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A MESSAGE FROM THE VICE DEAN 

Peter  Voltz ,  V ice  Dean for  Academic  Affairs  

The NYU Tandon School of Engineering’s 
Undergraduate Summer Research Program (UGSRP) 
provides a hands-on research opportunity for 
students across NYU Tandon, NYU Abu Dhabi, NYU 
Shanghai, NYU College of Arts and Science, 
NYU-KAIST, and other select institutions. During this 
10-week program, student researchers collaborate 
with faculty mentors, graduate scholars, and 
research staff on high-impact projects. By connecting 
classroom learning with real-world challenges, 
UGSRP expands academic horizons and prepares 
participants for lasting scholarly success. 

Guided by faculty across Tandon’s Impact Areas, 
participants work to build smart, secure, sustainable, 
and healthy urban communities. Faculty and 
research supervisors provide essential guidance in 
research methodologies and field-specific practices. 
Alongside lab work, students attend lectures and 
professional development workshops. Special 
thanks to Matthew Frenkel for leading the 
Student2Scholar (S2S) Series, and to our guest 
speakers for sharing valuable guidance for our 
students' futures. 

Financial support from NYU Tandon, faculty research 

grants, and external donors is vital to the program. 
This year marks the 15th anniversary of the 
Thompson Bartlett (TB) Fellowship, which supported 
ten female researchers thanks to Mrs. Dede Bartlett. 
Her father, George Juul Thompson, graduated from 
the Electrical Engineering program at the Polytechnic 
Institute of Brooklyn in 1930; we sincerely thank Dede 
for her ongoing support. Other fellowships include 
the Tandon Scholars Fellowship, the Visiting Student 
Fellowship, and the NYU-American Heart Association 
(AHA) Cardiovascular Engineering Undergraduate 
Summer Research Fellowship, featuring projects with 
NYU Langone faculty. Donors’ generous 
contributions allow us to expand opportunities for 
students and mentors alike. 

This summer offered both on-campus and remote 
research opportunities, creating a hybrid experience 
that mirrors today’s professional landscape. The 
program concluded with a research poster session 
celebrating student achievements. The abstracts and 
posters in this booklet highlight the diverse research 
conducted this summer. 

Coordinating this program requires significant effort. 
Special thanks to Sara-Lee Ramsawak, Assistant 
Dean of Undergraduate Academics and Global 
Engagement, who oversees the program and 
manages booklet production. Miri Cha helped 
compile this year’s Abstract Booklet. Jen Piro, 
Director of Undergraduate Programs, managed 
student placements and stipends, supported by Raffy 
Orbe on application enhancements. Kat Arrendondo, 
Manager of Undergraduate Programs, led the event 
calendar and engagement initiatives. Thank you to 
the entire team! 

Congratulations to all participating student 
researchers! Thank you to our mentors, staff, Dede 
Bartlett, Matt Frenkel, coordinators, and guest 
speakers. I am extremely proud of this program and 
look forward to future summers of scholarly growth. 
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A MESSAGE FROM THE COORDINATORS 

03 

The Tandon Undergraduate Summer Research Program (UGSRP) was initiated at NYU Tandon in 2007. The 
Office of Undergraduate Academics (UGA) has coordinated the program since 2011, driving its growth from 
60 student participants to over 130 this year. 

Our program encompasses a diverse group of faculty and research projects across NYU Tandon academic 
departments, NYU Wireless, the NYU Center for Urban Science and Progress, NYU Langone, and various VIP 
projects. 

We have worked tirelessly to match students with best-suited project supervisors and research staff 
members to foster fruitful research and strong mentorship. In addition to hands-on research, we offer 
dedicated  academic, career, and personal development seminars, lectures, workshops, and events 
designed to deepen students' research knowledge and highlight future professional opportunities and 
paths. 

Our commitment to developing, maintaining, and continually enhancing this program remains steadfast. 
We extend our sincere gratitude to everyone who joined and supported this summer’s program to ensure 
its seamless execution. We congratulate all student participants on a successful summer and hope you 
enjoyed the experience! 

Sara-lee Ramsawak  
Assistant  Dean of  

Undergraduate Academics  
& Global  Engagement  

Jen Piro  
Director  of  

Undergraduate Programs  

Kat Arredondo  
Manager  of  

Undergraduate Programs  

Miri  Cha  
UGA Graduate Ass istant  
UGSRP Booklet  Designer  

Raffy Orbe  
UGA Graduate Ass istant  

UGSRP Appl icat ion Developer  



Commemorating 15 Years of the Thompson Bartlett Fellowship Program: 
Empowering Undergraduate Research at NYU Tandon 

Since 2007, each summer members of the Tandon 
School of Engineering faculty with yearly 
expansion to include several other offices, centers, 
and labs have opened spots on their research 
projects to allow rising sophomore, junior, and 
senior level undergraduate students to work at a 
level generally reserved for master’s and doctoral 
candidates through the Undergraduate Summer 
Research Program. In addition to the work they do 
on the projects, students participate in 
programming coordinated by the Undergraduate 
Academics Office. 

Since 2012, numerous outstanding female 
undergraduates have been eligible for an 
additional honor: the Thompson Bartlett 
Fellowship, sponsored by longtime benefactor 
Dede Bartlett. Bartlett — a former Fortune 25 
executive with Exxon Mobil and Altria, 
philanthropist, advocate for victims of domestic 
abuse, and 2025 NYU Tandon commencement 
speaker — launched the fellowship in honor of her 
father, George Juul Thompson. Thompson 
graduated in 1930 from the Polytechnic Institute of 
Brooklyn, received naval awards for his service, 

and served as an electrical engineering instructor 
at the school from 1948 to 1968. “During his two 
decades of teaching, he had only one female 
student,” Bartlett explained, “and I wanted to help 
change that.” Bartlett, who has also supported 
internship programs at Vassar and NYU, 
established the fellowship to create tangible 
research opportunities for women in engineering. 

Summer 2026 marks the 15th anniversary of the 
fellowship program. Initially sponsoring 3 
students, Dede Bartlett and her son, Jim Bartlett, 
have expanded the program to annually support 
10 students. The fellowship forms part of a 
structured 10-week paid summer research 
assistantship program open to undergraduate 
students across all majors, enabling hands-on 
research and mentorship. 

The program boasts significant Student and 
Alumni Impact: to date, approximately 138 
students have been sponsored, with about 70% 
pursuing careers in STEM fields and roughly 45% 
earning or pursuing advanced degrees. Alumni 
have secured prominent career placements and 
admissions to top graduate institutions. At the 
15-year celebration event, alumni panelists such as 
Sarah Appelbaum and Rana Mohamed shared their 
professional journeys, reflecting on how the 
fellowship helped shape their careers in STEM and 
supported their technical and leadership growth. 

The Undergraduate Academics Office, the 
Undergraduate Summer Research Program, and 
the New York University Tandon School of 
Engineering are extremely thankful to Dede and 
Jim Bartlett for their contributions and support of 
our female students. Over the years, a large 
network of exceptional women have developed 
and have been nurtured through this Fellowship. 
We are, and continue to be, impressed with them 
and all that they do. We look forward to the future 
achievements of all our Thompson Bartlett alumni! 
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THOMPSON BARTLETT 
FELLOWSHIP 
CELEBRATES 15 YEARS OF 
IMPRESSIVE WOMEN 
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JUNE 

1          

3 

4 

9 

10 

11 

17 

18 

24 

25 

Program Begins 

S2S: An Introduction to Engineering 
Research 

Translating Research for a Public 
Audience 

The Lab Link-Up: Summer Research 
Social 

S2S: Finding what you Need: Building 
a Knowledge Base for Research 
Questions 

Navigating Plagiarism in the Age of 
AI 

S2S: Communication: How to 
Effectively Share your Discovers in 
a Digital World 

Mentorship Beyond the Lab 

S2S: Introduction to Visual 
Communication: Building Effective 
Posters and Presentations 

NSF Graduate Research 
Fellowship Program (GRFP) 

JULY 

1          

2 

8 

9 

11 

15 

16 

22 

23 

27 

S2S: Data Visualization with Python 

Applying to Research Fellowships / 
Scholarships 

S2S: Intro to Research Data 
Management 

Graduate School Application 
Information Session 

Luna Park at Coney Island with UGA 

S2S: Intro to Git and GItHub 

Demystifying the PhD: General 
Information Session 

Where will my Research go? 
Sharing your work through NYU 
Ultra Violet 

Reflecting Towards a Purpose 

Panel Event with Lunch: 15 Year 
anniversary of Thompson-Bartlett 
Fellowship 

AUGUST 

7 UGSRP Symposium & Research 
Poster Showcase 
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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. 

American Heart Association (AHA) 
The NYU-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. 
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The NYU Tandon School of Engineering is home to unconventional engineers — a vibrant community of 
renowned researchers, driven students, strategic industry partners, and ambitious entrepreneurs uniting 
to solve modern humanity's greatest challenges. 

NYU Tandon's research and education are strategically directed toward six cross-disciplinary impact areas: 

Industrial, Urban & 
Environmental Sustainability 

Quantum Science & 
Technologies 

Robotics & Embodied 
Intelligence Engineering Health 

Systems Engineering & 
Complex Decision-Making Engineering & Culture 



Industrial, Urban & Environmental Sustainability 

NYU Tandon's Sustainable Engineering Initiative develops practical engineering solutions 
to address climate change, environmental contamination, and societal resilience by 
advancing technologies in sustainable manufacturing, clean energy integration, smart 
buildings, water sustainability, AI-enhanced environmental modeling, and materials 
circularity. Leveraging innovations in machine learning and automation, the initiative 
accelerates the development of environmentally sustainable technologies while 
maintaining economic value and performance. Through interdisciplinary collaboration 
across engineering, science, law, business, and medicine, as well as partnerships with 
New York City's innovation ecosystem, Tandon integrates technological advancement with 
risk management, entrepreneurship, and policy to create solutions that protect 
environmental and human health while promoting long-term economic prosperity. 
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Industrial, Urban & Environmental Sustainability 

Aaryan Vira 
Rice University 
Spring 2029 
Mechanical Engineering, B.S. 

Techno-economic Assessment and Sensitivity Analysis of Ammonia as a 
Liquid Hydrogen Carrier for Long Distance Hydrogen Transmission 

As global economies work to meet net-zero emissions targets, hydrogen has the capacity 
to bridge the gap between clean energy production and industrial power use by 
converting green power into fuel. Recent research has focused on optimizing the safety, 
cost, and energy efficiency using liquid hydrogen carriers (LHCs), such as ammonia, to 
facilitate the hydrogen supply chain. These studies investigate the cost of different 
carriers and transmission methods for specific supply scenarios. However, many studies 
leave out key cost variables along the supply chain, affecting the accuracy and 
adaptability of their results. The current study aims to provide a comprehensive 
techno-economic assessment of hydrogen transmission from Texas to New York via 
ammonia pipelines. This supply chain framework will fit into a larger model that 
compares levelized hydrogen transmission costs using different LHCs. Costs for 
hydrogen and ammonia feedstock, an ammonia synthesis plant, via the Haber-Bosch 
process, and a decomposition plant, via cracking were scaled from previous research. 
Due to ammonia’s high corrosive properties and low boiling point (-33oC), costs to 
model a high-grade carbon steel pipeline with protective coatings and pump necessities 
were calculated to ensure safety and avoid significant pressure drop and flow issues. 
Initial results suggest levelized transmission cost of 14.52 $/kg-H2 at 50 tpd H2 
throughput, driven by reactor plant CAPEX and operation costs. Additional sensitivity 
analysis shows that these costs drop to 8.77 $/kg-H2 at 500 tpd H2, in line with current 
ammonia research and closely comparable to other LHCs. The transmission energy 
intensity remains less than 1.0 MWth/e/MWH2, indicating net positive energy 
throughput despite the high energy intensity of ammonia synthesis and decomposition 
processes. Cost efficiency at higher hydrogen throughput indicates that ammonia could 
be an economically viable carrier for industry decarbonization. 
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Industrial, Urban & Environmental Sustainability 

Cleatus Oakes 
Chemical and Biomolecular 
Engineering, B.S. 
Spring 2029 
California Institute of Technology 

LTA Zeolite Films as Ion-Selective Membranes for Sustainable Lithium 
Extraction 

Lithium is essential to modern batteries, yet the dominant solar-evaporation method for 
extracting it from natural brines is increasingly viewed as environmentally and 
operationally unsustainable due to heavy chemical use and substantial waste generation. 
This motivates the development of more selective, energy-efficient separation strategies. 
One promising approach employs LTA zeolites as molecular-sieving materials. LTA 
zeolites are aluminosilicate crystals with a well-defined cubic framework and 
characteristic pore apertures that can be synthesized as thin, continuous films on metal 
substrates. Building on this concept, we investigate whether LTA zeolite coatings can be 
grown directly on metallic surfaces and subsequently evaluated for their ability to 
selectively exchange Li+ over competing ions. The LTA film was grown on a nickel 
substrate via hydrothermal crystallization over varying time periods. A precursor 
solution with the molar ratio SiO₂ : Al₂O₃ : Na₂O : H₂O = 2.5 : 1 : 50 : 500 was 
prepared, and the nickel support was roughened, cleaned, and submerged to initiate 
growth. Resulting films were assessed for thickness, adhesion, and continuity. 
Ion-exchange experiments were then conducted using Li+/Mg²+ control solutions to 
quantify lithium uptake and evaluate competitive ion exclusion. Preliminary 
ion-exchange results demonstrate that LTA zeolite possesses a high decationization 
capacity, which enhances its lithium ion-exchange performance. These findings suggest 
that LTA zeolite films can serve as effective ion-selective membranes for lithium 
separation, supporting their potential as a scalable, environmentally sustainable 
alternative to conventional evaporation-based brine processing. Further optimization of 
film thickness and crystallization conditions may improve selectivity and recovery, 
advancing the development of more efficient lithium extraction technologies. 
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Industrial, Urban & Environmental Sustainability 

Daksh Mehta 
Electrical Engineering and 
Computer Engineering 
(dual major), B.S. 
Spring 2027 
NYU Tandon 

Citywide Embodied Carbon Benchmarking 

Buildings are a major source of greenhouse gas emissions, and as operations become 
more efficient, the carbon committed at the moment of construction, known as 
embodied carbon, grows in importance. New York City is developing a citywide 
embodied carbon baseline that agencies can use to set and update benchmarks for new 
construction. Creating that baseline requires whole-building life cycle assessment data, 
but the real datasets available today are small and unevenly distributed across building 
types, heights, and structural systems, which makes benchmark values unstable. 
Synthetic datasets built from RSMeans building models cover the building stock more 
evenly but rest on standardized assumptions, and their absolute carbon values are biased. 
This project proposes a pathway where real office buildings from the Carbon Leadership 
Forum (CLF) benchmark dataset serve as real-world anchors, and RSMeans is used to 
estimate how their embodied carbon would change under controlled geometry changes. 
The key assumption is that even with this bias, RSMeans reliably captures how building 
geometry drives global warming potential (GWP) for the foundation, superstructure, 
and enclosure. Gradient boosting models trained on RSMeans learn how floor area 
changes shift element-level GWP, and these responses generate counterfactuals for each 
CLF building at sizes the real dataset does not cover, improving the balance of the 
benchmarking dataset. The models are validated by holding out entire wall types, which 
tests whether the learned responses transfer to configurations never seen in training, and 
prediction error stays below four percent for all three elements. Testing this by holding 
out each real building in turn, the range of values covered by the augmented benchmark 
contains the held-out building's true value more consistently than the range built from 
the raw sample alone. The outcome is a benchmark that reflects the full range of building 
sizes rather than the uneven coverage of the real dataset. 
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Industrial, Urban & Environmental Sustainability 

Daniel Zheng 
Chemical and Biomolecular 
Engineering, B.S. 
Spring 2028 
NYU Tandon 

On The Need For Benchmarking Space-Charge-Limited Current Measurements 
for Metal-Halide Perovskites 

Space-charge-limited current (SCLC) measurement is one of the most widely used 
steady-state techniques for estimating charge-carrier mobilities and electronic trap densities 
in semiconductors, including metal-halide perovskites (MHPs) – a leading material for 
next-generation photovoltaics and optoelectronics. At higher voltages, SCLC 
measurement-based current density–voltage ( J-V) curves follow a square-law dependence 
that can be fit using the Mott-Gurney (MG) law to extract these parameters. The MG law 
depends on multiple assumptions, most importantly that it applies only to single-carrier 
devices. Yet despite the apparent simplicity in measurement, electric field-induced mobile 
ion migration in MHPs complicates the reliability and accuracy of SCLC-derived 
parameters. Here, we analytically model continuous SCLC measurements on MAPbI₃ 
devices, a well-characterized I− ion conductor, to demonstrate that the presence of mobile 
ions significantly distorts the J-V characteristics under dynamic measurement conditions – 
specifically scan rates, applied electric field, and bias looping. Repeated electric field cycling 
progressively lowers the extracted charge carrier mobility, which we hypothesize arises from 
a reduction in current density due to mobile-ion-induced internal field screening. 
Interestingly, this progressive drop depends only on the time spent under bias and is 
independent of scan rate or the maximum applied electric field. We also highlight that 
electric field looping induces a recoverable metastable state and that thermal annealing can 
restore near initial current density values and subsequently mobility, implying that the 
accumulated mobile ions redistribute in the bulk of the MHPs. This work reveals that an 
MHP's measurement history can dynamically affect parameters extracted from simplistic 
SCLC analysis, reflecting known but poorly understood mixed electronic-ionic 
contributions. This highlights the need for measurement standards that account for 
mobile-ion dynamics to ensure SCLC-derived transport and defect parameters are 
physically meaningful and reproducible. 
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Industrial, Urban & Environmental Sustainability 

Darren Sea 
Chemical and Biomolecular 
Engineering, B.S. 
Spring 2028 
NYU Tandon 

Enzymatic Kinetics Analysis of Cutinase Across Substrate Lengths 

In 2023, approximately 389 million tons of plastic waste were generated globally, 
highlighting the urgent need for more sustainable polymer production methods (1). 
Conventional plastics are typically synthesized at high temperatures from fossil 
fuel-derived feedstocks, contributing to environmental degradation (2). Enzymatic 
synthesis of biobased polymers offers a sustainable alternative. Previous studies have 
demonstrated the enzymatic polymerization of furan-based polymers using commercial 
enzymes (3). In this study, we investigate Leaf-branch Compost Cutinase (LCC) 207, an 
esterase engineered by the Montclare Lab for enhanced polyester degradation, for the 
polymerization of dimethyl 2,5-furandicarboxylate (DMFDCA) with aliphatic diols 
under organic conditions (4). While polymerization is successful with propanediol and 
butanediol, longer-chain diols do not produce polymer. To better understand this 
substrate specificity, we analyzed the kinetics of LCC 207-catalyzed hydrolysis of 
para-nitrophenol (pNP) esters with varying acyl chain lengths as a proxy for active-site 
interactions. 

Recombinant LCC 207 was expressed and purified, then used to hydrolyze pNP butyrate, 
pNP hexanoate, pNP decanoate, and pNP palmitate over a range of substrate 
concentrations. Reaction rates were measured by UV-Vis spectroscopy under identical 
solvent conditions (5). LCC 207 exhibited the highest catalytic efficiency toward pNP 
hexanoate (3.2 × 10³ M−¹s−¹), followed by pNP decanoate (2.4 × 10³ M−¹s−¹), pNP butyrate 
(1.6 × 10³ M−¹s−¹), and pNP palmitate (6.2 × 10² M−¹s−¹). Additional replicates are needed 
to strengthen these kinetic measurements. Future studies examining a broader range of 
ester chain lengths may further elucidate how substrate size influences LCC 207 activity 
and inform the design of enzymatic polymerization strategies. 
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Industrial, Urban & Environmental Sustainability 

Gaurav Poddar 
Computer Science, B.S. 
Spring 2028 
NYU Tandon 

Tracing the AI Expansion: A Multidimensional Analysis of Academic 
Literature, Media Sentiment, Data Center Growth, and Public Search 
Behavior 

The explosive growth of artificial intelligence depends heavily on physical data center 
infrastructure, yet the interplay between technical innovation, academic research, public 
media sentiment, and search behavior remains poorly understood. This study quantifies 
the lifecycle of AI expansion as abstract compute progress translates into physical 
infrastructure, local regulatory friction, and public information seeking. I synthesized a 
26-year multimodal dataset spanning academic literature, industry news, and public 
search trends. Utilizing financial domain Large Language Models (FinBERT) and 
dense sentence embeddings, we measured sentiment polarity and semantic drift. To 
model temporal and spatial dynamics, we integrated Cross-Correlation Functions, 
Granger Causality testing, Discrete-Time Markov Chains, and empirical Event Studies 
across geographic regions. Academic compute research statistically leads industry media 
coverage by 3 months ($p = 0.0001$), with GPU literature undergoing a massive 
semantic shift post-2020 (cosine distance $= 0.86$). In news media, AI infrastructure 
enthusiasm acts as a leading indicator for local zoning and resource backlash up to 11 
months downstream. Negative media outrage decays on a predictable exponential curve 
with a half-life of 30.7 days. Furthermore, spatial Markov modeling proves a sharp 
structural divergence (Frobenius norm $= 1.34$) between execution-driven Tier-1 
hyperscale markets and policy-constrained emerging markets. AI infrastructure 
expansion follows a highly structured, predictable lifecycle spanning academic discovery, 
media coverage, and public interest. By quantifying the temporal lags, recovery rates, and 
regional bottlenecks of data center expansion, this framework enables researchers, 
policymakers, and industry leaders to anticipate physical constraints and public 
perception as digital infrastructure scales. 
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Industrial, Urban & Environmental Sustainability 

Jed (Ethan) Chen 
Chemical and Biomolecular 
Engineering, B.S. 
Spring 2029 
NYU Tandon 

Pulsed Proton Exchange Membrane Water Electrolysis for Deuterium 
Separation 

Heavy water (D₂O) is produced in quantities of hundreds of metric tons annually for 
nuclear power applications, most commonly through isotopic exchange and 
distillation techniques that are energy-intensive and require extreme operating 
temperatures. This project explores proton exchange membrane water electrolysis 
(PEMWE) as a promising alternative: it already underpins green hydrogen 
production, operates at ambient temperature, and achieves effective isotopic 
separation. We hypothesized that a pulsed current would outperform direct current 
(DC) operation by allowing active sites to be replenished during the resting portion of 
each cycle. Using a membrane electrode assembly comprising Pt || IrO₂/C catalysts 
and a Nafion membrane, we first established a DC baseline: lower current densities 
and lower feed concentrations produced higher separation factors. A subsequent 
pulse-current parameter sweep showed that, at matched peak current density and feed 
concentration, certain active/resting time combinations raised the separation factor by 
approximately 14%. This improvement could be attributable to the lower 
time-averaged current rather than to pulsing itself—a distinction that will guide how 
we interpret future results. Additional experiments, assisted by an autonomous 
optimization agent, are underway to explore this parameter space more broadly, with 
hydrogen production rate and other metrics still needed before drawing definitive 
conclusions. 
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Industrial, Urban & Environmental Sustainability 

Jed Liu 
Mechanical 
Engineering, B.S. 
Spring 2028 
NYU Tandon 

Investigation of Materials Using Density Functional Theory 

The Gibbs-Thomson effect describes how the phase equilibrium of a nanomaterial alters due to elevated surface energy. 
Specifically, this thermodynamic phenomenon leads to a significant melting point depression as a material’s 
surface-area-to-volume ratio increases at the nanoscale. Melting point depression is highlighted by the behavior of pure gold, 
which drops from a bulk melting point of 1337 K to near 900 K for a nanoparticle diameter of just 30 Å. This research aims to 
simulate and model nanoscale melting point depression using the MedeA software on the High Performance Computing 
(HPC) facility. Supercells of varying dimensions were engineered in the platform to run molecular dynamics simulations for 
gold, aluminum, and copper nanostructures. The simulation data revealed a non-linear drop in melting temperature that closely 
aligned with external experimental results, validating the MedeA software as an accurate predictive framework for evaluating 
the thermal properties of metallic nanostructures. The software’s atomic modeling capabilities can expand this research to 
practical engineering challenges, including metal 3D-printing optimization and airborne fume risk modeling. 

Reet Barua 
Mechanical 
Engineering, B.S. 
Spring 2028 
NYU Tandon 
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Multiphase Coexistence in Complex Mixtures 

Polydisperse systems have a continuous range of chemically distinct species 
characterized by distributions of factors including molecular weight, charge, or polarity, 
making direct thermodynamic analyses, such as phase equilibrium calculations, 
computationally impossible. To address this, we developed a Python-based 
computational structure that implements the ideas behind moment-free energies from 
Sollich, Warren, and Cates (2000), which finds that the excess free energy of many 
models, particularly mean-field frameworks, is “truncatable”– they depend only on a 
finite number of moments associated with the attribute’s distribution. Free-energy-like 
functions are visualized as landscapes in which Monte Carlo simulations explored 
low-energy, high-probability regions and symbolic differentiation produced accurate 
curvature classification; specifically, unstable or saddle-like regions connected with 
phase separation were identified by negative Hessian eigenvalues. Tilting the initial 
landscape f(r) to g(r), where g(r)=f(r)-˜f(r0)(r-r0), allowed us to study coexistence 
pathways from approximated reference points without changing local curvature; thus, 
the application of one-dimensional search paths originating from negative eigenvectors 
associated with those points to identify the location of minima (that serve as candidate 
coexisting phases). The found line-search minima were grouped by k-means clustering, 
enabling the visualization of distinct basins through contour maps, curvature-based 
cluster plots, and heat maps. The constructed framework applies to numerous 
industrially relevant systems, as it reveals likely phase basins and pathways for phase 
separation, paving the way for better prediction of how complex mixtures separate into 
coexisting phases and enabling applications in material design, including polymers and 
colloids. 
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True Colors: Color Rendering Index and Indoor Photovoltaics Efficiency 

Photovoltaics are a promising technology for powering indoor ecosystems; however, 
indoor photovoltaics (IPVs) must be designed to match specific lighting sources and 
conditions. Previous studies have highlighted the importance of correlated color 
temperature (CCT) in determining the power efficiency and optimum bandgap energy 
of IPVs under illumination of white-light LEDs, however the role of the color rendering 
index (CRI) remains less understood. We investigated the impact of CRI and CCT on 
IPVs to inform future design choices by employing a computational approach to 
calculate maximum power-conversion efficiency and optimum bandgap values of IPVs 
when illuminated by different commercial white-light LEDs with varying CCT, CRI, 
and illuminance levels. Our results highlight that high-CRI LEDs require materials 
with lower bandgap energies for optimum efficiency as there is a shift towards red in the 
high CRI irradiance spectra: 1.75 to 1.80 eV as opposed to 1.76 to 1.90 eV in low-CRI 
environments. The performance of commercial solar cells was also evaluated, and we 
show that despite IPVs having optimal performance with wide-bandgap material under 
lower CRI lighting, mature technologies like silicon and CdTe benefit from high-CRI 
illumination. Additionally, we found that next-gen, wide-bandgap materials would offer 
higher efficiencies in typical indoor lighting scenarios. We conclude that both CRI and 
CCT need to be accounted for when developing IPVs because the broader irradiance 
spectra of high-CRI LEDs shift the optimum bandgap energies to lower values and 
reduce overall device efficiency. These findings can guide IPV deployment in 
environments like smart homes, retail, industrial monitoring, and other areas with 
varying lighting choices. 
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Silicon solar cells waste much of sunlight's blue and ultraviolet light as heat, and their 
efficiency has nearly reached its theoretical ceiling. One way past that ceiling is a thin 
coating that turns the wasted blue light into near-infrared light, which silicon converts 
best. The best coating materials found so far contain toxic lead. We studied a lead-free 
alternative: the crystal Cs₂AgBiCl₆ doped with ytterbium, because ytterbium naturally 
emits light at that near-infrared wavelength. No one had previously pushed this material's 
conversion efficiency past 20%. 

We made thin films of the crystal by evaporating its ingredients onto a glass substrate in a 
vacuum chamber, then heated them at 250–300 °C in air or nitrogen to activate the 
ytterbium. We also made related compounds to test how the recipe changes the light they 
absorb. We used X-ray diffraction to confirm each film formed the correct crystal structure, 
measured which wavelengths the films emit, and mapped which absorbed wavelengths 
produce that emission, revealing whether the crystal passes its energy to the ytterbium. 
Finally, we measured photoluminescence quantum yield: the fraction of absorbed light 
re-emitted. 

Films with ytterbium emit near-infrared light at 990 nm; films without it do not. That 
emission appears only when the crystal itself absorbs the light, and only after heating: the 
crystal collects the energy and hands it to the ytterbium. The best films observed were 50% 
efficient but faded below 20% within a month in air. Sealing them with a thin protective 
layer raised the efficiency to 75%, the highest ever reported for this material, and kept it 
stable for over four months. 

These films are a stable, lead-free coating that could make silicon solar cells more efficient. 
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Molecular dynamics simulations provide a useful framework for studying the structure 
and mechanical behavior of amorphous materials. In this project, we investigate the 
inherent-state energy landscape of glass-forming system across a range of 
temperatures. Independent equilibrium configurations are generated using multiple 
simulation walkers and subsequently quenched through energy minimization to obtain 
their corresponding inherent states. For each minimized configuration, we measure the 
potential energy, virial pressure, deviatoric stress, stress magnitude, and the second 
stress invariant ( J_2). 

The resulting distributions are compared across temperature to determine how thermal 
sampling influences the regions of the energy landscape explored by the system. The 
simulations are being refined using standard Kob-Andersen binary-mixture 
parameters, longer equilibration runs, and additional temperatures near the apparent 
crossover region. This work establishes a computational pipeline for connecting 
finite-temperature molecular dynamics trajectories with the underlying inherent-state 
landscape and supports future studies of glassy relaxation and steady plastic flow. 
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Understanding GPU Power Dynamics in Large Language Model Inference 

In recent years, the use of AI has exploded, leading to a rapidly increasing demand for data center GPUs, raising both 
environmental and logistical concerns due to the associated energy consumption. Especially from a data center operator and 
grid planning perspective, fine-grained power models have therefore become increasingly valuable, for example for grid 
incorporation, provisioning and capacity planning, all factors that need to be taken into account when trying to make data 
centers more energy efficient. Although model training is highly energy intensive, the large volume of daily inference requests 
means that AI inference may account for a substantial share of future AI computing demand. This study therefore investigates 
the power behavior of individual LLM inference requests and the system and workload factors that shape their power profiles. 
We developed a measurement framework that records continuous GPU power traces throughout the complete inference cycle, 
including idle, prefill, and decode phases. Experiments were conducted across a broad range of hardware platforms, language 
models, prompt categories, batch settings, parallelism strategies, and precision and quantization methods. Our results show that 
GPU power consumption varies considerably across models, hardware platforms, and serving configurations, while the effect of 
prompt content is generally much smaller. We also observed that initialization behavior, model optimization, and runtime 
settings can influence both power characteristics and overall inference efficiency. The collected measurements enable us to 
characterize workload-specific power distributions rather than relying only on aggregate averages. These distributions further 
support the development of stochastic models for estimating aggregate power demand in data centers running large-scale AI 
inference workloads, providing a foundation for more realistic energy evaluation and infrastructure planning. 

Yixia Yu 
Computer Science, B.S. 
Fall 2027 
NYU Shanghai 
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Spatial and Temporal Scaling of Community-Impacting Wildfires in the 
United States 

Wildfires that reach or threaten communities vary in both physical size and damage to 
the built environment, yet these dimensions are rarely analyzed together at the national 
scale. This study characterizes the spatial and temporal structure of 
community-impacting wildfires across the United States from 2000 to 2025, focusing on 
burned area and the number of structures destroyed. We use a harmonized geospatial 
wildfire dataset containing event locations, burn-zone area, structural losses, and 
ignition year. Wildfires are mapped, with symbol size representing both burned area and 
structures destroyed. We estimate frequency–magnitude relationships for burned area 
and structural damage using logarithmically binned distributions and power-law scaling 
models. To assess robustness, we repeat the scaling analysis across alternative lower 
cutoffs for event size and damage. Spatial analyses compare the geographic 
concentration of large and highly destructive fires, while temporal analyses examine 
annual variation nationally and separately by state. The results show that both burned 
area and structural losses are heavy-tailed. National frequency–area scaling is close to an 
inverse power law with an exponent near one, indicating that very large fires occur more 
often than under thin-tailed distributions. Structural damage is even more concentrated: 
most fires destroy few buildings, while a small fraction accounts for the majority of total 
losses. These relationships remain broadly consistent across cutoff choices, although 
estimated exponents vary with the lower threshold. Spatial and temporal analyses reveal 
substantial regional clustering, year-to-year variation, and meaningful differences among 
states. Together, these findings show that wildfire risk cannot be summarized by average 
event size alone. Integrating burned area, structural destruction, spatial concentration, 
and temporal variation provides a more complete framework for understanding 
community wildfire impacts and identifying regions most exposed to extreme events. 
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On the Role of Shunt Resistance on the Performance of Underwater 
Solar 

Underwater solar power offers a way to run submerged devices without needing to 
surface, but its viability depends on how well solar cells perform under water's dimmed, 
narrowed light spectrum. Shunt resistance, a measure of current lost to leakage paths 
(shunts) caused from microscopic internal defects, is known to be detrimental to 
outdoor solar cell efficiency, specifically at low light intensities, but its role on 
underwater solar is less clear. In this project, we examined how shunt resistance 
influences efficiency at varying depths and water clarity. Using a detailed-balance model, 
three established photovoltaic materials, silicon, cadmium telluride, and amorphous 
silicon, were modeled across a range of shunt resistance values and depths of 0 to 10 
meters, at three locations with different water clarity: Key West, Florida; Roatan Island, 
Honduras; and the South Pacific. Results showed that shunts’ effect on efficiency grows 
slightly in murkier water, but even so, efficiency at literature-reported average shunt 
resistance values differed only marginally from efficiency at a theoretical infinite shunt 
resistance, across all three materials and locations. These findings suggest that for 
well-established solar cell materials, shunts are likely not a major limiting factor for 
underwater performance. However, recent findings suggest that newer, less-optimized 
photovoltaic materials are more sensitive to shunts, meaning that improving shunt 
resistance in these and other emerging materials could yield a larger performance 
benefit. 
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Toward Carbon-free Steel Production: Iron Electrodeposition from Molten 
Salts Using a Plasma Anode 

Steel production has surged within the last few decades to underpin modern life, from 
buildings and infrastructure to transportation and clean energy technologies. The 
demand for steel is expected to grow roughly 30% over the next three decades. However, 
in 2024, steel production accounted for nearly 9% of all anthropogenic CO2 emissions. 
Even under the most optimistic climate scenarios, meeting the net-zero targets 
therefore requires moving beyond the conventional blast furnace and basic oxygen 
furnaces, which are stoichiometrically dependent on carbon, toward fundamentally new 
technologies. One promising route is to electrify the steelmaking process through 
molten oxide electrolysis (MOE), which swaps the carbon source of the CO2 emissions 
for electricity. Powered by clean energy, MOE allows for fully sustainable, zero-emission 
steel. However, standard anode materials cannot withstand the corrosive nature of 
oxygen evolution at high temperatures that are required to produce liquid iron. Instead, 
this project utilizes plasma itself as the anode to carry current to the melt surface 
through the ionized gas, enabling oxygen evolution without the need for an immersed 
anode. By eliminating the traditional solid anode where degradation occurs, plasma 
provides a corrosion-immune and inherently carbon-free anode for iron electrowinning. 
As a proof of concept, iron is deposited from a chloride eutectic that allows the 
experiment to run in a lower-temperature environment with a bench-scale furnace in a 
controlled argon glovebox environment. Deposits are characterized by XRD to identify 
crystalline phases, while their evolution with deposition time is assessed by SEM and 
EDS to evaluate morphology and elemental composition. Faradaic efficiency is 
quantified by coulometric stripping of the iron plate through a potentiostat. 
Demonstrating iron deposition under a plasma anode in molten salt systems validates 
the novel electrode concept for extension to oxide electrolytes, where the process 
becomes fully emission-free. 
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FloodNet: Sustaining Energy Neutral Operation Through Server-Side 
Transmission Control 

FloodNet operates 450 low-cost, solar-powered ultrasonic sensors that report 
street-level flooding across New York City's five boroughs. Each sensor measures water 
level every minute and transmits over cellular at a reporting interval that can be changed 
remotely, from every minute (the default) up to every 30 minutes. In winter, shorter days 
and building shading cut solar harvest at shaded sites below what a sensor consumes. 
Batteries drain over weeks and sensors brown out until field crews visit to swap them. To 
determine how much power slowing the reporting rate actually saves, bench 
measurements were taken on hardware. A FloodNet sensor was instrumented with a 
Qoitech Otii Arc power analyzer at the battery's 3.60 V nominal voltage, recording 
current at 4,000 samples per second across 1-, 15-, and 30-minute reporting schedules 
in 63-, 23-, and 16-hour captures. The analyzer's UART logging tied each current spike 
to a logged firmware event. Slowing reporting from 1 to 15 minutes cut average current 
draw by 41 percent, from 2.82 mA to 1.66 mA, stretching a full charge of the sensor's 
Samsung INR18650-35E lithium-ion cell from 49 to 84 days with no solar input. 
Slowing further to 30 minutes saved nothing measurable, because the firmware's 
900-second MQTT keepalive wakes the cellular modem halfway through each 
30-minute interval to keep its server connection alive: the radio wakes four times per 
hour on either schedule. Fifteen-minute reporting therefore delivers the most live data 
at the sensor's lowest measured power. A server-side reporting policy is proposed, not yet 
deployed: sensors above a battery voltage threshold keep 1-minute reporting, sensors 
below it drop to 15 minutes, and a forecast storm or nearby flooding restores 1-minute 
reporting so flood coverage is never compromised. 
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Planning for Quality-of-Life Environmental Monitoring at the Manhattan 
Detention Complex Construction Site for Residents of Chinatown 

Major construction projects in dense urban neighborhoods can create environmental, public 
health, and quality-of-life concerns for nearby communities, including dust, diesel emissions, 
noise, vibration, truck activity, sidewalk disruption, and reduced access to local businesses 
and community spaces. This project examines the Manhattan Detention Complex 
construction site at 125 White Street in Chinatown, Lower Manhattan, and asks how 
environmental monitoring could better support residents, small businesses, and community 
organizations responding to long-term construction activity. 

Conducted in collaboration with the NYU Center for the Study of Asian American Health, 
this research is informed by community-engaged approaches to health equity and by local 
advocacy and civic engagement efforts, including the work of Neighbors United Below 
Canal and Welcome to Chinatown. The objective is to investigate how existing 
construction-related monitoring, low-cost sensors, commercial environmental monitoring 
systems, community observations, and public data could be combined to provide clearer and 
more accessible information about construction-related impacts. 

The research uses a literature review and framework-development approach. I reviewed site 
context, community concerns, academic case studies in urban environmental sensing, and 
commercially available monitoring options for air quality, noise, vibration, and multi-sensor 
construction monitoring. 

Preliminary findings suggest that official monitoring may address technical concerns such as groundwater, dewatering, 
structural movement, vibration, and stormwater compliance. However, a gap may remain between compliance-oriented 
monitoring and the information residents need to understand daily conditions near homes, sidewalks, businesses, 
senior-serving facilities, and other community locations. Low-cost and commercial sensors may help make impacts more 
visible, but their usefulness depends on calibration, placement, maintenance, data access, privacy protections, and careful 
communication of uncertainty. 

This project contributes to a preliminary framework for evaluating supplemental monitoring options that can support 
community awareness, advocacy, and responsible environmental data communication. 
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Interpretable Machine Learning for Planning Fixed and Mobile Electric Vehicle 
Charging Infrastructure 

The rapid adoption of electric vehicles (EVs) has created new challenges for 
transportation planners seeking to deploy charging infrastructure that balances user 
accessibility, operational efficiency, and economic sustainability. Although transportation 
simulations can evaluate different charging network designs, they are computationally 
expensive and limit the number of scenarios that can be explored. This research 
investigates whether interpretable machine learning can provide fast, reliable predictions 
while also explaining how key planning decisions influence charging network 
performance. 

Using a simulation of the Anaheim transportation network, I analyzed hundreds of 
charging infrastructure scenarios that varied in the number, type, and capacity of 
charging facilities. For each scenario, I developed features describing local travel 
demand, road network characteristics, nearby competition, and charging infrastructure. 
These features were used to train Neural Additive Models (NAMs) to predict revenue 
and average waiting time for both fixed and mobile charging facilities. To evaluate 
performance, the NAM was benchmarked against Ridge Regression, Random Forest, 
XGBoost, and Multilayer Perceptron models using RMSE, MAE, and R². 

Preliminary results indicate that ensemble learning methods achieve the highest predictive accuracy, while the Neural Additive 
Model provides competitive performance with the added advantage of interpretability. Ongoing work focuses on refining the 
feature set and generating feature-response curves that quantify how changes in demand, competition, accessibility, and 
infrastructure characteristics affect revenue and user waiting times. 

Beyond improving prediction speed, this work demonstrates how interpretable machine learning can support engineering 
design and economic decision-making for EV charging infrastructure. By revealing the marginal impact of key planning 
variables on operational performance and financial outcomes, the framework provides transportation agencies and charging 
network operators with transparent tools for evaluating infrastructure investments, allocating resources efficiently, and 
designing charging systems that balance profitability with service quality as EV adoption continues to grow. 

30 



Industrial, Urban & Environmental Sustainability 

Ren Liao 
Chemical and Biomolecular 
Engineering, B.S. 
Spring 2027 
NYU Tandon 

Computational Modeling and Techno-Economic Analysis of Biomass to 
Methanol Process 

The transition toward carbon-neutral energy systems is expected to rely heavily on 
electrification; however, liquid fuels such as gasoline remain essential for difficult to 
electrify sectors. Thus, developing sustainable pathways for liquid-fuel production is 
important for energy decarbonization. One method to achieve that goal is 
biomass-derived methanol because methanol serves as an intermediate for the 
production of gasoline and other hydrocarbon fuels. 

This study models the biomass-to-methanol production process and evaluates the 
economic tradeoff between generating hydrogen through the WGS reaction and 
importing external hydrogen for methanol synthesis. An Aspen Plus V14 model was 
developed based on the NREL report Gasoline from Wood via Integrated Gasification, 
Synthesis, and Methanol-to-Gasoline Technologies. The process includes biomass 
gasification, syngas cleaning, water-gas shift (WGS), acid-gas removal (AGR), and 
methanol synthesis. The model was designed with the condition of achieving an H2/CO 
ratio of 2 before entering the methanol synthesis reactor. 

A bypass upstream of the WGS reactor was varied between full WGS usage and 
complete WGS bypass with external H2 importation. A techno-economic analysis 
(TEA) was performed to calculate the favored WGS bypass fraction with varying 
biomass and hydrogen market prices. With increasing external hydrogen importation, 

more methanol is produced with a carbon-to-methanol conversion increase from 49% with full WGS utilization to 66% with 
only H2 supplementation. Complete hydrogen import is favored when hydrogen price is below $2.5/kg and biomass price is 
above $300/ton. Therefore, although the additional hydrogen importation increases feed costs, the resulting reduction in 
WGS-related capital and operating expenditures lowers the overall plant costs, demonstrating a potential economic advantage 
for external hydrogen integration in biomass-to-methanol production. 
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How Well Can Choice Models Recover Individual Preferences? A Ground-Truth 
Benchmark on EV Charging Choice 

Discrete choice models predict an individual's choice among mutually exclusive alternatives 
based on each alternative's utility, and are central to modeling travel behavior such as EV 
charging station choice. They differ in how they represent individual-level taste heterogeneity 
and at what cost, but are usually compared by relative fit, which cannot indicate how close a 
model comes to the best achievable recovery when tastes are partly driven by unobserved 
factors. Toward informing model choice for large-scale EV charging data, we construct a 
synthetic benchmark with known individual parameters and a computable lower bound on 
recovery error, and evaluate four models in absolute terms. Synthetic charging station choice 
data follow Han et al. (2022): individual tastes are polynomial functions of income, time of 
day, and duration, with the cost coefficient fixed at −1 to place tastes in willingness-to-pay 
space. Two attribute-correlation conditions cross three sample sizes (N = 500/2,000/10,000). 
Adding 20% per-individual coefficient noise makes tastes non-deterministic in the covariates 
and yields an analytically computable irreducible error floor. MNL, MXL, AMXL, and 
TasteNet-MNL are compared on predictive fit, parameter recovery, value-of-time 
distributions, and computational cost. With covariates correctly specified and one observation 
per agent, TasteNet recovered travel-time coefficients to within 1.27× the floor at N = 10,000, 
against 2.16× for AMXL, and its error fell 22% as the sample grew while AMXL's stayed flat. 
On the weakly identified fast-charging coefficient, AMXL was worse than the 
population-mean baseline in all six conditions, and it took 12.4× longer than TasteNet at N = 
10,000. For EV charging models, three implications follow: individual-level estimation offers 
little benefit for weakly identified attributes such as charging speed and is better left to fixed 
coefficients; agent-based methods need repeated observations per person, which 
stated-preference surveys lack but real GPS charging records provide; and their computation 
time grows faster than sample size, which matters at the scale of real data. 

32 



Industrial, Urban & Environmental Sustainability 

Zhĳian Mao 
Chemical and Biomolecular 
Engineering, B.S. 
Spring 2028 
NYU Tandon 

Decarbonization via Pulsed CO₂ Reduction Electrolyzers 

Electrochemical CO₂ reduction can convert renewable electricity directly into ethanol 
and other multi-carbon (C₂+) products, but coupling an intermittent power source to a 
continuous chemical process remains a major engineering barrier. Pulsed electrolysis — 
alternating short current pulses with rest periods — has been proposed to both 
accommodate this intermittency and steer product selectivity away from the competing 
hydrogen evolution reaction and toward valuable C₂+ products. In a membrane electrode 
assembly built around a copper catalyst and a Sustainion anion-exchange membrane, we 
varied the pulse current density, pulse duration, and rest duration to probe how each 
parameter shapes the reaction environment at the catalyst surface and, in turn, the 
resulting product distribution. Across a systematic series of batches, gas products (H₂, 
CO, ethylene) and liquid products (ethanol, acetate, formate) were quantified by 
micro-GC and NMR after each run, benchmarked against a constant-current (DC) 
baseline, and tracked across sequential batches to assess reproducibility and 
membrane/catalyst degradation over extended operation. In parallel, we also tested an 
alternative membrane (Versogen) under the same protocol, investigating the 
mechanisms behind its failure and the membrane–catalyst interactions contributing to it. 
The resulting map of faradaic efficiency and selectivity across the pulsing parameter space 
provides a data-driven basis for operating renewable-powered CO₂ electrolyzers under 
variable power while maintaining high, reliable ethanol selectivity. 
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Quantum Science & Technologies 

Quantum science will revolutionize technologies across multiple domains, from 
computing and communications, to sensors and secure data transmission, to global 
logistics and infrastructure security. However, the journey to realizing quantum’s full 
promise has been hindered by a fragmented landscape across academia, industry, and 
government. 

At NYU, we are changing this dynamic. We launched the NYU Quantum Institute to build a 
uniquely cross-sector, cross-disciplinary ecosystem of researchers, industry partners, and 
civic leaders to drive quantum innovation, education, workforce development, and 
real-world impact. 

And we’re already leading the charge with industry firsts: first quantum communication 
through existing telecom lines, the first academic cleanroom in Brooklyn, the first 
multi-node quantum network, and the first Thermal Laser Epitaxy system in the U.S. for 
advanced quantum materials research. 
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An Enhanced, Cost-Effective Automated Dip-Coating System for Quantum Dot Thin-Film Deposition 

Dip coating is a simple yet effective method for depositing thin films. The process involves immersing a substrate material in a 
liquid solution and removing it to dry, consequently forming a thin film of solute following the evaporation of the solvent. 
Though the process itself is extensively researched, we explore its application to quantum dot film deposition. There are many 
parameters that affect the thickness and the uniformity of the film, which are critical factors that determine the quality of the 
products in optoelectronics applications. To test the influence of such variables like withdrawal speed, an automatic system that 
allows for precise control and incremental adjustments is needed. A commercially available dip coating machine capable of such 
control often ranges in price from $1500 to over $6000. An affordable alternative under $300 was proposed by the NYU Hybrid 
Nanomaterials Lab, which involves control of a linear rail at constant speeds using an Arduino. However, it faces stuttering 
issues at lower speeds, leaves no room for sensor feedback control, and requires human intervention in between cycles for 
solution height control. 

This project proposes an enhanced version of the setup, using an ESP32 for faster speeds, FreeRTOS task management and 
wireless control through WiFi, along with additional upgrades such as a 3D printed substrate holder and solution dispenser to 
minimize human intervention during the deposition process. The departure from the Arduino superloop code structure allows 
the setup to concurrently execute tasks and incorporate sensor feedback control, which was not possible in the previous setup. 
Moreover, its barebone dual-axis setup leads to minimal solution perturbation, and leaves room for modular upgrades in the 
future. 
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Optimizing Solution-Phase Ligand Exchange for Enhanced Film Quality 
and Responsivity in PbS Colloidal Quantum Dot Photodetectors 

Quantum dots (QDs) are semiconductor nanocrystals that possess size-tunable 
optical and electronic properties. PbS QDs specifically are synthesized with long oleic 
acid ligands, which prevent aggregation and provide high colloidal stability. However, 
the long carbon chain decreases charge transport and the oleic acid acts as an insulator. 
This project focused on solution-phase ligand exchange (SPLE) to improve film 
quality. A halide ink formulation combining PbI₂ and PbBr₂ was used to exchange 
oleic acid ligands for iodide and bromide. Additionally, NaOAc was incorporated for 
facet-specific passivation and assisting displacement of oleic acid. The resulting QDs 
were filtered and spin coated. Varying concentrations of PbI₂, PbBr₂, and NaOAc 
along with spin parameters and substrate cleaning procedures were tested to optimize 
film quality.  Device performance was measured under illumination to capture 
responsivity measurements. Results showed that utilizing 0.150 M PbI₂, 0.03 M 
PbBr₂, 0.065 M NaOAc, UV treating ITO substrate, and spin coating the QDs at 
1250 RPM for 30 seconds improved responsivity and consistency between devices. 
These findings  demonstrate that precise control over halide ink composition, 
passivating agent concentration, substrate preparation, and deposition parameters is 
critical to producing reliable, high-performing PbS QD photodetector films. This 
work establishes an optimized SPLE protocol that improves reproducibility, 
supporting continued development of solution-processed infrared photodetectors. 
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Kidney Stone Detection via Quantum Support Vector Machine on Real Quantum Hardware 

Quantum computing has been attracting attention, including in the medical field. Especially for real-time surgery, a 
higher-dimensional expression and potential computational speedup would improve our current methods, which highly depend 
on humans. Here, we aim to evaluate whether Quantum Support Vector Machine (QSVM) can achieve clinically meaningful 
accuracy for kidney stone detection using real patient data, both on classical simulators and real IBM quantum hardware. Image 
features are extracted using ResNet-18, compressed via principal component analysis, and encoded onto qubits with a ZZ 
feature map before being passed through the QSVM's quantum kernel. While many research papers largely rely on simulation 
alone, we validate our pipeline on IBM's superconducting quantum processors, directly capturing the effects of hardware noise. 
Benchmarking against a conventional classical machine learning baseline across sample sizes ranging from 100 to 1000, we 
found that both accuracy and recall improved with sample size for both approaches. QSVM reached an accuracy of 0.70 for 
kidney stone detection, approaching the classical baseline of 0.77. This work serves as an early proof of concept for QSVM in 
real-time surgical image classification, highlighting both its near-term feasibility and the remaining hardware limitations 
toward clinical deployment. 

Sophia Wang 
Major 
Summer 2026 
NYU Tandon 
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Low-Cost Electrophoretic Deposition of PbS Quantum Dot Films for 
Scalable Optoelectronics 

Solution-processed optoelectronics have positioned colloidal quantum dots (CQDs) as 
promising candidates for next-generation solar cells and photodetectors, owing to their 
size-tunable bandgap and compatibility with low-cost, scalable manufacturing. Yet film 
deposition for CQD devices remains largely confined to spin-coating and 
layer-by-layer methods, both of which are time-consuming, material-wasteful, and 
difficult to scale. Electrophoretic deposition (EPD) offers a potentially simpler and 
more scalable alternative, but it has seen limited demonstration across diverse QD 
material systems and device architectures, particularly with solution-phase ligand 
exchanged (SPLE) inks. This work demonstrates EPD as a viable film deposition route 
for PbS CQDs on ZnO/ITO substrates, using a low-cost, 3D-printed deposition 
apparatus. PbS QDs synthesized via hot injection were subjected to SPLE with a mixed 
ligand system of PbBr₂, PbI₂, and sodium acetate to displace the native oleic acid 
capping and render the dots charged and dispersible in formamide for EPD. 
Deposition parameters were systematically varied, and 75 V applied for 30 minutes was 
identified as the optimal condition, producing a visibly uniform film with confirmed 
absorbance and measurable device responsivity. Higher voltages (100–200 V) instead 
resulted in non-uniform deposition and QD aggregation near the electrode contact 
point. These results demonstrate that EPD of SPLE PbS CQDs onto ZnO/ITO is 
achievable with minimal infrastructure, and that deposition quality is strongly governed 
by applied voltage. This work broadens the material and substrate combinations shown 
to be compatible with EPD, establishing a foundation for low-cost, scalable CQD film 
fabrication outside conventional cleanroom or glovebox environments. 
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Robotics & Embodied Intelligence 

Robotics and Artificial Intelligence (AI) are both expansive fields far from reaching their full 
potential. Here at Tandon, we believe the most promising future lies at the intersection of 
the two with Embodied Intelligence where AI and wireless innovation merges with the 
physical world to create a new generation of smart, autonomous systems. 

A technological revolution is approaching as AI innovations enable robots, self-driving 
vehicles, and smart cities to sense, learn, and act intelligently within their environments. 
By uniting robotics, machine learning, and computer vision, we are solving critical 
challenges in manufacturing, transportation, healthcare, and infrastructure while 
preparing and reshaping society for a more intelligent future. 
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Alexandre Aarao Reis Arturi 
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University of Michigan 

Bio-Inspired Aquatic Robot Locomotion: A Literature Review of Fluid-Robot Multiphysics Simulation and 
Gait Optimization 

Bio-inspired aquatic robots capable of matching the swimming efficiency and agility of fish hold significant potential for 
underwater exploration and environmental monitoring, yet realizing autonomous swimming performance comparable to 
biological counterparts has remained an elusive task. The biggest challenge has been accurately simulating fluid-rigid body 
coupling. This is because fish locomotion depends heavily on vortex interactions between the robot body and the fluid, governed 
by the incompressible Navier-Stokes equations. Existing simulation software include particle-based smoothed-particle 
hydrodynamics and weakly-coupled Eulerian solvers - which all fail to accurately capture the true dynamics, producing large 
discrepancies that prevent transfer of optimized control policies. Our work presents a literature review of recent advances in 
differentiable fluid-robot multiphysics simulation, primarily focusing on Lee et al. (2026), wich introduces a unified framework 
deriving both fluid and robot dynamics from a single Lagrangian via the principle of least action. Some of the key innovations 
include a custom variational integrator that resolves the temporal mismatch between fluid velocity and robot configuration 
representations, and an integral-form immersed boundary method - enforcing no-slip conditions in a continuous way along the 
robot surface, eliminating singularities at joints common in multi-link robotic systems. The simulator detailed is fully 
differentiable via the implicit function theorem which enables gradient-based optimization of swimming gaits. This simulator 
demonstrates up to 75% reduction in error when predicting trajectories relative to SPH-based baselines for steady undulatory 
swimming, and successful sim-to-real transfer of an optimized C-start escape maneuver achieving a 90-degree turn on a 
physical six-link eel robot, a result the SPH baseline fails to replicate. These findings highlight strongly coupled, differentiable 
fluid-robot simulation as a critical enabling technology for autonomous aquatic robotics, with future directions including 
extension to three-dimensional swimming, real-time feedback control, and periodic gait optimization. 

Allan Zhang 
Mechanical Engineering, B.S. 
Spring 2028 
NYU Tandon 

Robotics & Embodied Intelligence 

40 



Robotics & Embodied Intelligence 

Aman Sunesh 
Computer Engineering, B.S. 
Spring 2027 
NYU Abu Dhabi 

Human-in-the-Loop Autonomous Vehicle Trajectory Prediction Framework 
for Roadway Work Zone Safety 

Trajectory prediction is a critical component of autonomous driving systems because it 
supports safe and effective motion planning. However, ensuring autonomous vehicle 
(AV) safety in safety-critical scenarios remains a significant challenge due to the scarcity 
of real-world data required to train robust data-driven models. Roadway work zones are 
common but highly dynamic driving environments. They often include cones, lane shifts, 
warning signs, equipment, and workers moving near traffic, all of which can make driver 
behavior harder to predict. Yet high-quality data for studying these work-zone scenarios 
remains limited. 

Building upon our previous work, which used an interactive virtual-reality (VR) 
framework to capture the trajectories and interactions of human drivers and workers in a 
controlled user study, this research addresses the critical gap in AV trajectory prediction 
for construction-zone environments. We introduce and release a novel human-derived 
trajectory dataset designed for this safety-critical domain. The dataset includes vehicle 
motion, surrounding agents, work-zone geometry, warning signs, control inputs, gaze 
information, and map context. We cleaned and processed the data from two laps of the 
study into model-ready trajectory samples with consistent train, validation, and test splits 
by participant. 

Furthermore, we establish a comprehensive evaluation benchmark for predicting future 
vehicle motion over a five-second horizon in these complex environments. Our 
benchmark evaluates a range of predictive models, from foundational sequence models 
such as GRU, LSTM, and Transformer baselines to more recent trajectory prediction 
architectures, including LAformer, MTR, and RouteFormer. Initial results show that 
work-zone context and vehicle-control information improve prediction performance, 
while richer map and lane features may require more specialized model architectures to 
be fully useful. 

Ultimately, this study aims to advance safe autonomous navigation in work zones by 
providing a benchmarked foundation for improving the reliability of AV motion 
planning and developing more accurate trajectory-prediction models in complex 
work-zone environments. 
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What Do Spectrum Prediction Models Learn?  A Benchmark Dataset and 
Reproduction Study 

Spectrum usage prediction has attracted growing interest from researchers, engineers, 
and industry due to its potential to reveal usage patterns and support resource allocation 
decisions. However, translating prediction models into reliable field deployments 
remains difficult, as evaluation methods often fail to align with the capabilities 
researchers claim their models possess. As a result, overly optimistic evaluations may 
yield models that perform well offline but fail in deployment, leading to inaccurate 
spectrum forecasts and poor downstream allocation decisions. In this work, we develop 
a best-practice framework for evaluating spectrum prediction models by identifying 
specific claims made in the literature, constructing datasets and evaluation procedures 
designed to test each claim directly, and reimplementing and reevaluating selected 
existing models using these benchmarks. This framework provides a more reliable 
measure of deployment readiness, helps identify model limitations, highlights areas for 
improvement, and clarifies whether spectrum prediction models are worth their training 
and deployment costs. Ultimately, more rigorous evaluation can lead to more robust 
models better suited for real-world deployment. 
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Coverage-Aware Retrieval-Augmented Generation for Multifaceted 
Question Answering 

While Large Language Models (LLMs) continue to push boundaries, they still 
struggle with hallucinated outputs, stale data, and untraceable reasoning. 
Retrieval-Augmented Generation (RAG) offers a promising solution by drawing from 
external databases. However, most existing RAG frameworks focus heavily on simple, 
factual QA. When tasked with nuanced, open-ended questions requiring thorough 
responses, they frequently provide incomplete answers. The bottleneck comes down to 
a fundamental objective mismatch in current retrieval design. Generating truly 
comprehensive answers requires high information coverage, retrieving a collection of 
documents that together span every critical angle of a query. Standard retrievers, 
however, rank documents independently. This creates severe nugget-level redundancy: 
top search results endlessly rehash the same primary aspect, completely ignoring other 
necessary dimensions. To overcome this limitation, we introduce a coverage-aware 
retrieval pipeline designed to maximize distinct information nuggets within a limited 
context window. Instead of static, isolated ranking, our framework uses a dynamic 
set-selection strategy that pairs a marginal-gain retriever and a distilled LLM coverage 
scorer with a greedy module that actively hunts for missing information gaps. 
Evaluated on the CoverageBench benchmark, our approach improves both retrieval 
relevance and coverage, showing promising potential to boost final answer quality. 
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Wanderland × Video Generation: Dynamics, Visual Quality, and 
Consistency for a Real-Scan Navigation Simulator 

Real-scan simulators give embodied navigation metrically grounded 
environments, but pure reconstruction hits three ceilings: quality 
collapses off the capture trajectory (best 3DGS: 20.4 dB interpolation → 
17.9 dB extrapolation), glass and thin structures fail intrinsically under 
LiDAR, and scans are captured people-free, so there are no dynamics at 
all. We keep geometry measured and use video generation only to paint 
what geometry cannot. A fixed colored LiDAR cloud is point-rendered 
at any query pose and decoded by a frozen Wan2.2-5B video model with 
a VACE conditioning branch and LoRA; because every view is 
conditioned on the same cloud, spatial consistency holds by construction 
rather than by learned memory. One model across 10 scenes reaches 24.5 
dB on held-out validation, matching per-scene 3DGS while replacing 
ten reconstructions with one, and supports never-photographed 
viewpoints — lateral offsets, yaw sweeps, and goal-driven rollouts 
planned directly on the scan. For dynamics we separate behavior from 
appearance: deterministic proxy tracks with explicit z-testing against the 
LiDAR depth buffer make actor state exact and occlusion a property of 
the condition, leaving only appearance to generation. We pair 
held-out-photo metrics with ground-truth-free consistency checks 
available at any pose. 
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Analysis of Vamana Construction Parameters for Efficient Approximate 
Nearest Neighbor Search 

Modern systems represent images, documents, and other media as high-dimensional 
vectors and answer queries by retrieving those closest to a query. Scanning every stored 
vector is exact but too slow at scale, so production systems use approximate nearest 
neighbor (ANN) search, trading a little accuracy for speed. The strongest methods build 
a graph and walk it greedily toward the query. Vamana, the algorithm behind DiskANN, 
builds that graph by inserting points one at a time, using beam search to gather nearby 
candidates, then pruning so each node keeps few edges in varied directions. Its behavior 
depends on the maximum out-degree R, the construction beam width L, a pruning 
threshold α governing how readily redundant edges are dropped, and the insertion order. 
These are inherited as defaults with little published sensitivity analysis. 

We instrumented ParlayANN's Vamana with per-distance-computation tracing, a graph 
serializer, insertion-order control, and a generalized pruning rule, then swept these 
parameters on SIFT1M, one million 128-dimensional vectors. R is the dominant 
parameter as setting it too low results in poor quality graphs despite higher construction 
effort. L helps only once R leaves headroom for the additional edges discovered with 
more computation during beam search. α has a narrow optimum near 1.2, the accepted 
default, since lower values strip the long edges that let search travel quickly, while higher 
values crowd nodes with near-duplicates that slow every step. Query difficulty was only 
partly shared across insertion-order variants, so it is neither entirely a property of the 
dataset nor of the graph, and more work is needed to explain the remaining variance. 

Our main outcome is a clearer account of why Vamana's chosen settings work. They can 
be found by exhaustive sweeps, but understanding the mechanism lets us reason about 
them and tune with far fewer experiments. 
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AI Agent-Powered Robotic Design and Manipulation 

AI-agent-powered robotic systems advance autonomous design, fabrication, and 
manipulation by coordinating specialized AI models to co-reason, co-design, 
and co-execute complex robot behaviors. Instead of relying on standard 
controllers, AI agents share real-time information to adaptively select execution 
strategies under uncertainty, supporting both human interaction and in-silico 
co-design loops. This research explored the possibility of integrating AI-agent 
frameworks with standard mechatronics for conveyor belt block-sorting tasks, 
combining an SO101 arm for color-based block recognition with two X-Arms 
utilizing an ultrasonics sensor. 

The system hardware was modeled in Onshape®  and SOLIDWORKS®  and 
evaluated using physical experiments and computational simulations. For the 
X-Arm system, standard mechatronics programming applied forward and 
inverse kinematics alongside ultrasonic feedback for automated object detection 
and pick-and-place routines. For the SO101 arm, YOLO and OpenCV 
executed object detection and spatial tracking, while the IKPy library calculated 
kinematics to coordinate trajectories across the conveyor belt. 

Experimental results demonstrated that standard kinematics performed 
effectively for highly repetitive picking, placing, and stacking 1-inch blocks. 
However, these methods relied heavily on initial calibration of the system, 
considering coordinates of the blocks as well as camera position. As a result, their 
applicability was largely limited to constrained and predictable environments. 
Conversely, AI-based approaches, including simulation training such as 
NVIDIA Isaac Sim and Isaac Lab, as well as simpler computer vision methods 
combining YOLO-based object detection with inverse kinematics, provided 
significantly greater flexibility. The environment was also connected to the 
SO101 arm through the ROS2 joint-state publisher, mirroring its movements in 
real time. These approaches enabled the system to identify and manipulate 
blocks without time-consuming calibration. Combining traditional kinematic 
control with AI-based methods such as Action Chunking with Transformers 
(ACT), Vision-Language models (VLMs), and Vision-Language-Action 
(VLAs) models yielded a more robust and adaptable robotic sorting framework 
than relying on conventional control alone. 

Michael 
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Computer 
Engineering, B.S. 
Spring 2028 
NYU Tandon 
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Latent World Model for Image Navigation 

Image-goal navigation requires an embodied agent to reach a target location specified 
only by a goal image. Although recent navigation world models can predict future 
observations, planning directly in RGB space is computationally expensive and may 
limit scalability. This work investigates whether LeWorldModel (LeWM), a latent 
world model based on joint-embedding prediction, can provide useful and efficient 
planning signals for image-goal navigation. 

We develop an experimental LeWM baseline and evaluate it on RECON and a subset 
of the Gibson dataset. The model is trained with a history size of four and one-step 
latent prediction, and is evaluated using trajectory candidates with a context size of four 
and a planning horizon of eight. We assess trajectory prediction accuracy, inference 
efficiency, and closed-loop navigation performance with cross-entropy-method 
planning. 

On RECON, LeWM achieves an absolute trajectory error of 1.36 and a relative pose 
error of 0.34, demonstrating competitive trajectory prediction performance. On a single 
NVIDIA L40S GPU, evaluating 120 candidate trajectories requires 24.0 ms, 
corresponding to 0.20 ms per candidate and approximately 5,000 candidates per 
second. On held-out Gibson scenes, navigation from the source position achieves a 
success rate of 0.16 and an SPL of 0.13, while expert initialization reaches 0.82 for both 
metrics. Adding noise recovery and frontier exploration improves performance to a 
success rate of 0.26 and an SPL of 0.19. 

These results show that latent world models are a feasible and computationally efficient 
baseline for image navigation. However, performance remains limited when the target 
is not visible, suggesting that better long-horizon training, distance-aware objectives, 
and exploration mechanisms are necessary for robust navigation. 
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Video-Driven Embodiment Intelligence: A Progress Report 

Introduction. Video-driven unsupervised learning offers an alternative to costly 
labeled datasets for robotics, by leveraging the structure already present in raw visual 
interaction data. Within this broader goal, this project focuses on a concrete 
instantiation: building and evaluating a latent world model that learns robot 
manipulation dynamics directly from video, without relying on hand-labeled physical 
annotations. The objective is to identify which architectural choices allow such a model 
to predict physically plausible future states over long interaction horizons. 

Methods. Following the Interactive World Simulator framework, we train a two-stage 
model: a VQVAE compresses RGB observations into a compact latent space (Stage 1), 
and an action-conditioned dynamics model predicts future latents from past context 
and robot actions (Stage 2). We evaluated multiple dynamics formulations, including 
direct regression and a denoising diffusion approach based on EDM (Elucidating the 
Design Space of Diffusion-Based Generative Models), and tested whether an auxiliary 
"physical change map" between frames, capturing where the scene brightens or 
darkens, improves prediction, both as a training signal and as an explicit input to the 
network. 

Results. Direct regression collapsed to a degenerate "copy last frame" solution, since 
true inter-frame changes are small in magnitude. Reformulating prediction as a 
denoising task eliminated this collapse and produced structured, action-responsive 
predictions. Supervising the change map as an auxiliary loss gave no measurable 
improvement, but providing the true change map as an input accelerated early training, 
an advantage that vanished over short (20-step) prediction horizons. 

Conclusion. These findings clarify which design choices meaningfully affect 
video-driven dynamics learning and establish a reproducible testbed for evaluating 
physical grounding in world models. This research is ongoing; future work will extend 
this evaluation to long-horizon rollouts to determine whether explicit physical 
grounding provides lasting benefit for stable, label-free robot world models. 
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Understanding Communication Overhead and Accuracy Tradeoffs in 
Federated Learning Systems 

Federated learning enables machine learning models to be trained without 
centralizing users’ data, making it promising for applications where privacy is a 
concern. However, its adoption remains limited, in part because of network 
communication overhead and uncertainty about task performance. The factors that 
shape the tradeoff between communication cost and model accuracy are not yet well 
understood or consistently documented. Our research reviews and organizes 
existing literature on key factors that may influence this tradeoff, including model 
size, data distribution, and client participation rates, and then conducts systematic 
experiments to evaluate their effects. By clarifying how these factors affect both 
efficiency and accuracy, this work aims to support better-informed design decisions 
and broader deployment of federated learning systems in privacy-sensitive domains. 
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Spatio-Temporal Mapping and LLM Timeline Analysis for FDNY Battery Fire 
Safety 

Lithium-ion battery technology, electric vehicles (EVs), and micro-mobility devices pose 
emerging operational risks to modern urban fire safety. Continuing the igNYte 
laboratory’s research framework established last year which evaluated historical general 
structural fire patterns across New York City, this project focuses specifically on 
battery-related fire incidents recorded by the Fire Department of the City of New York 
(FDNY). The objective is to evaluate battery fire dynamics, map spatial vulnerability, and 
benchmark incident progressions against general fires. 

The study merges New York Fire Incident Reporting System (NYFIRS) records with 
daily weather datasets and operational metrics (alarm levels, units on scene, and 
suppression systems) to analyze fire dynamics and distinguish routine baseline events 
from rare, multi-alarm fires. Utilizing data science and GIS-based spatio-temporal 
mapping, the research identifies urban risk clusters, paying attention to building types 
and socioeconomically vulnerable populations. Additionally, a Large Language Model 
(LLM) pipeline is being developed to extract temporal events and compare battery fire 
timelines against general fire progressions. 

Spatio-temporal mapping pinpoints critical risk clusters across New York City 
neighborhoods, detailing where battery fires concentrate relative to building 
characteristics and vulnerable populations. Operational analyses isolate the ten-codes 
within battery fires compared to standard incidents, while the LLM pipeline reconstructs 
incident progression timelines to highlight unique tactical challenges during response. 

Primary outcomes include spatial risk maps to prioritize community education alongside 
empirical evidence to inform FDNY tactical response, specialized firefighter training, 
and updated building safety codes. Findings will be presented directly to the FDNY to 
improve fire safety. 
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Improving Sparse Retrieval: Expansion, Distillation, and Impact Calibration 
in DeeperImpact 

Information retrieval seeks to identify and return the most relevant passages or 
documents in response to a user's query. Among neural approaches, sparse models 
represent text as high-dimensional sparse vectors whose nonzero entries are 
term-specific relevance scores, which keeps them compatible with the inverted-index 
infrastructure that already powers production search engines. DeeperImpact is one such 
framework. It first expands each document with terms that a language model predicts a 
user might search for, then learns an impact weight for every term in the expanded 
document. In this work, we improve DeeperImpact along four directions. First, we 
study document expansion, comparing LLaMA-based query generation against the far 
cheaper TILDE lexical expansion under a matched training recipe. Second, we 
strengthen supervision by distilling from an ensemble of five cross-encoder teachers 
together with self-distillation on mined hard negatives. Third, we recalibrate the learned 
impact weights after training. The additive scoring function systematically over-ranks 
documents that match only part of a query, and a single coverage parameter baked 
directly into the index corrects this at no cost during query processing. Fourth, we move 
query term weighting into the model itself, jointly training a query-side weighting 
component with the document-side impact model so that both sides are optimized end 
to end under the same ranking objective, rather than relying on a fixed heuristic such as 
IDF. Together, these improvements raise MRR@10 on MS MARCO from 37.3 to 
39.2. 
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Learning-based Robotic Rope Manipulation 

Robotic manipulation of deformable linear objects (DLOs), such as ropes, remains a 
challenging problem due to their complex physical behavior and evolving topological 
configurations. Reliable rope manipulation is critical for applications including cable 
routing, surgical assistance, industrial automation, and household robotics. This project 
explores current approaches to rope representation, physics-based simulation, and 
learning-based manipulation to understand these challenges better. A systematic 
literature review was conducted on rope perception, state representation, dynamics 
modeling, and reinforcement learning for robotic manipulation. NVIDIA Newton was 
also explored as a physics-based simulation platform to investigate rope modeling, 
physical parameterization, and simulation environment design. The study summarizes 
the strengths and limitations of existing approaches and identifies several open research 
challenges, including representing rope topology, modeling deformable dynamics, and 
integrating physics simulation with learning-based manipulation. The simulation 
environment established during this project provides a foundation for future 
implementation and evaluation of robotic rope manipulation methods. This work 
establishes a foundation for future research on learning-based rope manipulation and 
contributes toward the development of more reliable robotic systems capable of 
manipulating deformable objects in complex real-world environments. 
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Extending Trustworthy Metamaterial Inverse Design to Three 
Dimensions: An Accessible, Uncertainty-Aware Web Tool 

Mechanical metamaterials can achieve properties beyond those of their 
constituent materials through engineered lattice geometry, enabling applications 
in areas from soft robotics and mechanical neural networks to commercial 
footwear. Though metamaterial solutions have become increasingly viable due to 
advancements in 3D printing, the process of inverse design - generating 
geometries that realize target properties - remains challenging. The 
Epistemic-uncertainty Aware Autoencoder (EAAE) addresses this with a 
neural-operator autoencoder whose latent dimensions align directly with material 
properties and which reports its own confidence in each generated design. 
However, EAAE was demonstrated only on two-dimensional 50×50 unit cells 
with 5 properties, whereas engineering applications require fully 
three-dimensional architectures. 

This project extended the EAAE framework to 3D and made it usable by 
non-experts. Because the 3D elasticity tensor is a symmetric 6×6 matrix, the 
property vector grew from 5 to 22 channels (21 independent stiffness components 
+ volume fraction). We generated a labeled dataset of 82,944 volumetric unit cells 
at 15×15×15 resolution, computing the true properties of each cell by finite 

-element homogenization distributed across an 
HPC cluster, and trained the model on it. 
Geometries are produced by optimizing the 
unconstrained latent dimensions to maximize the 
model’s familiarity with the requested target 
properties. The resulting model generates connected 
3D lattice geometries from any user-specified subset 
of the 22 properties, automatically filling the 
remainder, and reports a confidence score that flags 
out-of-distribution requests. We built a web 
interface, backed by a containerized inference server, 
that lets users specify target properties, generate a 
geometry, inspect it in 3D, and verify the achieved 
properties through on-demand finite-element 
homogenization. 

By extending a trustworthy inverse-design 
framework to three dimensions and delivering it as 
an accessible tool on the NSF-funded SimHub 
platform, this work moves uncertainty-aware 
metamaterial design from academic research toward 
practical use. 



Engineering Health 

Engineering and Health focuses on seamless integration of engineering with biology, 
clinical practice, data science, and AI to create innovative solutions for maintaining 
wellness, preventing disease, and treating illness more effectively, economically, and 
equitably. 

NYU is forging a transformative path in health engineering by converging its exceptional 
strengths in engineering, medicine, basic sciences, math, data science, and dentistry. 
Spearheaded by the cross-disciplinary Institute for Engineering Health — co-led by 
Tandon and NYU Langone with a dynamic dual presence in Brooklyn and Manhattan along 
with strategic global partnerships — NYU is tackling critical challenges in 
immunoengineering and biomedical engineering with a focus on translation, scalability, 
and societal impact. 
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Beyond Words: Translating a Metaphor-Based Toolkit into a Narrative Pain Episode Map for Chronic Pain Communication 

The chronic pain experience is subjective, often fluctuating and hard to communicate. The typical use of numerical scales and 
symptom trackers do not capture the complexity, emotional impact, or the personal understanding of one’s pain.  Prior work in 
our lab shows that metaphor-based toolkits help provide form to otherwise invisible aspects of pain. This project aims to 
transform an existing six-step physical pain toolkit into Beyond Words, a metaphor-based journaling web application that 
supports pain reflection and communication between participants and facilitators. We followed the design-thinking process, 
which consists of empathizing, ideating, and prototyping, to make decisions about the app. We used key principles to iteratively 
prototype application layouts in Figma. This was coupled with storyboards to understand the reasons why participants would 
interact with the toolkit, along with the takeaways. The resulting toolkit, Beyond Words, is a pain episode narrative map that 
guides users through six steps to produce a visual record of their experience. This is a functional prototype that preserves the 
expressive qualities of the original physical toolkit while improving accessibility, organization, and ease of use in a digital format. 
The map allows participants to select between session modes, elaborate upon selected metaphors, an archive with constellation 
views of their episode, and options to share. The design emphasizes self-reflection, storytelling, and communication rather than 
symptom quantification alone. The digital toolkit strays away from graphs, streaks, and reminders to emphasize the qualitative 
reflections. By supporting more expressions of pain experiences, Beyond Words demonstrates how digital tools can complement 
traditional pain assessment methods and foster more meaningful conversations between individuals with chronic pain and 
support networks. This work contributes to ongoing research on designing more empathetic and expressive digital health 
technologies. 

Anjana Kottaiveedu 
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Modeling CAR T-Cell Therapy in Pancreatic Ductal Adenocarcinoma using 
an Organ-on-a-Chip Platform 

Pancreatic ductal adenocarcinoma (PDAC) is the most common form of pancreatic 
cancer accounting for 95% of all cases [1]. Due to the aggressive nature of PDAC and 
difficulty diagnosing at an early stage, 80% of cases are identified at an advanced stage 
leading to a 5 
year survivorship rate of less than 13%[2]. CAR T-cell therapy is a highly promising 
treatment which reprograms a patient's own T-cells to recognize and target cancer 
cells by attaching a gene for a Chimeric Antigen Receptor (CAR) to T-cells [3]. 
While CAR T-cell therapies have been highly effective in treating blood cancers such 
as leukemia, resulting in high remission rates, applications to solid tumors such as in 
PDAC had proven difficult as CAR T-cell infiltration is difficult due to the large 
stroma [4]. In order to recapitulate the tumour microenvironment in PDAC, our lab 
utilized organ-on-a-chip platforms to co-culture patient derived cancer cell organoids 
(PDOs) and stromal cells with cancer associated fibroblasts (CAFs). We then added 
CAR T-cells and measured changes in tumor organoid diameter using an imaging 
processing pipeline. Our results validated the efficacy of CART therapy on PDAC 
solid tumors and demonstrated the infiltration of CAR T-cells in the stroma. Future 
directions include utilizing these organ-on-a-chip platforms to test combination 
therapies and treatment resistance on patient derived samples as well as further 
developing our AI model to predict treatment responsiveness and improve upon 
patient outcomes. 
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Investigating the Short-Term Storage Stability of Lung-Targeted Lipid 
Nanoparticles 

Lipid Nanoparticles (LNP) are a promising non-viral delivery system for mRNA 
therapeutics due to their low immunogenicity, high payload capacity, scalability and 
compatibility with non-invasive pulmonary delivery. Accordingly, we developed 
lung-targeting LNPs as an alternative platform to adeno-associated virus 
(AAV)-mediated Fibroblast Growth Factor 21 for arrhythmogenic right ventricular 
cardiomyopathy (ARVC). Using a Design of Experiment (DOE) methodology, we 
have identified lung-targeting LNPs with optimal cell viability and transfection 
efficiency. To progress into in vivo studies, it is important to understand the storage 
stability of these LNPs. While previous studies have demonstrated that liver-targeting 
LNPs remain stable at 4 degrees Celsius in multiple storage buffers, the stability of 
these lung-targeting prototype LNPs has not been established. This study evaluates how 
storage buffer and time after formulation affect the physicochemical properties and 
transfection capability of our final prototypes. The lead DOE candidates were 
formulated with luciferase-encoding mRNA, stored at 4 degrees Celsius in PBS or 
citrate buffer, and administered to A549 cells at 0, 24 and 48 hours after formulation. 
Particle size and zeta potential were measured using dynamic and electrophoretic light 
scattering, respectively. The ribogreen assay was used to evaluate encapsulation 
efficiency and mRNA concentration before treating the cells at each time point. Cell 
viability and transfection efficiency were measured a day after treatment using resazurin 
assay, bicinchoninic acid assay and luciferase assay. Results indicate that PBS provided 
more consistent physicochemical stability over 48 hours, whereas citrate led to greater 
variability in particle size and encapsulation efficiency. Nonetheless, transfection and 
cell viability remained similar regardless of storage buffer and time, indicating that 
short-term changes in physicochemical properties did not compromise LNP function. 
These findings suggest that our lung-targeted prototypes can be reliably stored in PBS 
and used within 48 hours of formulation without affecting performance. These storage 
conditions increase experimental flexibility in conducting reproducible in vivo studies. 
Our results advance the development of lung-targeting LNPs as a therapeutic for 
ARVC. 
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Engineering Supercharged Coiled-coil Proteins for Enhanced siRNA 
Delivery with Exoproteoplexes 

Small-interfering RNA (siRNA) gene therapy is a novel technology designed to treat 
patients with diseases that cannot be healed through conventional drugs. SiRNA is a 
short strand of double-stranded RNA complementary to target mRNA, enabling 
transient gene silencing without altering genomic DNA by incorporating into the 
RNA-induced silencing complex (RISC). Today, there are only seven FDA-approved 
siRNA drugs due to limitations such as degradation, rapid clearance, and poor cellular 
uptake. To combat this, we combined the siRNA with naturally secreted extracellular 
vesicles (exosomes) and N8 supercharged coiled-coil protein (CSP) to package the 
siRNA, creating an exoproteoplex (EPP). Compared to liposomes, exosomes are less 
cytotoxic delivery agents that protect siRNA from degradation, allowing it to enter the 
cell. We engineered the N8 protein via site-directed mutagenesis and an N-terminal 
decahistidine tag addition. These modifications increase electrostatic binding, thereby 
enhancing siRNA encapsulation, and aid in endosomal escape. Synthesizing this 
protein involves bacterial transformation, protein expression, purification, and 
concentration followed by secondary structure characterization. One challenge with 
exosome delivery vehicles is that they have their own endogenous cargo, making it 
difficult to load therapeutic siRNA. This issue, along with wanting to load more siRNA 
into the vehicle to increase therapeutic efficacy, are the reasons we tested encapsulation 
efficiency. Three loading methods were compared: passive incubation, sonication, and 
electroporation. Preliminarily, electroporation was found to be the most effective at 
encapsulating the siRNA with 63.97% loading efficiency for exosomes and siRNA 
alone, which increased to 97.59% after the addition of the N8 CSP. This study shows 
that EPPs constructed through electroporation with the engineered N8 protein are a 
promising way to load siRNA therapeutics for effective gene knockdown. 
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Expanding the repertoire of solid cancer antigens using a novel inside-out 
logic-gated CAR T cell strategy 

Chimeric antigen receptor (CAR) T-cell therapy has been notable in cancer 
treatments and is continuing to be a promising solution. It is highly successful in liquid 
tumors because it targets lineage-specific antigens, allowing both cancerous and 
healthy cells to be depleted. This strategy works with B cells as depletion of B cells is 
well tolerated, but it cannot be applied to other tissues as it can result in 
life-threatening conditions. Another reason why CAR-T therapy shows a limited 
effect on solid tumors is due to the lack of known tumor-specific antigens and the risk 
of on-target, off-tumor toxicity (OTOT). To solve this issue, the Yarmarkovich lab has 
pioneered a new class of CARs called peptide-centric (PC) CAR-T. They are able to 
recognize and target intracellular drivers as peptides presented on human leukocyte 
antigens (pHLA), which significantly expands the repertoire of targetable tumor 
antigens. Another strategy to increase the number of targetable antigens is the use of 
IF-gated logic CARs. IF-THEN-gated systems like SynNotch require recognition of 
two antigens to activate T cells. These systems avoid OTOT by targeting antigen pairs 
that are exclusively expressed on cancer cells and mutually excluded on healthy tissues. 
However, these strategies alone do not overcome the limited availability of 
tumor-specific targets. Cancer-specific intracellular antigens are not always available, 
and relying solely on logic-gated membrane antigens severely limits the pool of 
optimal antigen pairs. To overcome these limitations, we developed an inside-out 
strategy that combines logic-gated CARs with PC-CARs, enabling recognition of 
both intracellular and extracellular proteins while preventing OTOT . With this novel 
technology, we will be able to greatly expand the range of targetable antigens while 
keeping cancer, allowing development of new therapies for many solid cancers with 
unmet medical needs. 
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Engineering Universal Donor Macrophages from Stem Cells 

Macrophages have great potential as cell therapies because they can enter damaged tissues, remove harmful material, and help 
organize tissue repair. However, clinical use is limited because transplanted cells are often rejected by the immune system and 
require external growth signals to survive. Our goal is to engineer macrophages to overcome both of these challenges and serve 
as universal donor cells. 

To do this, we are engineering stem cells with synthetic genetic circuits. We are testing previously-developed immune-cloaking 
systems we refer to as Mouse4, Mouse6, and Mouse8, each named based on the number of overexpressed immunomodulatory 
transgenes that protect transplanted cells from immune rejection. We want to determine the minimum number of genes needed 
to accomplish this task. We are also incorporating an inducible PU.1 and CEBPɑ transcription factor circuit to differentiate 
these cells into macrophages. Finally, we are also introducing engineered variants of CSF1R, a receptor that regulates 
macrophage development, to promote survival even when external cytokines are not present. 

Preliminary results show that the engineered CSF1R variants maintain viability during macrophage differentiation without the 
cytokines normally required for survival. Ongoing experimentation is evaluating whether the simplified immune-cloaking 
circuits provide protection like in Mouse8 and whether immune-cloaked stem cells can be successfully differentiated into 
macrophages. 

Together, these experiments lay the foundation for increasing the persistence of engineered macrophages through evading 
immune rejection, ensuring proper differentiation, and decreasing their dependence on external signaling molecules. 
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Gestational Adversity Epigenetically Impacts Multiple Signaling 
Pathways in the Offspring 

Data from animal and human studies have increasingly found that social 
adversity during pregnancy may modulate gene expression and 
phenotypes, and some of these effects are transmitted to the offspring. 
Epigenetic changes, and specifically DNA methylation, were identified as 
a mechanism that explains these effects, which can have a long-lasting 
impact on endocrine, inflammatory, neurodevelopmental, and reproductive 
pathways in the offspring. Methods: We interrogated publicly available 
databases of genes that changed their DNA methylation status and 
expression levels in the offspring of women who experienced gestational 
adversity, including survivors of genocide, famine, prenatal violence, and 
emotional stress. Exposure time, tissue type, the impacted generation, the 
type of evidence, and study limitations were noted for every candidate 
gene. Gene candidates with the highest confidence levels were analyzed 
using the STRING protein-interaction database to predict functional 
association networks and the affected cellular pathways, and the 
Drug-Gene Interaction Database (DGIdb) was used to identify potential 
therapeutic leads that could reverse epigenetic signatures of adversity. In 
parallel, we performed an analysis of genes that are epigenetically 
modulated in the offspring of pregnant rodents undergoing adversity. 
Results: We identified 876 significant protein-protein interactions, of 
which 278 were of high confidence and 125 of very high confidence. 
GAPDH, IL6, TNF, BDNF, HDAC1, IL1B, POU5F1, NR3C1, 
HSP90AA1, and SIRT1 were among the most prominent hub proteins. 
Reactions to endogenous stimuli, hormones, lipids, oxidative chemicals, 
and reproductive, developmental, and metabolic activities were all 
over-represented by functional enrichment, and results differed according 
to tissue, sex, exposure type, developmental time, and epigenetic measure. 
These results point to a convergence of chromatin alteration, inflammation, 
reproductive programming, and the control of the 
hypothalamic-pituitary-adrenal axis that are modulated in the offspring as 
a result of gestational adversity. Conclusion: Our results indicate that a set 
of genes, partially conserved between humans and animals, explain 
phenotypic changes in the offspring, explain many of the phenotypes that 
have been historically described in epidemiological studies. 
Intergenerational effects are more robustly supported by the current 
human evidence than transgenerational inheritance, and epigenetic age 
acceleration appears to be one of the phenotypic consequences that 
integrates the various effects on organs and systems. To understand how 
extreme stress gets biologically ingrained and whether these alterations 
endure beyond directly exposed generations, further long-term, 
multigenerational human studies are required. 
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Specificity assessment of pathogens targeting aptamers using Biolayer 
Interferometry 

According to the CDC, one in five Americans has a sexually transmitted disease 
(STD), and the World Health Organization estimates that there are about 374 million 
new cases each year around the globe, making early detection critical for treating 
patients and preventing outbreaks. Biosensors have proven extremely valuable in this 
effort, as they are non-invasive, provide rapid results and do not require a clinical 
setting to operate. Some of these biosensors work by converting the binding between 
analytes and specific recognition molecules, or bioreceptors, into readable electrical 
signals. Bioreceptors are designed to bind to unique targets, such as proteins and small 
molecules, and are used to identify the presence of disease biomarkers in bodily fluids. 
Antibodies are the traditional biorecognition molecules used in biosensing due to their 
high specificity for target antigens, and are the basis for widely used immunological 
assays such as ELISA. However, antibody production is costly, limiting their 
application in low-cost biosensing. Aptamers, single-stranded DNA or RNA 
sequences offer a promising alternative, as they are chemically synthesized to have high 
affinity and specificity for a wide range of targets. In this work, we used two aptamers 
selected for AP65, a membrane protein from Trichomonas vaginalis, and OmpA, a 
membrane protein for Chlamydia trachomatis, both common and frequently 
underdiagnosed STIs. Through Biolayer Interferometry, BLI, we measured the binding 
affinity between the selected aptamers and the target proteins. Each aptamer was 
tested both against its target protein and against the non-target protein to assess 
specificity and cross-reactivity. This work lays the groundwork for using aptamers as 
recognition receptors for the detection of T. vaginalis and C. trachomatis. Future 
experiments will focus on integrating these probes onto a biosensing platform and 
extending this characterization approach to additional STI biomarkers. These efforts 
will lead towards a multiplexed diagnostic platform for STIs. 
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Promoter Syntax Characterization in hiPSCs for Near-Megabase Genome 
Engineering via Sequential REWRITE 

Current human genome engineering technologies are limited to integrating payloads of 
up to ~200 kb, whereas many human gene loci span megabases. To address this, the 
Truong Lab is developing Sequential Recombinase Writing by Repeatable Integrations 
and Tag Excision (Sequential REWRITE), a platform designed for near-megabase 
genomic modifications. Sequential REWRITE begins with CRISPR/Cas9-mediated 
integration of a genomic landing pad containing lox sites, an inducible promoter 
system, antibiotic resistance, and a fluorescent reporter. Cre-mediated recombination 
then enables sequential integration of currently up to four ~200 kb payload vectors, 
reaching a total edit of ~800 kb. Each cycle exchanges selection markers to allow the 
identification and isolation of correctly engineered cells, as well as enable resistance 
gene recycling. However, genetic syntax at this scale remains poorly understood; 
specifically, how multiple constitutively active promoters interact in series. Previously, 
the Truong Lab integrated the CMV promoter downstream of the EF1α promoter and 
found that its cell identity dependent response was greatly enhanced. To enable the 
predictable engineering of genetic circuits, this challenge must be addressed. Therefore, 
we are investigating how SFFV, CAG, CMV and PGK—the most frequently used 
promoters in human cell engineering—function within payload vectors when 
integrated downstream of, and in the same orientation as, the landing pad’s 
constitutively active EF1α. To evaluate promoter activity, we designed an miRFP670 
reporter fused to a KRas-CaaX membrane localization tag and placed it under the 
control of the investigated promoters. Sequential cassettes 1, 2, 3, and 4 were assembled 
and integrated into human induced pluripotent stem cells (hiPSCs) to systematically 
evaluate promoter performance. These will eventually provide insights establishing 
foundational design rules for megabase-scale synthetic loci, driving further 
optimization of the Sequential REWRITE platform in clinically relevant hiPSCs. 
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Nanoparticles for Drug Delivery with Enhanced Spatiotemporal Control via 
Light 

Chronic pain and cancer affect around 20% (1) of the population, emerging 
drug delivery systems seek to improve pain management through nanoparticles. 
Nanoparticles are vehicles to deliver drugs to various parts of the body. This research 
presents a new light responsive drug delivery system with enhanced spatiotemporal 
control for improved delivery.  Four ortho-Hydroxycinnamoyl (o-HC) based light 
responsive molecules were synthesized and analyzed for the purpose of this research. 
The molecules analyzed differed in functionality with regards to the groups para to the 
hydroxyl group and on the alpha position on the unsaturated bond. By changing the 
functional group para to the hydroxyl group and on the alpha position, we saw that 
maximum absorbance wavelength increased displaying a red shift. Furthermore, this 
change saw an increase in maximum emission wavelength. The molecules analyzed 
displayed a stokes shift. The molecules were UV irradiated, in solution, near their 
maximum absorption wavelengths to observe the percent of conversion. Additionally, 
the molecules were encapsulated at different loading percentages via Flash 
Nano-Precipitation and UV irradiated to note percent conversion.  Across the 
molecules, the loading capacity threshold was around 10%. The molecule with CN on 
the alpha carbon of the unsaturated bond does not photoconvert. Encapsulation in 
nanoparticles contributes to higher percent conversions across the remaining 
molecules in comparison to in solution which aligns with previous data published from 
the Pinkerton lab (2). The molecule with a phenyl group para to the hydroxyl group 
converted the fastest overall. The reaction rate of photoisomerization, k prime, was 
calculated to determine quantitatively which molecule is the fastest. The molecule with 
the phenyl group in solution, had the fastest reaction rate. This research aids in making 
a more hydrophobic drug that enables delivery at specific times and locations as 
intended for. This project is impactful because these molecules provide more 
spatiotemporal control of the drug delivery process. Moreover, these molecules are 
instrumental in shifting wavesources to more biocompatible wavelengths. 
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Water-Jet Actuated Ureteroscopy Robot 

Conventional flexible ureteroscopy relies on continuous manual manipulation by the surgeon. This often benefits from the use 
of a ureteral access sheath for repeated scope insertion and improved irrigation. However, access sheath placement may increase 
the risk of ureteral injury. To address these limitations, we developed a soft, tethered water-jet actuating capsular robot able to 
navigate through the narrow, fluid-filled passages of the urinary tract with minimal external manipulation. A peristaltic pump 
supplies water through soft flexible silicone tube to a 5 mm tip with two adjacent water channels which generate forward 
propulsion. The robot can achieve fast locomotion, measuring 10.75 cm/s in open water environments. Fluid dynamics 
modeling of the robot has been tested in ANSYS®. Experimental testing has two components: a test rig to measure the amount 
of resistive force the robot needs to overcome and a water-based circulation system used to mimic flow of irrigation and urine 
during procedures. Both ensure the robot’s capability to maneuver within the enclosed passages of the urinary tract. With 
reduced size and increased self-locomotion capabilities, the robot has the potential to minimize patient discomfort and manual 
contortion performed by physicians during urinary tract surgeries. 
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Lymph Node-on-a-chip 

Lymph Node-on-a-chip technology offers an advanced platform for recreating 
physiological tissue microenvironments in vitro. In this project, a three-channel lymph 
node-on-a-chip microfluidic device was used to model key features of the human 
lymph node microenvironment. A hydrogel-based extracellular matrix was prepared 
and loaded into the device to support three-dimensional cell culture and cellular 
organization within the microfluidic channels. 

Fluorescence imaging using multiple wavelengths was performed to characterize 
immune cell marker expression and spatial organization within the microfluidic 
device. Microscopy images were analyzed through manual cell identification and 
counting, as well as assessment of fluorescence signals across different imaging 
channels. These analyses were used to evaluate cell distribution, marker expression, 
and cellular localization within the lymph node-on-a-chip platform. 

This work contributes to the development and characterization of an in vitro lymph 
node model and demonstrates the application of hydrogel preparation, microfluidic 
cell culture, multi-channel fluorescence imaging, and quantitative image analysis in 
organ-on-a-chip research. 
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Automated Microarray Spotting of Scalable Microfluidic Biosensors for Rapid 
Cytokine Profiling in Pediatric Critical Illness 

Pediatric Intensive Care Unit (ICU) patients require urgent diagnosis of immune 
system profiles to guide clinical intervention. This project contributed to the 
advancement of an automated microfluidic digital immunoassay system, engineered to 
promptly provide quantitative data based on the levels of key inflammatory biomarkers 
- Interleukin-6 (IL-6), Interleukin-8 (IL-8), and Tumor Necrosis Factor Receptor 1 
(TNFr1). This development phase focused on establishing novel manufacturing 
methods of the system’s biosensor chips by utilizing automated microarray spotter 
technology. The development progressed through two stages. Manual arraying tests were 
first conducted to define baseline patterning feasibility and  immobilization efficiency of 
the capture molecules. These tests allowed for inspection of the immune capture 
dynamics and patterning reproducibility. Through the manual tests, we determined a 
washing protocol and printing buffer formulation optimal for the biosensor. The manual 
tests were then translated to a microarray spotter instrument to automate the deposition 
routines; this produced precise and consistent spot morphology. Via characterization 
experiments, we optimized spot size to fit up to an 8-plex panel per channel without 
droplets merging and reduced capture antibody concentration from 200 µg/mL to 50 
µg/mL while maintaining uniform coating. This established a standardized protocol to 
consistently generate calibration curves for immune-level determination. Through 
transitioning from manual patterning to an automated instrument-based workflow, this 
approach provides scalable and reproducible manufacturing of the microfluidic 
biosensor, which may help bring rapid cytokine monitoring closer to clinical 
deployment. 
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Single-Cell Characterization of CAR-T Cell Exhaustion and Recovery 
Through Phenotypic Profiling and AI-Assisted Tracking 

Chimeric antigen receptor T (CAR-T) cell therapy has demonstrated remarkable 
success in treating hematological malignancies. However, T-cell exhaustion remains a 
major challenge that limits therapeutic efficacy and persistence. Understanding how 
exhaustion influences CAR-T cell behavior at the single-cell level is essential for 
improving treatment outcomes. This study investigates the interactions between 
CAR-T cells and K562 tumor cells by integrating live-cell imaging, computational cell 
tracking, phenotypic profiling, and cytokine secretion analysis to characterize 
functional changes associated with activated and exhausted CAR-T states. 

Live-cell imaging datasets of CAR-T and K562 co-cultures are analyzed using an 
AI-assisted cell detection and tracking pipeline to reconstruct individual cell 
trajectories over time. The tracking outputs are integrated with phenotypic 
measurements, including CD25 and CCR7 expression, and functional classifications 
such as serial killer and single killer CAR-T cells. Cytokine secretion and migration 
metrics are further incorporated to examine relationships between immune phenotype, 
cell motility, and cytotoxic activity. Ground-truth annotations are used to evaluate 
tracking performance and support downstream biological analyses. 

The study aims to provide quantitative comparisons 
of phenotype, migration dynamics, killing behavior, 
and cytokine secretion across activated, early 
exhausted, and recovery-stage CAR-T cell states. 
By combining computational image analysis with 
single-cell immunophenotyping, this work seeks to 
establish a comprehensive framework for 
investigating CAR-T exhaustion and identifying 
phenotypic and functional biomarkers that may 
inform future CAR-T optimization and 
therapeutic development. 
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Engineering a Dual-Landing-Pad iPSC Platform for Inducible Neurotrophic 
Secretion in a Human Brain-in-a-Dish Model 

Alzheimer's disease (AD) is a neurodegenerative disorder characterized by amyloid-β 
(Aβ) plaque accumulation, intracellular phosphorylated tau aggregation, lipid 
dysregulation, innate and adaptive immune cell dysregulation, and progressive 
neuronal loss. Neurotrophic factors, including brain derived neurotrophic factor 
(BDNF) and neurotrophin-3 (NT-3), play essential roles in neuronal survival and 
synaptic plasticity, yet their expression is markedly reduced in patients with AD. 
Although 3D brain organoids are considered the gold standard for human brain 
modeling, they have several limitations, including the formation of necrotic cores as 
well as prolonged culture times. To address these limitations, we aim to develop an 
inducible genetic circuit that enables controllable expression of BDNF and NT-3 in 
human induced pluripotent stem cells (hiPSCs). This approach eliminates the need for 
supplementation of culture media with neurotrophic factors while providing sustained 
trophic support to promote neuronal survival, maturation, and network development. 
Using REWRITE, a platform for large-scale genome engineering developed by our 
lab, we engineered hiPSCs with circuits for forward programming into multiple brain 
cell types, enabling the establishment of a multicellular brain-in-a-dish model 
composed of four brain cell types including microglia capable of constitutive BDNF 
and NT-3 secretion. To enable inducible secretion of neurotrophic factors while 

preserving the differentiation capacity of engineered iPSCs, we designed a dual-landing-pad system that integrates 
programmable genetic circuits into two independent genomic loci. The existing landing pad at the ROGI1 locus directs 
Tet-On-mediated differentiation of hiPSCs into induced microglia (iMs), while a second landing pad is designed for targeted 
integration at the CCR5 safe harbor locus to enable synZiFTR-regulated inducible expression of BDNF and NT-3.  Using 
Gibson assembly, Golden Gate assembly, and yeast assembly, we constructed a series of plasmids encoding the inducible 
neurotrophic factor circuit. Future work will introduce the second landing pad into the CCR5 locus, and functional expression 
and secretion of BDNF and NT-3 will be evaluated by qPCR and ELISA. Together, this dual-landing-pad platform provides 
a modular strategy for independently regulating cell fate and neurotrophic factor expression. This system establishes a 
foundation for a programmable, self-sustaining human brain-in-a-dish model to investigate AD mechanisms. 
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Design and Control of an Adjustable, Motion-Compensating Wristband for 
Reliable Physiological Sensing 

Background & Objective: Smart wearables capture and process physiological data to 
provide valuable insights about health conditions to the user. Besides environmental 
noise, movements from intense physical activity can cause readings that do not reflect 
correct information. Sensor measurement errors resulting from movement are referred 
to as motion artifacts.  Motion artifacts can potentially overshadow the small underlying 
physiological signal. To mitigate the effect of motion artifacts, we propose a mechanism 
for smartwatches through which the wearable reacts to the motion in real time and 
tightens the smartwatch’s wristband accordingly, which potentially leads to more reliable 
readings. This can also significantly simplify data preprocessing in subsequent stages. 

Methods: To achieve the aforementioned, we design a wristband that changes its shape 
according to accelerometer data. More specifically, we incorporate a molding procedure 
to fabricate an actuator with a blocked air channel using silicon. Once the inner channel 
of the actuator is exposed to sufficient air pressure, it changes its shape by expanding and 
causes the wristband to get tighter around the user’s wrist. To be able to achieve the 
required air pressure, we use a micro air pump which is controlled using a two-stage 
controller. More concretely, the controller features two loops: the inner loop 
incorporates a Fuzzy-PID controller to control the measured pressure based on the 
pump’s driver’s voltage and the outer loop is a model-free sliding mode controller which 
receives velocity feedback to set a time-varying baseline for the pressure. 

Results: On the bench, the full cascade firmware worked 
as intended. When wrist motion increased, the outer 
loop raised the pressure setpoint, and the inner 
Fuzzy-PID loop tracked that setpoint by adjusting 
pump PWM in response, tightening the band 
accordingly. The final mold iteration gave us a thinner, 
more compact actuator design, and by the end we had a 
complete physical prototype: the actuator, pump, custom 
enclosure, and straps all assembled into one wearable 
band. 

Conclusion: In conclusion, we have demonstrated the 
feasibility and potential of our proposed prototype, 
which integrates advanced control strategies with a 
purpose-driven mechanical design. Our observations 
show great promise for producing motion-responsive 
tightening behavior. The next stage of development will 
focus on incorporating photoplethysmography (PPG) 
and galvanic skin response (GSR) sensors into the 
existing platform and evaluating the applicability of the 
device in real-life scenarios to assess its responsiveness, 
robustness, reliability, and overall performance during 
different activities and environmental conditions. 
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Characterizing GPR83 Signaling in Regulatory T Cells in the Context of 
Atherosclerotic Inflammation 

Atherosclerosis is a chronic inflammatory disease of the arteries, a lipid-driven process 
defined by the accumulation of low-density lipoprotein (LDL) in the vessel wall. 
Inflammatory macrophages play a large role in atherosclerotic plaque formation by 
entering artery walls and engulfing excess cholesterol, becoming “foam cells.” 
Regulatory T cells, Tregs, are a specialized group of immune cells that suppress 
inflammation by releasing immunosuppressive cytokines into the atherosclerotic 
milieu, thus controlling the inflammatory macrophages and reducing plaque formation. 
GPR83, a recently deorphanized G-protein coupled receptor, is highly expressed by 
Tregs, whose function on these cells are still unclear. Herein we explore the function of 
this receptor via detection of a downstream mediator of receptor signaling. GPR83 
signals through its partner G-protein, Gq/11, which activates the phospholipase C 
(PLC) signaling cascade, culminating in IP-1 accumulation. To characterize this 
accumulation, a known activator of the PLC cascade in T cells, concanavalin A, was 
used with Homogeneous Time-Resolved Fluorescence (HTRF) technology. The assay 
had two points of adjustment, activation duration and cell density. The results of the 
optimization assay with bulk CD4+ T cells showed that longer activation time and 
increased cell count demonstrated a greater dynamic range of signal. The next iteration 
of the assay included stimulation of Tregs, activated T cells, and naive T cells with a 
GPR83 ligand, and showed inconclusive results requiring further assay modifications 
to confirm GPR83 signaling. Next steps for this project include further assay 
optimization, confirming GPR83 receptor expression, and RNA sequencing of the 
Treg transcriptomic profile after GPR83 activation. Once GPR83 signaling is 
confirmed and the downstream effects on Treg function are characterized, we would 
like to employ this signaling cascade for use in therapeutic platforms. 
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The Effect of a RHAMM-mimetic Peptide (P15-1) on Macrophage-Mediated 

Inflammation in Post-Traumatic Osteoarthritis Persistent inflammation following acute joint injury contributes to 
post-traumatic osteoarthritis (PTOA), a degenerative joint disease characterized by pain, swelling, and cartilage deterioration. 
Hyaluronan (HA), a lubricating glycosaminoglycan in joint synovial fluid, breaks down into low-molecular-weight fragments 
(LMWHA) that interact with the Receptor for Hyaluronan-Mediated Motility (RHAMM), which is markedly upregulated 
after joint injury. Previous studies from our laboratory and others have shown that HA-RHAMM signaling promotes 
inflammatory immune responses in macrophages, driving progression into PTOA. Our laboratory is investigating P15-1, a 
15mer RHAMM-mimetic peptide, as a potential therapeutic to disrupt vicious HA-RHAMM interactions and reduce 
prolonged macrophage activation. Human THP-1 monocytes were differentiated and polarized into either pro-inflammatory 
(M1) or anti-inflammatory (M2) macrophage phenotypes, then treated with P15-1, or P15-1 in combination with 
high-molecular-weight HA (HMWHA). Expression of inflammatory and anti-inflammatory genes was analyzed by 
RT-qPCR, and cytokine secretion was quantified by multiplex ELISA. In addition, conditioned medium from M1 
macrophages was used to investigate macrophage crosstalk through extracellular vesicles. Stimulating macrophages with 
interferon-gamma (IFN˜) and lipopolysaccharide (LPS), as well as conditioned medium containing cell-secreted factors from 
M1 macrophages,  induced an inflammatory phenotype. Treatment with P15-1 reduced expression of several inflammatory 
markers and decreased the release of pro-inflammatory cytokines, but P15-1 in combination with HMWHA did not produce 
greater anti-inflammatory effects than P15-1 alone. Removing macrophage extracellular vesicles from conditioned medium 
decreased biological activity, suggesting that extracellular vesicles play a role in intercellular communication. These findings 
demonstrate that P15-1 inhibits HA-RHAMM interactions and modulates macrophage inflammatory responses, without fully 
converting from an M1 to M2 phenotype. Overall, our research provides insights into a new promising therapeutic strategy to 
control the inflammatory microenvironment after joint injury, ultimately improving tissue repair and slowing the progression of 
PTOA. 
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Exploring the role of Piezo1 in CAR T cell function motivation 

Piezo1 is a mechanosensitive ion channel that regulates T-cell function by coupling 
cytoskeletal dynamics to metabolic rewiring. Previous studies have shown that Piezo1 
disruption impairs glycolytic and mitochondrial ATP production, leading to energetic 
stress and reduced cell cytotoxicity. These findings suggest that Piezo1 activity follows a 
“Goldilocks” principle in which an intermediate level of activity maximizes T-cell 
activation and cytotoxic function, whereas insufficient or excessive activity compromises 
T-cell fitness. This study investigates the role of Piezo1 in regulating CAR T-cell killing 
efficiency using a leukemia-on-a-chip model. 

CAR T cells with Piezo1-activated, Piezo1-inhibited, gain-of-function (GOF), and 
loss-of-function (LOF) conditions were evaluated using a leukemia-on-a-chip platform. 
Cell culture media were collected from the chip model over seven days. The 
concentrations of Granzyme B, IFN-γ, and TNF-α were quantified using ELISA to 
evaluate the cytotoxic capacity and tumor-killing efficiency of CAR T cells. Fixed chip 
devices were immunostained with DAPI, CD2, and CD69 and imaged using confocal 
laser scanning microscopy (CLSM). CD69 fluorescence intensity on CD2+ cells was 
quantified across Piezo1 groups.  CAR T cells were also cultured on 
CD19/ICAM-coated micropillar arrays that mimic the CD19+ tumor cell surface and 
image analysis quantified the mechanical forces exerted by activated CAR T cells. 

ELISA demonstrated that cytokine secretion was positively associated with the mechanotransduction capacity of CAR T cells 
across Piezo1 groups. Micropillar analysis showed that Piezo1 activation increased the mechanical forces exerted by CAR T 
cells, suggesting enhanced immunological synapse formation that may lead to improved tumor cell-killing efficiency. Compared 
with the Piezo1-inhibited and LOF groups, the Piezo1-activated and GOF groups exhibited greater cytokine secretion, 
increased traction force generation, and enhanced tumor cell-killing efficiency. These findings suggest that Piezo1 modulation 
enhances CAR T-cell mechanotransduction and may contribute to future CAR T-cell sorting or engineering strategies to 
achieve improved therapeutic outcomes. 
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Core-Shell Passivation and Gold Doping of Silver Chalcogenides Quantum 
Dots for NIR-II Cancer Diagnostic Imaging 

Fluorescent probes that emit in the second near-infrared window (NIR-II, 1,000–1,700 
nm) enable non-invasive, deep-tissue cancer imaging with reduced tissue scattering and 
autofluorescence, yet clinically viable NIR-II emitters with a high photoluminescence 
and biocompatibility remain scarce. Here we engineer silver chalcogenide quantum dots 
(Ag₂Se, Ag₂Te), a low-toxicity alternative to conventional heavy-metal quantum dots, 
through core–shell passivation and gold doping to substantially increase their 
near-infrared emission efficiency, working toward biocompatible, PEGylated probes for 
future cancer-targeted imaging. Quantum dot cores were synthesized via hot-injection 
methods under Schlenk-line conditions, followed by Ag₂S shell growth to passivate 
surface trap states and gold doping (Au:Ag₂Se) to introduce mid-gap states that enhance 
near-infrared emission. Core–shell passivation of Ag₂Te with Ag₂S produced a marked 
increase in photoluminescence intensity relative to the unshelled core, confirming that 
shell growth suppresses non-radiative surface trap states. Separately, an optimized 
gold-doping route (Au:Ag₂Se, 0.5:1) achieved a PLQY of approximately 40%, with no 
measurable degradation upon rechecking. Subsequent efforts to systematically replicate 
this doping result across a wider range of ratios, carrier solvents, and reaction 
temperatures did not reproduce comparable PLQY, indicating that quantum dot 
concentration determination and precursor delivery conditions are critical, 
underappreciated variables in this synthesis. These findings establish two complementary 
strategies, shell passivation and gold doping, for improving NIR-II quantum dot 
brightness, and inform ongoing efforts to identify a reproducible, high-PLQY batch 
suitable for future PEGylation and biocompatibility studies. Together, this work advances 
the synthetic groundwork for translating silver chalcogenide quantum dots into clinically 
relevant, high-brightness NIR-II probes for early cancer detection. 
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An AI Companion that Turns Passive Mental-Health Sensing into a Correctable, 
Narrative Practice 

Smartphones and wearables have become adept at passively inferring behavioral indicators 
like physical activity, screen use, and sleep, yet translating these signals into reliable models 
of mental health outcomes remains an elusive challenge. And where such systems do attempt 
it, they typically treat the person as a subject to be measured: their inferences are invisible, 
cannot be corrected, and ignore the lived context that gives sensor patterns meaning, offering 
little to help users actually understand their own wellbeing. This project develops a mobile 
system, DYGLOW, whose goal is to help people better understand their mental health by 
reframing daily depression-risk sensing from a measurement problem to a collaborative 
practice mediated by an AI companion. It builds on two existing engines for behavior 
monitoring, (i) a classifier-based model that produces a daily risk-oriented insight from 
passive features, and (ii) an agentic large-language-model system that performs open-ended 
analysis of the same data. DYGLOW integrates these engines through a shared "personal 
model" that stores user feedback (corrections, life context, and preferences) as a mutable 
natural-language profile. This model grounds both engines, so the system's representation of 
each user becomes progressively more personalized while remaining transparent and 
user-controlled. Through a single conversational interface, users view their raw signals, 
resolve inconsistencies the model surfaces, report how each day actually felt, ask questions 
about their own patterns, and compose guided daily "chapters" via text, sketch, and voice, 
every interaction both teaching the model and helping the user reflect on and make sense of 
their own mental health. We implemented the full system and a working prototype driven 
by test data, verifying the feedback-to-inference loop end to end. Our approach suggests that 
passive-sensing systems can help people become active, informed participants in 
understanding their own mental health, rather than passive subjects of measurement. 
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A Human Cardiac Organoid Model for Investigating Nanoplastic-Induced Cardiotoxicity 

Plastic pollutants are now recognized as ubiquitous environmental hazards, with micro- and nanoplastics (MNPs, < 5 mm and 
< 1 µm, respectively), generated through the degradation of larger plastic waste by weathering, UV radiation, and mechanical 
abrasion. Recent evidence has detected MNPs in human tissues and the bloodstream, suggesting these particles can enter 
systemic circulation via inhalation and ingestion and trigger inflammation. These findings have raised concerns about the 
potential role of MNPs as a driver of cardiovascular disease. However, our understanding of the mechanisms underlying 
MNP-induced cardiac dysfunction is limited by the lack of physiologically relevant human in-vitro models. This study aims to 
address this research gap by developing a cardiac organoid model to assess the impact of NPs in cardiac function. We optimized 
a protocol to differentiate iPSC-derived cardiac organoids and characterized them using flow cytometry and 
immunohistochemistry analyses. To model chronic NP exposure in the heart, cardiac organoids were repeatedly exposed (4 
hours every 3 days for a total of 9 days) to two different sizes of fluorescently labeled polystyrene nanoparticles, 50 nm and 100 
nm in diameter. NPs uptake and distribution within the organoids were assessed using live microscopy and immunofluorescence 
imaging. Finally, contractile function was evaluated using MuscleMotion analysis. Cardiac organoids were functionally 
validated by contraction approximately 7 days after differentiation and demonstrated a composition of approximately 50% 
cardiomyocytes, 35% fibroblasts, and 5% endothelial cells. Nanoplastic uptake was confirmed by live-cell microscopy and 
cryosection imaging, with the smaller NPs (50 nm) being more abundantly internalized by the organoids. Nanoplastic uptake 
and distribution within cardiac organoids was confirmed by live-cell microscopy and cryosection imaging. Altogether, our 
results show that cardiac organoids are functional and recapitulate the cellular composition of developing human hearts. In 
addition, NPs are taken up by these organoids, and future studies will assess their potential detrimental effects. 
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Design and Validation of a Toggle Clamp System for Reliable Sealing of a 
Microfluidic Point-of-Care Diagnostic Cartridge 

Patients that are critically ill often require point-of-care diagnostic platforms that 
must provide intuitive, user-friendly operations to enable efficient use in clinical 
settings. For platforms utilizing disposable microfluidic cartridges, reliable operation 
depends on precise control of fluid transport, which in turn requires robust fluidic 
sealing between the cartridge and instrument manifold. Consequently, the cartridge 
engagement mechanism must simultaneously deliver uniform compressive force 
across the cartridge interface to maintain seal integrity while remaining simple and 
ergonomic for the user. The aim of this research project focuses on upgrading the 
sealing assembly the automated cartridge-based platform from a screw-based 
compression system to proper sealing with a custom 3D-printed clamping plate to 
improve both sealing performance and accessibility.  These tests require adequate 
pressure to the cartridge to ensure that a microfluidic seal is generated for fluid to go 
through the cartridge. To evaluate the validity of the design, static equilibrium and 
linkage tests were used to model the relationship between the applied force and the 
resulting compressive seal across the cartridge’s interface. The design was verified 
using fluid dye tests that represent how fluid would move during an actual sample 
test, which prevented fluid leakage during testing and improved the ergonomics of 
the cartridge engagement. The new seal demonstrated an effective balance between 
mechanical performance and intuitive platform operation. 
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Sunlight Inactivation of Enterococcus and E. coli in NYC Wetland Water 

Enterococcus spp. and Escherichia coli are commonly used as indicators of fecal contamination in environmental waters. 
Increased concentrations of these bacterial contaminants in NYC wetlands have raised concerns regarding public health and 
current disinfection practices. Sunlight inactivation, also known as photolysis, is a natural process that contributes to the 
removal of bacterial contaminants through both direct and indirect photolysis mechanisms, utilizing photo-produced reactive 
intermediates and photosensitizers. However, the success of disinfection heavily depends on environmental conditions, 
including water optical properties and the presence of organic compounds such as dissolved organic matter. This project aimed 
to quantify the sunlight inactivation rates of Enterococcus spp. and E. coli in NYC wetland water and evaluate the role of 
sunlight in reducing these bacterial concentrations. Wetland water was sampled and spiked with reference strain E. coli (ATCC 
10798) and E. faecium (ATCC 19434), and exposed to a full-spectrum sunlight solar simulator to replicate environmental 
sunlight conditions. Bacteria were expected to undergo both direct and indirect photolysis mechanisms. Dark controls were 
unexposed to light to account for potential non-photolytic bacterial decay. Samples were collected periodically over the course 
of the experiment and quantified using 2 culture-based methods: plate enumeration on mTEC and mEnterococcus agar, and 
IDEXX Colilert and Enterolert (51-Well Quanti-Tray). Experimental results show that E. coli has a faster solar inactivation 
rate than E. faecium, with rate constants of 1.96x10-5 cm2/mJ and 9.61x10-6 cm2/mJ, respectively. Results from a control 
experiment were used to distinguish the total inactivation rate for E. faecium, ktotal, into direct and indirect photolysis 
components. The direct and indirect inactivation rates were 5.96 x 10-6 cm2/mJ and 3.65 x 10-6 cm2/m respectively, summing 
to its total inactivation rate. In the future, these experimentally measured decay rate constants will be used to model the 
potential for sunlight disinfection of bacteria in the pilot wetland itself.     
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Towards Robust Long-Term Neural Decoding: Baselines and Benchmark on 
the LINK Dataset 

Long-term stability remains one of the primary challenges in intracortical 
brain–computer interface (BCI) systems due to neural signal variability across recording 
sessions. In this project, we establish a benchmarking pipeline for evaluating long-term 
neural decoding on the LINK dataset, which contains neural recordings collected over 
hundreds of days. We implement and evaluate several representative approaches, 
including NoMAD, StabilizedBCI (Degenhart et al.), ERDiff, SPINT, and Flow 
Domain Alignment (FDA), under a unified evaluation framework. Their decoding 
performance and robustness are compared using consistent metrics to better understand 
the strengths and limitations of current methods for long-term neural decoding. This 
benchmark provides a foundation for future research on developing more robust and 
generalizable neural decoding algorithms. 
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Detection of Mild Cognitive Impairment via Phone-Call Network Traffic 

Longer pauses and slower speech are among the earliest behavioral markers of mild 
cognitive impairment (MCI), but detecting them today requires dedicated audio recording 
in clinical settings — sparse, costly, and capturing the most privacy-sensitive data a person 
produces. We ask whether the same markers survive into the encrypted network traffic that 
voice calls already generate, a signal that is passive, always-on, and content-free. In 
controlled calls with synthesized speech, pause duration and speaking rate were both 
recoverable from uplink traffic alone (pause–downtime ρ ≈ 0.48, p < .001; 70 vs 210 WPM 
separable at KS ≈ 0.22, p ˜ .001), while pitch was only weakly recoverable and vocal jitter 
not at all — the codec preserves when speech happens and discards its spectral detail. To 
test this on clinical speech we turned to I-CONECT, a conversational-engagement trial in 
adults 75+, inventorying 39,540 recordings from 151 participants and validating 11,849 
participant/staff/full-conversation triads. Extracting ground-truth speech timing required 
solving acoustic crosstalk between the two microphones: energy-based voice activity 
detection cannot separate a researcher utterance at −34.2 dB from participant bleed at − 
33.8 dB, so we combine pyannote speaker diarization, which removes the leaked voice by 
speaker identity (98.5 % recall vs 91.5 % for a single threshold), with a low-threshold 
rVAD pass that restores the uniform pause criterion diarization turns lack. Applied across 
the archive, this segments 2,168 hours of participant speech from 11,849 recordings. These 
recordings are then replayed through a monitored Jitsi rig to generate the paired packet 
traces the trial never collected, giving each clinically labeled conversation a matching traffic 
signal. Classification of MCI versus normal cognition across 60 balanced participants (32 
MCI / 28 NC) is in progress. 
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Design and Prototyping of an Integrated NPLIN Control System for 
Laser-Induced Crystallization in Supersaturated Solutions 

Crystallization is a critical separation and purification process in pharmaceutical and 
chemical manufacturing, yet controlling when and where nucleation occurs remains a 
fundamental challenge. Non-photochemical laser-induced nucleation (NPLIN) offers a 
promising solution by using pulsed laser light to trigger crystallization in supersaturated 
solutions on demand. Under the leading impurity-heating (IH) mechanism, colloidal 
nanoparticles absorb laser energy, generate transient vapor nanobubbles, and initiate 
nucleation at the bubble-solution interface. However, optimizing nanoparticle 
concentration for reliable crystal yield and developing reproducible experimental 
platforms remain open challenges. 

This project addressed both through two parallel efforts. First, Fe₃O₄ nanoparticles were 
dispersed in supersaturated KNO₃ (S = 1.06) at three particle number densities — 
3×109, 6×109, and 1.2×1010 particles/mL — and tested in a microfluidic capillary 
platform under fixed laser conditions (50.32 mW/cm², 1064 nm, cold plate 8°C, flow 
rate 275–300 mL/min). Second, a prototype automated NPLIN control system was 
developed, consisting of two software applications: one to simultaneously regulate cold 
plate temperature, flow rate, and laser intensity, and one to automate temperature 
ramping of supersaturated glycine solutions during preparation. 

Crystal yield and size increased with nanoparticle concentration, with an intermediate concentration (~75 µL stock per 40 mL 
solution) yielding crystals of optimal size and controllability. Higher concentrations produced crystals too large for consistent 
microfluidic handling. The automated temperature ramping application significantly reduced premature spontaneous 
nucleation during glycine solution preparation, a persistent challenge in manual protocols. 

These results demonstrate that nanoparticle concentration is a tunable parameter for controlling NPLIN crystal output, and 
that automated system control meaningfully improves experimental reproducibility. The prototype platform developed here 
represents a step toward a fully integrated, programmable NPLIN system with broad applicability to controlled crystallization 
in pharmaceutical manufacturing. 
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The research and courses in systems engineering and data-driven decision-making tackle 
real-world challenges, creating secure and effective solutions for everything from global 
financial systems and supply chains to digital healthcare, urban transportation, and 
critical infrastructure. 

By combining advanced urban data modeling methods and techniques with systems 
engineering principles and exposure to a variety of practical applications, we're building a 
new generation of engineers and interconnected systems that are resilient, efficient, and 
ready for the future. 

Our areas of focus include: Intelligent digital health infrastructure, Energy systems 
Complex, dynamical systems, Decision analytics, Financial risk and Industrial engineering 
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NSP-Monitor: Detecting Silent Semantic Drift in Production LLM Agentic 
Pipelines 

Iterative LLM agentic pipelines, where an agent operates sequentially on its own 
previous output, exhibit a critical class of silent failures: individual steps pass validation, 
yet the cumulative trajectory drifts from the user’s original intent. This work introduces 
NSP-Monitor, an inference-time drift detection tool grounded in the Neural-trace 
Semantic-state Process (NSP), a continuous-state hidden Markov model that 
formalizes how an agent’s latent semantic-alignment state evolves under potentially 
corrupted reward signals. Unlike recent prevention-side approaches such as 
Context-Folding and CAT that modify agent training to manage context, 
NSP-Monitor operates on the detection side: it scores trajectories produced by any 
deployed agent, without retraining, and flags those where cumulative drift exceeds a 
calibrated threshold. The framework is validated through five experiments: synthetic 
parameter recovery confirming estimator convergence at the Cramér–Rao rate; drift 
detection on SWE-bench Verified trajectories, our primary industrial case study, where 
we compare NSP-Monitor against simple and model-based baselines; 
human-correlated drift measurement on iterative image-refinement workflows; 
cross-backend mixing-rate inversion demonstrating that per-step edit style predicts 
long-term drift behavior; and a complementarity study applying NSP-Monitor to 
Context-Folding and CAT trajectories to test whether prevention-side approaches 
eliminate the need for detection. Preliminary results on 40 multi-turn trajectories (20 
stable, 20 exhibiting induced drift) show that the NSP drift-slope score separates the 
two groups with a Mann–Whitney U p < 0.0001, a rank-biserial effect size of r = 1.0, 
and a fitted spectral radius of ρ(A) = 0.978 confirming stable but near-critical mixing 
dynamics. The EM estimator converges within 30 iterations and recovers 
dynamics-matrix parameters with MSE < 0.05 under the identifiability conditions 
specified by the regularity assumptions, while deliberately violating the full-rank Fisher 
information condition (R2) causes estimation to diverge, empirically confirming the 
necessity of the theorem’s assumptions. 
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Understanding the Role of Damping on the Stability of Kapitza’s 
Pendulum 

Stability, control, and chaos are among the most fascinating and important ideas in 
the study of dynamical systems. The Kapitza pendulum is a well-documented 
example of a nonlinear dynamical system that somewhat counterintuitively 
stabilizes itself via rapid vertical vibration at its base, making the Kapitza 
pendulum a particularly useful dynamical system to study. The setup we built 
consists of a pendulum flanked on either side by fans that track vertically but also 
have a periodical horizontal motion, resulting in fans that trace ellipses. The 
frequency and amplitude can be systematically varied to adjust the stability region 
of the pendulum. The fans introduce a damping coefficient which makes the 
upright position more stable but if the fans wiggle even slightly, the system 
immediately destabilizes. Experimentally measured data of the pendulum’s motion 
will be compared with theoretical predictions and numerical simulations to 
identify regimes of stability and instability under open-loop control. 
Understanding the emergence of stability in complex nonlinear systems has 
applications in robotics, networked dynamical systems, and structural mechanics. 
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Open-Source Chiplet Electrical Interconnect Modeling 

The standard method of computer chip manufacturing over the last few decades has 
been to package the chip as one monolithic design on a single die. However, chiplet 
technologies have emerged in recent years as a new frontier for improving computing 
performance. A chiplet-based approach divides the functions of the chip into discrete 
units (chiplets) that can be manufactured each with higher yield on the optimal process 
for that chiplet. In order to communicate with one another these chiplets must have 
electrical interconnects, which has sparked the need for chiplet-specific design tools to 
aid computer architects. This project, Chiplet Link IP Generation (CLIPGen) fills this 
gap with an easy-to-configure electrical link design search space exploration. The 
chiplet link characterization procedure can be executed through proprietary, closed 
source tools (Cadence Liberate) or through a completely open-source pipeline 
(CharLib, ngspice, and FreePDK45). CLIPGen brings fast, reliable, and accurate 
chiplet link modeling to aid computer architects in making critical early-design 
choices. The open-source pipeline puts this power in the hands of the general public by 
lowering the barrier of entry to advanced integrated circuit design. 
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An Automated CAD Generation Pipeline for Mechanical Metamaterial 
Design 

Mechanical metamaterials are materials that possess unique mechanical properties 
thanks to their geometry and internal structure. These properties can be tuned by 
changing the material architecture to obtain the desired quantity. This has a wide range 
of applications, including sensing, computation, energy storage, and information 
processing. Current methods for designing these metamaterial structures utilize 
computational modeling and special algorithms that output a unique unit cell lattice 
structure, but they lack integration into current CAD interfaces and workflows. There 
have been several attempts by researchers who have developed programs/packages that 
can fill an enveloping shape from a CAD .stl file with a certain metamaterial, but they 
are still rather inaccessible to the general user and do not provide a full pipeline into 
CAD software as they still require outside programming. The work from this project 
developed a functional metamaterial generation program on an existing CAD 
framework (Onshape) which is easily accessible by all users and can be implemented 
into the rest of the platform functionality. A unique function was written using 
Onshape’s FeatureScript which can be called to directly generate a metamaterial 
structure in an Onshape part studio, and then be manipulated with other CAD features. 
The function populates arbitrary three-dimensional volumes with user-defined unit 
cells, applies randomized orientations to improve structural diversity, trims cells to the 
boundary of the object/volume, and generates a continuous solid boundary for 
fabrication. The mass and mechanical properties of several generated geometries were 
evaluated under a given load in a static structural analysis, which yielded consistent 
results demonstrating that the program was effectively randomizing the orientation of 
individual unit cells but not the overall properties of the internal structure. The resulting 
CAD models are fully compatible with conventional engineering workflows, and can be 
used for further engineering design, simulation, and manufacturing. This eliminates the 
need for extensive manual modeling while enabling rapid design and evaluation of 
complex metamaterial structures. 
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CSL-Agent: Contract-Based Specification and Runtime Verification for 
Multi-Agent Software Engineering Pipelines 

The deployment of LLM-based agents in multi-agent software engineering (SE) 
pipelines has introduced a critical reliability gap: agents are routinely dispatched to 
tasks their capabilities cannot support, producing silent failures with no formal 
mechanism for detection or prevention. This paper presents CSL-Agent, a contract 
specification language and runtime verification framework that derives typed 
behavioral contracts, encoding input/output schemas, preconditions, and 
postconditions, directly from SE agent documentation and system prompts. Unlike 
prompt-engineering and fine-tuning approaches that embed behavioral 
expectations implicitly, CSL-Agent makes those expectations explicit and 
machine-checkable: contracts are extracted once and enforced at every dispatch 
decision without modifying the underlying agent. 

We address the following research question grounded in a corpus of 20 real-world 
SE agents drawn from SWE-agent, OpenHands, Aider, and more: How accurately 
can contracts be extracted from agent documentation across four information 
configurations, system prompt alone, system prompt with documentation, with 
execution traces, and with human annotation? 
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Analysis of Laser Powder Bed Fusion Fabricated Aluminum Alloy AlF357 under Constant Energy Density 

Laser powder bed fusion (PBF) is an additive manufacturing process widely used for the fabrication of metal parts in the 
aerospace and automotive industries. In PBF manufacturing, energy density is a defining index by which the properties of 
manufactured parts can be characterized. However, specimens with the same energy density can still show different mechanical 
properties. This is because energy density is informed by the parameters Laser power, scan speed, hatch spacing, and layer 
thickness. This study investigates 3 sets of PBF fabricated AlF357 aluminum alloy at a constant volumetric energy density of 
24 J/mm³ while varying the laser power, scan speed, hatching speed and layer thickness. Cross-sectional specimens were 
prepared for optical microscopy and nanoindentation. Tensile testing was used to determine mechanical properties according to 
ASTM standards. Optical microscopy revealed orientation dependent microstructural features and printing defects. The tensile 
results showed clear differences among the three sets. Set A had the thinnest layers and produced the highest ultimate tensile 
strength, while Set C had the thickest layers and showed the lowest overall strength. Overall, the findings show that volumetric 
energy density alone cannot predict material performance and individual processing parameters may have measurable effect on 
the properties of the printed part. 
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Computational Analysis of Collective Behavior in Ant Colonies 

Ant colonies are famous for exhibiting a wide range of collective behaviors - 
macroscopic behaviors that emerge in the absence of any centralized control - as a 
function of simple, local interactions between individuals. Due to their complicated 
temporal and spatial scale, understanding these phenomena requires reliable methods 
for extracting movement and social information from long-term video recordings. 
This project utilizes a video-based, computational framework to quantify ant activity 
and social interactions from an Aphaenogaster fulva ant colony. 

Tracking data were processed to reconstruct individual trajectories and identify 
interactions between ants over time. Activity levels were quantified from movement 
data, and an integrated interaction network was constructed by accumulating pairwise 
contacts throughout the observation period. The robustness of activity measurements 
was evaluated using multiple threshold selection methods. 

The resulting framework converts raw tracking data into quantitative descriptions of 
colony behavior, including activity dynamics and long-term interaction networks. Our 
analyses provide a foundation for studying communication and information transfer 
underlying collective behavior in social insect colonies, and serves as a first step to 
quantifying how complex behavioral cues travel across the available network. 
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Understanding GPU Power Dynamics in Large Language Model Inference 

In recent years, the use of AI has exploded, leading to a rapidly increasing demand for data center GPUs, raising both 
environmental and logistical concerns due to the associated energy consumption. Especially from a data center operator and grid 
planning perspective, fine-grained power models have therefore become increasingly valuable, for example for grid 
incorporation, provisioning and capacity planning, all factors that need to be taken into account when trying to make data 
centers more energy efficient. Although model training is highly energy intensive, the large volume of daily inference requests 
means that AI inference may account for a substantial share of future AI computing demand. This study therefore investigates 
the power behavior of individual LLM inference requests and the system and workload factors that shape their power profiles. 
We developed a measurement framework that records continuous GPU power traces throughout the complete inference cycle, 
including idle, prefill, and decode phases. Experiments were conducted across a broad range of hardware platforms, language 
models, prompt categories, batch settings, parallelism strategies, and precision and quantization methods. Our results show that 
GPU power consumption varies considerably across models, hardware platforms, and serving configurations, while the effect of 
prompt content is generally much smaller. We also observed that initialization behavior, model optimization, and runtime 
settings can influence both power characteristics and overall inference efficiency. The collected measurements enable us to 
characterize workload-specific power distributions rather than relying only on aggregate averages. These distributions further 
support the development of stochastic models for estimating aggregate power demand in data centers running large-scale AI 
inference workloads, providing a foundation for more realistic energy evaluation and infrastructure planning. 

Xinyi Li 
Mathematics, B.S. 
Spring 2027 
NYU Tandon 
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Interactive Logic-Symbol Rendering for OpenROAD Gate-Level Schematics 

Engineers working with synthesized digital designs often depend on timing reports to 
understand how a circuit behaves, but timing alone does not reveal how a design is actually 
built. Logic gates, how they connect, and how signals flow through the circuit are all 
important. Without that structural picture, exploring or debugging a design is difficult, 
much like trying to repair a machine without being able to see inside it. OpenROAD, an 
open-source RTL-to-layout chip design flow, includes a web-based schematic viewer 
intended to provide this structural view, but it previously rendered many standard cells as 
plain, identical boxes, making common logic and sequential elements difficult to recognize 
at a glance. This project extends the viewer to draw standard cells as familiar logic symbols 
while preserving OpenROAD's original instance names and pin information. On the 
backend, schematic generation was extended to classify standard cells such as buffers, 
inverters, multi-input gates, and flip-flops, then pass the matching symbol information to 
the frontend, where each cell is drawn as a recognizable shape with its true pin labels. Cells 
that cannot be identified fall back to the original box view. The result is an interactive viewer 
that lets users explore a design the way engineers naturally think about it, recognizing gates 
on sight, tracing signals, and moving through the circuit to focus on the parts that matter. 
A full set of automated tests confirms the features work reliably. By making synthesized 
designs visually recognizable, this work gives OpenROAD users structural insight that 
timing-focused views alone cannot provide, making chip designs easier to explore and 
understand. 
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Ziqi Gu 
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Predictive and Progressive Streaming of 3D Gaussian Splatting for AR/VR Applications 

3D Gaussian Splatting (3DGS) supports photorealistic, real-time rendering of immersive 3D scenes, but its large data size 
creates major challenges for low-latency transmission in AR/VR applications. This project explores predictive immersive video 
streaming that anticipates users’ future viewpoints and prioritizes likely visible content, aiming to reduce bandwidth 
consumption while preserving visual quality. We investigate two complementary approaches. First, we develop a progressive 
streaming pipeline that generates multiple quality levels of 3DGS content, transmitting a compact base representation first and 
progressively adding enhancement data to restore visual quality. Second, we use a FoV prediction framework to estimate users’ 
future viewpoints from recent head-motion traces and identify the 3DGS content most likely to be visible. We conduct 
simulation experiments to evaluate the effectiveness of the proposed design under controlled settings. Preliminary results show 
that our progressive coding method produces more compact 3DGS representations while achieving higher reconstruction 
quality than the evaluated baselines. It reduces the number of enhancement Gaussians and overall model size while improving 
PSNR, indicating a more efficient quality–size trade-off. Initial FoV prediction experiments further suggest that recent user 
motion provides useful information for estimating future viewing directions and prioritizing potentially visible scene regions. 
Although prediction accuracy varies with the prediction horizon and user movement patterns, the results support the feasibility 
of incorporating viewpoint prediction into adaptive 3DGS streaming. These results demonstrate the potential of predictive and 
progressive streaming to make immersive 3D content more practical for bandwidth-constrained AR/VR applications. By 
reducing transmission costs while maintaining visual quality, the proposed framework provides a promising foundation for 
scalable and low-latency immersive video delivery. 

Annie Mei 
Computer Engineering, B.S. 
Spring 2028 
NYU Tandon 
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Engineering and culture are not separate domains, but two sides of the same coin. We are 
cultivating a new generation of technologists who bring together left brain and right brain 
thinking to solve complex problems and create human-centered experiences. Our 
research and programs blend technical rigor with creativity to design solutions and 
environments that preserve knowledge, convey knowledge, open minds, and inspire joy. 
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Green Solvent Strategies for Recycling Perovskite Solar Cell Materials 

Perovskite solar cells (PSCs) have attracted significant research attention owing to their 
exceptional performance and low cost. However, their short operational lifetimes related to 
environmental and thermal instabilities, and inclusion of hazardous and critical materials 
(e.g., lead (Pb) and cesium (Cs)) make it essential to develop sustainable recycling 
techniques for PSCs to mitigate hazardous waste generation and reduce supply chain 
pressures. Current research on recovering end-of-life perovskites has yet to report the 
systematic recovery of multi-cation/mixed-halide perovskites using green solvents like water. 
Additionally, the lack of fundamental understanding of solvent-solute interactions hinders 
rational design of perovskite recycling strategies. 

In this work, we investigated lead halide perovskite recovery across a compositional library 
using water and simple additives. We systematically varied the A-site cation of perovskite 
powder APbI3 (A = MA, FA, Cs) synthesized by evaporating and annealing a precursor 
solution. To understand composition and additive dependent dissolution and recovery 
behavior, the perovskite powders were dissolved in water with NaI, gamma-butyrolactone 
(GBL), or HI additives. Additional I- is hypothesized to promote iodoplumbate complex 
formation, GBL to promote PbI2 dissolution, and HI to decrease pH and increase solute 
solubility. To gain insights on the solvent-solute interactions in perovskite solution with and 
without additives, UV-Visible spectroscopy was employed. Absorption spectra indicated the 
formation of higher order iodoplumbate complexes with I- addition or optimal GBL 
concentration. X-ray diffraction was used to determine the phase purity and crystallinity of 
the products. Powders recovered without additives consisted mostly of PbI2 and other 
impurities. In contrast, by controlling additive concentration and solution pH, perovskites 
could be recovered from aqueous solutions to varying extents depending on composition. 
While future work is needed, these initial results demonstrate the viability of recycling 
perovskites using a water-additive system and provide insights into solute-solvent 
interactions to guide the design of more complex separation processes. 
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Lowering the Barrier to Rust: A Visual Curriculum for Future libprocessing 
Contributors 

The Processing Foundation's historically Java-based tooling is now expanding to Rust, 
creating an opportunity to modernize and extend its open-source ecosystem while 
introducing a significant learning barrier for artists and creative technologists with little 
or no systems programming experience. This project investigates how beginner-friendly 
educational materials can help creatives develop foundational Rust knowledge before 
engaging with libprocessing as contributors. 

Our approach combines a review of existing research on memory-safety education with 
the design of a visual, example-driven curriculum. Drawing from The Rust Programming 
Language, Rust by Example, and p5.js learning resources, we examine how concepts 
familiar to creative coders can serve as entry points into unfamiliar systems 
programming ideas. Research on Rust education suggests that beginners often recognize 
compiler errors without understanding the underlying concepts, such as why a dangling 
reference is unsafe. This gap between identifying an error and understanding its cause 
motivates our focus on visual explanations that make abstract concepts such as 
ownership, borrowing, and permissions easier to understand. 

Rather than beginning with detailed representations of Rust's internal memory model, 
the curriculum introduces concepts incrementally through concrete examples and 
visualizations of how data can be accessed, moved, and modified throughout a program. 
We are synthesizing insights from three models of Rust memory safety—Permissions, 
Stacked Borrows, and Tree Borrows—to develop a visualization hierarchy that 
communicates these relationships without overwhelming beginners. The curriculum is 
presented as a series of printable zines supported by Figma templates, allowing the 
materials to evolve as the project and community grow. 

By connecting Rust concepts to the visual and interactive learning practices familiar to 
creative coders, this project aims to bridge the gap between creative coding and systems 
programming. We expect the resulting curriculum to provide an accessible starting point 
for learners who may be intimidated by traditional systems programming education, 
while establishing a foundation for future contributors of libprocessing. 
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Integrating Artificial Intelligence into First Year Engineering Coursework and 
Evaluating its Impact on Technical Skill Development 

Artificial Intelligence (AI) is becoming integrated into many aspects of our lives, from 
making to-do lists, to analyzing data. The effective use of AI is a growing expectation of 
engineering graduates; still, AI tools have not been widely adopted in the classroom. This 
research aims to integrate AI in a first year engineering design course, EG-1004 
Introduction to Engineering and Design. Several tools were piloted to help students use 
AI as a learning partner in their work, rather than a tool which completes their work for 
them. Initial analysis began with a Pre-Test to determine the engineering and 
professional skills students entered the classroom with. Generally, students were found 
to enter the classroom with good professional engineering skills of design, 
communication, data analysis, yet were lacking technical engineering skills such as CAD, 
coding, and circuitry. Experience with AI tools varied among the students. In response, 
customized Google AI assistants, known as Gemini Gems, were developed in order to 
aid as peer tutors in the students’ laboratory environment. Part of this included 
researching the limitations of the software and identifying the point at which teaching 
assistant intervention is required. This preliminary research is guiding a larger rollout for 
the 2026-27 academic year, where a Post-Test will track the success of these AI tools in 
the development and retention of technical engineering skills. These tests will establish a 
standardized framework for determining the efficacy of the coursework and provide 
insightful data for future revisions of the course curriculum. Students must be able to use 
AI to their advantage and by setting a standard of balanced AI practice in the first year, 
this research proposes that they will be able to utilize AI more effectively for their future 
classes and careers because of these early academic interventions. 
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Braiding Data to Save Lives 

Youth suicide research often emphasizes individual risk factors without fully 
accounting for the social, educational, and structural conditions in the places where 
adolescents live. Braiding Data to Save Lives is a prototype open R data system that 
links student well-being responses from the California Healthy Kids Survey with 
cleaned county-level public data from education, health, census, environmental, and 
justice agencies, enabling users to examine youth suicidal ideation in a place-based 
context. 

Our work combined visual communication, participatory research, qualitative analysis, 
and interface design. We created a zine to introduce the platform and its potential uses 
to attendees of the Youth Suicide Research Consortium, then analyzed workshop 
participants’ written responses to identify perspectives, needs, and possible 
applications. To support collaborative synthesis, we developed a custom website 
through which team members could flexibly group responses, identify user personas 
and motivations, and generate questions and insights. 

We also used a user-centered design process to improve the platform’s interface and 
data visualizations. Researcher personas and user workflows guided the organization of 
information, while user feedback informed iterative refinements. We produced a 
high-fidelity Figma prototype that streamlined navigation and improved how users 

interact with data, graphs, tables, filters, and maps. The 
redesigned interface supports clearer exploration of 
relationships across demographic, geographic, and 
socioeconomic factors and creates a foundation for 
future analytical and predictive tools. 

These outputs broaden the accessibility and 
possibilities of Braiding Data: the zine communicates 
the platform to interested stakeholders, the workshop 
responses reveal what stakeholders find urgent, the 
collaborative website supports interactive analysis and 
question development, and the interface prototype 
improves the presentation and interpretation of 
complex information. Overall, our work strengthens 
the platform’s potential to help researchers identify 
meaningful patterns, generate new research questions, 
support public engagement, inform community 
interventions, and guide policy decisions in youth 
suicide prevention. 
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Geometric Deep Learning for Structure-Based Enzyme Kinetic Prediction 

Enzyme turnover numbers (kcat), Michaelis-Menten constants (Km), and catalytic 
efficiencies (kcat/Km) are key kinetic parameters used to quantify catalytic efficiency for 
enzyme engineering applications. Experimental methods for determining these 
parameters are expensive and time-intensive, leading to the development of machine 
learning-based predictive models. However, many of those models only utilize enzyme 
sequences and substrate representations as inputs, limiting their ability to accurately 
capture enzyme-substrate interactions. To address these limitations, we developed a 
geometric deep learning model to predict kcat, Km, and kcat/Km for β-glucosidases, a 
key enzyme family used in biorefineries, used here as a case study. Molecular docking 
was used to represent the position of the ligand within the active site of the enzyme, and 
the resulting complex was converted to a graphical network. Preliminary results suggest 
that this structure-informed model performed comparably to a sequence-only baseline. 
The structure-informed model performs much better than the baseline at predicting Km 
with a mutant-blind split, however. This suggests that a structure-based model is better 
able to generalize to unseen enzymes. Ongoing work involves sampling alternate 
conformations of the enzyme using molecular dynamics to provide a comprehensive 
view of its interactions with the substrate. This approach is an endeavor to shift toward 
physics-informed machine learning that goes beyond statistical patterns in the dataset. 
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SANTIAGO LACAYO 
This past summer, I interned at Doings 
AI, an AI startup in Berlin, where I 
worked on front-end development for 
their app as part of the HIP program. It 
was such a great experience overall, and 
the two things I loved the most were, 
first, learning how an AI tech startup 
operates from the inside, and second, 
being part of the broader startup world. 
The office was shared with many other 
startups, which I found really cool since I 
got to meet people and learn about all 
kinds of creative ideas being built around 
me. The exchange also gave me the 
chance to experience Berlin's culture, 
and I have to say I was amazed by how 
beautiful the city is and how much there 
is to do, from its history and unique 
architecture, mostly Bauhaus and 
brutalist, to museums like the Neue 
Nationalgalerie, the people, and even the 
techno nightlife, which in Berlin is 
genuinely considered part of the culture. 

This whole experience gave me many 
memorable moments and changed me a 
lot, both professionally and personally. 
Working alongside people from a 
different country and exchanging 
knowledge in that environment taught 
me how to adapt quickly and collaborate 
across cultures, skills I am eager to 
keep building as I continue my studies. 

Humbolt Internship 
Program (HIP) 



Humbolt Internship Program (HIP) 

100 

SIYU MA 

GARVV GOEL 

KASHVI GUPTA 
During my Host Internship Program experience in Berlin, I interned at arcneo, 
a FinTech startup, where I worked on lead research for VuV and Stiftungen 
(foundations) and created AI marketing automation. I also had the opportunity 
to work closely with the founding team, which gave me a firsthand look at how 
decisions get made in a fast-moving startup environment and how much 
ownership you can take on even as an intern. Beyond the professional 
experience, living and working in Berlin pushed me to immerse myself in a 
new culture, meet people from completely different backgrounds, and take on 
challenges I hadn't faced before. The experience sharpened both my technical 
and interpersonal skills and gave me a much broader perspective on how 
startups operate outside the U.S. It was an incredibly rewarding few months, 
both personally and professionally. 

Spending ten weeks in Berlin for my internship at Humboldt University 
was an incredible experience! I worked under Professor Wolfgang 
Christen conducting research in physical chemistry about propane. I 
learned so much about both physical procedures and analytical skills in 
the lab. Wolfgang is a wonderful professor alway patient, optimistic and 
funny. Since it was my very first time visiting Europe, I chose to live in the 
NYU Berlin dorms. It turned out to be a marvelous choice, and the dorm 
environment made me feel right at home. 

We went on great trips together, like to Potsdam, and I spent plenty of 
time exploring Berlin itself. I visited Museum Island with its world-class 
museums to see the famous Bust of Nefertiti, and I even got to 
experience a pre-season friendly match with Union Berlin. I completely fell 
in love with the city's unique vibe! 

I made wonderful friends through the HIP internship from all around the 
world—from Singapore, Chile, and France to Kazakhstan. It was an 
amazing mix of cultures, and I'm so happy to have connected with 

everyone. The energy in Germany was unforgettable, especially during the World Cup. Even though Germany was knocked out early, the 
people's passion for football never faded, and I ended up watching the final with a group of strangers, sharing snacks and cheering together 
like old friends. I also got the chance to travel around the country. I visited Munich, where it was beautiful and sunny near the Alps. I was 
incredibly lucky to be there right when the local brewers graduated (a special event that only happens once every two years) and enjoyed 
some wonderful, fresh beer. Another huge highlight was traveling to Hamburg to see Miniatur Wunderland. It felt so unreal yet incredibly 
detailed and alive, with tiny displays that actually moved and lit up. Looking back, I feel so grateful for this entire opportunity, returning home 
with great research experience and memories I will keep forever. 

The Humboldt Internship Program gave me a wonderful experience over the summer, getting to spend real time in Berlin. Humboldt has 
such a beautiful campus, surrounded by statues and beautiful architecture. It was definitely weird at first getting used to new cultural norms, 
like not jaywalking or navigating the extensive public transit. The program brought together an incredible mix of people from all over the 
world, and gave us countless ways to explore the city together, from beach days, beer gardens, billiards nights, and many more ways to 
experience Berlin more as a resident and less as a tourist. The program also provided trips outside the city to places like Potsdam. 
Professionally, the internship offered a real look into German work culture, and presenting at the symposium alongside everyone else's 
projects was a highlight. I personally lived in Mehringdamm, in the heart of Kreuzberg, which meant embracing a neighborhood that was 
lively, sometimes loud with sirens, but full of energy, especially during World Cup watch parties. The area was crowded with local Spätis 
and restaurants, making it so convenient to grab food. Beyond daily life, I loved diving into Berlin's history, visiting Berlin Wall sites, 
Checkpoint Charlie, and various museums. Altogether, HIP was a true cultural immersion, one that let me meet people from around the 
world and really experience Berlin. 
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