong learning.

Close interaction with faculty and research staff within the Tandon

Areas of Excellence promotes an educational experience that

embodies the mission of our community members to engineer

creative and smart, connected and secure, sustainable and healthy

urban communities. The active participation of faculty and research

staff is essential to the success of this program. These project

supervisors provide invaluable guidance, helping students learn

about research methodologies and best practices in their specific

fields. In addition to research, students attend various workshops,

lectures, and seminars throughout the summer. A special thanks to Matthew Frenkel, who joined us for yet another year to
lead the Student2Scholar (S2S) Series, offering insights on advancing towards scholarship. We also extend our gratitude to all
guest speakers who provided students with essential information and resources to ensure their future success. Detailed
information about these events and presenters is included later in this booklet.

Financial support from NYU Tandon, faculty research grants, and external donors is essential for the program's continuity. This
year marks the 14th anniversary of the Thompson Bartlett (TB) Fellowship, which graciously supported ten female researchers
this summer, thanks to Mrs. Dede Bartlett. Her father, Mr. George Juul Thompson, graduated from the Electrical Engineering
program at the Polytechnic Institute of Brooklyn in 1930. Our heartfelt thanks go out to Dede for her long-time support of our
women participants. Other fellowships include the Tandon Scholars Fellowship, the Visiting Student Fellowship, and a new
fellowship from the American Heart Association, featuring exciting projects from NYU Langone faculty. Donors’ generous
contributions enable us to engage more student researchers and faculty mentors, further enriching this unique summer
experience.

This summer, students had the opportunity to participate in both in-person research on campus and remote research from
home. While some seminars, workshops, and events were held virtually, we also had in-person events, ensuring that this
program mimics the hybrid world that we live in today. The program concluded with a video presentation event where select
students were recognized for their outstanding work. The abstracts and posters in this booklet represent the diverse
research conducted this summer and celebrate the achievements of our undergraduate researchers.

Coordinating this program requires significant effort. Special thanks to Sara-Lee Ramsawak, Assistant Dean of Undergraduate
Academics and Global Engagement, who oversees this program and manages booklet production. Since 2013, she has been
instrumental in the program’s coordination. Adelia Vavilchenkova worked under Sara to compile this year’s Research Booklet.
Jen Piro, Director of Undergraduate Programs, joined the coordination efforts in 2019, managing student-to-supervisor
matching and final project placements. Raffy Orbe worked under Jen on developing and enhancing the application. Kat
Arrendondo, Tandon’s Manager of Undergraduate Programs, joined in 2022, spearheading the event calendar and creating
new engagement opportunities. Mohamed Asran has also provided valuable administrative support since 2024. A huge thank
you to the entire team!

Congratulations to all the student researchers who participated in this year's UGSRP. Thank you to the Research Mentors &

Staff, Dede Bartlett, Matt Frenkel, our coordinators, and additional guest speakers. | am extremely proud of this program and
look forward to many more summers of intellectual and scholarly growth!
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AREAS OF EXCELLENCE

Here at Tandon, our researchers and students work at the bleeding edge of
technology — technology that powers cities, enables worldwide
communication, fights climate change, and creates new and safer digital
worlds. We're building new devices that will revolutionize healthcare,
algorithms to help us communicate across the planet, and making more
sophisticated & accountable Al systems that bring efficiency and equity to

our lives. We're doing so by focusing on fields in vital research areas and the

intersections between them. That focus allows us to build upon our rich

history, chart a path to a better future for the entire planet, and prove you

can be born anywhere, but made right here in Brooklyn.
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UGSRP PROGRAM HIGHLIGHTS
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Ivan (left) and Chaemin (right) and doing Live Dead
Cell imaging with a microscope
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UGSRP FELLOWSHIPS

American Heart Association (AHA)

New this summer, the AHA Cardiovascular Engineering Fellowship Program is
supported by the American Heart Association's institutional award for
undergraduate student training. This fellowship provides support for five
undergraduate students, offering them the opportunity to engage in cutting-
edge cardiovascular engineering research.

Tandon Scholars Fellowship

The Tandon Scholars Fellowship supports high-achieving undergraduates
with the potential to become global leaders in innovation, technology,
research, and entrepreneurship through the GLASS Scholars Program. This
fellowship provides resources, mentorship, and opportunities for upper level
GLASS students to engage in cutting-edge research and collaborate with
distinguished faculty and industry professionals. It emphasizes developing
socially conscious engineering leaders ready to impact society significantly.

Thompson-Bartlett Fellowship

Established in 2012 and generously supported by Dede Bartlett, the
Thompson Bartlett Fellowship funds summer research internships for
outstanding women undergraduate students across various majors at
NYU Tandon. This includes those majoring in engineering fields, as well as
those pursuing STEM-related projects.

Visiting Student Fellowship

The Visiting Student Fellowship provides a unique opportunity for select
non-NYU students to participate in research at NYU each year. This
fellowship aims to diversify the research community by incorporating
students from various institutions and backgrounds. Participants gain
access to NYU's cutting-edge research facilities, collaborate with leading
scholars, and engage in innovative projects across multiple disciplines.



UGSRP CULMINATING EVENT
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12



13

—
O
=
Z
Z
-
O
3
/M
=
—
O




LR RS AN

LUNA PARK SOCIAL

14



15

]
=
-,
S
N
=
S
T
N
>~
<
=
-
<
-
=
=




UGSRP VIDEO PRESENTATION WINNERS

Real-World Impact: Anchor Edition

This award honors the most compelling news anchor-style research video
that clearly and confidently communicates the real-world or community
impact of a student's work. The winning presentation should deliver strong
storytelling, polished delivery, and meaningful insights-from a dynamic
project introduction to the broader significance of the research.

Honorable Mentions

Vel UGSRP |
\l % @ ‘1
Al-ENABLEﬂ"

3D MODELS

Al-Driven Structural Optimization:
Enhancing Design Efficiency and
Performance

Jackson Kollmorgen & Ninad Moharir
Project Supervisor: Dzung Luong

First Place

Developing an experience sampling
app for healthcare research

Mandy Li
Project Supervisor: Graham Dove

Feature extracton

CMM-based desp learming TV NEWS REPORT
archBechus ip veed 10 Sotoct and
clasify O LT (g
vohichos, rucks, i | foe all
wabcam images. siered

Beyond Sight: Smart Design for
Safer Navigation

Presenter: Rocell Trinidad | Dymamical System Lab
Analyzing the Impact of Congestion Effects of environmental lighting,
Pricing on Urban Mobility Using Data colors and materials on indoor
Analytics and AI-Based Computer navigation of persons with visual
Vision Techniques impairment in virtual reality
Haoxuan Wang Rocell Trinidad
Project Supervisor: Kaan Ozbay Project Supervisor: Maurizio Porfiri
Mentor: Jinggin Gao & Fan Zuo Mentor: Fabiana Sofia Ricci & Michael Napoli
Second Place Third Place

mmuﬁsnlw 4 '.. 7
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é
Upcycling of waste plastics into Physical Vapor Deposition and Optical
valuable lubricants using catalytic Characterization of Quantum Cutting
slurry reactor materials for increasing solar cell
Alice Pan & Aderline Diaz Fernandez efficiencies
Project Supervisor: Pavel Kots Eric Tsang Xu

Project Supervisor: Eray Aydil
Mentor: Pulkita Jain 1 6



UGSRP VIDEO PRESENTATION WINNERS

Live from the Lab: Field Reporter Edition

This award honors the most creative and visually engaging field reporter-
style research video. It celebrates a student who brings their project to life
by taking viewers behind the scenes-showcasing their research process
through dynamic visuals, clear storytelling, and a compelling look at discovery
in action.

Honorable Mentions

(OALA RETROVIRU

Geoal miorndng and welcome bo Tandon Ressach News.

The Epigenetics of Adversity During Bioengineering Lymph node-on a Decay of microbial contaminants in
Prenatal Development and Adult- Chip for Modeling Human Adaptive water treatment and in the
Onset Diseases Immune Responses and Vaccine environment - environmental
) Celia Meunier ) Evaluation (AHA Fellowship Project) engineering
Project Supervisor: Richard Stein Cristiana Pintea Yashvi Rastogi & Tariro Gurudza
Project Supervisor: Weigiang Chen Project Supervisor: Andrea Silverman
Mentor: Fanghao Shi Mentor: Alma Rocha
First Place Second Place Third Place

CHINATOWN

CONSTRUCTI(

JUSTICE REFORH OR COMHUNITY

16S Metagenomics sequencing studies Visualize noise and air quality data for Understanding how opportunities for

Tenzin Kunsel, Anna Huang, Cayden environmental justice advocacy in-person encounters could lead to
| AR ke ey Nitsaa Tayal social interactions in NYC public
Project Supervisor: Nikita Grigoryev Project Supervisor: Graham Dove —

lan Fiterman
Project Supervisor: Graham Dove
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MENTOR OF THE YEAR AWARD

This award recognizes PhD and Postdoc students who have made
a meaningful impact as lab mentors, through research support,
guidance, and personal encouragement. Nominated by students,
this award honors those who helped make their summer

experience truly transformative.

Jiangce Chen Rachel Pollard

Ran Gong Alma Rocha
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Today, our computer systems, services, and devices are more

important than ever, and so is keeping them safe. With every

aspect of our lives now affected by online systems, NYU Tandon
cybersecurity experts are finding the keys to keeping personal
data private, power grids impregnable, national defense

infrastructure safe from malefactors, and much more.




Cybersecurity

Enhancing Privacy Protection in Connected Vehicle Systems
Communication through AI/ML-Driven Multiparty Computation

Accurate vehicle trajectory prediction is critical for the safe and efficient operation of autonomous driving
systems. While numerous prediction models have been developed, their performance can vary significantly based
on the dataset and environmental context. This study presents a comparative analysis of four prominent
trajectory prediction models: Motion Transformer (MTR), Hierarchical Vector Transformer (HiVT), Trajectron++,
and a baseline Long Short-Term Memory (LSTM) network. To evaluate the models, we generated a custom vehicle
interaction dataset using a SUMO (Simulation of Urban Mobility) traffic simulation. Due to the unique data
structure of our simulation output, custom preprocessing scripts were developed for each model to ensure
compatibility and proper data ingestion. The models were trained and evaluated on this dataset using standard
industry metrics: minimum Average Displacement Error (minADE), which measures the average L2 distance
between the predicted and ground truth trajectories, taking the minimum over the K predicted trajectories;
minimum Final Displacement Error (minFDE), which measures the L2 distance at the final timestep; and Miss Rate,
the percentage of agents whose closest predicted trajectory terminates more than 2 m from the ground-truth
final position. The evaluation demonstrated a clear performance hierarchy among the models. MTR consistently
achieved the best results, attaining a minADE of X, a minFDE of X, and a Miss Rate of X%. HiVT and Trajectron++
delivered competitive but inferior performance compared to MTR. The baseline LSTM model showed significantly
higher error rates, highlighting the advantages of more advanced, context-aware architectures for this task. Our
findings indicate that on a controlled, simulation-based dataset, the MTR model provides superior trajectory
prediction accuracy. This suggests its architecture is highly effective at capturing the complex dynamics of
vehicle interactions. Future work will involve validating these findings on a large-scale, real-world dataset, such as

Argoverse 2, to assess the generalizability of these models in more diverse and unpredictable scenarios.

Project Supervisor Kaan Ozbay
Research Areas Cybersecurity

Research Staff Fan Zuo, Jingqin Gao

Evaluation Trajectory Prediction Models for Proof of Mobility n NYU | sradiiam:
Algorithms in Connected Vehicle Communication Cybersecurity b § C2SMART

Eren Menges Mentors: Dr. Fan Zuo, Dr. Kaan Ozbay UrbanMITS Lab, C2ZSMART Center, NYU Tandon School of Engineering

Abstract Research Question TEEEE conclusion
Socmls e - Hiw 00 GTEAIe Vishelory PRechotion Maching Hnmng mosel - F atiich ¢
periarmance compane ko aach olher? k - 1 e e
Methodology | e using
Tk } We Sralams soven thadel o 8 g BRI Autabet {1 WTR 2, Waybtomar 1} commeune (EMP vs. MTR) B
: 3 ™ esiioton 38 EL-D 1 s 4 Ll
- el e o b = A inkerer ! .
. !

—_

2 G meriry wigs duing Fare. Hyperpanireten bloe Selall e bas
rengecine orgral pubicaion. Mol irainng ram ook armund 2240 houn, wh e

s of Bor ELP suimdein, ot bl 8 Feimery B | r
] 1 bor nome ol mm EI
= o T
i 5 pomswmned - . ol - b prebitary b

Eren Menges
Computer Science, B.S.

Fall 2028

NYU Tandon




\ Cybersecurity & Wireless

Detection of Hidden 4G/5G Cellular Tracking and
Surveillance Devices

Vehicles have become one of the most common tools for cyberstalking, with
perpetrators frequently using hidden cellular GPS devices to track and monitor
victims. An initial study developed a tinySA-based device equipped with a novel
algorithm capable of detecting potential hidden trackers. Expanding this groundwork,
the current study aims to design and evaluate a mobile application that connects to
the tinySA device and alerts users to the presence of suspected GPS tracking
devices. As the study involves human subjects, it is currently pending IRB approval.
The research will proceed in two phases. In the first phase, participants will assess
the prototype based on feasibility, usability, timeliness, reliability, cost, and tolerance
for false positives and false negatives. The prototype will be revised according to the
feedback received. The second phase will involve in-person evaluations in real-world
conditions to determine the application’s performance outside of a controlled
environment. The study is expected to result in a fully functional mobile application

capable of notifying users when a hidden GPS tracker is detected nearby.

Project Supervisor Danny Yuxing Huang
Research Areas Cybersecurity & Wireless
Research Staff Mo Satt

You Can Drive But You Cannot Hide: Detection of Hidden . NYU TANDON SCHOOL
Cellular GPS Vehicle Trackers | SFERSRIESINE

Erica Bekena
New York University miob
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Cybersecurity

Research in Hardware Systems, LLMs, LLM-based Chip Design,
Test, and Validation. Hardware Security

Large Language Models (LLMs) are transforming the landscape of hardware design by enabling natural language
interfaces for generating Register-Transfer Level (RTL) code. While prior work has demonstrated LLMs' ability to
handle isolated, educational exercises in hardware design, there remains a significant gap in evaluating their
performance on complex, real-world Verilog projects. Our research addresses this gap by benchmarking multiple
LLMs on the task of generating hierarchical Verilog modules with real-world relevance. We developed a systematic
evaluation framework that incorporates both structured and free-form interaction paradigms. Using datasets from
HDLBits and custom-designed benchmarks, we assessed models across dimensions such as code correctness,
syntactic validity, and their ability to compose multi-module designs. Preliminary results indicate that while state-of-
the-art models such as GPT-4 exhibit strong capabilities in generating syntactically valid RTL code, they often
struggle with maintaining hierarchical consistency and integrating module-level functionality in large designs like
RISC-V processors. Our findings also highlight the importance of prompt engineering and iterative feedback in
improving generation quality. This work provides insights into the strengths and limitations of LLMs for hardware

design and introduces a scalable framework for future research in Al-assisted hardware development.

Project Supervisor Ramesh Karri

Research Areas Cybersecurity

OF ENGINEERING

NYU [weensciool Banchmarking Large Language Models for
Hierarchical Verilog RTL Code Generation

Abstract

Large Language Models (LLMs) are resbaping hardwase design by ensbling natural language interfaces for generating Register: Tranafer Level (RTL) code. While earlier studies
showed sacoess with small educational exercises, thewr performance on complex, real-world Verilog projects remains wnclear: We benchmarked multiple LLMs on generating
huerarchical Verilog modules, usang datasets from HDLBits and castom-designed tasks. Our evaluation framework tested code correctness, syntactic validity, and multi-module
design composition. Preliminary resalts show models like GPT-4 excel in producing valid RTL code but strsggle with hserarchical consistency’ and infegrating modules in large
designn such as RISC-V processcrs. We alo found prompt engimeering and iterative foedback critical for insproving generation quality, This work highlights LLMs" strengthy
and lsmitations and introduces a scalable framewark for Al-assisted Bardware developeneat
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Cybersecurity

Securing git repositories with gittuf

Git is one of the most widely used version control systems, enabling collaboration on large-scale
projects while maintaining a record of any changes and allowing previous versions to be restored.
Many developers rely on Git to secure their projects and prevent unapproved changes to their
repositories. However, due to vulnerabilities within Git, many of these repositories remain vulnerable
to cyberattacks. gittuf is an added security layer to Git that enables multiple users to share the
responsibilities of declaring and managing security policies, has each developer individually record
and verify any changes to the repository, and supports policy declaration that can require push and
merge requests to be approved by multiple parties. Currently, gittuf represents developers on an
individual level, with users being named explicitly in policy declaration. However, developers can be
members of multiple teams, each with varying levels of permission within the repository. With users
represented on an individual level, they are forced to either hold multiple keys or must always act in
their most privileged role, leaving the repository vulnerable if that individual chooses to act
maliciously or their credentials are compromised. We introduced the concept of team designations to
gittuf to enable users to act in their least-privileged role. We expanded the existing gittuf metadata to
support a team interface, with each team having an ID, a list of team members, and a threshold of
member signatures that need to be met for the team’s approval to be granted. We also modified the
existing signing and verification workflows to support team signatures on commits, enabling users to
state what role they are acting within and streamlining the policy declaration process, as entire teams
can now be added to a rule at once and any changes to team personnel no longer require the policy

declaration to be modified.
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WASM isolation

WASM lsolation aims to provide a secure and efficient execution environment for
WebAssembly applications by leveraging Lind-wasm, a lightweight single-process sandbox.
Lind-wasm extends the Lind architecture to support WebAssembly modules compiled from
C programs and integrates software fault isolation techniques using Rust and Google Native
Client. It offers a POSIX-compatible library operating system that operates entirely in user
space, enabling safe execution of untrusted applications without requiring modifications to
the host kernel. Lind-wasm isolates system calls, enforces memory safety, and supports a
broad subset of system functionality such as networking and file I/O. Unsupported or unsafe
system calls are either emulated or redirected to safe user-space handlers, reducing the
attack surface and improving portability across platforms. This design allows unmodified
legacy code to be compiled into WebAssembly and executed in a controlled, resource-
efficient environment with minimal system dependencies. By combining compiler-level
safety guarantees with runtime isolation, Lind-wasm provides a secure foundation for
WebAssembly-based workloads that require system interaction. Its architecture enables
robust execution of applications with complex computational needs while retaining clear
boundaries for system access and isolation. This approach contributes to the broader goal

of enabling practical, secure sandboxing for the evolving WebAssembly ecosystem.
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Integrating 3i into Lind for Linux and Intel SGX

Lind is a single-process sandbox that partitions one host process into discrete
cages, letting several applications execute in isolation while the OS still
observes a single process. The Inter-Cage Interposition Interface (3i) installs a
per-cage syscall jump table and funnels each system or RPC call through a
user-space grate that may inspect, transform, or fully service the request
before it touches the kernel. This lightweight indirection affords fine-grained,
low-latency control—enabling selective tracing, pluggable file-system modules,
and secuirity filters—without altering privileged kernel code; consequently,
new functionality can be added modularly. This project refactors the legacy
rawposix layer to support multiple jump target types—grates and regular
user-space libraries—and evaluates the lind-wasm with 3i enabled inside Intel
SGX as well as its performance on mainstream Linux under normal conditions

and server environments.
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USA-India International Research Experience for Students (IRES) in Digital
Manufacturing - 2025

This research program applied design thinking and mechanical prototyping to develop three innovative
products. Lens Assist was engineered using CAD modeling and SLA 3D printing to create a compact,
ergonomic tool enabling safe insertion and removal of contact lenses for individuals with limited
dexterity. The modern luggage system was constructed with lightweight polymer composites and
aluminum framing, featuring modular compartments, load-distribution testing, and durability analysis to
improve mobility and reduce strain. The ergonomic posture sensor integrated MEMS accelerometers,
microcontrollers, and a Bluetooth module within a 3D-printed housing to detect spinal alignment and
provide real-time feedback. Each prototype advanced through user research, digital simulation, and
iterative prototyping, combining materials science, electronics integration, and human-centered design.
The program demonstrated how interdisciplinary methods can be used to generate functional, scalable

solutions addressing health, mobility, and accessibility challenges.
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Large Language Models for Network Security

Deep Reinforcement Learning (DRL) has demonstrated its potential across diverse
domains, from robotics to cyber defense. Yet DRL agents based on neural networks
are inherently opaque, making it difficult to interpret or verify the reasoning behind
each decision. Additional challenges—such as sample inefficiency, sparse rewards,
training instability, and limited integration of domain knowledge—further restrict their
practical effectiveness. In multi-agent environments especially, DRL agents often fail
to generalize to deceptive adversaries that were not encountered during training.
Meanwhile, recent advances in large language models (LLMs) have shown that they
can perform sophisticated reasoning tasks, including elements of theory of mind—the
ability to infer hidden motives and intentions. This capability is crucial for
understanding and responding to deceptive opponents. Building on this insight, this
research investigates combining DRL agents with LLM-based reasoning to enhance
their ability to interpret and adapt to deceptive strategies. This work aims to
demonstrate the effectiveness of LLMs in improving the robustness of DRL agents

against previously unseen forms of deception.
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Three disciplines come together to create the technologies that
will define the future. Our Al experts and roboticists are working in

concert with our data scientists, who are discovering new ways to

analyze, visualize, and use their skills for a common goal: to

harness the collective power of data, machine learning
techniques, and autonomous systems to address the issues

facing the world.
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VIP Robotics Project

Autonomous Underwater Vehicles (AUVs) have implications for ocean

exploration, research, and industry. Through this project, we created an

interactive website that educates the public about AUVs and showcases

recent advancements with Kelpie, the NYU VIP RoboSub AUV. Our platform

aims to demystify complex concepts related to AUV purpose, autonomy, and

performance through dynamic visualizations, simulations, and interactive

modules. We provide an accessible and engaging learning environment to

inspire the next generation of engineers and scientists to pursue careers in

marine robotics.
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Physical Al: an Al Agent in Robotic Applications

This research explores the application of Digital Twin (DT) technology, integrated
with NVIDIA Isaac Sim, to enhance the control and performance of robotic arms in
automated parcel sorting systems. By creating a high-fidelity virtual replica of the
physical robotic arm and its workspace, we leverage real-time simulation, sensor
data fusion, and reinforcement learning to optimize object classification, grasping,
and placement based on the previous research on robotic arms. Our approach
enables predictive maintenance, dynamic path planning, and adaptive manipulation
for diverse package types while reducing operational downtime.This research
explores the application of Digital Twin (DT) technology, integrated with NVIDIA Isaac
Sim, to enhance the control and performance of robotic arms in automated parcel
sorting systems. By creating a high-fidelity virtual replica of the physical robotic arm
and its workspace, we leverage real-time simulation, sensor data fusion, and
reinforcement learning to optimize object classification, grasping, and placement.
Our approach enables predictive maintenance, dynamic path planning, and adaptive

manipulation for diverse package types while reducing operational downtime.
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Abstract !
This research explores the application of Digital Twin (DT) technology, integrated- Wit c Sim, to enhance the control and performance of robotic arms in automated
parcel sorting systems. By creating a high-fidelity virtual replica of the physical robotic arm and its workspace, we leverage real-time simulation, sensor data fusion, and
reinforcement learning to optimize object classification, grasping, and placement based on the previous research on robolic arms. Our approach enables predictive
maintenance, dynamic path planning, and adaptive manipulation for diverse package types while reducing operational downtime.This research explores the application of
Digital Twin (DT} technology, integrated with NVIDIA Isaac Sim, to enhance the control and performance of robotic arms in automated parcel sorting systems. By creating a
high-Ffidelity virtual replica of the physical robotic arm and its workspace, we leverage real-ime simulation, sensor data fusion, and reinforcement learning to optimize object
classification, grasping, and placement. Our approach enables predictive maintenance, dynamic path planning, and adaptive manipulation for diverse package types while

reducing operational downtime,
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This research implements a closed-loop digital twin framework for
package-sorting robotic arms, we are now on the Phasel.

Phase 1: Virtual Development

We used chat-based 3D model to simulate the result.

Trained hybrid control algorithms:

= DRL policies (PPO) for adaptive grasping

= Vision transformers for real-time package classification

Phase 2: Physical Deployment

Work cited

+ hitps://developer.nvidia.com/isaac/sim

+ Samaylal, 5. [n.d.). Real-time digital twin
with reinforcement learning for industri
manipulator applications: Designing of
ABB Yurnd Robot Digital Twin im NVIDIA
1338 Gym and building RL application.

Acknowledgement

= Prof Rui Li
= NYU Tandon School of Engineering




\ Data Science, AI & Robotics

Physical Al: an Al Agent in Robotic Applications

This project explores the development of a robust and scalable robotic waste sorting
system powered by digital twins, large language models (LLMs), and computer vision.
Building on previous work that integrated YOLOv7-Tiny and GPT-based classification
within a simulated Isaac Sim environment, we focused this term on enabling key
infrastructure upgrades for future deployment. Progress includes expanding remote
control from 3 to 5 robotic arms, replacing the default gripper with a more reliable
alternative both in simulation and on hardware, and setting up a remote monitoring
camera for real-time observation. We migrated our Isaac Sim scenes to NYU's HPC
cluster to support collaborative testing and scene sharing. Meanwhile, we began
integrating YOLOvV8 and exploring Jetson Nano deployment, alongside initial trials of
CAD-to-text workflows for synthetic data generation. Work also began on adding
depth camera support and incorporating a physically installed conveyor belt into the
full system pipeline. These upgrades lay the groundwork for improved performance,
greater adaptability, and eventual full-system autonomy in dynamic real-world

environments.
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Large Language Models for Multi-Agent Games

Autonomous Underwater Vehicles (AUVs) have implications for ocean
exploration, research, and industry. Through this project, we created an
interactive website that educates the public about AUVs and showcases
recent advancements with Kelpie, the NYU VIP RoboSub AUV. Our platform
aims to demystify complex concepts related to AUV purpose, autonomy, and
performance through dynamic visualizations, simulations, and interactive
modules. We provide an accessible and engaging learning environment to

inspire the next generation of engineers and scientists to pursue careers in

marine robotics.
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Design of an Experimental Setup to Understand Social
Networks in Ants

Over the past several decades, research on collective behavior has revealed how
colony-level dynamics can emerge from local interactions. Yet, many experimental
systems remain limited in scope, often relying on uniform environments that restrict
both the scale and complexity of long-term observation. Here, we introduce a highly
modular two-dimensional nest system designed to overcome these limitations. The
setup combines precision engineering with flexible fabrication methods — including 3D
printing, laser cutting, and cast components — to produce tightly fitting, reconfigurable
modules. This approach allows for both short- and long-term experiments, while
enabling systematic variation of spatial structure and environmental complexity. By
integrating continuous video monitoring with interchangeable architectural features,
the system supports detailed study of distribution patterns, temporal rhythms, and
other facets of collective organization. In doing so, it provides a versatile experimental
platform that bridges the gap between constrained laboratory arenas and the broader

ecological contexts in which collective behaviors evolve.
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Retrieval-Augmented Generation

Natural Language Generation (NLG) focuses on generating relevant text in
response to a provided context, but pure generative models are prone to
hallucinations when requiring knowledge outside their training set. Retrieval-
Augmented Generation (RAG) combines a retrieval mechanism, designed to
surface relevant information from an external source, with the generation
module to ground the resulting outputs. This project seeks to explore a novel
hybrid retrieval pipeline for RAG systems, using entities extracted from the
query as inputs to a traditional sparse retrieval method such as BM25 and
fusing the result with the output from a dense retrieval model. When tested
on the MS MARCO V2.1 dataset, this novel retrieval pipeline managed similar
performance to a standard hybrid retrieval pipeline, while avoiding the costs

associated with corpus entity extraction.
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Improving Approximate Nearest Neighbor Algorithms for
High Dimensions

Approximate nearest neighbor search is the efficient search and retrieval of similar data points within a
multidimensional dataset and is crucial in many real-world scenarios such as e-commerce recommendations,
robotic vision and protein search where speed is more essential than accuracy. The Hierarchical Navigable
Small World (HNSW) graph is a state-of-the-art graph structure that organizes a multidimensional dataset into
multiple layers with a fixed global entry point which can be used to traverse the graph to search for the
datapoint closest to the query. The goal of this project is to optimize the search efficiency by incorporating
new mechanisms and heuristics into the original HNSW graph. We propose a caching mechanism, a trail-
search-match algorithm, two first-round heuristics and two second-round heuristics. Given a query, the
program will initially obtain its trail, which is the set of entry points for the query at each level of the HNSW
then peruse the cache for any past ihihhthtilThl trail-search-match algorithm, two first-round heuristics and
two second-round heuristics. Given a query, the program will initially obtain its trail, which is the set of entry
points for the query at each level of the HNSW then peruse the cache for any past queries which have the
same trail. The pool of k-Nearest Neighbors of the discovered past queries will be the current query’s initial
pool of candidates. For the first round of heuristics, the user is allowed to select either the Triangle Inequality
heuristic or the Overlap heuristic to retain the most promising candidates. For the second round of heuristics,
the user is allowed to select either a simple k-Nearest Neighbor grab or perform a Beam Search to obtain the
predicted solution for the current query. As the query is being processed, the program is also tracking the

total amount of distance computations performed. Finally, we store the query, its predicted solution and trail

into the caching mechanism.
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Sparse Learned Index Structures for Future Search
Architectures

Information retrieval seeks to identify and return the most relevant passages or
documents in response to a user’s query. To address vocabulary mismatch problem
that occur in traditional methods, neural reranking techniques based on models like
BERT have enabled semantic search by assigning relevance scores to candidate
documents. Within this paradigm, two principal architectures have emerged: dense
models, which encode queries and documents into compact, low-dimensional
embeddings and measure their similarity; and sparse models, which represent texts
as high-dimensional sparse vectors where nonzero entries reflect term-specific
relevance scores. In this work, we build upon Deeperimpact, a sparse retrieval
framework, by improving the runtime for term generation and incorporating dense +
sparse joint training pipeline. Instead of generation by Llama2, we use Llama3 as a
decoder only model to predict probability over the entire vocabulary space, greatly
reducing expansion time. Meanwhile the added dense model encaptures more

semantic information, further mitigating the exact match problem.
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Algorithms for Stochastic Test Ordering Problems

Many situations require performing pre-defined actions sequentially in order to answer a question of
interest. For example, a doctor may have a range of medical tests available, each with potential
informative value towards some diagnosis; a rescue operation may have a set of possible locations to
search to determine the number of survivors that can be saved; a piece of antivirus software analyzing a
potentially dangerous program may have numerous sections of code it could test to determine the
program'’s safety. In these types of situations, the question naturally arises: what ordering minimizes the
expected number of necessary actions? Mathematically abstracted from a range of distinct but related
applications, these situations are classified as stochastic sequence ordering (SSO) problems. Our
research focuses on the design of algorithms for SSO problems. We have two criteria for an SSO
algorithm, which must be provably met under any possible input: it must run efficiently with respect to
the problem’s size, and it must produce a strategy which is either exactly or approximately optimal. If an
algorithm'’s ordering is guaranteed to require at most, in expectation, k times the number of actions as
the optimal ordering, the algorithm is said to be a k-approximation algorithm. We present an O(log Q)-
approximation algorithm for nonadaptively evaluating any discrete function of independent stochastic
inputs, where Q is a particular measure of the complexity of the function in question known as its goal
value. We apply this result to the problem of evaluating the Coupon Counting Function, obtaining an
O(log d)-approximation algorithm, where d is the number of coupons. We generalize this to a closely
related but more difficult function, the Coupon Collection Function, to obtain an O(d)-approximation
algorithm. We also present a 4-approximation algorithm for evaluating the related Generalized Not-All-

Equal function.
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AlI-Driven Structural Optimization: Enhancing Design Efficiency and
Performance

Git is one of the most widely used version control systems, enabling collaboration on large-scale projects while maintaining a
record of any changes and allowing previous versions to be restored. Many developers rely on Git to secure their projects
and prevent unapproved changes to their repositories. However, due to vulnerabilities within Git, many of these repositories
remain vulnerable to cyberattacks. gittuf is an added security layer to Git that enables multiple users to share the
responsibilities of declaring and managing security policies, has each developer individually record and verify any changes to
the repository, and supports policy declaration that can require push and merge requests to be approved by multiple
parties. Currently, gittuf represents developers on an individual level, with users being named explicitly in policy declaration.
However, developers can be members of multiple teams, each with varying levels of permission within the repository. With
users represented on an individual level, they are forced to either hold multiple keys or must always act in their most
privileged role, leaving the repository vulnerable if that individual chooses to act maliciously or their credentials are
compromised. We introduced the concept of team designations to gittuf to enable users to act in their least-privileged role.
We expanded the existing gittuf metadata to support a team interface, with each team having an ID, a list of team members,
and a threshold of member signatures that need to be met for the team’s approval to be granted. We also modified the
existing signing and verification workflows to support team signatures on commits, enabling users to state what role they are
acting within and streamlining the policy declaration process, as entire teams can now be added to a rule at once and any

changes to team personnel no longer require the policy declaration to be modified.
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Robot Energy Consumption: From Electrical to Mechanical

Robotic manipulators are used in various fields, with many applications in industrial automation
and manufacturing. As robotic manipulators become more commonly used, more thought
must be put towards their energy consumption and efficiency. In the growing demand for more
sustainable processes, there have been several approaches to improve the energy-efficiency
of robotic arms, such as energy-optimal path-planning and/or optimizing scheduling times. For
repetitive tasks, such as a pick-and-place operation, a bottom-up approach can be taken by
improving the underlying technology to leverage the oscillatory motion for better energy-
savings. This research project is intended to provide an accurate, to-scale model of a parallel
elastic actuator with a nonlinear spring mechanism that can be manufactured and
implemented in a robotic arm to improve its efficiency. A CAD model using a Nema 17 stepper
motor and a 1-inch steel extension spring with 1.66 lbs/in. spring rate was created based on
existing parallel elastic actuator designs in the literature, which are often missing important
manufacturing details and dimensions, thus limiting their reproducibility and implementation.
The model was parametrized to allow for variations in the task parameters, such as the
pick/place area. Preliminary results in SolidWorks simulation showed that the model behaved
as expected and the parallel spring mechanism provided a torque toward the pick/place areas,
reducing the effective energy consumption. In addition, preliminary novel design

improvements including the use of a torsional spring are proposed for future work.
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Robot Balance and Gait: Modeling, Control, and Experiments

In this work, we use MuJoCo, a high-fidelity physics simulator used to model
complex, multi-joint robot articulation, to explore and optimize gait using reward
shaping of reinforcement learning algorithms. The work focuses on the Robotis OP3
model, which is a biped robot commonly used for studying locomotion and
prototyping human-like gait in simulation. To train the model, we use an on-policy
reinforcement learned critic which simulates episodes under a policy and optimizes
the policy for future simulations using a multi-layered perceptron structure. To
encourage a more complex and stable gait, a multi-layered staged reward curriculum
is used that develops a fundamental understanding and then shifts focus from
encouraging forward motion to refining stability and clean alternation. We then use a
stable policy learning pipeline and explore how modulating the reward structure
weights can influence various aspects of gait development, such as energy
consumption and gait stability via Lyapunov exponents. By comparing gait
characteristics across a range of modulated rewards schemes, we seek to gain

insight on how shaping can impact biped gait learned locomotion.
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\ Data Science, AI & Robotics

Modeling and improving fairness in criminal justice decisions

Criminal justice systems increasingly employ artificial intelligence as decision-support tools,
typically in the form of risk assessment (RA) scores, for judicial sentencing — a process known
as “algorithm in the loop” (AITL). While judges’ implicit biases can produce disparities across
racial, gender, and socioeconomic lines even without algorithmic assistance, AITL theoretically
offers a means to identify and correct such biases (Neill). However, emerging research
demonstrates that automated decision tools can actually worsen existing disparities or
introduce new biases (Neill). This project examines how algorithmic outputs influence judicial
decision-making and proposes a novel methodology to nudge judges toward more equitable
sentencing. To understand how judges are influenced by RA scores, Vaccaro et al. developed a
Bayesian model to learn how the scores impact judges’ probability of giving alternative
sentencing for defendants with non-violent offenses in the Virginia court system. Through this
model, we can quantify, measure, and visualize the probability curve across a range of possible
RA scores to determine whether their effects are positive or negative on a defendant’s chances
of receiving alternative sentencing. Using this probability curve, our novel methodology
proposes that we can systematically nudge judges toward fairer decisions by selectively
choosing when to withhold or optimize risk assessment scores for protected classes. This
process has been shown to decrease disparity and nudge alternative sentencing rates closer to

statistical parity.

Project Supervisor Daniel Neill
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Data Science, AI & Robotics

Can queuing theory help us design low-latency systems for
machine learning inference?

Users of machine learning systems have little patience when waiting for
inference results. Therefore, the designers of these systems need to carefully
plan deployments to minimize latency (delay). Unfortunately, it's not always
clear how a deployment will respond under realistic heavy load patterns, when
inference requests may need to wait in a queue before being served. To
address this, we investigate whether analytical models from queuing theory
can accurately characterize the latency of machine learning inference
systems that use dynamic batching, under various load conditions. We hope
our findings will inform future work on scheduling inference jobs and
deploying machine learning systems more effectively, ultimately improving

performance at scale.
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\ Data Science, AI & Robotics

ALCNet: Axis-Separable Convolutions over Attention Tensors
for Expressive Text Classification

We introduce ALCNet (Attention-Layer Convolutional Net), a framework for text classification
that applies an axis-separable 3D convolutional architecture directly to transformer attention
tensors. Spatial patterns, head diversity, and layer depth are processed along separate axes
and recombined through residual fusion. Integrated with RoBERTa-large, ALCNet achieves
87.36% validation accuracy on GLUE RTE in 3 epochs. Ablation studies confirm that each axis
contributes to accuracy. Branch ablations show that removing the CNN path reduces
validation accuracy by 5.4%. The CNN branch consistently outperforms the CLS-only path
that corresponds to vanilla RoBERTa-large predictions, demonstrating that attention tensors
encode richer signals than are captured by pooled embeddings. To stabilize feature usage, we
employ a redesigned head with LayerNorm on concatenated features, branch-dropout, and
learnable per-branch gates, mitigating scale bias and encouraging multi-branch utilization.
Cross-branch dependence analyses (RV and CCA) further indicate that CNN and statistical
features provide complementary expressivity. On a 10k-sample Al vs. human text
classification dataset, ALCNet attains a validation AUC of 0.9742 after only 2 epochs, with
Nsight profiling confirming GPU efficiency. These results demonstrate that explicitly modeling
spatial, head, and layer dimensions of attention tensors reveals structured signals beyond CLS

pooling, enabling more expressive text classification.

Project Supervisor Alexander Landfair
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Data Science, AI & Robotics

Examining emerging fire risk in New York City using the
FDNY Incident database

Urban fire hazards are rapidly evolving due to emerging technologies, climate change, and
increasing urban density. This project analyzes the Fire Department of the City of New York
(FDNY) incident database to identify spatio-temporal trends and assess modern threats such as
electric vehicle fires, heat-induced ignitions, and risks associated with combustible building
materials like cladding. Over 340,000 fire incidents from almost ten years of data were
combined with hourly and daily weather data and geolocation metadata. Using Python library
tools, the dataset was analyzed to detect temporal patterns in fire counts and intensity by hour,
day, month, and weather conditions. We removed baseline alarms to isolate significant fire
events and merged the dataset with demographic and building typology information. Preliminary
results show that fire intensity and frequency increase during summer months, especially in
lower-income and high-density areas. Correlations were found between fire activity and factors
such as high temperature, low humidity, and low precipitation. Spatial mapping identified
persistent hotspots in neighborhoods with older residential infrastructure and higher population
vulnerability. These results emphasize the need for updated building codes, improved firefighter
training, and community-specific fire prevention programs. The methodology developed here
enables cities to perform comprehensive risk assessments and better allocate resources for fire
safety. This project supports evidence-based decision-making to improve urban resilience in

the face of emerging fire hazards

Project Supervisor Augustin Guibaud
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Data Science, AI & Robotics

Web-based Platform for Dynamic Mechanical Analysis Data
Acquirement and Machine Learning Model Design

3D model generation is used in everything from video games and animation to engineering
and product design. However, many current methods rely on fixed-resolution representations,
like voxel grids or meshes, which makes them less flexible and often inefficient. These models
typically need to be retrained if the output resolution changes, which limits their usefulness in
real-world applications. To solve this problem, we're developing a new kind of 3D model
generator that can work at any resolution. Our approach combines a Variational Autoencoder
(VAE), which encodes a compact representation of a shape, a 1d vector, with a Fourier Neural
Operator (FNO), a neural network that can decode smooth 3D models from 2d images using
frequency information instead of pixels or grid points. This lets us create detailed shapes
without being tied to a specific resolution. During training, we test the model on multiple
resolutions to see how well it can generalize. Early results from a 2d structured encoder and
decoder show that a VAE integrated with FNO models can accurately reconstruct 2d images
at both lower and higher resolution shapes without needing to be retrained. Current efforts to
restructure the encoder and decoder for 3d model generation are promising. The system also
supports shape interpolation and sampling, which could be useful for design and creative

tasks.
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\ Data Science, AI & Robotics

Developing an Al-Enabled Digital Twin to Enhance
Situational Awareness for Urban Mobility and Safety

Urban road networks facilitate transportation but also pose significant safety
challenges, especially in large cities like New York. Previous research on
emergency traffic accident response has primarily focused on two-
dimensional route planning and mathematical models. This study advances
the field by constructing a 1:1 scale 3D model of Flatbush Avenue in Brooklyn
to simulate post-accident scenarios, incorporating real-world terrain for
optimal rescue resource allocation and vehicle evacuation. Utilizing Unreal
Engine for map development and CARLA Simulator for vehicle dynamics, our
approach maximizes realism. The map focuses on the neighborhood around
the intersection of Flatbush Avenue and Kings Highway, replicating buildings
and parking lots along the roads. Future research could explore efficient 3D
mapping techniques, such as prioritizing key features like building dimensions

and parking lot presence, to streamline the modeling process.
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Emerging Media

Metaverse for Education

The shift to virtual learning environments, accelerated by the COVID-19 pandemic, has prompted new

approaches to education that bridge physical and digital spaces. This research explores the development of a

cross-platform metaverse designed for the NYU community, centered around a virtual recreation of the NYU

Tandon MakerSpace. Built using the Unity engine, the environment enables real-time collaboration between on-

site and remote users through support for devices such as Oculus, HoloLens, and Apple Vision Pro. Using CAD

software, we were able to produce almost identical models of the MakerSpace tools, equipment, and layout.

Combining this with Unity's interactive capabilities, we aim to replicate the full hands-on experience of 3D

printing, laser cutting, woodworking, and all other machines and equipment, to create a virtual experience that is

as close to the real world as possible. Additionally, with the use of depth-sensing cameras that utilize Al and

machine learning technologies, we are also able to monitor in-person users in real time. This creates a sense of

presence and connection between the physical and virtual environments. The platform incorporates features like

user authentication, session-based lobbies, and multiplayer networking using Unity services including

Authentication, Lobby, and Relay, creating a more interactive experience.The project aims to demonstrate how

immersive technologies can enhance accessibility, communication, and engagement in academic settings.
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Metaverse for education

Background
Virtual Reality (VR) has long been used in areas such as

ne, aviation, and technical training. In recent
years, it has become more widely available to the
general public. As a result, there has been a large

o5, including educatio
exploring how VR can be used
ext.
search project is to make a prototype
of a virtual space that sSupports learning. As a start, a
virtual version of the NYU Tandon MakerSpace was
created due to its importance to hands-on student
work. To make the environment more interactive, the
add features su

5. and réal-time using Unity services like
Authentication, Lobby, and Relay. These tools allow
students to log in, join shared sessions, and collaborate
inside the space. The hope is to make the MakerSpace
and its resources more accessible to students, whether
they are participating remetely or in person.

Methods

To support real-time interaction and multi-user access,
several Unity s es were added to the virtual

environment. Authentication was implemented to allow

Figure 1 ; How Authentication is implemented in project

PR

Figure 2 : Mataverse VR Setup

users to securely sign in and maintain persistent

i ons. The Lobby service was
used to enable players to create and join shared
spaces, making it easier to form small groups for
collaboration. Relay mmg-.\_[ed to ha
communication between users without requiring
dedicated servers. Together, these services help
create a more connected and interactive ax perier::e
within the virtual MakerSpace

Future

As our progress and knowledge continue to develop,
we strive to close the gap between the virtual and
physical worlds. We want this experience not just to
look like the MakerSpace, but to go beyond and
capture el and functionality of the the tools and
equipment the MakerSpace has to offer. Looking
ahead, we plan to expand beyond just the
MakerSpace, but to all of NYU Tandon
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Emerging Media

Wearable Electronics for Learning

Creative computing learning environments play a crucial role in sparking young learners'
interest in STEM fields while fostering inclusivity in historically underrepresented groups
within STEM. However, bridging the gap between STEM and creative expression can be
difficult given lack of interdisciplinary tools and curriculum. Our research involves the making
of a website, the “Creative Computing Cookbook”, that includes “recipes” of detailed
examples students can follow for computing arts projects like wearable dance performances
and interactive storytelling props. We also create electronics toolkits that use a plug-and-
play solderless system for fast prototyping and ease of use distributed to students in 2
educational non-profits, STEM from Dance and the Community Word Project. By working
closely with instructors and students over the course of these programs, we sought to
understand how students use and iterate upon our digital and physical designs through the
Cookbook and toolkits.
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Emerging Media

Point cloud video processing

This work focuses on processing multi-view video to generate high-fidelity 3D video content suitable for
immersive virtual reality (VR) and standard 2D displays. Our methodology begins with the precise
calibration of a 26-camera capture system to determine both the intrinsic and extrinsic parameters for
each camera. Following calibration, a foreground segmentation algorithm is applied to isolate the human
subject from the background in each video stream. We then explore two distinct approaches for
creating the final 3D representation. The first approach utilizes 4D Gaussian Splatting to train a dynamic,
animatable model, from which individual 3D Gaussian Splatting frames are extracted to form a
volumetric video. The second approach employs the MeshAvatar method to reconstruct a detailed
mesh-based representation of the subject for each frame. These parallel pipelines yield two different
formats of 3D video—one volumetric and one mesh-based—enabling flexible use across various

rendering platforms.
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C.A.S.S.AN.D.R.A. (Compassionate and Altruistic Semi-
Sentient Assistant and Negotiator of Dreams, Rationality,
and Aspiration)

This research explores speculative design as a method to prototype new semiotic systems that emerge under
ecological and technological constraints. Inspired by the myth of Cassandra, our project centers on a fictional
Large Language Model named C.A.S.S.A.N.D.R.A. (Compassionate and Altruistic Semi-Sentient Assistant and
Negotiator of Dreams, Rationality, and Aspiration), designed to generate visions of alternate realities and
ecosystems. The work explores how nonhuman and artificial intelligences might convey meaning in contexts
where conventional language is inadequate; where signals must adapt, evolve, or be reimagined entirely. My
contributions focus on two interconnected research threads. The first is the NVV (Nonverbal Vocalization)
Lexicon, a speculative font system developed at the intersection of language theory, sound design, and Al
ethics. It encodes five primary nonverbal vocalizations (sigh, cry, moan, laugh, and scream) into modular glyphs.
Two sets of context markers (emotional tone and social setting) enable these base units to recombine into
composite forms, providing a typology for machine-generated emotional expression. The second thread
involves a speculative data visualization of whale song, specifically examining how endangered marine species,
such as baleen whales, might adapt their mating calls in response to acoustic interference from ship traffic.
Worked with spectrogram data from Google’s Pattern Radio to isolate individual “phrases” of whale song and
compare them with ship noise patterns. These notes are then pitched up and re-compiled into a whale
synth.These findings are translated into a speculative sound sequencer. The visualisation reflects the possibility
of sonic adaptation and the emergence of a new whale vocal ecology. The outcomes include a functioning NVV
glyph system, a prototype whale-song synthesizer with spectrogram-based visualizations, and a broader
conceptual framework that links these speculative semiotics within a shared narrative about communication
beyond anthropocentrism. This project positions language as a living system; responsive, fragmented, and

reforming. It invites reflection on how expression might continue when existing forms are not viable.
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The world is changing, and it’'s clear we need to help drive that
change. With more than half of the world’'s population now

residing in urban areas and that figure expected to rise to more

than 70% by mid- century, NYU Tandon is innovating ways to

make the cities of the future smart and resilient.




VR-based co-simulation to improve work zone safety

The growing complexity of urban traffic systems combined with rising concerns
around road safety has prompted the need for better tools to study how drivers
respond to infrastructural cues in dynamic environments. Traditional traffic
simulations often fail to capture the sensory realism needed to evaluate driver
behavior with accuracy, especially under variable, real-world conditions. This project
presents a VR-based research tool, built in Unreal Engine and CARLA, that simulates
immersive driving environments for behavioral analysis. The system incorporates
spatialized audio and immersive driving environments, utilizing MetaQuest 3 Virtual
reality technology and LogiTech G920 Driving Simulator, allowing for analysis of both
driver and worker behavior in workzone traffic areas. By observing behaviors that
could potentially pose risks for drivers and construction worker safety in these
environments, this tool aims to improve experimental control and data collection in
driving studies, ultimately informing safe infrastructure design and smarter urban

planning.
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Assessing the Socio-Economic Impacts of Coastal Flooding
and Strategies for Sustainable Adaptation

Coastal flooding presents an increasingly persistent challenge for many
communities, with impacts that go beyond physical damage to affect social and
economic well-being. This research examines how such impacts are experienced
differently across coastal areas, depending on factors like income, education, and
social connectedness. While the study takes a broad view of coastal vulnerability,
qualitative interviews conducted in New York City neighborhoods such as, Red
Hook and Hamilton Beach, offer specific insight into how these issues unfold at
the community level. Through the use of spatial data, demographic analysis, and
national social network metrics, the project investigates how structural
inequalities can intensify flood risk, while strong local ties can support resilience.
These findings help understand to the importance of developing adaptation
strategies that are both environmentally sustainable and socially equitable,

especially for communities that face the greatest risks and fewest resources.
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Analyzing the Impact of Congestion Pricing on Urban Mobility
Using Data Analytics and Al-Based Computer Vision Techniques

New York City implemented a cordon-based congestion pricing program in January 2025 to manage vehicular
demand within the Manhattan central business district and generate dedicated revenue for the Metropolitan
Transportation Authority (MTA). This study develops and applies an automated, multi-modal data collection
and analytics pipeline that exploits the City’s publicly available closed-circuit television (CCTV) traffic camera
network to evaluate short-run behavioral and mobility responses to the policy across key urban travel modes
—passenger cars, trucks, pedestrians, and bicycles. We built a continuous data acquisition application that
scrapes live NYC CCTV image streams, archives them with precise timestamps, and tags each feed with
camera geolocation and roadway attributes. A computer vision workflow adapted from pandemic-era crowd
monitoring research employs a pre-trained YOLO object detector fine-tuned for urban street scenes to
identify and classify roadway users. To control for variable camera pitch and roll, as well as view obstruction
over time, we estimate pairwise homographies using SIFT feature matching with RANSAC outlier rejection. We
then retain image sets that fall within stable viewing-geometry clusters for each camera. Mode-specific
counts are aggregated to consistent temporal bins (e.g., 5-minute, hourly, and peak-period windows) and
normalized by camera field-of-view characteristics. Using a quasi-experimental before—and—after design
anchored on the congestion pricing go-live date, we compare multi-modal traffic activity detected inside and
outside the pricing cordon and examine spatial heterogeneity by approach corridors. Trend analyses,
difference-in-differences style contrasts with control cameras outside the tolled zone, and exploratory
elasticity estimates will be used to quantify policy impacts on passenger vehicle re-routing, freight
displacement, and potential shifts toward walking and cycling exposure. The findings will provide data-driven
evidence to inform congestion management, revenue forecasting, and equitable multimodal planning in large

metropolitan areas.
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Understanding how opportunities for in-person encounters
could lead to social interactions in NYC public spaces

Natural areas within urban parks play a critical role in supporting ecological health and enhancing
community well-being. In densely built environments like New York City, ensuring equitable access
to these spaces is a growing priority. The Forever Wild Program, initiated in 2001, protects over
12,400 acres of high-value natural habitat across 135 city parks. Despite these efforts, disparities in
park access and usage persist across demographic lines. Prior research has highlighted differences
in park visitation based on race, gender, and socioeconomic status, particularly with regard to
preferences for developed versus natural park settings. This research utilizes large-scale mobile
phone location data spanning five years to analyze visitation patterns to nature-based areas in
NYC parks. By connecting observed visits to their corresponding Census Block Groups (CBGs), we
assess which communities are most and least represented among visitors. In doing so, we
investigate how patterns of use vary by demographic and spatial factors. We examine the role of
spatial proximity in shaping visitation behavior and seek to determine whether the distance to
parks with nature areas is equitably distributed across demographic groups. Our ongoing analysis
also compares visitation to nature-based areas with visitation to more developed park areas, to
assess differences in access and use across park types. These findings aim to inform urban
planning and park management strategies by providing data-driven insights into how nature

access operates in a diverse urban context and how it can be made more equitable in the future.
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Measuring the disaster resilience of local businesses

As climate change and urbanization accelerate, local businesses—essential to community livelihoods—
face growing vulnerability to disruptive events. This study focuses on Downtown Brooklyn, an urban core
where the closure of major anchor institutions—most notably the seasonal closure of NYU Tandon—has
created measurable ripple effects on surrounding commercial activity. Using large-scale mobile phone
location data, we analyze foot traffic patterns, visitor origins, and shifts in clientele composition across
businesses before and after these disruptions. With techniques such as cosine similarity and synthetic
control analysis, we assess the overlap in visitor segments at NYU Tandon and evaluate which
businesses are most dependent on specific populations. These insights feed into predictive models that
estimate the impact of seasonal breaks or business closures, as well as tools for identifying strategies to
strengthen resilience—such as locating businesses with similar clientele bases or targeting
underrepresented customer groups. While grounded in Downtown Brooklyn, the methodology is
transferable to other urban neighborhoods facing climate, infrastructural, or economic disruptions. Our
results reveal patterns of vulnerability and resilience, highlighting both businesses highly dependent on
Tandon traffic and those drawing from more diverse or non-overlapping visitor bases. These insights
inform strategies to mitigate the impact of future disruptions, strengthen business resilience, and

support the development of more adaptable local economies.
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Deep Learning based Urban Building Facade Inspections

Modern approaches to building fagade inspections are manually intensive and time
consuming. Developments in drone and image recognition technology has fronted the idea of
using them to automate the inspection process. However, image recognition models require a
vast and diverse dataset to train on, and current fagade image datasets are lacking in both.
We have turned towards generating synthetic images using Generative Adversarial Networks
(GANSs) to bolster an existing image dataset. We trained and tested three different GAN
architectures (DCGAN, Big-GAN, Lightweight GAN) with the goal of choosing the best
performing to enhance the existing fagcade image dataset. For training, an existing fagade
image dataset was randomly split into a 21500-image training set and a 1000-image test set.
The models were given an initial arbitrary stopping point of 300 epochs, and depending on
whether performance showed signs of continued increase, more training time would have
been allotted. After training, 1000 images every fifth epoch version of the models were
generated. After training, the Fréchet Inception Distance (FID) scores were calculated
between the generated images and the test dataset.The model version with the lowest FID
score was chosen as the best performing model. Lightweight GAN, DCGAN, and Big-GAN
resulted in FID scores of 55.55, 92.7, 205.98 respectively. These results indicate that
Lightweight GAN produced the most realistic synthetic fagade images, significantly
outperforming the other models. This demonstrates its potential for enhancing existing

datasets and supporting more effective automated fagade inspection systems.
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Visualize noise and air quality data for environmental justice
advocacy

This study explores the economic impacts of the ongoing demolition and
construction of the borough-based jail in Manhattan’s Chinatown. The project has
raised widespread concern over its long-term environmental and economic impacts
on local businesses, neighborhood stability, and public health. This research
combines thematic analysis of community interviews with on-site observations and
documentations to examine the impact of prolonged construction on street-facing
businesses and daily life. It offers a human-centered view of how environmental
disruption intersects with economic vulnerability in historically marginalized
neighborhoods. The findings support community-led advocacy for more transparent,

inclusive, and equitable urban planning.
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\ Wireless

Pushing the limits of ultra low latency communications

L4S (Low Latency, Low Loss, Scalable Throughput) is a proposed Internet standard
that promises to deliver network traffic with extremely low latency (delay) in
controlled settings. However, a major limitation of L4S is that outside of a tightly
controlled "L4S-compatible” environment, it does not have any mechanism to protect
low latency flows from the delay caused by non-L4S flows. This means that if you try
to use L4S for latency sensitive applications like live gaming, you may lose out on its
benefits because your network traffic passes through "non-L4S-compatible” parts of
the Internet along the way. To address this, we propose an approach using existing
well-supported protocols, SRv6 within a service provider's network and BGP between
different providers' networks, to steer L4S traffic along "L4S-compatible” paths. With
this solution, L4S can be more widely implemented, delivering its low latency benefits

across a wide range of networked services and applications.
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\ Wireless

Design and Fabrication of Undersea Meta-Antenna

Metamaterials are artificial structures engineered to exhibit customized mechanical properties based on
their geometry rather than their composition. These materials can be designed to bend, stretch, or
respond to forces in controlled ways, making them useful in a wide range of engineering applications.
Designing such structures in reverse, starting from desired properties and figuring the right geometry, is a
significant challenge due to the large number of possible designs and the difficulty in predicting how
each will behave. Traditional topology optimization methods can generate designs that satisfy target
properties, but they’re often computationally expensive and time-consuming. On the other hand,
machine learning-based generative models offer faster generation but typically have uninterpretable
latent spaces, making it difficult to control or fine-tune the resulting structures for specific material
properties. To address this, we are developing a Variational Autoencoder (VAE) model that combines
Convolutional Neural Networks (CNNs) and Fourier Neural Operators (FNOs). The goal is to generate
lattice structures based on specified mechanical properties. By jointly training the model with a regressor
that learns the relationship between a design and its properties, we aim to embed material properties
directly into the model's latent space. This makes it easier to explore and adjust designs by moving
through the latent space in meaningful ways. We are also building a code pipeline to assemble the
generated lattice microstructures into a 3D tensile testing bar. The bar will be fabricated using 3D
printing and evaluated through Ultimate Tensile Testing (UTT) to assess how well the generated

structures match the target properties and to validate the effectiveness of the model.
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\ Wireless

Realtime Network Quality-of-Service (QoS) Measurement
and Prediction

Bandwidth prediction is essential for ensuring Quality of Service (QoS) in
adaptive media streaming, congestion control, and routing. This study
evaluates four machine learning models using the Microsoft Emulator Trace
dataset to predict network bandwidth under varying conditions.

We compare traditional sequence models (Vanilla LSTM, LSTM with Attention,
Transformer) with two state-of-the-art offline reinforcement learning models
(Schaferct and FARC) to determine optimal prediction strategies for emulated

network environments.
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Today more than ever, it's clear that everything depends on our

health. Collaborating across all disciplines, NYU Tandon has been

working at the intersection of engineering, healthcare, and life

sciences for decades, and our researchers have the expertise to

create next- generation solutions at every scale.




Bio-inspired Capsular Robot for Medical Applications

Large Language Models (LLMs) demonstrate strong performance on straightforward and structured tasks; however, they often
lack creativity, the ability to handle open-ended queries, and effectiveness in educational settings. Recent advances, such as
AutoDAN, have made significant strides in the exploration of self-improving multi-agent prompting. This project aims to increase
the creativity of LLM responses through a multi-agent system in tandem with human-in-the-loop feedback. Our system utilized a
four-agent framework composed of a Prompt Generator Agent (PGA), Critic Agent (CA), Refiner Agent (RA), and Output Evaluator
Agent (OEA). The PGA enriches raw prompts. The CA critiques them, then the RA refines them based on Al and human feedback,
and finally, the output of the refined prompt is evaluated by the OEA on multiple metrics. These metrics include coherence,
creativity, and engagement, and a human rates these outputs with reasoning to influence later further rounds of refinement. Over
200 prompt iterations have been evaluated so far. In one 100-prompt batch, enriched prompts performed equal to the baseline
prompt 99% of the time with no outperformance rounds. The refined prompts outperformed the baseline 44% of the time and
matched the baseline score 56% of the time. This highlights the impact of layered feedback and refinement. Although research is
still ongoing, this suggests that enrichment alone is insufficient and that deeper, layered, feedback-driven refinement has a
positive impact on creative quality. Overall, our results indicate that combining multi-agent prompt iteration with human feedback
yields higher-quality and more creative responses than baseline LLM responses with no iterative refinement. This framework may

hold future promise for higher-quality educational tools focused on peer feedback and assisting in creative writing tasks.
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Studying light-induced crystallization using microfluidic
devices

Non-photochemical laser-induced nucleation (NPLIN) refers to the process where
nanosecond laser pulses trigger formation of a new phase from supersaturated solutions,
offering controllable nucleation and selective formation of polymorphs that benefit many
industries. This study investigates NPLIN of urea in isopropanol through a microfluidic system
that prevents mechanical shock. Building on previous research with urea in methanol, we aim
to evaluate how supersaturation levels influence NPLIN. While the specific mechanisms of
NPLIN is still in debate, a well acknowledged theory states that NPLIN occurs when mesoscale
particles (impurities) absorb light energy from the laser to form bubbles that provide
nucleation sites for crystallization. To verify the theory, this study also designs a capillary
system that withstand pressure up beyond the critical pressure (200 bars) of water to
prevent bubble formation. A borosilicate (BS) glass capillary was chemically treated with
molten KNOS3 for ion exchange and coated externally with clear epoxy to enhance its internal
compressive stress and mechanical strength. Two 316L stainless steel heat sinks were devised
to replace 80% of the 100mm BS capillary for better mechanical strength and heat
conduction. The study aims to better understand the NPLIN mechanism and improve

crystallization techniques for industries.
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Novel photonic materials for X-ray detection and cancer
imaging

Dip-coating is a widely utilized, industrially scalable technique for depositing uniform thin films onto substrates of
nearly any geometry, offering a compelling combination of simplicity, reproducibility, and suitability for high-
throughput production. Unlike spin-coating, dip-coating involves the gradual withdrawal of a substrate from a solution
bath, allowing excess solution to drain back and resulting in dramatically higher material efficiency. This is especially
critical when working with costly or precious materials, as up to 80-90% of solution is typically lost during spin-
coating. This advantage is particularly pronounced for colloidal quantum dots (cQDs), which combine solution-
processability, tunable bandgaps, and low-temperature synthesis, making them attractive candidates for low-cost,
large-area optoelectronics. Automation of dip-coating, through programmable, multi-stage instruments, further
expands this technique by enabling precise control over reproducibility, withdrawal speeds, and the implementation of
custom protocols. However, commercial systems that offer this level of control remain expensive and inflexible,
restricting widespread access to high-precision dip-coating in many academic settings. Recent advances in low-cost
motors, open-source microcontrollers, and 3D printing have facilitated the emergence of do-it-yourself scientific
hardware platforms that match commercial performance at a fraction of the cost. This project introduces biphasic
dip-coating of cQDs, where the substrate is withdrawn through two immiscible liquids. Here, the top phase contains
the desired film material, and the bottom acts as an inert solution. Since film formation occurs exclusively at this
solvent-substrate interface, the dip-coating process remains virtually unchanged, drastically minimizing solvent and
material waste while maintaining the same control over film morphology and assembly. This approach is especially
beneficial for sensitive or expensive materials, maximizing material recovery and enabling film structures unattainable
by single-phase methods. We implement both easy automation and biphasic dip-coating, representing a powerful
approach for fabricating quantum dot thin films with minimal waste and high reproducibility for optoelectronic and

photovoltaic applications.
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Magnetic-Polymer-Ceramic Smart Scaffolds for Enhanced Bone
Regeneration, Controlled Drug Delivery and Magnetic Hyperthermia

This project introduces a computer algorithm that aids in the design and evaluation of materials with customizable
microstructures, known as meta-materials. Meta-materials are engineered to have unique properties, such as being strong or
lightweight. They obtain these characteristics based on their internal structure rather than the raw material itself. To make the
mechanical testing process more efficient, we developed a program that simulates and estimates how a meta-material will
behave under applied forces. This is achieved using a differentiable, homogeneous finite element method (FEM), which allows us
to compute the mechanical properties of the meta-material by utilizing different load conditions and displacements. The
program can also improve the internal layout of the material through a process called topology optimization, which finds the
most effective arrangement of material within a given shape to achieve specific performance goals. By using PyTorch, a widely
used machine learning framework, the program is capable of adjusting designs automatically and efficiently. By combining FEM
theory with modern optimization tools, this project establishes a foundation for obtaining material properties without any
physical testing. The program's accuracy was tested against experimental results obtained in NYU’s C114 Lab, where we 3D-
printed meta-material samples as ASTM D628 dogbones and measured their elastic modulus in tension using an Instron UTM
6800. Because meta-materials are characterized by an elasticity tensor that captures directional stiffness properties, we tested
the samples under quasi-static loading conditions to ensure valid comparison with the simulated linear-elastic behavior. The

experimental results were then compared to the predictions from our simulation framework.
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Biosensor project

Fast-scan cyclic sensors (FSCV) enable real-time neurotransmitter monitoring but suffer from
baseline drift during extended measurements. This project developed an evaluation board
system to assess high-pass filter effectiveness in mitigating sensor drift. The system
integrates an eight-channel FSCV chip featuring transimpedance amplifiers, high-pass filters
at 3.5kHz cutoff, and low-pass filters at 14.3kHz cutoff. Two carrier board iterations facilitated
chip-to-motherboard connections using card edge connectors. The evaluation board
underwent two design iterations, incorporating analog/digital switches, IO expanders, and
MCU control. A Python-based NIDAQ interface enabled real-time data acquisition at 40kHz
sampling rate with continuous recording capabilities. Validation testing confirmed individual
component functionality, including filter frequency responses matching design specifications.
Cross-talk analysis revealed no interference between channels. Noise measurements showed
output-referred noise of 0.64mV RMS without high-pass filters and 0.93mV RMS with high-
pass filters enabled. The system successfully measured dopamine concentrations using
capacitor-based functionality tests. The integrated system provides a reliable platform for
assessing high-pass filters effectiveness in drift mitigation during long-term neurochemical

monitoring.
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16S Metagenomics sequencing studies

Flowers, though short-lived, are rich in organic compounds that support diverse microbial life,
that promote the rapid colonization and succession of microbial communities (Junker & Tholl,
2013). While leaf and root-associated microbiomes have been extensively studied, the bacterial
dynamics associated with decaying flowers remain largely unexplored (Massoni et al., 2019).
Three flowers (Rosa sp., Helianthus annuus, and Phlox subulata) were used to characterize the
changes in bacterial communities during the decomposition process of flowers. First, samples
were collected in three-day intervals, during a week. DNA was extracted from each sample, and
library preparation was done. Then, PCR was performed on the DNA extractions, using primers
515F and 806R, with lllumina adapters attached to these. After cleaning the first PCR reaction, a
second PCR was conducted to attach indexes for sequencing. After cleaning the second PCR
reaction, the samples were prepared for Next Generation Sequencing. The obtained results
were average, but can be improved, with a %Q30 score of 69.46%, and a %PF score of 31.2%.
The obtained data was filtered, and the amount of significant data used in the analysis was
calculated. Finally the filtered data was organized into tables per sample type, and finally
plotted in graphs. The sample analysis contained many interesting genera present in the
collected data, such as marine genus Plesiocystis, to fermentation genus Leuconostoc. The
samples were compared within the same sample types and within the flower sample. A
comparison between the flower samples was not possible due to the flower samples being from
different genetic families. Further research is needed to understand the bacterial succession

patterns within the same plant genera and/or families.
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16S Metagenomics sequencing studies

Banknotes, frequently used in daily transactions in countries all over the world, are potential carriers of different
bacterias. Studies have shown that banknotes contain different bacterias, fungal and viruses that can be
transmitted by individuals handling them. It has been found that bacterias such as MRSA: Methicillin-resistant
Staphylococcus aureus, VRE: Vancomycin-resistant Enterococcus and ESBL-E. coli: Extended-Spectrum Beta-
Lactamase-producing Escherichia coli can last on banknotes for up to 12 hours depending on their material. In some
cases, this can result in infections, or even some serious illnesses, especially in individuals with weakened immune
systems. In this study, Next Generation Sequencing (NGS) has been used to characterize the types of bacteria
found on banknotes. The procedure involves non culture based DNA extraction from the surface of banknotes that
have been circulated. The samples are run through illumina sequencing platforms and analyzed utilizing DRAGEN
metagenomics software. This well thought out approach allowed the identification of microbial DNA at both the
genus and species level, allowing for an in-depth picture of the type of bacteria that is present on banknotes.
Through this, accurate identification and classification of the type of bacteria that can survive on banknotes has
been possible. The use of sequencing offers a wider and more well-rounded understanding of microbial presence
on money and highlights the vast array of bacteria that we are prone to come in contact with in our daily lives.
These findings show how molecular tools can be used to better assess the public health risks and help inform future

decisions about the material used to manufacture banknotes in order to prevent bacterial infections.
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Koala Endogenous Retroviruses: A Glimpse Into The World 60 Million
Years Ago?

About 8% of our DNA, and a comparable fraction of the genome of other vertebrates, originates from ancient viruses. Most
these sequences are silenced, but some of them play important physiological roles and others were implicated in disease.
While the origin of these viral sequences has been enigmatic and intriguing, partly due to the long time that has elapsed since
then, several pieces of evidence indicate that they originated from exogenous viruses that became internalized 40-60 million
years ago, a process that subsequently occurred on multiple other occasions. The discovery that the koala retrovirus (KoRV),
an exogenous retrovirus that is infecting present-day koalas, is currently becoming integrated into the genomes of some wild
koalas, offers an unprecedented opportunity to learn about the endogenization of retroviruses that occurred in many other
species millions of years ago. KoRV infection is associated with immune suppression, a higher risk to develop malignancies,
most notably lymphoma and leukemia, and increased susceptibility to microbial co-infections. KoRVs are the only
retroviruses that currently exist both in an exogenous, infectious and an endogenous, integrated form. While one of the
KoRVs, KoRV-A has become integrated into the genome of wild koala populations from Northern Australia, more southern
koala populations exhibit a lower prevalence of the integrated virus or may not contain viral sequences at all. Using platforms
such as BLAST and Integrated Genomics Viewer, we performed bioinformatics analyses to explore the relatedness among
different endogenous viral sequences from koala genomes and their relationship with viral sequences from the genome of
other species, including humans, as a way to better understand the dynamics of viral integration into vertebrate genomes
over evolutionary time. Understanding the dynamics of KoRV-A not only informs koala conservation, but also provides critical

insights into retroviral pathogenesis, genome stability, and immune defense mechanisms applicable to human health.
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Characterization of chemotherapy induced cardiotoxicity

Cancer survival rates have increased in recent years, but the long-term side effects of certain
chemotherapies have become a growing concern. Doxorubicin (DOX) is a widely used
chemotherapeutic agent for the treatment of solid tumors, leukemia, and lymphoma. Although a
dose-dependent cardiotoxic effect of DOX has been documented, the mechanisms behind this
damage are not fully understood. Here, we hypothesize that submicromolar concentrations of
DOX induce a senescent phenotype in cardiomyocytes, ultimately impairing their regenerative
potential. To test this hypothesis, we exposed ACI10 cells to DOX doses ranging from 10nM to
1,000nM and assessed: 1) cell viability using MTT assay and calcein AM/ethidium homodimer
(“Live/Dead”) staining at 24 hours postexposure , 2) DNA damage through y-H2AX
immunocytochemistry, and 3) senescenceassociated B-galactosidase activity using X-gal
staining at 24 and 48 hours post-exposure. Our results showed a dose-dependent decrease in
cell viability in MTT assays, although no significant cell death was observed by “Live/Dead”
staining. Accordingly, DOX exposure resulted in higher y-H2AX positive cells and elevated [3-
galactosidase activity compared to untreated controls. These results suggest that even at sub-
micromolar concentrations, DOX induce cellular damage and senescence, providing insights
into the cellular mechanisms underlying DOX-induced cardiotoxicity. Future research will
evaluate these effects in human induced pluripotent stem cell-derived cardiac lineages to
better recapitulate cardiomyocyte physiology and validate our findings in clinically relevant

models.
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Bioengineering Lymph node-on a Chip for Modeling Human
Adaptive Immune Responses and Vaccine Evaluation (AHA
Fellowship Project)

The lymphatic vascular is a major circulatory system that drains interstitial fluid from tissues and returns
it to the bloodstream as lymph via lymphatic vessels. The lymph contains lymphocytes - B cells, T cells,
and natural killer cells - that migrate to the blood system or lymph nodes (LNs). Due to differences in
lymphatic connection, LNs are considered heterogeneous, which means that the immune cell population
and, thus, the immune response in each lymph node varies. Animal models can shed light on the
mechanism of the B cell response, but they do not fully represent the human physiology, which means
that researchers cannot use them to accurately predict the immune response in humans. To overcome
this challenge and be able to study the effectiveness of the flu vaccine in different age populations, we
use a bioengineered LN-on-a-chip platform to mimic LN structure and model the interaction of immune
cells. The chip, fabricated from a mix of polydimethylsiloxane (PDMS) and curing agent, is a cell culture
device that allows multiple types of cells to grow in separate chambers and interact with each other
through channels. The microfluidic device provides the perfect microenvironemt for antigen-specific
lymphocytes to cooperate and initiate an effective and adaptive immune response. By immunostaining
the chips and using confocal microscopy, we can assess the structure, activation, migration, and
interaction of the lymphocytes. An optimal vaccine will induce a cellular immune response, and the
strength and characteristics of this response help us understand which specific factors in cell

interaction play the most important in vaccine effectiveness.
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As plastic pollution continues to threaten ecosystems worldwide, innovative biological strategies are

being developed to degrade synthetic polymers like PET at the molecular level. One approach involves
engineering a bacterial consortium within a bioreactor system. This consortium consists of |. Sakaiensis
and P. Putida. The primary focus is I. Sakaiensis, a bacterium known to degrade PET into MHET, and
further into ethylene glycol and TPA. In this study, E.coli strains were used to carry plasmids encoding
the native |. Sakaiensis PETase and MHETase genes. The goal of this is to optimize the efficiency of PET
degradation using . Sakaiensis, and later on, using P. Putida to further break down the ethylene glycol. To
support this microbial system, a small-scale bioreactor was constructed to maintain a stable and
controlled environment for enzymatic PET breakdown. The system uses a sealed Mason jar equipped
with pH and temperature sensors, and a peristaltic pump for fluid control. An Arduino microcontroller
collects real-time sensor data and uses relay logic to trigger environmental adjustments. A heating and
cooling system is also being integrated to maintain optimal conditions for bacterial activity. This setup
provides a practical, bench-top platform for studying plastic degradation and lays the groundwork for

scaling enzymatic breakdown as a viable environmental solution.
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Engineering Lymph Node Targeting Cytokines for the Treatment
of Autoimmune Diseases

Interleukin-10 (IL-10) is a potent anti-inflammatory cytokine; however, its rapid clearance and limited
accumulation in secondary lymphoid organs constrain its therapeutic utility in neuroinflammatory diseases such
as multiple sclerosis. To address these limitations, the Hubbell laboratory has developed an engineered IL-10
(Eng-IL-10) protein with extended plasma half-life and improved lymph node retention. In this study, we will
investigate the effects of Eng-IL-10 on T cell infiltration in the spinal cord of mice with experimental autoimmune
encephalomyelitis (EAE), a preclinical model of multiple sclerosis. Spinal cord tissues from Eng-IL-10 treated EAE
mice will be immuno-stained for T cell markers (CD45, CD4, and CD8)., and whole-section images will be
analyzed using QuPath software to quantify total spinal cord area and marker-positive regions. We anticipate
that Eng-IL-10 treatment will delay disease onset and reduce CD45*, CD4*, CD8* areas, respectively indicating
markedly attenuated leukocyte and T-cell infiltration into the spinal cord. These findings support the potential of

Eng-IL-10 as a therapeutic strategy in neuroinflammatory disorders.
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Nanomedicines for Pain

Nanotechnology has emerged as a promising approach in treating conditions that require controlled and precise
administration of medicines. Polymer nanoparticles (NPs) are a particularly effective nanoscale drug delivery system,
as they can encapsulate naked active pharmaceutical ingredients (APIs) while enhancing their safety, adsorption, and
circulation time in the body. NP properties are tunable and can be functionalized to enable more site-specific and
controlled release of APIs, thereby reducing toxic off-target effects. However, while substantial research has been
conducted on the manufacturing and biocompatibility of these NPs, there is limited knowledge about NP interactions
with more complex physiological systems, including the nervous system and its relationship with pain.

In this work, we formulate a library of core-shell NPs with various physicochemical characteristics and investigate
their internalization and endocytic patterns in sensory neurons. NPs were assembled via Flash Nanoprecipitation, a
robust and scalable process that allows independent modification of NP size, surface chemistry, and cargo loading.
Specifically, we studied three different polymer surfaces: polyethylene glycol (PEG), poly(ethylene oxide-co-glycidyl
methyl ether) (rPEG), and poly-2-ethyl-2-oxazoline (P20X), as well as some of their derivatives. NPs were loaded with
fluorescent small molecules, ranged in size from 50 nm to 200 nm, and were incubated with dorsal root ganglion
neurons (F11). Current results demonstrate the successful trafficking of NPs into neural endosomes, as visualized with
confocal microscopy. Furthermore, compelling flow cytometry data show that the surface chemistry and size of NPs
significantly affect uptake kinetics within these neurons. This project validates the F11 cell line as a representative
model of sensory neurons through cell membrane potential assays. Ongoing work involves further internalization
testing of the NP library, while also examining the specific endocytic receptors involved in nano-neuro interactions.

These findings serve as a comprehensive foundation for more optimal drug delivery platforms treating chronic pain.
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Spatial-temporal digital ELISA for cytokine detection (AHA
Fellowship Project)

Chimeric Antigen Receptor (CAR) T cell therapy has emerged as a powerful approach for treating hematologic malignancies,
yet its long-term efficacy is often limited by T cell exhaustion and functional heterogeneity. This study investigates how
CAR-T cells engineered with 4-1BB, an FDA-approved co-stimulatory domain used in clinical CAR-T therapy, respond to
sustained antigen exposure. CAR-T cells are co-cultured with cancer cells over two weeks to model chronic stimulation.
Using dFAST (Digital FluoroSpot Amplification for Spatiotemporal Profiling), our lab’s recently developed platform for
multidimensional single-cell phenotypic and functional analysis, we performed multiplexed measurements of key effector
cytokines granzyme B (GzmB) and interferon-gamma (IFN-y) to assess cytotoxicity and inflammation. In parallel, cells are
classified by CD4/CD8 lineage and differentiation state (naive, effector terminal, central memory, effector memory), and
expression of CD25 and CD69 (activation) and PD-1 (exhaustion) is tracked over time. All parameters are captured
simultaneously at single-cell resolution, enabling one-to-one correlation of phenotype, function, and temporal dynamics
within the same individual cell. This unified approach allowed us to resolve functional and phenotypic dynamics at single-
cell resolution across time. Understanding which subsets retain functionality or are most prone to exhaustion is critical for
improving CAR design, guiding cell selection during manufacturing, and enhancing persistence in vivo. These insights are
especially relevant as CAR-T therapies expand beyond hematologic cancers into solid tumors, where persistent antigen
exposure and immune suppression are more pronounced. Ultimately, identifying markers of potency and durability will help

translate CAR-T therapy into more reliable and lasting clinical responses.
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Soft actuators for Rehabilitation

This study investigates the possibilities for a hydraulically actuated exoskeleton, evaluated
through simulation models and practical implementations. The actuator was designed on CAD
software and shaped from plastic film using a 3D printer program. The actuators
demonstrated up to 180 degree bending with no load and 90 degree bending with 3.1 g
loading. The actuators also were able to lift 6.2 g. Computational fluid dynamics (CFD) and
Finite element analysis (FEA) were used to simulate pressure and velocity throughout the fluid
volume for our desired geometries. This study establishes a proof-of-concept for channeled
hydraulic actuators, determining optimal geometries and using novel manufacturing methods
to establish repeatability. This research shows exciting promise for the future of rehabilitative

medicine.
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Analysis of health data to infer long COVID outcomes

Dysfunctional activation of the autonomic nervous system (ANS) has been identified as an

underlying cause of many Long COVID symptoms, i.e., post-acute sequelae of COVID-19

infection that last beyond three months. Of these, gastrointestinal (Gl) symptoms include

pain, constipation and impaired bowel movement. New computational methods are required

to characterize stomach muscle activity (peristaltic activity) measured by

electrogastrography (EGG) to identify and track markers of disease in relation to ANS

activation. This study developed and validated a peak detection algorithm capable of

identifying and differentiating slow-wave associated peaks from non-slow-wave associated

peaks in EGG signals to characterize peristaltic activity in healthy individuals before and after

meal intake and established a foundational framework for developing physiologically-based

models to characterize EGG signals, specifically to identify and monitor Gl autonomic

dysfunction in patient populations. The analysis of EGG in this healthy cohort provided a

critical new baseline for normal gut electric function. We identified that the excess non-slow-

wave peaks and shifts in dominant frequency, likely reflecting dysrhythmic activity from

ectopic pacemakers absent in healthy stomachs, could serve as plausible biomarkers of Gl

autonomic dysfunction. The identified EGG features enable an understanding of a healthy

baseline and will drive future mathematical models to diagnose and monitor autonomic

gastric dysfunction in Long COVID, which can be scalably extended to other chronic Gl

disorders in a disease-specific manner.
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Monoallelic HLA cell lines for downstream PC-CAR T cell assaying

Peptide-centric chimeric antigen receptor (PC-CAR) T cells are T cells with specially
engineered receptors aimed at recognizing peptide fragments presented by the major
histocompatibility complex (MHC). MHC molecules, in humans known as human leukocyte
antigens (HLAs), are glycoproteins that present peptides on the surface of cells, helping
distinguish “self” from “non-self” antigens to the immune system. Compared to conventional
CART cells which target entire cell-surface antigens, PC-CAR T cells have the advantage of
being able to target intracellular proteins that become presented on the surface of cells. In the
screening of PC-CARs, the ability for a candidate receptor to target the desired peptide-HLA
complex is important in preventing off-target reactivity with other HLA variants. Because most
cells express numerous HLA types, pinpointing receptor activity against a single HLA allele can
be difficult and time-consuming. To bypass this, we generated a library of monoallelic cell lines
using T2 and K562 cells. T2 cells express HLA-A*02:01 but lack the peptide transporter needed
for antigen processing and subsequent presentation. K562 cells do not express class | or Il
HLAs. Both cell lines can be induced to express specific HLA class | types and present antigens
on said types. Stable transduction of cell lines was verified with flow cytometry, along with an

activation assay using MHC-specific PC-CAR T cells and target peptides.
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Developing a Novel Phage Platform to Target Solid Tumors

Current immunotherapies have shown success in treating hematological cancers, however,
solid tumors remain resistant due to the complex and immunosuppressive nature of the tumor
microenvironment (TME). The TME presents numerous challenges, including limited immune
cell infiltration and heterogeneous tumor antigen expression, which hinder the efficacy of
current treatments. Innovative platforms are needed to overcome these barriers and deliver
more targeted, adaptable therapies. The current strategy explores the development of a dual
display phage platform, an engineered bacteriophage system, designed to express two distinct
proteins on separate coat proteins of M13 filamentous phage. Traditionally used in phage
display to identify binding sequences, phage has served primarily as a screening tool. However,
by enhancing its functional capacity to simultaneously express multiple proteins, we can begin
to reposition phage as a customizable therapeutic platform with applications ranging from
immune engagement to targeted delivery. Our strategy involves modifying the helper phage
vector, MI3KO7, to introduce a second gene of interest while maintaining the original display on
the phagemid. Through molecular cloning techniques such as PCR, Gibson Assembly, and
bacterial transformation, we aim to enable dual expression and control protein display levels
on the phage surface. Our cloning efforts are proving to be fruitful, and the project is ongoing.
Multiple verification assays are currently underway to confirm proper folding and expression of

the displayed proteins and to test the system’s efficacy in simulated TME conditions.
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Augmenting Stem Cells with Synthetic Gene Circuitry

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by memory impairment, cognitive decline, and
behavioral changes. Contemporarily, pharmaceutical interventions remain limited, and traditional animal models fail to fully capture
the complexity of human AD pathology. To address these challenges, we propose a synthetic biology-driven “brain-in-a-dish”
platform leveraging induced pluripotent stem cells (iPSCs) and genetic circuit engineering. iPSCs, derived from reprogrammed adult
cells, are able to differentiate into any cell type, relevant within the disease modelling framework. Our approach employs
programmable genetic circuits—biological systems analogous to electronic circuits—to precisely regulate iPSC differentiation into
oligodendrocytes, responsible for axonal myelination, which is disrupted in light of AD. To enhance iPSC differentiation into
oligodendrocytes, we integrated microRNAs (miRNA) with transcription factors into synthetic circuits. miRNAs are small, naturally
occurring regulators of gene expression that help fine-tune differentiation pathways and better mimic disease-specific cellular
behavior. Based on literature, we chose several miRNAs (miR-219, miR-338, miR-7a, miR-184, miR-297-5p, miR-23a, miR-204, miR-
146a, miR-138) that control different steps of oligodendrocyte cell development. Transcription factors regulate gene expression by
binding to specific DNA sequences. Preliminary data from the Truong Lab demonstrates doxycycline-inducible expression of NGN2, a
neuronal transcription factor, promotes ectodermal lineage maturation. Building upon this foundation, our miRNA-augmented circuits
aim to improve differentiation efficiency and yield of oligodendrocytes from iPSCs. In the future, we hope to hone this technology to
differentiate iPSCs into additional neural cell types, such as microglia, astrocytes, and neurons, to assemble a multicellular 2D “brain-
in-a-dish” model. This model will guide high-resolution studies of AD mechanisms and accelerate the development and testing of
next-generation therapeutics within a controlled synthetic biology framework. By bridging stem cell engineering and programmable
gene circuits, our work seeks to establish a scalable and precise in-vitro model, paving the way toward universal cell-based

interventions for neurodegenerative diseases.
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Develop an experience sampling app for healthcare research

Tracking daily activities is a widely recommended practice, particularly for
individuals managing chronic illnesses. While existing literature supports its
benefits, there is little consensus on the most effective methods. This
research aims to delve deeper into the method of experience sampling(ESM)
to better understand the current advantages and disadvantages. To do so, we
reviewed literature and tested existing applications that aim to solve similar
problems. After doing so, we found what existing solutions are offered and
how they can benefit people living with chronic conditions. These findings are
then analyzed and applied into a prototyped application that uses Near Field
Communication(NFC) tags and Apple Shortcuts to create a widget dashboard.
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Cardiomyocyte Reprogramming (AHA Fellowship Project)

Emerging evidence on plastic pollution has revealed the widespread presence of micro- and nanoplastics
(MNPs), which pose significant environmental and public health concerns. With the continuous increase of
single-use plastic products and packaging in modern day, the durability and persistence of plastics have
become environmental liabilities. As plastic waste accumulates in the environment, it undergoes weathering and
fragmentation into microplastics (<5 mm) and nanoplastics (<1 um) that are now found in air, soil, water, and
food. More importantly, these plastic particles have been found in several living organisms, including humans.
Although the exact pathways by which MNPs enter the human body remain unclear, inhalation and ingestion are
considered the most likely routes. Notably, emerging experimental and epidemiological evidence has implicated
MNPs in cardiotoxicity, suggesting their potential role as novel environmental risk factors contributing to the
pathogenesis of cardiovascular disease. This study aims to investigate the potential toxic effects and
mechanisms of MNPs on cardiac health. To this end, we exposed ventricular cardiomyocyte-derived cells
(ACI10) to different doses) of commonly encountered nanoplastics—polyvinyl chloride (PVC), polypropylene
(PP), polyethylene (PE), and polystyrene (PS)—for 24 hours. We assessed cytotoxicity by Calcein AM/Ethidium
homodimer (Live/Dead) staining, DNA damage via y-H2AX immunostaining for DNA Damage Response (DDR),
and cellular senescence using senescence-associated B-galactosidase (SA-B-gal) activity by X-gal staining.
Live/Dead staining demonstrated that cardiomyocyte viability remained unaffected by exposure to 25 pg/mL
and 200 pg/mL MNPs, indicating a lack of cytotoxicity at these concentrations. y-H2AX staining revealed a
trend of increased nuclear foci formation at 12 pg/mL, 25 pg/mL, and 50 pg/mL doses, indicating elevated DDR
signaling. Accordingly, preliminary X-gal stainings suggest a dose-dependent increase in cardiomyocyte
senescence, indicating that MNPs may be inducers of cellular aging. In conclusion, these early findings suggest
that MNPs can induce DNA damage and senescence in cardiomyocytes, underscoring the need for further

investigation into their underlying toxicological mechanisms and implications for cardiovascular health.
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Biomimetic hydrogels for in vitro melanoma models

Acral lentiginous melanoma (ALM) is a rare and aggressive subtype of cutaneous melanoma (CM)
disproportionately affecting Hispanic and black populations. The primary risk factor for CM is exposure to
ultraviolet (UV) radiation, causing genetic mutations and oncogenesis in melanocytes that can be targeted with
traditional immunotherapy. However, ALM, which often manifests in weight-bearing areas such as foot soles not
exposed to UV radiation, does not respond well to immunotherapy. It is currently unknown how oncogenesis
occurs in ALM, but previous work in the lab found that human ALM tissue is significantly stiffer than CM. We
hypothesize that the stiffness of ALM may be involved in its poor response to treatment. We propose to engineer
biomimetic hydrogels that mimic the mechanical microenvironments of ALM and CM to test this. Alginate is a
biocompatible polymer that crosslinks with calcium to form three-dimensional hydrogel constructs mimicking the
ECM. Type | collagen is an abundant ECM protein, which, when combined with alginate, results in an
interpenetrating network (IPN) hydrogel that improves the physiological relevance of the system. Three-
dimensional multicellular tumor spheroids (MCTS) were cultured using D4M-3A mouse melanoma cells and NIH3T3
mouse fibroblasts to mimic physiological tumors. Soft (CM-mimicking) and stiff (ALM-mimicking) hydrogel
formulations were generated by tuning crosslinker concentration, and MCTS were embedded, to form in vitro
models. MCTS diameter was optimized by testing different cell seeding densities of 2k, 5k, and 10k cells.
Rheological mechanical characterization of the gels was performed to measure the storage modulus (G’), loss
modulus (G”), and half-time (t1/2 ) to understand stiffness and viscoelasticity. Additionally, optimization of RNA
extraction from MTCS was performed in preparation for RNA-sequencing experiments studying differences in
gene expression between hydrogel models. This research aims to develop models of CM and ALM to advance

understanding and improve the prognosis of ALM patients.
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Enzymatic Synthesis of Furan-Based Polymers

Plastic pollution is a major issue due to the widespread use of plastics and their inability to
naturally degrade. One avenue to combat this is producing plastics using renewable raw
materials and enzymes as in theory, the same enzyme can be used to synthesize and
degrade the plastic. Cutinase is an esterase, which is an enzyme that uses water molecules
to break ester bonds. Our lab has worked with this enzyme for both the degradation and
synthesis of plastic polymers. This project focuses on the use of cutinase to synthesize
sustainable plastic polymers of comparable quality to those from fossil fuel raw materials.
Cutinase was expressed in E. coli, purified and confirmed for molecular weight. The pure
cutinase was immobilized onto an acrylic resin, to allow for easy recycling and to improve
the contact area with the substrates. Reactions with the immobilized cutinase were carried
out using equimolar amounts of the monomers, dimethyl furan-2,5-dicarboxylate
(DMFDCA) and diethylene glycol in diphenyl ether. After stopping the reaction with
chloroform, the resulting polymer was precipitated out using methanol and nuclear

magnetic resonance (NMR) was utilized to confirm the polymer identity.
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Engineered Proteins for Targeted Drug Delivery in HER2+
Breast Cancer

Breast cancer is the second most prevalent cancer-related death for women. HER2 positive (HER2+) breast
cancer, which occurs in 13-15% of all breast cancer cases, results from an overexpression of human
epidermal growth factor receptor 2 (HER2) and is known to be highly aggressive. Antibody-drug conjugates,
monoclonal antibodies, and tyrosine kinase inhibitors have been utilized to treat HER+ breast cancer.
However, more efficient antibody binding is needed, and some patients develop resistance and relapse
despite these treatments. Therefore, there is a need for improved targeted treatments. We engineered the
TMPA (Targeted Multidomain Protein Assemblies) protein, which contains two repeats of the cartilage
oligomeric matrix protein coiled-coil domain, an elastin-like polypeptide, an RGD-linker, and histidine tags.
For targeted drug delivery to HER2+ breast cancer, we designed P51-TMPA by adding a HER2-binding
peptide to TMPA. After successful expression and purification, P51-TMPA and TMPA were labeled with
IVISense 680, a near-infrared fluorescent dye, and treated to SKBR-3 cells (HER2+ breast cancer) and MDA-
231 cells (triple negative breast cancer). Flow cytometry revealed that the SKBR-3 cells treated with NIR-
P51-TMPA exhibited higher fluorescence than NIR-TMPA, implying that P51-TMPA has higher uptake into the
HER2+ breast cancer cells. In contrast, similar fluorescence was observed in MDA-231 cells treated with NIR-
P51-TMPA and NIR-TMPA. Cytotoxic studies revealed that P51-TMPA loaded with doxorubicin reduced cell
viability more than free doxorubicin at concentrations 12.5 pM, and 25 pM, while P51-TMPA by itself reduced
cell viability by a negligible amount. Future studies will investigate whether micellar assembly improves cell

uptake and determine the optimal incubation time for the protein with doxorubicin.
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Effects of environmental lighting, colors and materials on indoor
navigation of persons with visual impairment in virtual reality

Navigating indoor environments poses ongoing challenges for individuals with
visual impairments (VI), particularly in low contrast settings where environmental
features become ambiguous. While inclusive design seeks to address
accessibility, it often fails to account for how subtle environmental variables such
as lighting, color contrast, and material texture affect spatial perception. This
study introduces a virtual reality-based framework to systematically examine the
impact of these design elements on navigation performance under simulated
diabetic retinopathy. Through controlled manipulations of visual features in a
virtual grocery environment, and by measuring task efficiency, movement
patterns, and collision rates alongside user-reported legibility, we aim to surface
insights into how environmental features shape navigational experience. The
findings are intended to inform more responsive, evidence-based approaches to

designing inclusive indoor spaces.
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Light-Responsive Nanomedicines for Precise Immunoncology

There is growing interest in developing nanoparticle drug delivery systems (NDDS) to achieve controlled
release for localized spatial and temporal control. These nanocarriers have unique properties due to
their morphology, which allows them to release their contents in response to different stimuli. Utilizing
light as one such modality is advantageous due to the manipulation of light and its various parameters
that make it suitable for various biomedical applications. Spatiotemporal control is accomplished by
using a photoreleasable protecting group (PPG) to regulate the release kinetics of drugs using near-
infrared (NIR) light. The PPG of interest is the ortho-hydroxycinnamoyl (o-HA) platform, which can act as
a PPG with both ultraviolet (UV) and NIR irradiation. This work utilizes a model prodrug system that has
been translated into biological applications, specifically as a conjugatable handle for immune agonist
drugs. Light-responsive prodrugs can be created by conjugating the PPG (such as the o-HA) to the
desired drug, enabling straightforward encapsulation into polymeric nanoparticles. The synthesized
prodrug platform, (E)-3-(2-hydroxynaphthalen-1-yl)-2-methyl-N-(p-tolyl)acrylamide, was encapsulated
into nanoparticles via Flash NanoPrecipitation (FNP), which produces uniformly sized nanoparticles by
rapid mixing using a multi-inlet vortex mixer (MIVM). Rapid photoconversion of o-HC-based chemistries
has been observed within the solid matrix of a polymeric nanoparticle core. Thus, nanoparticles with
different core morphologies were constructed to observe the photoconversion in the o-HC prodrug
platform, with the goal of achieving 200-nanometer-sized particles. The morphology of the core
influences various properties, such as the release kinetics (conversion) of the PPG upon irradiation. The
different morphologies include: polyethylene glycol-polylactic acid-tocopherol (PEG-PLA-VitE, liquid-
like core), polylactic acid (PLA, amorphous core), and PDLLA (poly-D,L-lactic acid, glassy core).
Ultimately, the project hopes to assess the impact of the environment of nanoparticles on light-

responsive reactions to achieve favorable photorelease kinetics during light-triggered reactions.
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Fundamentals of the Sequential NanoPrecipitation (SNaP) Process

Flash nanoprecipitation (FNP) enables rapid formation of core-shell nanoparticles (NPs) by
solvent switching, requiring precise micromixing to ensure uniformity. To reduce material
consumption, especially with expensive therapeutic compounds, we designed a low-volume
Multi-Inlet Vortex Mixer (nanoMIVM), about half the size of the stainless steel standardized
microMIVM, and fabricated it entirely from Delrin using CNC milling in the MakerSpace. The
entire mixer was modeled in Computer-Aided Design (CAD) and Computer aided
manufacture (CAM) software, with toolpaths generated for precise CNC fabrication. Each part
was milled from a single solid block of Delrin to ensure a perfect seal and alignment between
the top and bottom sections. Any misalignment would disrupt the internal flow inside the
vortex mixing compromising nanoparticle formation. Poly(ethylene glycol)-block-poly(lactic
acid) (PEG-PLA) nanoparticles at increasing core percentages were assembled using the
nanoMIVM to validate NP reproducibility and mixer performance. Comparing the sizes of the
nanoparticles from the nanoMIVM to the microMIVM at identical formulations, where each
formulation will be performed in triplicate to show reproducibility. Reynolds number
calculations were used to define flow regimes (Re > 1600), and CFD simulations were
performed to evaluate the micromixing of our validated formulations in the nanoMIVM. CFD
results were used to identify regions of optimal mixing and were compared to experimental

nanoparticle size data to ensure correlation between simulation and outcome.
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Magnetic-Polymer-Ceramic Smart Scaffolds for Enhanced Bone
Regeneration, Controlled Drug Delivery and Magnetic Hyperthermia

This project introduces a computer algorithm that aids in the design and evaluation of materials with customizable
microstructures, known as meta-materials. Meta-materials are engineered to have unique properties, such as being strong or
lightweight. They obtain these characteristics based on their internal structure rather than the raw material itself. To make the
mechanical testing process more efficient, we developed a program that simulates and estimates how a meta-material will
behave under applied forces. This is achieved using a differentiable, homogeneous finite element method (FEM), which allows
us to compute the mechanical properties of the meta-material by utilizing different load conditions and displacements. The
program can also improve the internal layout of the material through a process called topology optimization, which finds the
most effective arrangement of material within a given shape to achieve specific performance goals. By using PyTorch, a widely
used machine learning framework, the program is capable of adjusting designs automatically and efficiently. By combining FEM
theory with modern optimization tools, this project establishes a foundation for obtaining material properties without any
physical testing. The program'’s accuracy was tested against experimental results obtained in NYU's C114 Lab, where we 3D-
printed meta-material samples as ASTM D628 dogbones and measured their elastic modulus in tension using an Instron UTM
6800. Because meta-materials are characterized by an elasticity tensor that captures directional stiffness properties, we
tested the samples under quasi-static loading conditions to ensure valid comparison with the simulated linear-elastic

behavior. The experimental results were then compared to the predictions from our simulation framework.
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CRISPR for disease modeling

The melanoma-associated antigen D4 (MAGED4) gene is an overexpressed
prognostic marker for glioblastoma. Utilizing CRISPR/Cas9 genome editing
technology, a functional knockout can be performed on the MAGED4 gene in
U-87 glioblastoma cells to observe the effects of eliminating its pre-existent
overexpression. This is completed through transfection of the cells with the
Cas9 endonuclease and guide RNAs using lipofectamine. Following
transfection, the non-homologous end joining pathway is naturally activated

within the cells to repair the cuts made by the endonuclease in the genomic

DNA, an imperfect process that introduces errors, leading to the targeted

knockout of functional expression of the gene.
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CRISPR-Induced MAGED4 Knockout on Glioblastoma Cells
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averepredied in glioma tisued but abent in norrmal braen tisduee—8
Charactevistic that makes the gers & promising taget for GBM
treatment [2,3]. Overexpresiion of the MAGED gene is alio
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study the impacts of a CRISPR-mediated knockout of the MAGEDS
pene with hopes of potential applications towards GBM trestment
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Regulation of shape and growth in microorganisms

Cells depend on the membrane potential to grow and divide. Bacillus subtilis is a gram-positive
bacterium that stops growing when exposed to an uncoupler, 2,4-dinitrophenol (DNP) (Guffanti et
al, 1987), which collapses the membrane potential. However, the molecular and physical
mechanisms underlying this response are unknown. To address this question, we applied high
selective pressure by growing B. subtilis in the minimum inhibitory concentration of DNP. This
evolutionary approach was conducted to discover spontaneous mutations that tolerate membrane
potential stress. We also tested for bacterial growth in the presence of CCCP, another uncoupler,
alongside a control sample of just lysogeny broth (LB), a nutrient-rich culture medium. Cells were
passed daily in fresh media, and colony spot assays were performed weekly. We monitored
changes in growth for a total of 4 weeks through the spot assays and growth curves. We aim to
identify any mutations in adapted bacterial cells that are involved in cell elongation under

membrane potential stress through DNA sequencing.
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Microengineering 3D vascularized Gancer-on-a-Chip models
for cancer immunotherapy study (AHA Fellowship Project)

Organ-on-a-chip technology has emerged as a powerful platform for modeling
pancreatic ductal adenocarcinoma (PDAC), enabling precise recreation of the tumor
microenvironment and facilitating physiologically relevant studies of cancer
progression and drug response. In this project, we developed an Al-driven model to
classify treatment responses based on features extracted from PDAC organoid-on-
a-chip experiments. While most existing studies rely solely on trajectory-based data
for prediction, our approach integrates both morphological and trajectory data at
the single-cell level, extracted from time-lapsed microscopy sequences. Given the
spatiotemporal nature of morphological features, we employed a hybrid model
combining convolutional and long short-term memory (LSTM) networks to capture
dynamic cell morphology, while trajectory-level data were analyzed using a multilayer
perceptron (MLP). The outputs were fused through a final linear regression layer. Our
results demonstrate that the model effectively distinguishes between responsive,
stable, and non-responsive drug treatments, with trajectory data contributing more

significantly to predictive performance than morphological features.

Project Supervisor Weigiang Chen

Research Areas Health

Meet the Authors

Al-Powered Multimodal Analysis of Pancreaticﬂ NYU | maoon scuoot

Cancer Organoids-on-a-Chip Sk

Interet in Artfcial Intellgence

Method

Whilis st exiiting udbes rely solely on rajectony-
bared data for prediction. o apgroach inbegrates
both merpholagical and trajectory features 3 the
singlecel  bpvel,  extracted  from  time-lipie
microncopy sequences. The current datavet containg.
13 trewtmant groups within twe expe 14 batch
Bach group was manually Lbeled 1 @ [non-
responive], 1 [neutral], or 2 (responsive) based on
the organald sioe change, ierving ot grownd fruth
Tor madel training

Lunan Liu
PR, Candidite

Apphed Micro-bicergineering Lab,
Notrw Tork University

Gieers the spatiotemporal nature of cell mer phology,
we employed Long Short-Term Memory (LSTM)
networkh to capfure dymambc  morpholagical
changes. In parallel, trajectory features were
anahyzed using 3 Multilayer Perceptron (MLP). The
outputs of both branches were huied using 2 fimal
linear layes, forming an endHo-end clasification
model. The whaole picture s shown in Figure 3.

rshall WF, Deep Comvolutional
ks K 3

Beipyfidol orp/T0 103854 1 558-000-d2 463

Acknowledgement

: (=]
= : Asseiacion FeSowshi. We ae especiall

I|. Profester Weiglang Chem, Lunan Liu, ind the Aphad Mirs-
Biaengineering Lot for their invaluable mentorshig and
- Recetver Operating ] i
Figure 3: Flow chart of the deep learning model Impiortaney Mk




2025 Weigiang Chen 3 - Exploring the CAR T-cell
Mechanoimmunology with Novel Engineered Micromechanical Tools

Acute Myeloid Leukemia (AML) is an aggressive type of cancer of the myeloid lineage. AML's inherent
heterogeneic nature leads to frequent mutations and relapse after treatment. AML cells’ diverse
antigens present a major obstacle for traditional CAR-T cell treatments with specific targets such as the
CD19 receptor of B-cell Leukemia. It also causes on-target/off-tumor toxicity due to shared receptors
with healthy cells. There is a need for new approaches to study AML and test CAR-T cell treatments by
developing clinical models that effectively mimic the human marrow environment. In our research, we
engineered microfluidic chips that closely replicates the architecture of the human bone marrow to
allow AML cell growth and evaluate CAR-T cell dynamics. The chips were constructed using a mixture of
PDMS and curing agent to form the scaffold for the cells and contained three zones, a central sinus, a
medullary cavity, and an endosteal region. AML cell lines, either Molm-14 or THP-1, along with stromal
cells and immune cells were cultured in the chips. CAR-T cells targeting the CD123 AML antigens were
infused into the bloodstream. Effectiveness of the CAR-T cells and cancer cell development alone with
gene expressions were observed using immunostaining, confocal microscopy, and Elisa. Confocal
imaging confirmed the presence and spatial arrangement of CD123+ AML blasts embedded within a
vascularized stromal network of CD31+ endothelial cells and Mesenchymal stem cells (MSCs) showing
success modeling of the bone marrow microenvironment. After injection of CD123 CAR-T cells, the
results show a slight enhancement of AML cell death and a significant increase in IFN-y production,
indicating activation after recognition. These measurements support the device’s usage in effectively

studying both therapeutic efficacy and immune-related side effects in a preclinical setting.
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ECoG Daily Speech Encoding with mTREF: A Pipeline for
Sentence-Level Modeling of Natural Conversation

We present a fully reproducible, Python-based encoding framework that relates continuous
speech to electrocorticography (ECoG) during natural daily conversations. Using HDF5
datasets from two patients (NY676, NY625) with high-density subdural grids, we analyze
high-gamma (70-150 Hz) and low-frequency (0.3-7 Hz) neural activity aligned to 16 kHz audio.
The stimulus is represented by five classical acoustic features—amplitude envelope, spectral
centroid, bandwidth, contrast, and flathess—and embedded in a lagged design matrix
spanning -100 to +400 ms to capture physiologically plausible latencies. Channel-wise
multivariate temporal response functions (mTRFs) are estimated via ridge regression with
leave-one-sentence-out cross-validation; we implement both NapLib-TRF solvers and an
ADMM-optimized ridge variant for scalability. On NY676 (140 channels, 16 trials),
sentence-level performance is heterogeneous across the grid: mean Pearson correlation
r=0.023+0.054 with a best channel r=0.382. The framework yields interpretable latency
profiles (often peaking ~80-140 ms with sustained components to ~300 ms) and supports
extensibility to multichannel backward (stimulus-reconstruction) models, deep
self-supervised features (HUBERT/WavLM), articulatory representations (SPARC), and
permutation-based significance testing. This work provides a clear, modular pipeline—data
preparation, lagged feature construction, regularized TRF estimation, and brain-surface

visualization—for benchmarking speech-to-ECoG encoding in ecologically valid settings.
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In a world threatened by pollution and climate change, we believe

that engineering holds the key to a greener, healthier future. We

focus on developing solutions that can help the world thrive
technologically and economically without compromising the well-

being of future generations.
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Nanoparticle Catalysts for GO 2 Electrolysis using Flash Joule
Heating

Flash Joule Heating (FJH) is a way that compounds can be synthesized
quickly, it can synthesize the desired compound in a matter of seconds and is
amorphous. Metal-Organic Frameworks (MOFs) are porous materials with high
surface area and structural tunability. In this experiment, we synthesized a
MOF: Cu-BTC and fabricated its derived form through FJH treatment and
exhibits outstanding catalytic efficiency in CO,RR establishing it as a potential
catalyst for future applications. Compared to the pristine MOFs, the derived
MOFs show increased porosity and more accessible active sites, making them

more effective for CO, reduction reactions.
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Cathode Design for Enhanced Battery Performance

Polytetrafluoroethylene (PTFE) is difficult to recycle due to its chemical
stability and often produces toxic byproducts like per- and polyfluoroalkyl
substances (PFAS). We demonstrate a solid-state method to upcycle PTFE
waste into sodium fluoride (NaF) using flash Joule heating (FJH)—a rapid,
solvent-free, high-temperature process. Sodium oxalate captures fluorine and
aids carbon reduction, while a carbon additive improves conductivity. Two
reactor designs were tested; a carbon felt setup enabled realtime GC-MS
monitoring. Optimal power settings enabled a good defluorination without
forming PFAS or volatile fluorocarbons. XRD confirmed complete conversion to
crystalline NaF, and GC-MS verified byproduct safety. This energyefficient
method provides a scalable and safe approach to PTFE recycling, offering a

sustainable alternative to current disposal practices.
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Sustainability

Decay of microbial contaminants in water treatment and in the
environment - environmental engineering

Enterococci in surface waters indicate potential fecal contamination. Previous lab work revealed that measured
Enterococci concentrations in chlorine-treated wastewater effluent vary based on analytical methods applied (i.e.,
IDEXX Enterolert versus Membrane Filtration (MF)), with IDEXX showing higher bacterial concentrations. We hypothesized
that IDEXX detects injured bacteria capable of repairing and reproducing in wells, while MF fails to capture sublethally
damaged cells on agar plates. This study investigated variations in Enterococcus concentrations measured in
wastewater. Duplicate sampling was conducted at a treatment plant, 20 minutes apart, for both secondary and final
effluent, separately, and further divided into two subgroups based on sodium thiosulfate (ST) addition, the chlorine-
quenching agent. Samples were stored at room temperature in the lab and analyzed at 3, 7, and 27 hours post-collection
using IDEXX (51-Well Quanti-Tray and substrate-based indicator) and MF (0.45 pm filters and mEl agar). Percent
differences between methods remained consistent across holding times, averaging 188.01%. Enterococcus
concentrations of final effluent samples with ST measured by IDEXX were significantly different (p-value < 0.013) from
those measured by MF. Samples without ST showed no significant difference between methods after 7 and 27 hours (p-
value = 0.205, 0.065, respectively) likely because of lower bacterial concentrations approaching detection limits faster
than samples with ST, at which point the difference between methods was no longer assessable. We anticipated
sublethally damaged Enterococcus to die during extended room-temperature storage, decreasing IDEXX concentrations
over time to reflect MF. Instead, IDEXX consistently reported higher concentrations, suggesting a systematic bias
between methods independent of holding time. An absence of a consistent pattern in bacterial counts from samples
without ST reveals the importance of dechlorinating samples upon collection. Results remain inconclusive about whether

injured bacteria are responsible for the overestimation of Enterococcus concentration when enumerated by IDEXX.
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Infrared quantum dots to enable night vision

Despite vast improvements in Large Language Model (LLM) performance
across every domain of expertise, they remain insufficient in scientific
settings which require exact accuracy. As researchers continue to lean
towards LLMs for aid in their work, improving reliability is essential. Our aim is
to develop a domain-specific LLM for metal-halide perovskite ionizing X-ray
detectors to support progress in this budding topic of research. To
accomplish this goal, we built a dataset of 24 papers pertaining to metal-
halide perovskites to train our model. Additionally, 11 key characteristics were
selected for the LLM to extract. The LLM is currently being fine-tuned on this
dataset and will be evaluated for its extraction accuracy. These efforts aim to
engineer a tool that will expedite scientific discovery in the emerging sub-field
of metal-halide perovskites, as well as demonstrate a method by which to

improve LLM accuracy.

Project Supervisor Ayaskanta Sahu
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Quantum and Optical Experimental Projects

Spontaneous parametric down conversion (SPDC) is a non-linear, quantum optical effect, in
which a photon incident on birefringent material is converted into two photons, one commonly
known as the signal photon, and the other as the idler. The energies and momenta of the signal
and the idler add to equal those of the incident photon. In Type Il SPDC, the signal and idler
photons have perpendicular polarizations, and under the right circumstances, these polarizations
can be quantum mechanically entangled. In this project, we use a 405 nm violet laser (the pump
beam) passing through a B-barium borate crystal, for which two 810 nm photons can be
produced. The efficiency of the process depends on the orientations of the pump beam, its
polarization direction, and the direction of the optic axis in the B-barium borate crystal. We
attempt to detect the signal and idler photons in this project. We use a spectrometer, an
infrared camera, a power meter, and a photomultiplier tube to attempt to detect the down-
converted signal and idler photons. Due to the low efficiency of the SPDC process, we do not
observe the 810 nm photons with the spectrometer, the camera, or the power meter yet. These
results indicate that for our particular birefringent crystal, the efficiency is less than one in a
billion. Preliminary results indicate that a photomultiplier tube is successful in detecting down-
converted photons. By measuring on either side of the setup with the photomultiplier tube, we
observe one signal polarized parallel to the pump, another polarized perpendicular to the pump,
and an intermediate signal that exhibits both polarizations under certain conditions. These

observations are consistent with the predictions of SPDC theory.

Project Supervisor David Mugglin
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Systematic assessment of fuel production and chemical industry
decarbonization in the context of net-zero energy systems

The U.S. currently produces over 16 billion gallons of ethanol from corn grain annually,
primarily for blending into gasoline (E10) for reasons including domestic policy and
sustainability. However, as one part of the transportation sector decarbonizes
through electrification of light duty vehicles, gasoline—and thus ethanol—demand is
expected to decline. This raises a critical question: what is the optimal disposition of
existing corn ethanol in a decarbonized future? This study uses a multi-sector energy
systems model to evaluate the roles of ethanol production, either via current
methods or newer, lower-emissions processes, and ethanol upgrading processes into
middle distillate fuels. We assess system-wide cost and emissions tradeoffs, such as
those between retrofitting current ethanol production assets with carbon capture
and choosing between ethanol upgrading pathways. By investigating the impacts of
limited biomass and cross-sector impacts, we provide a systems level view relevant
to making decisions about ethanol’s evolving role in the broader U.S. energy

transition.
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Physical Vapor Deposition and Optical Characterization of
Quantum Cutting materials for increasing solar cell efficiencies

Solar cells serve a critical role in renewable energies as a sustainable alternative to burning fossil fuels for electricity.
However, their inability to absorb UV light efficiently have contributed to capping silicon solar cell efficiency at 33.6%,
the Shockley-Queisser limit. A potential option to improve efficiency beyond the Shockley-Queisser limit is to
deposit perovskites that exhibit quantum cutting, a process that converts one UV photon into two near-infrared (NIR)
photons, onto the solar cells. In this study Cs2AgBiCl6 perovskites doped with Yb (Cs2AgBiCl6 :Yb) were deposited
onto glass substrates via physical vapor deposition. The effects of NaCl passivation and different annealing
environments, such as glovebox, air, and petri dish covering, on Cs2AgBiCI6 :Yb were studied. The samples were
optically characterized using photoluminescence quantum yield (PLQY), visible and NIR photoluminescence (PL), time
resolved PL (TRPL), and absorption (UV-Vis). PLQY quantifies the ratio of emitted to absorbed photons, UV-Vis
measures Cs2AgBiCl6 :Yb's absorption spectrum, and PL spectroscopy reveals its emission and excitation spectra, as
well as the decay time of emitted photons. Additionally, X-ray diffraction spectroscopy, Raman spectroscopy,
energy-dispersive X-ray spectroscopy, and scanning electron microscopy were used to characterize crystal
structure and the morphology of the films to determine phase purity, crystallinity, elemental composition, and grain
formation. Cs2AgBiCI6 :Yb films passivated with NaCl had lower PLQY, large grains, and blue shifted absorption.
Annealing Cs2AgBiCl6 :Yb in glovebox (nitrogen environment) led to phase pure films compared to air annealing
which had an impurity of BiOCI. This study contributed to the understanding of how annealing environments and
passivant materials impact Cs2AgBiCl6 :Yb. While further research is needed to explore these and other factors,

Cs2AgBiCl6 :Yb still shows promise for increasing solar cell efficiency.
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Development of Hands-On Projects for First-Year Engineering Sudents

Introduction to Engineering and Design, or EG 1004, is a foundational course that most freshmen at NYU Tandon School of Engineering
take. This course provides students with an introduction to core engineering principles while promoting teamwork, communication,
and professional development. However, as the course is taking in a larger number of students from different engineering backgrounds
and interests, efforts are being made to overhaul the curriculum in order to accommodate the wider roster by reinforcing engineering
fundamentals through redesigned lab activities and an enhanced focus on the Semester-Long Design Project (SLDP). A key goal of this
effort is to support hands-on learning while standardizing instructional support across a large team of Teaching Assistants (TAs). The
methods that are being utilized for curriculum development include updating lab and recitation modules to emphasize essential skills
such as circuit design and programming, as well as developing detailed documentation and training materials for TAs. As part of the
SLDP revitalization, a new sustainability-focused project was introduced, aligned with NYU’s sustainability goals and LEED (Leadership
in Energy and Environmental Design) principles. This project focused on testing whether the sensors were compatible with Arduinos,
usability, accuracy, and consistency. As for the lab and recitation components, lab activities were designed by meeting with
professors to discuss learning objectives, developing activities, and running test groups among TAs. Additionally, work is being done to
promote better research practices for students, particularly in learning how to investigate sources without leaning too much on Al, and
developing hands-on workshops for students to have more in-depth knowledge of specific sensors before they get far into their
projects. The curriculum development in its current state is proceeding smoothly, with most deadlines being met on the lab front. This
curriculum overhaul strengthens the foundation of EG 1004 by combining structured support with real-world, interdisciplinary
applications. Through both improved instructional systems and the integration of sustainability-focused design work, the course

better equips students to tackle complex engineering challenges from the start of their academic careers.
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Investigating the Foundations and Challenges of Embedding
Sustainability in Civil Engineering Education

Sustainability has become a critical competency for engineers across
disciplines. With the accelerating impacts of climate change, its integration
into engineering education is more urgent than ever. Yet, undergraduate
curricula—particularly in civil engineering—remain outdated, with sustainability
often limited to environmental engineering programs or upper-level electives.
This research investigates the awareness and perceptions of sustainability
and resilience among civil engineering undergraduates, identifying gaps in
knowledge and opportunities for earlier, more integrated exposure. Focusing
on discipline-specific introductory courses and co-curricular activities, the
study explores current efforts, barriers to implementation, and proposes a
framework for embedding sustainability and resilience into early civil

engineering education.
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Integrating ESG into Engineering and Business Technology Curricula

This study investigates how Environmental, Social, and Governance (ESG) principles are integrated into
the undergraduate engineering and Business Technology Management (BTM) curricula at New York
University’'s Tandon School of Engineering. As industries increasingly prioritize ESG considerations and
ethical leadership, there is growing pressure on academic institutions to prepare students with the
knowledge and skills necessary to navigate these evolving expectations. The research uses a mixed-
methods approach to assess current ESG coverage and identify opportunities for curricular
improvement. We conducted a detailed syllabus review of core BTM courses to map ESG-relevant
content, focusing on themes such as climate responsibility, diversity, equity, and inclusion (DEI), and
corporate ethics. Simultaneously, a survey was developed and distributed to undergraduate students at
Tandon to measure their awareness of ESG topics, perceived relevance to their careers, and preferred
learning formats. To strengthen our methodology and provide a basis for comparison, we adapted
survey instruments from the NYU Stern Center for Sustainable Business. This allowed us to contrast
student perceptions and learning outcomes between business and engineering disciplines. Additionally,
we plan to conduct follow-up interviews and focus groups with students and faculty to collect
qualitative insights on ESG education and its implementation challenges. Quantitative analysis will
include statistical methods such as t-tests to evaluate differences in student engagement and
satisfaction between ESGintegrated and non-ESG courses. The findings aim to inform actionable
recommendations for enhancing ESG education across the Tandon curriculum, ultimately fostering a

new generation of sustainability-minded professionals equipped to lead in diverse sectors.
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Upcycling of waste plastics into valuable lubricants using catalytic
slurry reactor

Polyolefins (PO) are among the most used plastics and accounts for approximately 70% of plastic waste
in the U.S. which mainly ends up in landfills or incinerated. To prevent further waste of this material, this
research focuses on the use of Ru/TiO2 catalysts and a semi-batch Parr reactor for the hydroconversion
of high-density polyethylene (HDPE) into high-value liquid products such as surfactants, lubricants,
waxes, and fuels. The reactor employs a dynamic sweeping strategy in which methane is periodically
purged and replaced with fresh hydrogen gas for 10 minutes hourly after the reaction start time,
promoting increased hydrogen availability and improving selectivity toward desired liquid-phase
products. Under optimized sweeping-specific experimental conditions of 250° C, 60 bar H2, 14 hours
and 700 rpm agitation, we observed a significant increase in liquid product selectivity compared to
conventional hydroconversion runs. As study progresses, further improvements in reactor design and
catalyst synthesis are anticipated to enhance conversion efficiency and carbon utilization. These

developments aim to improve the economic viability and sustainability of PO upcycling.
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Developing and Modeling the Instructional Pilot Plant for
Chemical Engineering

This project focuses on the development of computational fluid dynamics applications in
COMSOL Multiphysics for chemical engineering pilot plants. COMSOL provides a
comprehensive software that can encompass many different variables to create realistic
simulations of the real world. The software allows for more visualization methods for fluid
dynamics. However, for a beginner with no experience in the software, using the software can
be far too complex and confusing. The goal of the applications developed in this project is
that university students can use them for educational purposes, and that the applications can
enhance and offer deeper learning alongside real-life lab instruction. Beginning with previously
verified simulations of flow rate meters, such as orifice plate devices and venturi meters, the
simulations were converted into simple, user-friendly applications that an engineering
student with no experience in COMSOL could use. Seven basic applications were developed,
aiming to finalize each one for possible use in school. A thorough understanding of the goals
of a lab experiment using pilot plant equipment, as well as an understanding of UI/UX, was vital
in the design process over the course of the project. The applications were successfully
developed into a final product that can be used as a tool alongside real-life lab experiments
for students. The simulations worked within a 2% error of the equipment manufacturer’s
specifications. Continuing to develop more applications in the future can provide the

opportunity to incorporate modern simulation software into the engineering curriculum.
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Developing Simulation Application for Instructional Heat

Exchanger for Fluid Lab

Simulation applications represent a convenient way to access multiphysics

simulations, which comprehensively demonstrate the working principles of

engineering devices. The focus of this research is to develop a COMSOL

application for a shell-and-tube heat exchanger based on a previously

developed COMSOL multiphysics simulation framework. The application will

provide a straightforward simulation interface, making it easier for researchers

and students to use and thereby fostering the learning process.
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Development of Open-Source, Hands-On Tools for Climate
Communication

Ava Diggs
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Lead contamination from aging water infrastructure remains a serious
environmental justice issue, especially in historically marginalized
communities. This project developed low-cost, at-home lead test kits and a
mobile app to make water testing simple and accessible for non-experts. The
app collects user-submitted results and displays them on a public map,
offering real-time insight into local contamination patterns. Together, these
tools create a scalable, communitydriven system for increasing water quality

transparency and driving policy advocacy.
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On the Role of Shunt Resistance on the Performance of
Underwater Solar

Underwater solar offers the opportunity to power submerged devices without the need to surface,
and there are a plethora of modern solar cells with the potential to provide adequate efficiency
when submerged. Shunt resistance is an important characteristic of all solar cells which describes
the amount of current that travels through unwanted pathways. While traditional solar cells have
been optimized to operate under typical outdoor irradiances, studies show that solar cells can
suffer severe efficiency losses at lower irradiances if the shunt resistance is too low. Ensuring that
the shunt resistance is large is therefore important for underwater solar. To investigate the role of
shunt resistance in an organic solar cell, that has been identified as a potential candidate for
underwater applications, we perform drift-diffusion simulations at different underwater depths
with various shunt resistances to investigate the effects on efficiency. At shallow depths such as 2
meters, the efficiency at a shunt resistance of 114 Q m-2 is close to the theoretical maximum, but
as depth increases, the gap between the theoretical maximum increases. However, at depths up to
50 meters, a shunt resistance of 11.4 Q m-2 (an order of magnitude higher than the original shunt
resistance value) results in an efficiency that remains close to the theoretical maximum. Our
results provide guidelines for engineers and manufacturers to optimize underwater solar cells for
the depths they are deployed, offering the potential to accelerate the use of solar cells for

underwater applications.

Project Supervisor Jason Réhr
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Optimizing solar cell shunt resistance for
underwater applications
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Electrical Probe of Defect States in Inorganic Perovskite
Thin-Films

Space-charge-limited current (SCLC) measurements are crucial in understanding the optoelectronic
properties and parameters, such as charge-carrier mobilities and trap characteristics, of metal-halide
perovskites. At higher voltages, SCLC measurement-based current density (J) - voltage (V) curves follow a
square-law dependence, and can be used to extract the above-mentioned parameters using the Mott-
Gurney (MG) Law. The MG law depends on multiple assumptions, most importantly that it applies only to
single-carrier devices, and therefore, traditional SCLC measurement methods fail to incorporate the
dynamics of complex electronic-ionic conductivity in metal-halide perovskites. The presence of mobile ionic
species greatly affects charge carrier injection, transport, and extraction, and therefore the shape of J-V
curves, resulting in the origin of hysteresis in such materials. Without proper methodologies in place for how
to conduct SCLC measurements to account for mobile ions, estimates for charge-carrier mobility and trap
characteristics are not reliable. We therefore aim to provide a set benchmark for measuring and analyzing
SCLC data, ensuring experimental reproducibility for similar devices and a unified approach to analysis. We
analytically modeled the pulsed SCLC measurement to extract transient J-V curves from a set of CsPbBr3
devices, which is well known for Br-ion conduction. Pulsed SCLC is usually believed to pseudolocalize mobile
ions during a sweep. Still, our measurement methodology demonstrates that the transient J-V curves, when
fitted across multiple time scales, present a trend in the change of slope, depending on the time from the
initial pulse our current values are extracted. These signify that reported current values can be
misrepresented as a square-law regime in the SCLC fit, and parameters extracted using the MG law might
not be reliable. The results suggest that the scientific community requires proper guidelines for performing

and reporting SCLC data when considering these measurements on materials with ion-dependent hysteresis.

Project Supervisor Jason Réhr

Research Areas Sustainability

Outlining Fallacies and Benchmarking Space-Charge Limited Meetithe Author

Current Measurements for Metal Halide Perovskites TANDON SCHOOL Danlel lhe.HF

et Brssty- woitngs furess

Results and Discussion

L MotiGurrey regimes olten leadi o
methadologies. Recest SOLC papers fad to
leading

Daniel Zheng

Future Works Works Cited

Chemical and Biomolecular e H Woring whth pominee SC1C esceher Vicent M. e | =2 ra
L . madeling

Coree on drift-dfuilon

Engineering, B.S. o ) e O e (T

Spring 2028 SITIET NIRRT T [|EE——




\ Sustainability

Enzyme engineering

Amyloid aggregation plays an important role in many neurodegenerative
diseases. We investigated the amyloid aggregation behavior of B-glucosidase
from Pyrococcus furiosus (PfBGL). Tetrameric PfBGL wild-type (WT) and a
monomeric mutant (M6C) were incubated at 60°C with stirring for seven
days. Overall, this work demonstrates that PfBGL can undergo amyloid-like
aggregation without complete loss of function, and highlights the impact of
specific mutations in accelerating fibril formation and altering functional
outcomes of the enzyme. These findings provide insight into the relationship
between structure and function of amyloid-forming enzymes in their

aggregation process and may inform the design of robust biocatalysts.
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Electrocatalytic Hydrogenation of Nitriles for the production
of Amines

Amines are valuable organic compounds. Their versatility and wide-spread application can be
seen through their use in the pharmaceutical, agricultural, material science, and biochemical
industries. Amines can be synthesized through chemical modification, such as substitution or
reduction reactions of amides, nitro compounds, and nitriles. Our project explores the
potential use of electrochemistry to produce these high value compounds from nitriles,
specifically deriving propylamine from propionitrile. We begin by investigating
electrodeposition as a method to create an effective electrocatalyst in an inexpensive
manner. The electrocatalyst will then be used to facilitate the hydrogenation reaction of the
CN triple bond, ultimately allowing for the conversion reaction to occur. By modifying
variables such as current density, electrolyte composition, and charge, we will have the
opportunity to assess how effective each individual electrodeposit is in assisting with the
conversion reaction. The insights gained from this study will not only help identify the optimal
conditions for the highest propionitrile conversion rates, but also serve as a foundation for
further research in electrochemical amine synthesis. Our approach holds promising potential

for scalable and sustainable industrial applications.
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Harnessing Lightning in a Bottle: Engineering Plasma-Water
Interfaces for Green Chemistry

Pesticide contamination in water systems poses significant environmental and health risks, necessitating effective
treatment technologies. While conventional water treatment methods face limitations including high costs and limited
effectiveness against persistent compounds, non-thermal plasma (NTP) presents a promising alternative through its
generation of reactive species such as hydroxyl radicals (+OH), singlet oxygen ('O,), and triplet excited states (%) under
ambient conditions. Our study investigates plasma-induced pesticide degradation mechanisms by developing a
mechanistic model based on reactive species quantification across 28 different pesticides. Using probe molecules—
furfuryl alcohol for triplet excited states, 2,4,6-trimethylphenol for singlet oxygen, and benzoic acid for hydroxyl radicals—
we quantified steady-state concentrations of key reactive species under different plasma conditions. Results reveal
discrepancies between theoretical predictions and experimental degradation rates, indicating that the simple
mechanistic model does not fully capture the complex plasma degradation process. Plasma parameter substantially
influence degradation efficiency: positive polarity generated significantly higher H,O, concentrations compared to
negative polarity, while current was maintained at 2 mA. Additionally, solution pH was found to vary with polarity,
decreasing under positive polarity and increasing under negative polarity. These findings highlight the complex
interactions between plasma parameters and pesticide degradation mechanisms, suggesting that plasma-specific
pathways contribute significantly beyond conventional photodegradation processes. These poorly understood pathways
caused by plasma systems likely account for the discrepancies observed in our experiments. The limitations of the
current model underscore the need for more comprehensive approaches incorporating additional reactive species and
plasma-specific mechanisms. This research provides foundational insights for designing optimized plasma-based

pesticide treatment systems and establishes a framework for future mechanistic model development.
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REnewthanol: Precision-Pulsed CO2 Conversion for
Tomorrow's Green Ethanol

Renewable energy technologies such as solar and wind present effective pathways for
generating green electricity that can drive the electrochemical conversion of CO, into ethanol
and other C,+ products. However, the integration of such electricity into chemical
manufacturing is challenging due to the variable and intermittent nature of renewable power.
This research aims to mitigate this challenge by employing pulsed electrolysis to enable
steady-state production of ethanol and related C,+ products. A membrane electrode
assembly with a copper electrocatalyst was used to apply pulsed current sequences to
hydrated CO,, alternating between active and resting periods. The resulting products were
analyzed to identify the pulsing conditions and current densities that maximize the faradaic
efficiency toward ethanol, ethylene, and acetate. These findings establish a relationship
between power input and product selectivity, providing a framework for dynamically
controlling electrochemical reactions based on power availability. This approach can be used
for scaling renewable-powered chemical processes, where consistent and reliable product

output is required for industrial implementation.
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Investigation of Materials using Density Functional Theory

Organic donor—acceptor (D—A) cocrystals have emerged as suitable candidates for electronic
materials because of their low cost, ease of processing, and excellent electronic properties.
Yet the performance of organic cocrystals is far from optimized. Synthesizing a new and
effective D—A combination is faced by the countless possible D—A pairings, structural
mismatches between constituent compounds, and unpredictable changes in properties. To
help close this gap, we analyzed the electronic structures of a series of novel organic
cocrystals built from 7,7,8,8-tetracyanoquinodimethane (TCNQ) derivatives and
benzimidazole-hydride (BIH) based donors. The objective is to identify combinations that
deliver narrow band gaps suitable for organic semiconductors. First-principles density-
functional theory (DFT) calculation on the molecular and crystalline scale was carried out on
NYU’s Greene HPC. The combined, neutral D—A molecular pairs—as the charge and multiplicity
were ambiguous with the initial run on the isolated cation and anion—were treated with
Gaussian 16 with three basis sets of the B3LYP functional. Across all three basis sets, the
TCNQ-benzimidazole derivative “SS50” delivered a consistent HOMO-LUMO gap of ~0.5 eV,
whereas the remaining candidates exceeded 1eV. Visualisation in GaussView revealed that
the frontier orbitals responsible for all gaps are confined to the acceptor core, suggesting that
D—-A charge transfer is limited in the isolated molecular scale. The results provide valuable

insight into a novel cocrystal structure, suggesting further analysis in the crystalline scale.

Project Supervisor Rakesh Behera

Research Areas Sustainability

First Principle Investigation of Novel Organic Cocrystals I
N YU OF ENGINEERING

Yupeng L', Kripa Shankar SR, Swagat K. Mohapatra®, Rakesh K, Behera®
NYU Tandon School of Engineering, Brooklyn, NY
ACT-indian O Campus, Bhuboneswar, ndia

Abstract Methodology
Organic donor—acceptor {B-A] cocrystals ave emerped ay

pramiieg canddates for ehectrens muteriah due 19 thes
low cont, ease of procenting. and excellent ebectronic
properties. But the periarmance of cocrysial b far fom
optisised. To hely clode thii e, we ealyed the
ebectrnic strectunes. of @ navel oeanic cocrystal bult from
3 methane (TCRGY) and
benamicancie-hydride [BIH) Baved Sonor. Fint-principiey
DFT caiculitions were Camied ot on the moleouar and
eryifallng dcilel wilsg KV HPE The chiective H to
Investigate the electronic properties of these novel _
eoeryitsit. HOMO-LLIMD ghes were contistest in the rnge e ————
of 1.1 10 1.5 ¥, Visualization suggests D-A charge traniser

Is heited in the Bolibed moleaslar scale. Crysaing
cakiulitions iuggest maik cocryibali having sembondector
brwits wth band gags under 2 e¥: The results provide
prebmunacy gt s thise nevel cosryi e

Waedeh 110/ VASP
+ rystallin & "
Eppes u e 43 S05elTt AT vl € M) o Bl 50
+ Density of States [B0] - Discussion
Background VASP + undetirable Using &ffuse biiis 6ts, mokiulls caliulation ghe coniistest
The dicowery of TTF-TCHQ Results HOMO-LUMO gaps of 1.1-1.5 e [~0.4 &4 for TTF-TCNO under
nerysal in 1973 demonsated [— Rhe sme conditions). Ovbital viuaskitons how 1haT the
Cocyanl ichieeing  Mighte The HOMO/UMO emarpies of the Newtral 0-A inclisting TFF-TONG. for 2 I dronter crbitals are corfned on TONGL uggesting Bmited
ehectrical canductivity than amy Pbemgzicn g petted I 512 Tha MLty P s oltala il (e ONOr-SIOEDION CoUDME SORCUMTY. On the Crytalioe fevel,
sevitnily  bhown el o1t candidtes demomi ate Lemcondutting properlies [band
Y L g F - = 3P <2 V], with 5349 showing the naewest gap (0066 #¥]
upeng Li T s B e e S _ e e
transler (CT] and the tormation of mined walence band due . & 1o further anshere band structure and DOS on the crystaline
te interacton between frootier orstsly of constRuent scalle, lolowed Dy ChMpe Aranspeet caloulons.
M h R l E 9 o B S compourds (HOMG/LUMO) alivey these insslators to --
echanical Engineering, B.S. o g ey, Ths oo pery s o
TIE-TONGL and Liter cbher syrithested cocryitall, fo the

Spring 2027 s of e ke et B o

oy, memory devieel, ed smsoen HWoweeves, The

NYU T d COURtkELY poasitie D-A COmBinations. starking modes snd
an On the unprediclabie changes in pooperty show periormance
of cocrystal han. yet 80 be opfimined (fagere 1). T belp
chorie this gag, we analysed the petential of novel B - ]
0 emerystiaby Shocasgh OFT Lations Figuee & Dy v o Cocrymal Caouiated roes Thees Bass et of TP Fapwnr & Vinsskaacions ol Fapetier Or b




\ Sustainability

Upgrading biomass to fuels and CO2 reduction using
designer 2-D transition metal nanocatalysts

Quantum dots (QDs) are semiconductor nanocrystals with size-tunable optical and electronic
properties. In this realm, silver telluride (Ag,Te) has been studied intensively in recent years
for its strong infrared absorption, narrow bandgap in the short-wave infrared region, and its
composition of relatively less toxic and abundant elements, making it attractive for scalable
photodetector and sensing applications. A key limitation of Ag>Te QDs is their high ion
migration, which leads to long-term degradation. To improve device stability, this project
explores core-shell structures synthesized via hot injection, using silver sulfide (AgS) or zinc
sulfide (ZnS) as protective shells. Following synthesis, the QDs undergo purification to
maintain colloidal stability and enable smooth film formation during deposition. Thin films are
fabricated through spin coating, and a solid-state ligand exchange process is implemented.
Device performance is evaluated through current-voltage measurements, comparing
response under illumination and dark conditions. Responsivity values were measured in mA/W
under illumination and FTIR/absorbance was used to observe bonding changes throughout
ligand exchange steps. Results showed that while core-shell designs improved stability, they
also introduced potential carrier transport barriers. This work focuses on optimizing shell
material and thickness to strike a balance between long-term durability and efficient carrier

mobility for infrared optoelectronic applications.

Project Supervisor Ayaskanta Sahu

Research Areas Sustainability
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PINKERTON LAB

Project Supervisor: Nathalie Pinkerton
Research Staff: Rachel Pollard

Steven Martinez

Chemical & Biomolecular Engineering, B.S.
Summer 2025
NYU Tandon

Natalia Arrus

Mechanical Engineering, B.S.
Fall 2025
NYU Tandon

Jacques Zacharie Thaddeus Ponce
Chemical & Biomolecular Engineering, B.S.
Spring 2027

NYU Tandon

Scholars Fellow
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A SPECIAL MESSAGE FROM THE

PROGRAM COORDINATORS

The Tandon Undergraduate Summer Research Program (UGSRP) was initiated at NYU
Tandon in 2007. Since 2011, the Office of Undergraduate Academics (UGA) has coordinated
the program, significantly expanding its reach and impact. We have grown from 60 student
participants to over 100, with this year having 129 participants! Our program includes a
diverse array of faculty and research projects from prestigious groups.

We have worked tirelessly to match students with the best-suited Project Supervisors and
Research Staff members, ensuring a fruitful experience and strong mentorship. In addition
to research, we have dedicated significant effort to providing academic, career, and
personal development seminars, lectures, workshops, and events. These initiatives are
designed to enhance students’ knowledge in their research areas and to inform them about
various professional opportunities and paths.

Our commitment to developing, maintaining, and continually enhancing this program
remains unwavering. We are immensely grateful to all who have joined and supported this
summer’s program, ensuring its seamless execution from start to finish. We congratulate all
student participants on a successful summer and hope everyone enjoyed the experience.

Sara-Lee Ramsawak Jen Piro Kat Arredondo

Assistant Dean of Undergraduate Director of Undergraduate Programs Manager of Undergraduate Programs
Academics & Global Engagement

Mohamed Asran Adelia Vavilchenkova Raffy Orbe

Global Opportunities Administrator UGA Undergraduate Assistant UGA Graduate Assistant
UGSRP Booklet Designer UGSRP Application Developer
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	Cybersecurity & Wireless
	Detection of Hidden 4G/5G Cellular Tracking and Surveillance Devices
	Vehicles have become one of the most common tools for cyberstalking, with perpetrators frequently using hidden cellular GPS devices to track and monitor victims. An initial study developed a tinySA-based device equipped with a novel algorithm capable of detecting potential hidden trackers. Expanding this groundwork, the current study aims to design and evaluate a mobile application that connects to the tinySA device and alerts users to the presence of suspected GPS tracking devices. As the study involves human subjects, it is currently pending IRB approval.
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	Computer Engineering, B.S.
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	Cybersecurity
	Securing git repositories with gittuf
	Project Supervisor
	Research Areas
	Research Staff
	Justin Cappos
	Cybersecurity
	Patrick Zielinski
	Isabel Ayres


	Cybersecurity
	WASM isolation
	Project Supervisor
	Research Areas
	Research Staff
	Justin Cappos
	Cybersecurity
	Nicholas Renner
	Runbin Yuan


	Cybersecurity
	Integrating 3i into Lind for Linux and Intel SGX
	Lind is a single‑process sandbox that partitions one host process into discrete cages, letting several applications execute in isolation while the OS still observes a single process. The Inter‑Cage Interposition Interface (3i) installs a per‑cage syscall jump table and funnels each system or RPC call through a user‑space grate that may inspect, transform, or fully service the request before it touches the kernel. This lightweight indirection affords fine‑grained, low‑latency control—enabling selective tracing, pluggable file‑system modules, and security filters—without altering privileged kernel code; consequently, new functionality can be added modularly. This project refactors the legacy rawposix layer to support multiple jump target types—grates and regular user‑space libraries—and evaluates the lind-wasm with 3i enabled inside Intel SGX as well as its performance on mainstream Linux under normal conditions and server environments.
	Project Supervisor
	Research Areas
	Research Staff
	Justin Cappos
	Cybersecurity
	Nicholas Renner
	Xuhang He


	Cybersecurity
	USA-India International Research Experience for Students (IRES) in Digital Manufacturing - 2025
	This research program applied design thinking and mechanical prototyping to develop three innovative products. Lens Assist was engineered using CAD modeling and SLA 3D printing to create a compact, ergonomic tool enabling safe insertion and removal of contact lenses for individuals with limited dexterity. The modern luggage system was constructed with lightweight polymer composites and aluminum framing, featuring modular compartments, load-distribution testing, and durability analysis to improve mobility and reduce strain. The ergonomic posture sensor integrated MEMS accelerometers, microcontrollers, and a Bluetooth module within a 3D-printed housing to detect spinal alignment and provide real-time feedback. Each prototype advanced through user research, digital simulation, and iterative prototyping, combining materials science, electronics integration, and human-centered design. The program demonstrated how interdisciplinary methods can be used to generate functional, scalable solutions addressing health, mobility, and accessibility challenges.
	Project Supervisor
	Research Areas
	Research Staff
	Ramesh Karri
	Cybersecurity
	Caleb Beckwith

	Mihir Parcha
	Sanjana Shah
	Sarah Lenzi


	Cybersecurity
	Large Language Models for Network Security
	Deep Reinforcement Learning (DRL) has demonstrated its potential across diverse domains, from robotics to cyber defense. Yet DRL agents based on neural networks are inherently opaque, making it difficult to interpret or verify the reasoning behind each decision. Additional challenges—such as sample inefficiency, sparse rewards, training instability, and limited integration of domain knowledge—further restrict their practical effectiveness. In multi-agent environments especially, DRL agents often fail to generalize to deceptive adversaries that were not encountered during training. Meanwhile, recent advances in large language models (LLMs) have shown that they can perform sophisticated reasoning tasks, including elements of theory of mind—the ability to infer hidden motives and intentions. This capability is crucial for understanding and responding to deceptive opponents. Building on this insight, this research investigates combining DRL agents with LLM-based reasoning to enhance their ability to interpret and adapt to deceptive strategies. This work aims to demonstrate the effectiveness of LLMs in improving the robustness of DRL agents against previously unseen forms of deception.
	Project Supervisor
	Research Areas
	Quanyan Zhu
	Cybersecurity
	Minjun Kang
	NYU-KAIST



	Data Science, AI & Robotics
	Data Science, AI & Robotics
	VIP Robotics Project
	Autonomous Underwater Vehicles (AUVs) have implications for ocean exploration, research, and industry. Through this project, we created an interactive website that educates the public about AUVs and showcases recent advancements with Kelpie, the NYU VIP RoboSub AUV. Our platform aims to demystify complex concepts related to AUV purpose, autonomy, and performance through dynamic visualizations, simulations, and interactive modules. We provide an accessible and engaging learning environment to inspire the next generation of engineers and scientists to pursue careers in marine robotics.
	Project Supervisor
	Research Areas
	Jason Röhr
	Data Science, AI & Robotics
	Alaa Alhulwah


	Data Science, AI & Robotics
	Physical AI: an AI Agent in Robotic Applications
	This research explores the application of Digital Twin (DT) technology, integrated with NVIDIA Isaac Sim, to enhance the control and performance of robotic arms in automated parcel sorting systems. By creating a high-fidelity virtual replica of the physical robotic arm and its workspace, we leverage real-time simulation, sensor data fusion, and reinforcement learning to optimize object classification, grasping, and placement based on the previous research on robotic arms. Our approach enables predictive maintenance, dynamic path planning, and adaptive manipulation for diverse package types while reducing operational downtime.This research explores the application of Digital Twin (DT) technology, integrated with NVIDIA Isaac Sim, to enhance the control and performance of robotic arms in automated parcel sorting systems. By creating a high-fidelity virtual replica of the physical robotic arm and its workspace, we leverage real-time simulation, sensor data fusion, and reinforcement learning to optimize object classification, grasping, and placement. Our approach enables predictive maintenance, dynamic path planning, and adaptive manipulation for diverse package types while reducing operational downtime.
	Project Supervisor
	Research Areas
	Rui Li
	Data Science, AI & Robotics
	Yuchen Hu


	Data Science, AI & Robotics
	Physical AI: an AI Agent in Robotic Applications
	This project explores the development of a robust and scalable robotic waste sorting system powered by digital twins, large language models (LLMs), and computer vision. Building on previous work that integrated YOLOv7-Tiny and GPT-based classification within a simulated Isaac Sim environment, we focused this term on enabling key infrastructure upgrades for future deployment. Progress includes expanding remote control from 3 to 5 robotic arms, replacing the default gripper with a more reliable alternative both in simulation and on hardware, and setting up a remote monitoring camera for real-time observation. We migrated our Isaac Sim scenes to NYU’s HPC cluster to support collaborative testing and scene sharing. Meanwhile, we began integrating YOLOv8 and exploring Jetson Nano deployment, alongside initial trials of CAD-to-text workflows for synthetic data generation. Work also began on adding depth camera support and incorporating a physically installed conveyor belt into the full system pipeline. These upgrades lay the groundwork for improved performance, greater adaptability, and eventual full-system autonomy in dynamic real-world environments.
	Project Supervisor
	Research Areas
	Rui Li
	Data Science, AI & Robotics
	Minnie Zhang


	Data Science, AI & Robotics
	Large Language Models for Multi-Agent Games
	Autonomous Underwater Vehicles (AUVs) have implications for ocean exploration, research, and industry. Through this project, we created an interactive website that educates the public about AUVs and showcases recent advancements with Kelpie, the NYU VIP RoboSub AUV. Our platform aims to demystify complex concepts related to AUV purpose, autonomy, and performance through dynamic visualizations, simulations, and interactive modules. We provide an accessible and engaging learning environment to inspire the next generation of engineers and scientists to pursue careers in marine robotics.
	Project Supervisor
	Research Areas
	Quanyan Zhu
	Data Science, AI & Robotics
	Charley Huang


	Data Science, AI & Robotics
	Design of an Experimental Setup to Understand Social Networks in Ants
	Over the past several decades, research on collective behavior has revealed how colony-level dynamics can emerge from local interactions. Yet, many experimental systems remain limited in scope, often relying on uniform environments that restrict both the scale and complexity of long-term observation. Here, we introduce a highly modular two-dimensional nest system designed to overcome these limitations. The setup combines precision engineering with flexible fabrication methods – including 3D printing, laser cutting, and cast components – to produce tightly fitting, reconfigurable modules. This approach allows for both short- and long-term experiments, while enabling systematic variation of spatial structure and environmental complexity. By integrating continuous video monitoring with interchangeable architectural features, the system supports detailed study of distribution patterns, temporal rhythms, and other facets of collective organization. In doing so, it provides a versatile experimental platform that bridges the gap between constrained laboratory arenas and the broader ecological contexts in which collective behaviors evolve.
	Project Supervisor
	Research Areas
	Research Staff
	Maurizio Porfiri
	Data Science, AI & Robotics
	Michael Napoli
	Darryl Linardi


	Data Science, AI & Robotics
	Retrieval-Augmented Generation
	Natural Language Generation (NLG) focuses on generating relevant text in response to a provided context, but pure generative models are prone to hallucinations when requiring knowledge outside their training set. Retrieval-Augmented Generation (RAG) combines a retrieval mechanism, designed to surface relevant information from an external source, with the generation module to ground the resulting outputs. This project seeks to explore a novel hybrid retrieval pipeline for RAG systems, using entities extracted from the query as inputs to a traditional sparse retrieval method such as BM25 and fusing the result with the output from a dense retrieval model. When tested on the MS MARCO V2.1 dataset, this novel retrieval pipeline managed similar performance to a standard hybrid retrieval pipeline, while avoiding the costs associated with corpus entity extraction.
	Project Supervisor
	Research Areas
	Torsten Suel
	Data Science, AI & Robotics
	David Zeng


	Data Science, AI & Robotics
	Improving Approximate Nearest Neighbor Algorithms for High Dimensions
	Project Supervisor
	Research Areas
	Torsten Suel
	Data Science, AI & Robotics
	Nelson Jiang
	Mathematics, B.S.
	Spring 2027
	NYU Tandon



	Data Science, AI & Robotics
	Sparse Learned Index Structures for Future Search Architectures
	Information retrieval seeks to identify and return the most relevant passages or documents in response to a user’s query. To address vocabulary mismatch problem that occur in traditional methods, neural reranking techniques based on models like BERT have enabled semantic search by assigning relevance scores to candidate documents. Within this paradigm, two principal architectures have emerged: dense models, which encode queries and documents into compact, low‑dimensional embeddings and measure their similarity; and sparse models, which represent texts as high‑dimensional sparse vectors where nonzero entries reflect term‑specific relevance scores. In this work, we build upon DeeperImpact, a sparse retrieval framework, by improving the runtime for term generation and incorporating dense + sparse joint training pipeline. Instead of generation by Llama2, we use Llama3 as a decoder only model to predict probability over the entire vocabulary space, greatly reducing expansion time. Meanwhile the added dense model encaptures more semantic information, further mitigating the exact match problem.
	Project Supervisor
	Research Areas
	Torsten Suel
	Data Science, AI & Robotics
	Yuxiang Xue


	Data Science, AI & Robotics
	Algorithms for Stochastic Test Ordering Problems
	Project Supervisor
	Research Areas
	Lisa Hellerstein
	Data Science, AI & Robotics
	Evan Brody
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	AI-Driven Structural Optimization: Enhancing Design Efficiency and Performance
	Project Supervisor
	Research Areas
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	Data Science, AI & Robotics
	Robot Energy Consumption: From Electrical to Mechanical
	Project Supervisor
	Research Areas
	Research Staff
	Joo H. Kim
	Data Science, AI & Robotics
	Sameer Upadhye, Sam Bodmer
	Jonathan Shan


	Data Science, AI & Robotics
	Robot Balance and Gait: Modeling, Control, and Experiments
	In this work, we use MuJoCo, a high-fidelity physics simulator used to model complex, multi-joint robot articulation, to explore and optimize gait using reward shaping of reinforcement learning algorithms. The work focuses on the Robotis OP3 model, which is a biped robot commonly used for studying locomotion and prototyping human-like gait in simulation. To train the model, we use an on-policy reinforcement learned critic which simulates episodes under a policy and optimizes the policy for future simulations using a multi-layered perceptron structure. To encourage a more complex and stable gait, a multi-layered staged reward curriculum is used that develops a fundamental understanding and then shifts focus from encouraging forward motion to refining stability and clean alternation. We then use a stable policy learning pipeline and explore how modulating the reward structure weights can influence various aspects of gait development, such as energy consumption and gait stability via Lyapunov exponents. By comparing gait characteristics across a range of modulated rewards schemes, we seek to gain insight on how shaping can impact biped gait learned locomotion.
	Project Supervisor
	Research Areas
	Research Staff
	Joo H. Kim
	Data Science, AI & Robotics
	Sameer Upadhye & Sam Bodmer
	Samarth Pusegaonkar


	Data Science, AI & Robotics
	Modeling and improving fairness in criminal justice decisions
	Project Supervisor
	Research Areas
	Daniel Neill
	Data Science, AI & Robotics
	Ryan Zhang


	Data Science, AI & Robotics
	Can queuing theory help us design low-latency systems for machine learning inference?
	Users of machine learning systems have little patience when waiting for inference results. Therefore, the designers of these systems need to carefully plan deployments to minimize latency (delay). Unfortunately, it's not always clear how a deployment will respond under realistic heavy load patterns, when inference requests may need to wait in a queue before being served. To address this, we investigate whether analytical models from queuing theory can accurately characterize the latency of machine learning inference systems that use dynamic batching, under various load conditions. We hope our findings will inform future work on scheduling inference jobs and deploying machine learning systems more effectively, ultimately improving performance at scale.
	Project Supervisor
	Research Areas
	Shivendra Panwar & Fraida Fund
	Data Science, AI & Robotics
	Sofia Papathanasiou


	Data Science, AI & Robotics
	ALCNet: Axis-Separable Convolutions over Attention Tensors for Expressive Text Classification
	Project Supervisor
	Research Areas
	Alexander Landfair
	Data Science, AI & Robotics
	Srinivas Harish


	Data Science, AI & Robotics
	Examining emerging fire risk in New York City using the FDNY Incident database
	Project Supervisor
	Research Areas
	Augustin Guibaud
	Data Science, AI & Robotics
	Tejas Siddaramaiah


	Data Science, AI & Robotics
	Web-based Platform for Dynamic Mechanical Analysis Data Acquirement and Machine Learning Model Design
	Project Supervisor
	Research Areas
	Research Staff
	Nikhil Gupta
	Data Science, AI & Robotics
	Caleb Beckwith & Jiangce Chen
	William Abraham


	Data Science, AI & Robotics
	Developing an AI-Enabled Digital Twin to Enhance Situational Awareness for Urban Mobility and Safety
	Urban road networks facilitate transportation but also pose significant safety challenges, especially in large cities like New York. Previous research on emergency traffic accident response has primarily focused on two-dimensional route planning and mathematical models. This study advances the field by constructing a 1:1 scale 3D model of Flatbush Avenue in Brooklyn to simulate post-accident scenarios, incorporating real-world terrain for optimal rescue resource allocation and vehicle evacuation. Utilizing Unreal Engine for map development and CARLA Simulator for vehicle dynamics, our approach maximizes realism. The map focuses on the neighborhood around the intersection of Flatbush Avenue and Kings Highway, replicating buildings and parking lots along the roads. Future research could explore efficient 3D mapping techniques, such as prioritizing key features like building dimensions and parking lot presence, to streamline the modeling process.
	Project Supervisor
	Research Areas
	Research Staff
	Kaan Ozbay
	Data Science, AI & Robotics
	Jingqin Gao & Zilin Bian
	Yi Cui


	Emerging Media
	Emerging Media
	Metaverse for Education
	Project Supervisor
	Research Areas
	Dzung Luong
	Emerging Media
	Anthony Huanca
	Mechanical Engineering, B.S.
	Spring 2026
	NYU Tandon
	Irika Aggarwal
	Computer Science, B.S.
	Spring 2027
	NYU Tandon



	Emerging Media
	Wearable Electronics for Learning
	Creative computing learning environments play a crucial role in sparking young learners' interest in STEM fields while fostering inclusivity in historically underrepresented groups within STEM. However, bridging the gap between STEM and creative expression can be difficult given lack of interdisciplinary tools and curriculum. Our research involves the making of a website, the “Creative Computing Cookbook”, that includes “recipes” of detailed examples students can follow for computing arts projects like wearable dance performances and interactive storytelling props. We also create electronics toolkits that use a plug-and-play solderless system for fast prototyping and ease of use distributed to students in 2 educational non-profits, STEM from Dance and the Community Word Project. By working closely with instructors and students over the course of these programs, we sought to understand how students use and iterate upon our digital and physical designs through the Cookbook and toolkits.
	Project Supervisor
	Research Areas
	Kathleen McDermott
	Emerging Media
	Mathew Ponon
	Vivian Teo


	Emerging Media
	Point cloud video processing
	Project Supervisor
	Research Areas
	Research Staff
	Yao Wang
	Emerging Media
	Ran Gong
	Mingjian Li
	Shihang Wei


	Emerging Media
	C.A.S.S.A.N.D.R.A. (Compassionate and Altruistic Semi-Sentient Assistant and Negotiator of Dreams, Rationality, and Aspiration)
	Project Supervisor
	Research Areas
	Carla Gannis
	Emerging Media
	Sohini Paul
	Integrated Design & Media, B.S.
	Fall 2025
	NYU Tandon



	Urban
	Urban
	VR-based co-simulation to improve work zone safety
	The growing complexity of urban traffic systems combined with rising concerns around road safety has prompted the need for better tools to study how drivers respond to infrastructural cues in dynamic environments. Traditional traffic simulations often fail to capture the sensory realism needed to evaluate driver behavior with accuracy, especially under variable, real-world conditions. This project presents a VR-based research tool, built in Unreal Engine and CARLA, that simulates immersive driving environments for behavioral analysis. The system incorporates spatialized audio and immersive driving environments, utilizing MetaQuest 3 Virtual reality technology and LogiTech G920 Driving Simulator, allowing for analysis of both driver and worker behavior in workzone traffic areas. By observing behaviors that could potentially pose risks for drivers and construction worker safety in these environments, this tool aims to improve experimental control and data collection in driving studies, ultimately informing safe infrastructure design and smarter urban planning.
	Project Supervisor
	Research Areas
	Semiha Ergan
	Urban
	Adel Nasrallah


	Urban
	Assessing the Socio-Economic Impacts of Coastal Flooding and Strategies for Sustainable Adaptation
	Coastal flooding presents an increasingly persistent challenge for many communities, with impacts that go beyond physical damage to affect social and economic well-being. This research examines how such impacts are experienced differently across coastal areas, depending on factors like income, education, and social connectedness. While the study takes a broad view of coastal vulnerability, qualitative interviews conducted in New York City neighborhoods such as, Red Hook and Hamilton Beach, offer specific insight into how these issues unfold at the community level. Through the use of spatial data, demographic analysis, and national social network metrics, the project investigates how structural inequalities can intensify flood risk, while strong local ties can support resilience. These findings help understand to the importance of developing adaptation strategies that are both environmentally sustainable and socially equitable, especially for communities that face the greatest risks and fewest resources.
	Project Supervisor
	Research Areas
	Research Staff
	Maurizio Porfiri
	Urban
	Ines Pacheco Figueira
	Ayush Sarkar


	Urban
	Analyzing the Impact of Congestion Pricing on Urban Mobility Using Data Analytics and AI-Based Computer Vision Techniques
	Project Supervisor
	Research Areas
	Research Staff
	Kaan Ozbay
	Urban
	Jingqin Gao, Fan Zuo

	Haoxuan Wang
	Computer Science, B.S.
	Spring 2026
	NYU Tandon


	Urban
	Understanding how opportunities for in-person encounters could lead to social interactions in NYC public spaces
	Project Supervisors
	Research Areas
	Graham Dove, Takahiro Yabe
	Urban
	Ian Fiterman


	Urban
	Measuring the disaster resilience of local businesses
	Project Supervisor
	Research Areas
	Takahiro Yabe
	Urban

	Kristen Li

	Urban
	Deep Learning based Urban Building Façade Inspections
	Project Supervisor
	Research Areas
	Semiha Ergan
	Urban
	Nilay Dey


	Urban
	Visualize noise and air quality data for environmental justice advocacy
	This study explores the economic impacts of the ongoing demolition and construction of the borough-based jail in Manhattan’s Chinatown. The project has raised widespread concern over its long-term environmental and economic impacts on local businesses, neighborhood stability, and public health. This research combines thematic analysis of community interviews with on-site observations and documentations to examine the impact of prolonged construction on street-facing businesses and daily life. It offers a human-centered view of how environmental disruption intersects with economic vulnerability in historically marginalized neighborhoods. The findings support community-led advocacy for more transparent, inclusive, and equitable urban planning.
	Project Supervisor
	Research Areas
	Graham Dove
	Urban
	Nitsaa Tayal


	Wireless
	Wireless
	Pushing the limits of ultra low latency communications
	L4S (Low Latency, Low Loss, Scalable Throughput) is a proposed Internet standard that promises to deliver network traffic with extremely low latency (delay) in controlled settings. However, a major limitation of L4S is that outside of a tightly controlled "L4S-compatible" environment, it does not have any mechanism to protect low latency flows from the delay caused by non-L4S flows. This means that if you try to use L4S for latency sensitive applications like live gaming, you may lose out on its benefits because your network traffic passes through "non-L4S-compatible" parts of the Internet along the way. To address this, we propose an approach using existing well-supported protocols, SRv6 within a service provider's network and BGP between different providers' networks, to steer L4S traffic along "L4S-compatible" paths. With this solution, L4S can be more widely implemented, delivering its low latency benefits across a wide range of networked services and applications.
	Project Supervisor
	Research Areas
	Shivendra Panwar, Fraida Fund
	Wireless
	Harkirat Singh


	Wireless
	Design and Fabrication of Undersea Meta-Antenna
	Project Supervisor
	Research Areas
	Research Staff
	Nikhil Gupta
	Wireless
	Caleb Beckwith, Jiangce Chen, Susheem Kanwar
	Jury Alrumaihi
	Mechanical Engineering, B.S.
	Spring 2027
	NYU Tandon



	Wireless
	Realtime Network Quality-of-Service (QoS) Measurement and Prediction
	Bandwidth prediction is essential for ensuring Quality of Service (QoS) in adaptive media streaming, congestion control, and routing. This study evaluates four machine learning models using the Microsoft Emulator Trace dataset to predict network bandwidth under varying conditions.
	We compare traditional sequence models (Vanilla LSTM, LSTM with Attention, Transformer) with two state-of-the-art offline reinforcement learning models (Schaferct and FARC) to determine optimal prediction strategies for emulated network environments.
	Project Supervisor
	Research Areas
	Yong Liu
	Wireless
	Sophie Lin


	Health
	Health
	Bio-inspired Capsular Robot for Medical Applications
	Project Supervisor
	Research Areas
	Rui Li
	Health
	Ahmad Hassan
	Miki Guo
	Darren Lin
	Dongming Piao


	Health
	Studying light-induced crystallization using microfluidic devices
	Project Supervisor
	Research Areas
	Research Staff
	Bruce Garetz, Ryan Hartman
	Health
	Kelechi Ndukwe-Ajala
	Aiden Guo


	Health
	Novel photonic materials for X-ray detection and cancer imaging
	Project Supervisor
	Research Areas
	Ayaskanta Sahu
	Health
	Andrew Kim
	Chemical and Biomolecular Engineering, B.S.
	Spring 2026
	NYU Tandon



	Health
	Magnetic-Polymer-Ceramic Smart Scaffolds for Enhanced Bone Regeneration, Controlled Drug Delivery and Magnetic Hyperthermia
	Project Supervisor
	Research Areas
	Research Staff
	Nikhil Gupta
	Health
	Caleb Beckwith, Jiangce Chen

	Andrew Park
	Mechanical Engineering, B.S.
	Fall 2026
	NYU Tandon



	Health
	Biosensor project
	Project Supervisor
	Research Areas
	Research Staff
	Davood Shahrjerdi
	Health
	Hashem Nasralla
	Bao Nguyen


	Health
	16S Metagenomics sequencing studies
	Project Supervisor
	Research Areas
	Nikita Grigoryev
	Health
	Joshua Alfano


	Health
	16S Metagenomics sequencing studies
	Project Supervisor
	Research Areas
	Nikita Grigoryev, Richard A Stein
	Health
	Cayden Auyeung
	Anna Huang
	Marie Toure
	Tenzin Kunsel


	Health
	Koala Endogenous Retroviruses: A Glimpse Into The World 60 Million Years Ago?
	Project Supervisor
	Research Areas
	Richard A Stein, Nikita Grigoryev
	Health

	Celia Meunier
	Biomolecular Science, B.S.
	Spring 2027
	NYU Tandon
	Thompson-Bartlett Fellow

	Cristiana Pintea
	Biomolecular Science, B.S.
	Spring 2027
	NYU Tandon

	Tenzin Kunsel
	Biomolecular Science, B.S.
	Spring 2026
	NYU Tandon



	Health
	Characterization of chemotherapy induced cardiotoxicity
	Project Supervisor
	Research Areas
	Research Staff
	Irene de Lazaro
	Health
	Ivan Pinos
	Chaemin Lee


	Health
	Bioengineering Lymph node-on a Chip for Modeling Human Adaptive Immune Responses and Vaccine Evaluation (AHA Fellowship Project)
	Project Supervisor
	Research Areas
	Weiqiang Chen
	Health
	Cristiana Pintea


	Health
	NYU iGEM
	Project Supervisor
	Research Areas
	Jin Ryoun Kim
	Health
	Elaine Jin
	Eric Dong
	Jamie Inzerillo
	Jing Hu
	Natalie Nylaende
	Yangkun Xu


	Health
	Engineering Lymph Node Targeting Cytokines for the Treatment of Autoimmune Diseases
	Project Supervisor
	Research Areas
	Research Staff
	Jeffrey Hubbell
	Health
	Erica Budina

	Grace Liu
	Biomolecular Science, B.S.
	Spring 2026
	NYU Tandon

	Richard Zhang
	Global Public Health and Biology, B.S.
	Spring 2027
	NYU CAS


	Health
	Nanomedicines for Pain
	Project Supervisor
	Research Areas
	Research Staff
	Nathalie Pinkerton
	Health
	Rachel Pollard

	Jacques Zacharie Thaddeus Ponce
	Chemical & Biomolecular Engineering, B.S.
	Spring 2027
	NYU Tandon
	Scholars Fellow


	Health
	Spatial-temporal digital ELISA for cytokine detection (AHA Fellowship Project)
	Project Supervisor
	Research Areas
	Research Staff
	Katsuo Kurabayashi
	Health
	Yujing Song


	Jessie Huang
	Biomedical Engineering, B.S.
	Spring 2027
	Columbia University
	Visiting Student/AHA Fellow


	Health
	Soft actuators for Rehabilitation
	This study investigates the possibilities for a hydraulically actuated exoskeleton, evaluated through simulation models and practical implementations. The actuator was designed on CAD software and shaped from plastic film using a 3D printer program. The actuators demonstrated up to 180 degree bending with no load and 90 degree bending with 3.1 g loading. The actuators also were able to lift 6.2 g. Computational fluid dynamics (CFD) and Finite element analysis (FEA) were used to simulate pressure and velocity throughout the fluid volume for our desired geometries. This study establishes a proof-of-concept for channeled hydraulic actuators, determining optimal geometries and using novel manufacturing methods to establish repeatability. This research shows exciting promise for the future of rehabilitative medicine.
	Project Supervisor
	Research Areas
	Rui Li
	Health
	Ayesa Siddeky
	Kodi Kim
	Nyaem Mostafa
	Tasnia Rafa


	Health
	Analysis of health data to infer long COVID outcomes
	Project Supervisor
	Research Areas
	Research Staff
	Rose Faghih
	Health
	Vidya Raju
	Zyad Bougerfaoui


	Health
	Monoallelic HLA cell lines for downstream PC-CAR T cell assaying
	Project Supervisor
	Research Areas
	Mark Yarmarkovich
	Health
	Malinda Qian



	Health
	Developing a Novel Phage Platform to Target Solid Tumors
	Project Supervisor
	Research Areas
	Mark Yarmarkovich
	Health
	Steffani Rajapaksha


	Health
	Augmenting Stem Cells with Synthetic Gene Circuitry
	Project Supervisor
	Research Areas
	Research Staff
	David Truong
	Health
	Sumanth Dara, Susanna Jaramillo
	Sabina Phanova
	Chemical and Biomolecular Engineering, B.S.
	Spring 2026
	NYU Tandon

	Darin Kim
	Biomolecular Science, B.S.
	Spring 2027
	Brown University
	Visiting Student Fellow




	Health
	Develop an experience sampling app for healthcare research
	Tracking daily activities is a widely recommended practice, particularly for individuals managing chronic illnesses. While existing literature supports its benefits, there is little consensus on the most effective methods. This research aims to delve deeper into the method of experience sampling(ESM) to better understand the current advantages and disadvantages. To do so, we reviewed literature and tested existing applications that aim to solve similar problems. After doing so, we found what existing solutions are offered and how they can benefit people living with chronic conditions. These findings are then analyzed and applied into a prototyped application that uses Near Field Communication(NFC) tags and Apple Shortcuts to create a widget dashboard.
	Project Supervisor
	Research Areas
	Graham Dove
	Health
	Mandy Li


	Health
	Cardiomyocyte Reprogramming (AHA Fellowship Project)
	Project Supervisor
	Research Areas
	Research Staff
	Irene de Lazaro
	Health
	Ivan Pinos

	Reeda Rashid
	Biomolecular Science, B.S.
	Spring 2028
	NYU Tandon
	AHA Fellow


	Health
	Biomimetic hydrogels for in vitro melanoma models
	Project Supervisor
	Research Areas
	Research Staff
	Irene de Lazaro
	Health
	Tristan Timog
	Sabriye Yilmaz
	Chemical and Biomolecular Engineering, B.S.
	Spring 2026
	Rowan University
	Visiting Student Fellow



	Health
	Enzymatic Synthesis of Furan-Based Polymers
	Project Supervisor
	Research Areas
	Research Staff
	Jin Montclare
	Health
	Megh Bhatt
	Stanley Yang


	Health
	Engineered Proteins for Targeted Drug Delivery in HER2+ Breast Cancer
	Project Supervisor
	Research Areas
	Research Staff
	Jin Montclare
	Health
	Jonathan Sun
	Naomi Crook
	Biomolecular Science, B.S.
	Spring 2027
	NYU Tandon
	Thompson-Bartlett Fellow



	Health
	Effects of environmental lighting, colors and materials on indoor navigation of persons with visual impairment in virtual reality
	Navigating indoor environments poses ongoing challenges for individuals with visual impairments (VI), particularly in low contrast settings where environmental features become ambiguous. While inclusive design seeks to address accessibility, it often fails to account for how subtle environmental variables such as lighting, color contrast, and material texture affect spatial perception. This study introduces a virtual reality-based framework to systematically examine the impact of these design elements on navigation performance under simulated diabetic retinopathy. Through controlled manipulations of visual features in a virtual grocery environment, and by measuring task efficiency, movement patterns, and collision rates alongside user-reported legibility, we aim to surface insights into how environmental features shape navigational experience. The findings are intended to inform more responsive, evidence-based approaches to designing inclusive indoor spaces.
	Project Supervisor
	Research Areas
	Research Staff
	Maurizio Porfiri
	Health
	Fabiana Sofia Ricci, John-Ross Rizzo
	Rocell Trinidad


	Health
	Light-Responsive Nanomedicines for Precise Immunoncology
	Project Supervisor
	Research Areas
	Nathalie Pinkerton
	Health
	Steven Martinez


	Health
	Fundamentals of the Sequential NanoPrecipitation (SNaP) Process
	Project Supervisor
	Research Areas
	Nathalie Pinkerton
	Health
	Natalia Arrus



	Health
	Magnetic-Polymer-Ceramic Smart Scaffolds for Enhanced Bone Regeneration, Controlled Drug Delivery and Magnetic Hyperthermia
	Project Supervisor
	Research Areas
	Research Staff
	Nikhil Gupta
	Health
	Caleb Beckwith, Jiangce Chen
	Andrew Park
	Mechanical Engineering, B.S.
	Fall 2026
	NYU Tandon




	Health
	CRISPR for disease modeling
	The melanoma-associated antigen D4 (MAGED4) gene is an overexpressed prognostic marker for glioblastoma. Utilizing CRISPR/Cas9 genome editing technology, a functional knockout can be performed on the MAGED4 gene in U-87 glioblastoma cells to observe the effects of eliminating its pre-existent overexpression. This is completed through transfection of the cells with the Cas9 endonuclease and guide RNAs using lipofectamine. Following transfection, the non-homologous end joining pathway is naturally activated within the cells to repair the cuts made by the endonuclease in the genomic DNA, an imperfect process that introduces errors, leading to the targeted knockout of functional expression of the gene.
	Project Supervisor
	Research Areas
	Nikita Grigoryev
	Health
	Nissabelle Rianom


	Health
	Regulation of shape and growth in microorganisms
	Project Supervisor
	Research Areas
	Paola Bardetti
	Health
	Tenzin Kunsel
	Yettie Jung


	Health
	Microengineering 3D vascularized Cancer-on-a-Chip models for cancer immunotherapy study (AHA Fellowship Project)
	Organ-on-a-chip technology has emerged as a powerful platform for modeling pancreatic ductal adenocarcinoma (PDAC), enabling precise recreation of the tumor microenvironment and facilitating physiologically relevant studies of cancer progression and drug response. In this project, we developed an AI-driven model to classify treatment responses based on features extracted from PDAC organoid-on-a-chip experiments. While most existing studies rely solely on trajectory-based data for prediction, our approach integrates both morphological and trajectory data at
	the single-cell level, extracted from time-lapsed microscopy sequences. Given the spatiotemporal nature of morphological features, we employed a hybrid model combining convolutional and long short-term memory (LSTM) networks to capture dynamic cell morphology, while trajectory-level data were analyzed using a multilayer perceptron (MLP). The outputs were fused through a final linear regression layer. Our results demonstrate that the model effectively distinguishes between responsive, stable, and non-responsive drug treatments, with trajectory data contributing more significantly to predictive performance than morphological features.
	Project Supervisor
	Research Areas
	Weiqiang Chen
	Health
	Yifei Hu


	Health
	2025 Weiqiang Chen 3 - Exploring the CAR T-cell Mechanoimmunology with Novel Engineered Micromechanical Tools
	Project Supervisor
	Research Areas
	Weiqiang Chen
	Health
	Peter Wang



	Health
	ECoG Daily Speech Encoding with mTRF: A Pipeline for Sentence‑Level Modeling of Natural Conversation
	Project Supervisor
	Research Areas
	Yao Wang
	Health
	Yuqi Li
	NYU CAS



	Sustainability
	Sustainability
	Nanoparticle Catalysts for CO 2 Electrolysis using Flash Joule Heating
	Flash Joule Heating (FJH) is a way that compounds can be synthesized quickly, it can synthesize the desired compound in a matter of seconds and is amorphous. Metal–Organic Frameworks (MOFs) are porous materials with high surface area and structural tunability. In this experiment, we synthesized a MOF: Cu-BTC and fabricated its derived form through FJH treatment and exhibits outstanding catalytic efficiency in CO₂RR establishing it as a potential catalyst for future applications. Compared to the pristine MOFs, the derived MOFs show increased porosity and more accessible active sites, making them more effective for CO₂ reduction reactions.
	Project Supervisor
	Research Areas
	Research Staff
	André D. Taylor
	Sustainability
	Nathan Makowski
	Qiyun Yang


	Sustainability
	Cathode Design for Enhanced Battery Performance
	Polytetrafluoroethylene (PTFE) is difficult to recycle due to its chemical stability and often produces toxic byproducts like per- and polyfluoroalkyl substances (PFAS). We demonstrate a solid-state method to upcycle PTFE waste into sodium fluoride (NaF) using flash Joule heating (FJH)—a rapid, solvent-free, high-temperature process. Sodium oxalate captures fluorine and aids carbon reduction, while a carbon additive improves conductivity. Two reactor designs were tested; a carbon felt setup enabled realtime GC-MS monitoring. Optimal power settings enabled a good defluorination without forming PFAS or volatile fluorocarbons. XRD confirmed complete conversion to crystalline NaF, and GC-MS verified byproduct safety. This energyefficient method provides a scalable and safe approach to PTFE recycling, offering a sustainable alternative to current disposal practices.
	Project Supervisor
	Research Areas
	Research Staff
	André D. Taylor
	Sustainability
	Yaxin Shen
	Alfonso Martinez Castro


	Sustainability
	Decay of microbial contaminants in water treatment and in the environment - environmental engineering
	Project Supervisor
	Research Areas
	Research Staff
	Andrea Silverman
	Sustainability
	Alma Rocha
	Tariro Gurudza
	Bioengineering, B.S.
	Spring 2026
	NYU Abu Dhabi

	Yashvi Rastogi
	Chemistry, B.S.
	Fall 2027
	NYU CAS




	Sustainability
	Infrared quantum dots to enable night vision
	Despite vast improvements in Large Language Model (LLM) performance across every domain of expertise, they remain insufficient in scientific settings which require exact accuracy. As researchers continue to lean towards LLMs for aid in their work, improving reliability is essential. Our aim is to develop a domain-specific LLM for metal-halide perovskite ionizing X-ray detectors to support progress in this budding topic of research. To accomplish this goal, we built a dataset of 24 papers pertaining to metal-halide perovskites to train our model. Additionally, 11 key characteristics were selected for the LLM to extract. The LLM is currently being fine-tuned on this dataset and will be evaluated for its extraction accuracy. These efforts aim to engineer a tool that will expedite scientific discovery in the emerging sub-field of metal-halide perovskites, as well as demonstrate a method by which to improve LLM accuracy.
	Project Supervisor
	Research Areas
	Ayaskanta Sahu
	Sustainability
	Aidan Edmondson


	Sustainability
	Quantum and Optical Experimental Projects
	Project Supervisor
	Research Areas
	David Mugglin
	Sustainability
	Hamza Hussain


	Sustainability
	Systematic assessment of fuel production and chemical industry decarbonization in the context of net-zero energy systems
	The U.S. currently produces over 16 billion gallons of ethanol from corn grain annually, primarily for blending into gasoline (E10) for reasons including domestic policy and sustainability. However, as one part of the transportation sector decarbonizes through electrification of light duty vehicles, gasoline—and thus ethanol—demand is expected to decline. This raises a critical question: what is the optimal disposition of existing corn ethanol in a decarbonized future? This study uses a multi-sector energy systems model to evaluate the roles of ethanol production, either via current methods or newer, lower-emissions processes, and ethanol upgrading processes into middle distillate fuels. We assess system-wide cost and emissions tradeoffs, such as those between retrofitting current ethanol production assets with carbon capture and choosing between ethanol upgrading pathways. By investigating the impacts of limited biomass and cross-sector impacts, we provide a systems level view relevant to making decisions about ethanol’s evolving role in the broader U.S. energy transition.
	Project Supervisor
	Research Areas
	Dharik S. Mallapragada
	Sustainability
	Abigail Cheng


	Sustainability
	Physical Vapor Deposition and Optical Characterization of Quantum Cutting materials for increasing solar cell efficiencies
	Project Supervisor
	Research Areas
	Research Staff
	Eray Aydil
	Sustainability
	Pulkita Jain
	Eric Tsang Xu
	Chemical and Biomolecular Engineering, B.S.
	Spring 2028
	NYU Tandon



	Sustainability
	Development of Hands-On Projects for First-Year Engineering Sudents
	Introduction to Engineering and Design, or EG 1004, is a foundational course that most freshmen at NYU Tandon School of Engineering take. This course provides students with an introduction to core engineering principles while promoting teamwork, communication, and professional development. However, as the course is taking in a larger number of students from different engineering backgrounds and interests, efforts are being made to overhaul the curriculum in order to accommodate the wider roster by reinforcing engineering fundamentals through redesigned lab activities and an enhanced focus on the Semester-Long Design Project (SLDP). A key goal of this effort is to support hands-on learning while standardizing instructional support across a large team of Teaching Assistants (TAs). The methods that are being utilized for curriculum development include updating lab and recitation modules to emphasize essential skills such as circuit design and programming, as well as developing detailed documentation and training materials for TAs. As part of the SLDP revitalization, a new sustainability-focused project was introduced, aligned with NYU’s sustainability goals and LEED (Leadership in Energy and Environmental Design) principles. This project focused on testing whether the sensors were compatible with Arduinos, usability, accuracy, and consistency. As for the lab and recitation components, lab activities were designed by meeting with professors to discuss learning objectives, developing activities, and running test groups among TAs. Additionally, work is being done to promote better research practices for students, particularly in learning how to investigate sources without leaning too much on AI, and developing hands-on workshops for students to have more in-depth knowledge of specific sensors before they get far into their projects. The curriculum development in its current state is proceeding smoothly, with most deadlines being met on the lab front. This curriculum overhaul strengthens the foundation of EG 1004 by combining structured support with real-world, interdisciplinary applications. Through both improved instructional systems and the integration of sustainability-focused design work, the course better equips students to tackle complex engineering challenges from the start of their academic careers.
	Project Supervisor
	Research Areas
	Research Staff
	Ingrid Paredes
	Sustainability
	Jason Röhr
	Vaughn Valle
	Varun Pandian
	Christina Li
	Claire Yu
	Fatihatul Tahrat




	Sustainability
	Investigating the Foundations and Challenges of Embedding Sustainability in Civil Engineering Education
	Sustainability has become a critical competency for engineers across disciplines. With the accelerating impacts of climate change, its integration into engineering education is more urgent than ever. Yet, undergraduate curricula—particularly in civil engineering—remain outdated, with sustainability often limited to environmental engineering programs or upper-level electives. This research investigates the awareness and perceptions of sustainability and resilience among civil engineering undergraduates, identifying gaps in knowledge and opportunities for earlier, more integrated exposure. Focusing on discipline-specific introductory courses and co-curricular activities, the study explores current efforts, barriers to implementation, and proposes a framework for embedding sustainability and resilience into early civil engineering education.
	Project Supervisor
	Research Areas
	Ingrid Paredes
	Sustainability
	Osalele Ohanmu


	Sustainability
	Integrating ESG into Engineering and Business Technology Curricula
	Project Supervisor
	Research Areas
	Ingrid Paredes
	Sustainability
	Zangyeon Park



	Sustainability
	Upcycling of waste plastics into valuable lubricants using catalytic slurry reactor
	Project Supervisor
	Research Areas
	Pavel Kots
	Sustainability
	Aderline Diaz Fernandez
	Alice Pan



	Sustainability
	Developing and Modeling the Instructional Pilot Plant for Chemical Engineering
	Project Supervisor
	Research Areas
	Xin Wang
	Sustainability
	Akinori Yamazaki


	Sustainability
	Developing Simulation Application for Instructional Heat Exchanger for Fluid Lab
	Simulation applications represent a convenient way to access multiphysics simulations, which comprehensively demonstrate the working principles of engineering devices. The focus of this research is to develop a COMSOL application for a shell-and-tube heat exchanger based on a previously developed COMSOL multiphysics simulation framework. The application will provide a straightforward simulation interface, making it easier for researchers and students to use and thereby fostering the learning process.
	Project Supervisor
	Research Areas
	Xin Wang
	Sustainability
	Yifei He


	Sustainability
	Development of Open-Source, Hands-On Tools for Climate Communication
	Lead contamination from aging water infrastructure remains a serious environmental justice issue, especially in historically marginalized communities. This project developed low-cost, at-home lead test kits and a mobile app to make water testing simple and accessible for non-experts. The app collects user-submitted results and displays them on a public map, offering real-time insight into local contamination patterns. Together, these tools create a scalable, communitydriven system for increasing water quality transparency and driving policy advocacy.
	Project Supervisor
	Research Areas
	Ingrid Paredes
	Sustainability
	Ava Diggs


	Sustainability
	On the Role of Shunt Resistance on the Performance of Underwater Solar
	Project Supervisor
	Research Areas
	Jason Röhr
	Sustainability
	Gavin Akmam


	Sustainability
	Electrical Probe of Defect States in Inorganic Perovskite Thin-Films
	Project Supervisor
	Research Areas
	Jason Röhr
	Sustainability
	Daniel Zheng
	Chemical and Biomolecular Engineering, B.S.
	Spring 2028
	NYU Tandon



	Sustainability
	Enzyme engineering
	Amyloid aggregation plays an important role in many neurodegenerative diseases. We investigated the amyloid aggregation behavior of β-glucosidase from Pyrococcus furiosus (PfBGL). Tetrameric PfBGL wild-type (WT) and a monomeric mutant (M6C) were incubated at 60°C with stirring for seven days. Overall, this work demonstrates that PfBGL can undergo amyloid-like aggregation without complete loss of function, and highlights the impact of specific mutations in accelerating fibril formation and altering functional outcomes of the enzyme. These findings provide insight into the relationship between structure and function of amyloid-forming enzymes in their aggregation process and may inform the design of robust biocatalysts.
	Project Supervisor
	Research Areas
	Jin Ryoun Kim
	Sustainability
	Jingwei Liu


	Sustainability
	Electrocatalytic Hydrogenation of Nitriles for the production of Amines
	Project Supervisor
	Research Areas
	Research Staff
	Miguel Modestino
	Sustainability
	Ricardo Mathison
	Danna Soriano


	Sustainability
	Harnessing Lightning in a Bottle: Engineering Plasma-Water Interfaces for Green Chemistry
	Project Supervisor
	Research Areas
	Research Staff
	Miguel Modestino
	Sustainability
	Casey Bloomquist
	Ziqi Zhang
	Chemical and Biomolecular Engineering, B.S.
	Spring 2026
	NYU Tandon



	Sustainability
	REnewthanol: Precision-Pulsed CO2 Conversion for Tomorrow's Green Ethanol
	Project Supervisor
	Research Areas
	Research Staff
	Miguel Modestino
	Sustainability
	Ricardo Mathison
	Amelia Rose


	Sustainability
	Investigation of Materials using Density Functional Theory
	Project Supervisor
	Research Areas
	Rakesh Behera
	Sustainability
	Yupeng Li


	Sustainability
	Upgrading biomass to fuels and CO2 reduction using designer 2-D transition metal nanocatalysts
	Project Supervisor
	Research Areas
	Ayaskanta Sahu
	Sustainability
	Ryan Kim


	PINKERTON LAB
	Steven Martinez
	Natalia Arrus
	Jacques Zacharie Thaddeus Ponce

	A SPECIAL MESSAGE FROM THE PROGRAM COORDINATORS
	The Tandon Undergraduate Summer Research Program (UGSRP) was initiated at NYU Tandon in 2007. Since 2011, the Office of Undergraduate Academics (UGA) has coordinated the program, significantly expanding its reach and impact. We have grown from 60 student participants to over 100, with this year having 129 participants! Our program includes a diverse array of faculty and research projects from prestigious groups.
	We have worked tirelessly to match students with the best-suited Project Supervisors and Research Staff members, ensuring a fruitful experience and strong mentorship. In addition to research, we have dedicated significant effort to providing academic, career, and personal development seminars, lectures, workshops, and events. These initiatives are designed to enhance students' knowledge in their research areas and to inform them about various professional opportunities and paths.
	Our commitment to developing, maintaining, and continually enhancing this program remains unwavering. We are immensely grateful to all who have joined and supported this summer’s program, ensuring its seamless execution from start to finish. We congratulate all student participants on a successful summer and hope everyone enjoyed the experience.
	Sara-Lee Ramsawak
	Jen Piro
	Kat Arredondo
	Mohamed Asran
	Adelia Vavilchenkova
	Raffy Orbe


