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“SuperUROP in its design is so quintessentially MIT, 
particularly because it builds on MIT’s tradition 
of mens et manus, and it is aligned with the Insti-
tute’s priorities of discovery, innovation, and mak-
ing the world a better place.”

 — Cynthia Barnhart
       Chancellor

       Ford Professor of Engineering

“Our engineering students want a deeper under-
standing of the topics they care about, and they 
want to apply this knowledge in a way that will 
lead to practical impacts. The SuperUROP pro-
gram is an excellent opportunity for them to work 
closely with faculty and industry sponsors to make 
all of this happen.”

 — Ian A. Waitz
       Dean of Engineering

       Jerome C. Hunsaker Professor of 
       Aeronautics and Astronautics



As we launch the fourth year of the Advanced Undergraduate Research Program, it is 
my pleasure to welcome a new group of SuperUROP students from across MIT’s School 
of Engineering. Since the program began in EECS in 2012, it has given undergraduates 
the opportunity to conduct innovative, publishable research. This year for the first time 
the program is open to students in all departments of the School of Engineering. The 
response we have received from students has been resounding — this year’s class is the 
biggest yet, and enrollment has more than doubled since the program’s inception. 

The 178 SuperUROP students in this year’s group are engaging in a year-long research 
experience and participating in a course titled “Preparation for Undergraduate Re-
search,” which covers a range of subjects, from selecting projects and research topics 
across the School of Engineering to entrepreneurship and ethics in engineering. The 
students also focus on developing their technical communication skills— including 
poster presentation, writing a detailed proposal, reviewing and critiquing technical pa-
pers, and writing a paper. Throughout the year, they are also given access to facilities 
(e.g., MTL nanofabrication) that would otherwise be typically available only to graduate 
students. At the end of the academic year, the students will receive a certificate in ad-
vanced undergraduate research with a designated focus area. 

I am thrilled to hear from members of the previous three SuperUROP classes about the 
exciting new directions they are taking, benefiting from their experience in the pro-
gram. Many are now earning advanced degrees at major research universities, making 
an impact in industry, or working as part of the team at cutting-edge early-stage start-
ups  — their research has set very high standards. After reviewing this year’s proposals, 
I expect another exciting year of publication-quality research. The new SuperUROP 
group is eager to engage in the research and entrepreneurship opportunities that open 
up through this unique program. 

SuperUROP is a collaborative effort involving EECS, the MIT UROP Office, and the School 
of Engineering. Our students are supported by the Research and Innovation Scholars 
Program (RISP), a named scholars program that funds the student doing the Super-
UROP and provides some associated discretionary funding for the host research group. 
This program would not have been possible without generous support from corporate 
and individual sponsors, all of whom are committed to growing the SuperUROP pro-
gram and enhancing the student experience at MIT. I would like to extend my sincere 
thanks to SuperUROP’s sponsors, who are listed on pages 56 – 57 of this brochure. 

I am very excited about the research projects in the program and I look forward
to a productive year of collaborations among students, supervisors, and sponsors.

Sincerely, 

Anantha P. Chandrakasan
Vannevar Bush Professor of Electrical Engineering and Computer Science
Department Head, MIT Electrical Engineering and Computer Science 
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2015–2016 
Research and  
Innovation  
Scholars

Photo: SuperUROP students prepare a model of Firefly, a transonic, 
rocket-powered unmanned aerial vehicle, for testing with AeroAstro’s 
1x1 small wind tunnel. Left: Eduardo Maristany; bottom right: Brad 
Jokubaitis; top right: Kathrine Bretl. Photo courtesy of William Litant. 
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MIT AeroAstro — Airbus Undergraduate Research and Innovation Scholars
Bradford Jokubaitis
Johannes Norheim                          
MIT AeroAstro — Boeing Undergraduate Research and Innovation Scholar

Ceili Burdhimo                          
MIT AeroAstro — Draper Laboratory Undergraduate Research and Innovation Scholar
David Sherwood

MIT AeroAstro — Lincoln Laboratory Undergraduate Research and Innovation Scholars 

Kathrine Bretl
Paulo Heredia
Scarlett Koller
Marissa Ruiz
Ellie Simonson
Bradley Walcher             
MIT AeroAstro — Lockheed Martin Undergraduate Research and Innovation Scholars
Michael Burton
Matthew Deyo
Victor Zhang                 
MIT AeroAstro — Northrup Grumman Undergraduate Research and Innovation Scholar
Samantha Bishamber                
MIT AeroAstro — United Technologies Corporation Undergraduate Research and  
Innovation Scholars

Christopher Galea
Eduardo Maristany 

MIT EECS — Accenture Undergraduate Research and Innovation Scholar
Rui Song                            
MIT EECS — Actifio Undergraduate Research and Innovation Scholars  
Erin Hong
Wai Lok Lai
Kimberly Leon
Rumen Hristov
Melissa Slaughter
Hyungie Sung                            
MIT EECS — Amazon Undergraduate Research and Innovation Scholars
Roberto Brenes
Nayeon Kim
Tiffany Le
Akhil Nistala
Tsotne Tabidze                               
MIT EECS — Analog Devices Undergraduate Research and Innovation Scholars
Saumil Bandyopadhyay
Jamar Brooks 
David Dellal (Mechanical Engineering)
Erin Ibarra
Skanda Koppula                       
MIT EECS — Angle Undergraduate Research and Innovation Scholars
Sami Alsheikh
Aurora Alvarez-Buylla
Alexander Amini
Alyssa Cartwright
Harlin Lee
Alexander Oliva
Akshay Padmanabha
Nicole Seo
Aaron Zalewski                                
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MIT EECS — Cisco Undergraduate Research and Innovation Scholars
Noor Eddin Amer
Anish Athalye
Victoria Dean
Lisa Ho
Sorawit Suriyakarn
David Wong                            
MIT EECS — DENSO Undergraduate Research and Innovation Scholars  
Juan Castrillon
Victoria Gong
Jenny Lin
Ming Yang Ong
Hansa Srinivasan
Ashley Wang
William Xue                             
MIT EECS — Draper Laboratory Undergraduate Research and Innovation Scholars   
Farah Attia
Brian Axelrod
Nishchal Bhandari
Lucas Camelo Sa
Vincent Kee                 
MIT EECS — Duke Energy Undergraduate Research and Innovation Scholars
Julia Belk
David Gaddy
Grant Gunnison
Eeway Hsu 
Erik Nguyen                                  
MIT EECS — Fano Undergraduate Research and Innovation Scholar
Jonathan Lim                                 
MIT EECS — Finn Undergraduate Research and Innovation Scholar 
Eric Chen                               
MIT EECS — Foxconn Undergraduate Research and Innovation Scholars   

Amol Bhave
Xinyue Deng
Ian Reynolds
Hae Jin Song                           
MIT EECS — Himawan Undergraduate Research and Innovation Scholars
Giridhar Anand
Misha Jamy
Heather Sweeney                              
MIT EECS — Keel Foundation Undergraduate Research and Innovation Scholars
Phillip Ferguson
Karan Kashyap
Leon Lin
Mikael Mengistu
Ruth Park                      
MIT EECS — Landsman Undergraduate Research and Innovation Scholar     
Hayk Saribekyan

MIT EECS — Levine Undergraduate Research and Innovation Scholars            
Kairat Ashim
Xin Chen
Katherine Ho
Lingfu Zhang Tong
Amanda Zhou                          
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MIT EECS — Lincoln Labs Undergraduate Research and Innovation Scholars      
Jodie Chen
Eric Dahlseng (Mechanical Engineering)
Nicole Glabinski
Yuzhou Gu
Paul Hager
Thanard Kurutach
Rodrigo Lopez Uricoechea
Konstantin Martynov
Xubo Sun
Jason Tong                   
MIT EECS — Mason Undergraduate Research and Innovation Scholars
Dillon Dumesnil
Tejas Sundaresan                                
MIT EECS — MediaTek USA Undergraduate Research and Innovation Scholar      
Deepti Raghavan                
MIT EECS — MITRE Undergraduate Research and Innovation Scholars    
Nikhil Buduma
Sarah Coe
Anthony Erb Lugo
Daniel Sosa
Vincent Tjeng                             
MIT EECS — Morais and Rosenblum Undergraduate Research and Innovation Scholar    
Sayeri Lala
Tally Portnoi

MIT EECS — Quanta Computer Undergraduate Research and Innovation Scholars 
Michael Chang
Damon Doucet
Uma Girkar
Maryann Gong
Corinn Herrick                    
MIT EECS — Slaughter Undergraduate Research and Innovation Scholars  
Lambert Chu
Fernando Yordan                           
MIT EECS — Texas Instruments Undergraduate Research and Innovation Scholars
Yee Ling Gan
Michael Holachek
Xiaoxue Liu
John Prakash Niroula
Maha Shady
Shirin Shivaei                   
MIT EECS Undergraduate Research and Innovation Scholars
Usman Ayyaz
Gregory Beams
Berj Chilingirian
Yang Dai
Saya Date
Joshua Haimson
Rotem Hemo
Shau-Chieh Hsu
Keertan Kini
Nicholas Locascio
Dion Low
Harini Suresh
Flora Tan
Katrine Tjoelsen
Jordan Ugalde
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Guillermo Vargas
Cimran Virdi                                       
MIT EECS — UTRC Undergraduate Research and Innovation Scholar
Narek Dshkhunyan                                
MIT MechE — Lincoln Labs Undergraduate Research and Innovation Scholars         
Rachel Adenekan
Christian Argenti 
Luis Gasca

MIT SoE — Lord Foundation Undergraduate Research and Innovation Scholars
Jareatha Abdul-Raheem (Chemical Engineering)
Joshua Acosta (Mechanical Engineering)
Rasheed Auguste (Nuclear Science and Engineering)
Justin Cheung (Mechanical Engineering)
Dabin Choe (Mechanical Engineering)
Steven Collins (Chemical Engineering)
Chelsea Edwards (Chemical Engineering)
Kristen Eller (Chemical Engineering)
Marie Elimbi Moudio (Mechanical Engineering)
Scott Heng (Chemical Engineering)
Julia Hogroian (Civil and Environmental Engineering)
Steven Holcomb (Mechanical Engineering)
Shahrin Islam (Chemical Engineering)
Cara Lai (Mechanical Engineering)
William Lee (Mechanical Engineering)  
Julia Longmate (Civil and Environmental Engineering)
Nancy Lu (Chemical Engineering)
Maximillian Major (Nuclear Science and Engineering)
Anthony McHugh (Civil and Environmental Engineering)
Connor McMahan (Mechanical Engineering)
Bailey Montano (Mechanical Engineering)
Aishwarya Narayan (Mechanical Engineering)
Paige Omura (Chemical Engineering)
Jacob Rothman (Mechanical Engineering)
Jamila Smith-Dell (Chemical Engineering)
Vivian Tran (Nuclear Science and Engineering)
Lampros Tsontzos (Mechanical Engineering)
Ryan Webb (AeroAstro)
MIT SoE — DENSO Undergraduate Research and Innovation Scholar       
Julia CrowleyFarenga (AeroAstro) 

Research and Innovation Scholars

Brianna Berrios (Biological Engineering)
Pranam Chatterjee (Electrical Engineering and Computer Science) 
Yibo Gao (Electrical Engineering and Computer Science) 
Richard Hall (Biological Engineering) 
Renae Irving (Biological Engineering)
Annie Kuan (Biological Engineering)
Sophia Reyes-Hadsall (Biological Engineering)
Nalini Singh (Electrical Engineering and Computer Science)
Margaret Walker (Electrical Engineering and Computer Science)
Jeremy Wohlwend (Electrical Engineering and Computer Science)
Nicole Zeinstra (Biological Engineering)
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Jareatha Abdul-Raheem
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar

Project: Characterization of CdSe-
CdS-ZnS Quantum Dots

Advisor: William Tisdale 

Quantum Dots (QDs) are semi-con-
ducting nanocrystals that are clusters 

of atoms a few nanometers in diameter. Although there is much 
known about the electronic properties of QDs, the actual QD struc-
ture has not been thoroughly proven. The focus of my project is 
twofold, first to create a consistent synthesis of CdSe-Cds-ZnS QDs, 
a QD that has a core and 2 outer shells. Second is to characterize 
these QDs using optical methods and to use this characterization 
to show the structure of these QDs, specifically at the different in-
terfaces of the QD.  By creating a consistent synthesis method and 
getting a full characterization of this material, the groundwork will 
be laid for using these materials in diffusion work which could lead 
to it being used in green technology such as solar cells. 

“These past two semesters I have worked with quantum dots and 
have gained a decent understanding , but this next year I’m excited 
to delve deeper into how quantum dots are created and receive a 
much deeper understanding of their chemical and electronic prop-
erties. I look forward to gaining new skills in optical techniques and 
learning how quantum dots are used in green technology.”

Joshua Acosta
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                       

Development of Advanced 
Thermo-Adsorptive Battery for 
Electric Vehicles

Advisor: Evelyn Wang

Implementation of the Advanced 
Thermo-Adsorptive Battery (ATB) system to power a vehicle’s heat-
ing, ventilation, and air-conditioning (HVAC) system can potential-
ly increase the driving range of electric vehicles up to 30 %. The 
objective is to develop a climate control system for electric vehicles 
(EVs) that is powered by stored thermal energy. The use of nov-
el adsorbent materials, non-toxic materials, a negligible self-dis-
charging rate, and silent operation are favorable qualities guiding 
the project’s progression. High power and capacity requirements 
for climate control systems in EVs and existing vehicle infrastruc-
ture will pose challenging factors. I will be focusing on the design, 
fabrication, and integration of the ATB prototype, as well as perfor-
mance characterization of the system.

“I began working with the Device Research Laboratory on this proj-
ect during the summer of my junior year. My coursework in ther-
modynamics, fluid mechanics, heat transfer, and interest in ther-
mal sciences is my motivation for this project. My experience with 
CFD modeling of heat exchangers for high power density CPUs 
prepared me for the tasks to successfully bring the ATB system to 
completion.”

Rachel Adenekan
MIT MechE — Lincoln Labs 
Undergraduate Research and 
Innovation Scholar                            

Hydrogel Neural Probe

Advisor: Xuanhe Zhao

Currently, tissue engineers are facing 
challenges when implanting micro-
electrodes into neural tissue. This is 

largely because there is a significant mismatch in the Young’s mod-
ulus of the metals like silicon (~200 GPa) and that of the soft brain 
tissue (~10 kPa). Conductive hydrogels are promising because 
they can improve the biocompatibility of rigid metallic neural elec-
trodes, while retaining their functionality. The aim of this project 
is to develop the most optimal tough, stretchable, conductive, 
and biocompatible hydrogels to better match the mechanical and 
physiological properties of cells and tissues in the brain and spinal 
cord. These gels will then be coated onto the world’s smallest, Blue-
tooth enabled neural probe.

“Over three summers as an intern at St. Joseph Hospital in Hous-
ton, TX, I interacted with chronically ill patients and saw the need 
for novel technologies that transform the way complex health 
problems are solved. This spurred me to develop a passion for 
Biomedical Engineering. I am excited to work on this SuperUROP 
project because it explores the intersections of Tissue Engineering 
(materials), MechE, and Product Design.”

Sami Alsheikh
MIT EECS — Angle Undergraduate 
Research and Innovation Scholar                                                        

Radar Signatures for Object 
Classification

Advisor: Wojciech Matusik 

Radar signals have the potential to 
reveal information about the geom-
etry and material composition of 

real world objects that usual image/video signals may lack, espe-
cially with the recent development of high-frequency radar chips 
(60GHz with 7GHz bandwidth). Specific objects or environment 
layouts have different radar signatures. The research will build a 
database of radar signatures from known objects. With the prim-
itives from this database, we will attempt to predict characteristics 
of new objects based on their measured radar signatures. If appro-
priate, we may introduce joint video-radar signal processing. The 
research hopes to explore the feasibility of using machine learning, 
signal processing, and radar signatures from known environments 
and objects to classify new ones.

“I am a senior studying Computer Science. Although I have expe-
rience relevant to my project, this research is unlike anything I’ve 
done before. I hope to use my knowledge of artificial intelligence 
and signal processing to understand how these subjects are lev-
eraged in a rigorous research setting. I’m very excited that the 
project has the potential to discover some novel applications of 
recently developed radar technology.”
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Aurora Alvarez-Buylla
MIT EECS — Angle Undergraduate 
Research and Innovation Scholar                                                    

Understanding the Evolutionary 
Markers of Type II Diabetes in 
African, Mexican, and Eastern 
European Populations in the US

Advisor: Manolis Kellis

The goal of this project is to analyze 
which single nucleotide polymorphisms (SNPs) in the human ge-
nome lead to a greater propensity for Type II diabetes and related 
diseases across different populations. We have chosen populations 
characterized by migratory patterns, different cultural heritages, 
and a notable changes between ancient diets and current diets. 
We will be using data from the 1000 Genome project and writing 
scripts to efficiently manipulate the large data sets and do statisti-
cal analyses. We hope to find evidence of positive selection in the 
identified SNPs, which would support the theory that phenotypes 
that in our current day are disease-causing may have been benefi-
cial in ancient populations.

“I’m interested in understanding the genetic factors that lead to a 
propensity for disease. The intersection of biology and computer 
science is immensely exciting, and I hope that by using the com-
puter science mindset I have learned in my classes, I can help un-
lock some of the secrets of our DNA.”

Noor Eddin Amer
MIT EECS — Cisco Undergraduate 
Research and Innovation Scholar                                                      

Pentimento for the Authoring of 
Educational Videos

Advisor: Frederic P. Durand

We seek to facilitate the authoring of 
handwritten educational video lec-
tures and combine the advantages 

of vector graphics and video editing. Handwritten videos are cur-
rently recorded using video screen capture, which makes editing 
challenging. We believe that the power of digital content creation 
is in non-sequential iterative refinement. Teachers should be able 
to start a video lecture without a perfect script, and they should 
be able to improve their material over the year. To achieve this, I’ll 
be working on developing Pentimento, an authoring software that 
dramatically facilitates the authoring and editing of handwritten 
video lectures. This project deals with the javascript version of Pen-
timento, to make it possible to create such videos in the browser 
and across multiple platforms.

“Education is the most powerful weapon we can use to change the 
world.” - Nelson Mandela

Alexander Amini
MIT EECS — Angle Undergraduate 
Research and Innovation Scholar                                                                                     

Dynamic Control of Autonomous 
Vehicles Under Extreme 
Conditions

Advisor: Russell L. Tedrake

This project proposes to push the 
limits of autonomous vehicles in terms of speed, precision han-
dling, and safety. Autonomous controllers must manage both path 
planning and vehicle control under extreme conditions. We aim 
to model and simulate the dynamical vehicle system, while using 
system identification capabilities based on real-data from trans-
portation databases, and planning and control algorithms for the 
model.  Compared to existing systems, which are based solely on 
physics based models, our use of models derived from real world 
driving conditions will provide a more realistic simulation of the 
complex variety of variables encountered in a street race driving 
scenario.

“I am a 6-2 and 18 double major with two years of research ex-
perience in CSAIL & Senseable City Lab. In my last UROP, I worked 
on optimizing gradient descent algorithms in the context of deep 
learning. My expertise is machine learning, real-time data anal-
ysis & modeling. I am also fascinated with the rapid advances in 
robotics, so I was thrilled to be accepted into RLG to work on con-
tact-aware state estimation algorithms.”

Giri Anand
MIT EECS — Himawan 
Undergraduate Research and 
Innovation Scholar                                                                                                                  

Cellular Trojan Horses

Advisor: Joel Voldman

Reading the environment inside liv-
ing cells is a current challenge for 
biology.  Our goal is to design a pro-

cedure for inserting functional silicon chips into cells for quanti-
tative biosensing. The main barrier to chip insertion is a physical 
one: the cell membrane acts as a filter against large, foreign matter. 
In proof-of-concept studies, silicon chips of sizes on the order of 
microns have been successfully inserted into macrophages by ex-
ploiting phagocytosis behavior, as well as into human HeLa cells 
using lipofection, where chips are coated in a specific combination 
of lipids that fuse with the membrane. We hope to build on these 
techniques to develop a quick, reliable way to introduce chips into 
a cell population and potentially record in vivo signals from within 
the cell.

“The summer of freshman year I worked in the Compbio group to 
test a protein conformation model and assess its response to neu-
tral and deleterious point mutations. This past summer I worked 
in the Touch Lab at University College London to characterize the 
cuticles of C. elegans mutants. Through these and through an MIT 
lab course, I have been exposed to various analytical techniques in 
biology to help me with my SuperUROP.”
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This research focuses on Smart 
Homes concept. The goal is to enable 

homeowners to monitor and control their home from anywhere 
via smart phone application. From controlling electrical appliances 
and lights to installation of safety features using various sensors 
(gas, fire, smoke, motion, temperature etc). The first phase of the 
project involves implementing Arduino microcontroller to the 
appliances in the house. The second phase is development of the 
Android application for controlling appliances. The final phase in-
volves enabling connection between microcontroller and applica-
tion either via Internet or bluetooth.Application will serve to per-
form remote tasks and receive notifications from the connected 
devices and security features installed.

“Smart Homes is a part of Internet of Things and in the near future 
the Internet of Things will affect many important fields including 
manufacturing and production, health and medicine, and trans-
portation. Thereby, I’m very excited to get the first hand experience 
working on the IoT devices.”

Kairat Ashim
MIT EECS — Levine Undergraduate 
Research and Innovation Scholar                                        

Home Automation with Android 
Application

Advisor: Harold Abelson 

Christian Argenti
MIT MechE — Lincoln Labs 
Undergraduate Research and 
Innovation Scholar         

Stimuli-responsive, stretchable 
photonic and optical fibers

Advisor: Mathias Kolle 

Venous leg ulcers affect nearly 6 mil-
lion people in the US. One treatment approach is the application 
of a compression bandage to the ulcer; however, the lack of ad-
equately gauging bandage pressure results in suboptimal out-
comes. The aim of this project is to evaluate the potential of in-
corporating optical pressure indicators into the bandages. The key 
component of the proposed bandage pressure indicators are col-
or-tunable elastic photonic fibers.  Radial variations in layer thick-
ness in these fibers cause a band shift resulting in a variation of the 
fiber color.  Incorporating these fibers into compression bandages 
and measuring the optical changes with applied mechanical pres-
sure will provide the data to assess the potential of this approach 
for determining the optimum pressure.

“I have worked in the lab for Bio-inspired Photonic Engineering 
for over a year characterizing color-tunable elastic photonic fibers 
and evaluating the industrial scalability of the process.  I hope to 
evaluate the potential for integrating these fibers into commercial 
applications such as compression bandages so that those afflicted 
will be able to utilize this technology for improved healing.”

Anish Athalye
MIT EECS — Cisco Undergraduate 
Research and Innovation Scholar                                                                    

Building Certified Peer-to-Peer 
Systems

Advisor: M. Frans Kaashoek 

Implementing peer-to-peer systems 
correctly is difficult due to the ex-

treme situations under which these systems are designed to op-
erate. Unlike in other types of distributed systems, in peer-to-peer 
systems, arbitrary machines can participate in the system, and ma-
chines can leave and join the network at any time. This distinction 
makes it challenging to formally reason about these types of sys-
tems. In order to better understand how to design and implement 
certified P2P systems supporting dynamic membership, we work 
towards designing and verifying a peer-to-peer lookup system and 
a distributed hash table.

“I first heard about formal verification during an internship at Oak 
Ridge National Lab after high school. Verification sounded really in-
teresting, but I didn’t start learning about the subject until recently, 
when I took 6.888, a seminar on certified software systems. It was 
a ton of fun to learn about the state-of-the-art and get started on 
my SuperUROP project. I’m excited to work on building high-assur-
ance systems.”

Farah Attia
MIT EECS — Draper Laboratory 
Undergraduate Research and 
Innovation Scholar                                                                    

Computational Design Tools for 
Reconfigurable Synthetic Gene 
Circuits

Advisor: Timothy K. Lu 

My research project involves extending the capabilities of the 
BioCompiler, which converts high level biological programs into 
abstract genetic regulatory networks using combinatorial and se-
quential logic, to support the creation of 3D tissue structures or 
organoids for tissues-by-design. The goal is to develop circuits in 
cells which work in tandem to form a global result.

“I am a senior studying Computer Science and Molecular Biology. 
I am interested in this project because it attempts to solve an ex-
citing and challenging research problem in the synthetic biology 
field and in the SuperUROP program specifically because it allows 
a close and productive relationship between advisors and students 
and the opportunity to meet experts in the field for future research 
and work endeavors.”
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Rasheed Auguste
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                                        

Finding a Cure for CRUD

Advisor: Michael Short 

The issue faced by the nuclear indus-
try is CRUD (Chalk River Unidentified 

Deposits) buildup on the interior of nuclear reactors. This can lead 
to corrosion in reactor internals, leading to problems such as cool-
ant contamination in porous deposits left by CRUD. CRUD has 
forced many nuclear reactors into temporary shutdown or produc-
tion downgrades to try to curb this issue. My labwork would be a 
continuation of focus on the application of testing new substrates. 
This semester, I am focusing on cooking and analyzing CRUD 
samples. I will be learning to use a focused ion beam and atomic 
force microscopy to measure the strength of the CRUD-clad with 
different materials. This SuperUROP will analyze lab-grown CRUD 
samples on different substrate materials and characterize CRUD 
growth on each.

“I am excited to hone many useful skills during this SuperUROP. 
I just started to see the project come together. Cutting-edge re-
search appeals to me not only for these reasons, but also I find the 
work fascinating. This work has affirmed nuclear science and engi-
neering as my prospective field of study. I wish to continue work 
with Professor Short, solving the world’s fouling problems.”

Brian Axelrod
MIT EECS — Draper Laboratory 
Undergraduate Research and 
Innovation Scholar                                                        

Analyzing the Structure of 
Kinematics for Motion Planning

Advisor: Tomas Lozano-Perez 

Motion planning for robot arms is 
computationally difficult, partially due to the complicated geom-
etry induced by how robot configurations are parametrized. My 
work is to develop a better understand of the geometry of these 
spaces and use this understanding to develop better motion plan-
ners. In particular my work focuses on kinematic structure and op-
timizations that are able to efficiently capture this structure.

“I am a course 6 and 18 with an interest in algorithms, cycling, hik-
ing and classical music. This is my third year with Learning and In-
telligent Systems and I hope to bring insights based on the mathe-
matical structures that we find in robotics.”

Usman Ayyaz
MIT EECS Undergraduate Research 
and Innovation Scholar                                              

Making Nearest Neighbor Based 
Data Processing Scalable

Advisor: Devavrat Shah 

Time series data has become a mod-
ern day phenomena: from stock mar-

ket data to social media information, modern day data exists as 
a continuous flow of information indexed by timestamps. Using 
these datasets to gather contextual inference and future predic-
tion is vital. However, the massive scale of these datasets impacts 
latency of inference and predictions. I will be working on creating 
an open source platform that enables distributed time series data 
storage and scalable computation architecture. In particular, we 
are aiming at creating an architecture based on “nearest neighbor 
computation” accompanied with Locality Sensitive Hashing based 
approaches for storage purposes. In addition, we plan on integrat-
ing this platform into a time series analytics course open to the MIT 
community.

“In the past I have worked with timeseries data, in particular Twit-
ter data feeds to analyze viral trends. Furthermore, I was doing so-
cial media analytics with Teneo Holdings this summer which gives 
me a strong background for timeseries analytics. I hope to learn 
about research methodoligies and mathematical formulations that 
accompany timeseries analytics.”

Saumil Bandyopadhyay
MIT EECS — Analog Devices 
Undergraduate Research and 
Innovation Scholar                                              

CMOS-compatible implantable 
photonic systems

Advisor: Rajeev J. Ram 

Implantable biomedical sensors hold 
promise as a less invasive alternative to conventional patient mon-
itoring systems. We aim to design an implantable sensor that uses 
CMOS photovoltaics for power delivery and light emission from 
silicon for optical data transfer. Although silicon is a poor emitter 
of light, MOSFETs are known to emit light at high drain voltages 
through hot carrier luminescence; additionally, a CMOS avalanche 
photodiode (APD) was recently demonstrated that can also be op-
erated as a photovoltaic. The initial phase of this research will focus 
on characterizing different APD designs for their suitability as pho-
tovoltaics and modifying a CCD camera set-up to track the light 
emission from a CMOS array. 

“I am interested in research on electronic, magnetic, and photonic 
devices. In high school, I worked on designing sensitive room-tem-
perature IR photodetectors out of nanowires at Virginia Common-
wealth University. I previously worked in the Sadoway group on 
optimizing the performance of liquid metal batteries, and last 
summer I worked on fabrication and characterization of 2D materi-
als at Lincoln Laboratory.”
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Gregory Beams
MIT EECS Undergraduate Research 
and Innovation Scholar                                              

myMemory: Understanding and 
Improving Human Memory

Advisor: Antonio Torralba 

The purpose of the myMemory proj-
ect is to design and implement a 

semi-polished (nearly production polished) game for crowd sourc-
ing data collection. The goal of this game will be to integrate the 
labs memory research division, help categorize memory research 
methods, expand measurable memory tests, and finally exponen-
tially increase the number of test users to gain more significant 
insights within the field of memory. Part of this system includes 
eye tracking to determine if a user has actually seen a particular 
element, how long they’ve seen it, and which part specifically they 
are looking at.

“I’ve always been very interested in neuroscience and how the 
brain functions. Of course, memory is one of the major functions of 
the brain and I hope to gain valuable insights on how this function 
varies between individuals.”

Julia Belk
MIT EECS — Duke Energy 
Undergraduate Research and 
Innovation Scholar                                              

Control of Electrical Networks 
to Enable Peer-to-Peer Energy 
Sharing

Advisor: David J. Perreault 

Today, roughly 1.3 billion people do 
not have reliable access to electricity. To provide power in a decen-
tralized, scalable, and inexpensive manner, we are developing a dc 
microgrid which allows individual communities to be electrically 
connected and trade power amongst themselves. Our microgrid 
has been demonstrated in India with basic functionality, but one 
critical feature which must be implemented before the technology 
can be deployed at scale is the ability to connect multiple power 
generators to the network. My project is to design and implement 
a control strategy which will allow multiple generators to cooper-
ate when connected to the same grid, meaning that the rated net-
work voltage (24 V) is maintained and the fraction of total power 
that each generator supplies can be controlled.

“Having access to electricity has had a positive impact on my life, 
and I think that making electricity available to everyone is an im-
portant issue and a fantastic opportunity to use the engineering 
knowledge that I have been accumulating in the classroom.”

Brianna Berrios
Research and Innovation Scholar                                              

Bugs and Drugs

Advisor: Eric J. Alm

The human body contains almost 10x 
more bacterial cells than human cells. 

Recent findings indicate that our microbiome plays a huge role in 
our daily metabolic functions, from regulation of immune system 
to gastroenterologic health. Still, very little specifics are known, so 
in 2015 Eric Alm of the Bioengineering Dept at MIT and Ramnik 
Xavier of MGH Gastroenterology formed the Center for Microbiome 
Informatics & Therapeutics to study how the microbiome functions 
& how it can be put to therapeutic use.  Many of the beneficial ef-
fects of bacteria stem from the chemicals they release in our body, 
so effort is being put into identifying & categorizing them. Further 
research is recording these metabolomic levels in clinical studies to 
potentially use them as indicators of health issues.

“This past summer I worked in a neuroimaging lab in Chile that re-
ally opened my eyes as too how exciting the research world can be. 
Although the topics are virtually unrelated, I see a lot of potential 
in a relatively unexplored field.”

Nishchal Bhandari
MIT EECS — Draper Laboratory 
Undergraduate Research and 
Innovation Scholar                                            

Real-time Plane-based Depth 
Image Completion

Advisor: John Fisher 

The Kinect has encountered wide-
spread use in the areas of 3D mapping and computer vision thanks 
to its low cost, portability, and depth sensing capability. Unfortu-
nately, its depth sensor has a maximum range of eight meters, and 
past four meters it tends to be very noisy. As a result, it performs 
poorly in open areas such as hallways where a large portion of the 
scene is too far away. This is not a problem if the sensor is being 
used for close-range collision avoidance, but it can be harmful 
when it is used to make larger-scale inferences about the surround-
ing area. The aim of this project is to use the information available 
in the depth and RGB images to estimate in real-time the missing 
information in the depth image, providing a more complete pic-
ture of what is present in a given scene.

“Hello! My name is Nishchal Bhandari. I chose my project based on 
previous UROP work I did in the SLI Lab at CSAIL. I am really excit-
ed to work on this project because the nature of it makes it useful 
for practical applications in mobile robotics. After I complete my 
project, I hope to have a greater knowledge and understanding of 
computer vision and image processing.”



12 2015 – 2016 Scholars 

Amol Bhave
MIT EECS — Foxconn Undergraduate 
Research and Innovation Scholar                                                                            

RISC-V Processor as a platform for 
research and education

Advisor: Arvind Mithal 

My research project is to implement a 
RISC-V processor in Bluespec. RISC-V 

is a new open instruction set architecture (ISA) developed by UC 
Berkeley. My aim is to develop different versions of the processor 
such as in-order core, out-of-order core, super-scalar processor, 
and to have a stand-alone implementation of these processors. 
These processors will be tested with test suites and will also be able 
to run Linux.

“I worked on RISC-V over this past summer creating a pipelined 
processor in Bluespec and successfully booted Linux on an FPGA. 
I hope to further develop this design including creating a out-of-
order processor, and in the process gain a deeper understanding in 
computer architecture. RISC-V is an open ISA intended for research 
in computer architecture and it is really exciting to be working with 
this ISA.”

Samantha Bishamber
MIT AeroAstro — Northrup 
Grumman Undergraduate Research 
and Innovation Scholar                                                                        

Development of a Functional Sat-
ellite Ground Station for MIT

Advisor: Kerri Cahoy 

In the past, small satellite projects, 
such as the various Cubesat projects from the Space Systems Lab-
oratory, have received ground support from established stations 
owned and operated by the manufacturers of the radios aboard 
the spacecraft.  The objective of this project is to design and im-
plement a new ground station system for MIT utilizing low-cost 
components and striving for ease of access, ease of use, ease of 
maintenance, and low cost of maintenance.  The intent of the MIT 
ground station is to provide simpler and more direct access to 
ground operations for MIT’s satellite projects, including transmit-
ting commands and receiving basic data.

“The summer prior to beginning my SuperUROP, I was able to 
UROP with the SSL and begin gaining experience with Cubesat de-
velopment.  This has kindled my interest in satellite design and the 
huge network of resources needed to ensure a successful mission.  
I’m extremely excited to have the opportunity to contribute to this 
area of research!”

Roberto Brenes
MIT EECS — Amazon Undergraduate 
Research and Innovation Scholar                                            

Surface Passivation of Trap States 
in Perovskite Solar Cells

Advisor: Vladimir Bulovic 

Hybrid metal halide perovskites have 
garnered much attention as an ab-

sorber material in low-cost photovoltaic devices due to significant 
increases in device performance in recent years. However, the per-
ovskite materials still suffer from significant non-radiative decay 
pathways that limit their emission properties and device perfor-
mance. Preliminary research has shown that certain atmospheric 
conditions are beneficial for eliminating these pathways. My work 
involves analyzing photoluminescence rises and decays of the per-
ovskite semiconductor under different environmental conditions 
along with the fabrication and characterization of companion per-
ovskite solar cells exposed to the same conditions. This will lead to 
a better understanding of material behavior and improved device 
performance.

“I am a junior double majoring in EE and Physics. I have always been 
passionate about renewable energy sources as well as the use of 
nanotechnology and novel low-cost materials in the fabrication of 
state-of-the-art electronic devices. I hope to make significant con-
tributions to the popular field of perovskites and set record solar 
cell device efficiencies while learning from the great mentors that 
I have for my project.”

Kathrine Bretl
MIT AeroAstro — Lincoln Laboratory 
Undergraduate Research and 
Innovation Scholar                                            

Concussion Mitigating Inverted 
Football Helmet

Advisor: Raul Radovitzky 

In this SuperUROP, I will analyze, de-
sign, fabricate, and test a novel con-

cept in helmet technology. This “Inverted Helmet” has already 
demonstrated guarantees of mitigating concussion, and holds the 
promise of making football a safer game. I will be involved in the 
design and production process. To accomplish this, I will analyze 
various materials and determine how they can be placed such that 
the maximum force is dissipated. Existing sensors will be used in 
testing, and the general requirements of helmets will still be heav-
ily considered- donning/doffing, sound propagation, comfort, and 
other elements. In order for the game of football to continue to 
have an important stake in society, something about the helmet 
has to change, and I hope to be a huge contributor this year.

“Academic excellence was the driving factor in my decision to at-
tend MIT, but now in my senior year, I’ve realized that though MIT 
academics are top-notch, it is opportunities like SuperUROPs that 
truly make us, as students of the Institute, stand out. After 6 semes-
ters of UROPing, I am thrilled to conclude my MIT career with an 
opportunity to further hone my research skills through the Super-
UROP program.”



132015 – 2016 Scholars 

Jamar Brooks
MIT EECS — Analog Devices 
Undergraduate Research and 
Innovation Scholar                                              

User Interface for Seeing Through 
Walls

Advisor: Dina Katabi

The goal of this project is to design 
a user interface that shows how people are moving behind walls 
or throughout their homes using wireless signals. The focus of this 
project will be to write a web interface that can show how people 
are moving and display the location in real-time on a mobile app 
and a web-based interface. The interface built will be tested by a 
variety of users depending on the major use case and evaluated 
based on overal appearance, learnability, and efficiency and ease 
of use. Further extensions may include game creation to test the 
feasibility of the current tracking system in game conditions, add-
ing a display of the state of the user, especially in regards to falling, 
and also the state of household appliances controlled by the user.

“I am a senior studying computer science working on the WiTrack 
project building a UIs to test different scenarios and applications 
for a technology which can detect moving objects through walls 
using radio waves. In the past, I’ve taken multiple user interface 
classes and done some Android and Windows app development. 
I’m really looking forward to doing actual user testing on a live 
product as interesting as this one.”

Nikhil Buduma
MIT EECS — MITRE Undergraduate 
Research and Innovation Scholar                                              

Incremental Machine Learning 
Pipelines

Advisor: Matei Zaharia

Most machine learning libraries and 
frameworks are designed with in-

dividual experiments in mind, but not the full machine learning 
pipeline. Machine learning engineers spend the majority of their 
time iterating through alternative designs and selecting features. 
However, the current state-of-the-art ignores this workflow and 
forces engineers to redo the entire training process every time a 
model is changed. We’re building a incremental framework that al-
lows researchers to maximally reuse old computations to speed up 
future iterations on design and feature selection.

“I’m excited about the SuperUROP program because it allows me 
leverage my experience in machine learning and data science 
research to build new frameworks that make the whole pipeline 
more efficient.”

Ceili Burdhimo
MIT AeroAstro — Boeing 
Undergraduate Research and 
Innovation Scholar                                              

Assessment of Performance 
Metrics for Human Biomechanics 
Telemonitoring

Advisor: Leia Stirling

My project involves human biomechanics monitoring that could 
be applied to astronauts in space or rehabilitation patients. To use 
this data, it must be measured effectively and presented to a user 
clearly. These two goals will require a human-computer interaction 
system that visualizes the complex data required for decision mak-
ing. This project studies motion fluidity which measures smooth-
ness of a motion. For medical patients undergoing rehabilitation, 
monitoring motion fluidity can assist in increasing motor control 
through recovery and inform patients on how to continue. For as-
tronauts, motion fluidity relates to the motor adaptation occurring 
in the new environment; monitoring it can help reduce injury risk 
and provide insight on the transition to space.

“My ultimate career goal is to help put humans on Mars. This proj-
ect gets me one step closer!”

Michael Burton
MIT AeroAstro — Lockheed Martin 
Undergraduate Research and 
Innovation Scholar                                             

Optimization for Fixed Wing UAV

Advisor: Woody Hoburg

With increased computational capa-
bility, optimization techniques have 

become essential to the design process of emerging aircraft. How-
ever, current optimization algorithms are often very costly com-
putationally, difficult to set up and likely to produce undesirable 
results. Geometric Programming is a type of optimization that is 
extremely fast, guarantees a globally optimum solution, and pro-
vides useful information into the design space. This goal of this 
project is to create a model using Geometric Programming that 
will allow the exploration and evaluation of high-level trade-offs 
of fixed-wing UAV designs. Rapid trade-off analysis of this kind has 
never been done before and will give extremely useful information 
into the design space of UAVs.

“I worked at Boeing doing optimization and sizing of vehicles for 
military applications. I believe research projects in design optimi-
zation, like this UROP, can be a total game changer for the aero-
space industry.”
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Lucas Camelo Sa
MIT EECS — Draper Laboratory 
Undergraduate Research and 
Innovation Scholar                                       

Prophet Inequalities applied to 
Mechanism Design

Advisor: Konstantinos Daskalakis

A gambler observes samples of a 
sequence of random variables with well-known distributions. At 
each round, the gambler must decide whether to stop and keep 
the sample, or to continue playing. Krengel et al. showed that the 
gambler has a strategy that rewards, on average, half of the expect-
ed reward of someone who’s told which value will be the highest 
ahead of time. An application of this arises on the design of reve-
nue maximizing auctions for bidders with distinct value distribu-
tions. We can now design a simple auction where a single item is 
awarded to the first bidder that offers more than a certain thresh-
old and obtain at least half the expected revenue of the optimal 
auction. Our plan is to expand these results to a broader category 
of multi-parameter mechanisms.

“Since high school, I’ve had a great interest in Mathematics and 
Computer Science. Last year, I took a class with Prof. Daskalakis on 
Mechanism Design and I thought this would be an excellent topic 
to explore further through a SuperUROP.”

Alyssa Cartwright
MIT EECS — Angle Undergraduate 
Research and Innovation Scholar                                      

Optical Control of Engineered 
Mammalian Cells

Advisor: Rajeev J. Ram

Microbioreactors that enable micro-
fluidic control of synthetic biological 

systems offer great potential for applications in pharmaceutical 
production. Microbioreactors have previously demonstrated tight 
control over protein expression in cell cultures via manipulation 
of the chemical environment. In this research, we aim to modify 
an existing reactor in order to allow for optical regulation of gene 
expression in genetically engineered mammalian cell lines. It has 
previously been shown that by exposing genetically engineered 
cells to different wavelengths of light, it is possible to produce or-
thogonal responses of protein production. The aim of this project 
is to develop a programmable biopharmaceutical platform with 
optical instrumentation.

“I’ve long been fascinated by the applications of optics and pho-
tonics in biological systems. I conducted research at Vanderbilt this 
summer that investigated the use of photonic crystals as biosen-
sors, so I’m excited to reapply the technical skills I have on a differ-
ent project that has very tangible applications.”

Juan Castrillon
MIT EECS — DENSO Undergraduate 
Research and Innovation Scholar                                          

3-D Modeling in Context

Advisor: Wojciech Matusik

Modeling 3-D objects that are tightly 
constrained by real objects is a com-
plex task. The usual process consists 

of iterations between the design stage that involve rigorous and 
tedious measurements, an optional simulation stage, followed by 
prototype testing which may lead to further iterations. By model-
ing in context (i.e., while using the real world to constrain the 3-D 
modeling process itself ), we can improve this iterative process by 
providing direct feedback to the user while modeling. The system 
could automatically suggest meaningful measurements, adjust 
part parameters according to the real object or even ensure that 
augmented parts satisfy fabrication, stability and other types of 
constraints that usually lead to multiple iterations when not met.

“I became interested in cameras, computer science, and the algo-
rithms between them during a UROP in the Tangible Media group 
in the Media Lab while working on depth sensing and simulations. 
I continued exploring this topic in internships and class material. 
I’m excited for this project because I’ll have the opportunity to dive 
deeper into certain computer vision topics such as augmented re-
ality, modeling, and scanning.”

Michael Chang
MIT EECS — Quanta Computer 
Undergraduate Research and 
Innovation Scholar                                             

Learning Video Dynamics With 
Recurrent Neural Networks

Advisor: Antonio Torralba

Physical scene understanding re-
quires mastery of two deep concepts: the reasoning about objects 
in the scene and performing causal inferences on their interactions. 
My project investigates approaches to disentangle the objects and 
physical laws of a video by using a recurrent neural network archi-
tecture to learn a physics engine. Explicitly binding learned infor-
mation to variables would allow the program to flexibly manipu-
late the disentangled components of the scene and gives rise to 
many interesting applications, such as counterfactual reasoning.

“I am interested in developing and implementing computation-
al models of intelligence. This past summer I conducted research 
in deep learning with Professor Honglak Lee at the University of 
Michigan. I hope to gain a deeper understanding of the math and 
theory behind machine learning and inference, and I am excited to 
research at the intersection of both the engineering and philoso-
phy of artificial intelligence.”
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Pranam Chatterjee
Research and Innovation Scholar                                             

Programmable Sequential Folding 
of Single-Stranded DNA Origami

Advisor: Joseph Jacobson

The main responsibility of DNA is to 
carry the genetic information for all 
life on earth. Recently, scientists have 

discovered a new purpose for DNA: as a building material. Its inher-
ent programmability and predictable structure have enabled the 
construction of intricate shapes, patterns, and 3-D objects through 
a folding process called “DNA origami.” The final product is sim-
ple: one long scaffold strand held together by many short staple 
strands. Synthesis of these multiple units, however, has proven to 
be expensive and difficult to scale up for broad applications. Here, 
we solve this problem by designing single strands of synthetic 
DNA that can independently fold into desired structures, by ex-
ploiting intramolecular interactions such as stem loops and helix 
crossovers.

“Hello! As a SuperUROP this year, I am “super” excited to develop 
and extend my research in DNA Nanotechnology at the MIT Media 
Lab. Having previous experience and numerous publications in the 
field of immunology, I now wish to integrate biology and comput-
er science and advance the frontiers of technology by designing 
molecular programming tools and dynamic 3-D nanostructures, 
using DNA as the primary tool of choice.”

Eric Chen
MIT EECS — Finn Undergraduate 
Research and Innovation Scholar                                          

3-D Reconstruction for 
Lymphedema Detection

Advisor: Regina A. Barzilay

This project aims to develop a simple, 
cheap, and accurate method for ear-

ly lymphedema detection through 3-D reconstruction of the arm 
using Kinect depth sensors. Each sensor will take an RGB-D image 
of the arm, and a 3-D model will be reconstructed by piecing the 
individual depth images together, and the arm volume and other 
pieces of information such as swelling locations can be calculat-
ed from this model. This data will be immensely useful for doctors 
to determine whether the patient has early lymphedema or not. 
Furthermore, after enough expert-labeled cases, we can develop 
a classifier to determine the likelihood of a patient having lymph-
edema automatically.

“I want to work on this project because the technology can make 
a significant difference in people’s lives, and I think 3-D reconstruc-
tion is cool. I have experience with working with the PCL library 
and stitching images together from my current UROP and my 
Computational Photography class, respectively.”

Jodie Chen
MIT EECS — Lincoln Labs 
Undergraduate Research and 
Innovation Scholar                                             

Transcript: Allowing Non-
programmers to Create 
Applications

Advisor: Daniel N. Jackson

Oftentimes, people find themselves balancing many standard ap-
plications such as forms, spreadsheets, and email in order to ac-
complish specific group tasks. If one doesn’t know programming, 
this usually requires copying and pasting of information between 
emails and spreadsheets or long email chains. We are working to 
help develop an application, Transcript, that allows non-program-
mers to easily create collaborative documents, with a variety of fea-
tures similar to an application, to simplify these group interactions. 
The project is twofold: the first is to build the UI for the application, 
and the second part is to research a successful interface that will 
allow people to design and build these collaborative documents 
easily.

“I have always been interested in the consumer facing aspects of 
applications, especially with the impact of the application on the 
user. I believe that creating a way to easily allow non-programmers 
to be able to essentially create their own group collaboration ap-
plication is extremely powerful and can inspire more people to 
start programming.”

Xin (Shirley) Chen
MIT EECS — Levine Undergraduate 
Research and Innovation Scholar                                          

Patents and Innovation: An 
Analysis of MIT Biomedical Patents

Advisor: Andrew Lo

Various research projects from MIT 
labs have generated patents that 

have been commercialized via startup companies. In this study, we 
study the history of MIT biomedical-related patents, the approxi-
mately 200 companies that were launched to commercialize them, 
and the financial returns that accrued to the entrepreneurs and 
MIT in subsequent years. The ultimate objective is to evaluate the 
potential for a private-sector fund to support academic research 
and translational efforts while earning an attractive rate of return 
for investors in the fund.

“With a background in Computer Science and an interest in fi-
nance, I look forward to combining the two fields in this project. I 
am excited to be involved in the effort to evaluate the plausibility 
of a private-sector fund supporting academic research, learning 
more about tools such as various statistical models and machine 
learning methods.”
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Justin Cheung
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                                            

Hidden Markov Models to 
Augment Human-in-the-loop 
Control

Advisor: Sangbae Kim

The MIT Biomimetics Robotics Laboratory’s HERMES humanoid 
robot demonstrates the validity and intuitiveness of human-in-
the-loop control by having the robot mimic the human opera-
tor’s every movement. However, this exact mimicry is limited by 
the human’s speed and strength. The implementation of Hidden 
Markov Models, built using reinforcement learning techniques, 
will allow the robot to learn and recognize the human operator’s 
intended movements. Using this model, the robot will observe the 
beginnings of the operator’s motion, use the probablistic model to 
guess the intended action, and seamlessly transition from direct 
mapping into on-board optimized movements. This will allow dy-
namics calculations to occur under the hood, moving the human 
operator into more of a supervisory role.

“I work in the MIT Biomimetics Robotics Lab on controls and me-
chanical design. Last summer I worked in the Stanford Department 
of Bioengineering, implementing a computer vision based mod-
el-less control algorithm on a flexible robot for cardiac surgery. I 
also lead the mechanical division of the MIT Robotics Team, de-
signing and building teleoperated and autonomous rovers for 
NASA competitions.”

Berj Chilingirian
MIT EECS Undergraduate Research 
and Innovation Scholar                                             

Data Type Tagging: Protecting 
Memory with Hardware 
Extensions

Advisor: Howard Shrobe

Modern computer hackers are quite adept at exploiting the vul-
nerabilities inherent in low-level programming languages like C/
C++. They are able to corrupt main memory with raw data, divert 
the control flow of program execution, and ultimately, gain access 
to sensitive information. I will research a hardware extension which 
protects memory from being corrupted by attackers. More spe-
cifically, I will implement a data type tagging scheme to enforce 
instruction level policies that will distinguish between raw data 
forged by malicious users and valid transfer addresses, defeating 
code reuse attacks.

“I became interested in computer security after a brief research 
project in network security my sophomore year. Through my re-
search I hope to gain insight into how a computer operates at the 
hardware-level and the intricacies of the OS. I am excited to push 
the limits of a tagged architecture such that it can be implemented 
into modern systems with minimal effort and cost.”

Dabin Choe
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                                

Mechanics of Extravasation

Advisor: Roger Kamm

The majority of cancer death is not 
caused by the initial tumor. Instead, 

individual tumor cells break away from the initial tumor and travel 
through the blood and seed in distant, vital organs leading to a 
much worse prognosis. Once cancer cells are in the blood stream, 
they invade the organs by penetrating the endothelial cell barrier 
in a process known as extravasation. From previous work, it has 
been found that tumor cells tend to extravasate at vertex points of 
the cell barrier. The purpose of this project is to develop a compu-
tational model of the endothelial cell barrier that will provide more 
insight on extravasation, and explain this trend in the data. The 
model will be used to make predictions, which will guide future 
experiments on the extravasation of cancer cells.

“I took a class last semester on biomechanics, and found it really 
interesting. I’ve had some experience in modeling simple systems, 
and this superUROP seemed like a challenge that would help me 
learn more about both about systems modeling and the field of 
biomechanics.”

Lambert Chu
MIT EECS — Slaughter 
Undergraduate Research and 
Innovation Scholar                                             

Generating MIT Course Recom-
mendations Through A Latent 
Source Model for Collaborative 
Filtering

Advisor: Devavrat Shah

The goal of this project is to conduct research on collaborative fil-
tering approaches and apply the knowledge to construct a class 
recommendation system for MIT undergraduate students. The vast 
number of courses offered by the Institute often beleaguers MIT 
students; they enter the university with general interests, but often 
do not know which classes provide the desired instruction. Each 
student’s trajectory of courses over the years can be represented 
as discrete time-series data, which can then be classified to formu-
late useful recommendations. This research project will conclude 
with an application in which students provide their interests and 
receive class recommendations based upon the trajectory of oth-
ers students with similar backgrounds.

“After taking 6.034 and 6.006, I developed a strong interest in data 
analysis and artificial intelligence. I also learned a wide variety of 
skills through internships at Ultimate Software and Celect but am 
now eager to learn more about collaborative filtering alongside 
Professor Shah. I am excited to construct an application that could 
be utilized by all MIT students to make the most of their education-
al opportunities.”
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Sarah Coe
MIT EECS — MITRE Undergraduate 
Research and Innovation Scholar                                             

Theory of Mind from Vision and 
Language Analysis

Advisor: Boris Katz

Computer systems still lag far beyond 
humans in the areas of emotional 

intelligence and theory of mind. My project will use analysis of 
natural language and body language in tandem to gauge mood 
and read subtext. I will build a system that, given a video of two 
humans interacting, will analyze their words, body language, and 
actions to predict their intentions and the state of their relation-
ship (cold/warm, relative power/respect, relaxed/anxious, etc). The 
system I will build will search within videos for a finite predefined 
set of these social cues at first, and try to correlate them to build 
a coherent estimate of the situation. Once the model has been 
trained on a large data set, it will be able to discover new markers 
for the possible social situations.

“I am excited to push the boundaries of the intersection of com-
puter vision and NLP. I got my start in research as a computer vision 
intern in Draper Laboratory summer 2013, where I built a hazard 
detection system. This summer, I worked on Google Search’s se-
mantic-parsing team to build a grammar inducer and experienced 
the complexities of natural language. I can’t wait to sink my teeth 
into academic research!”

Steven Collins
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                                                   

Investigation of Performance-Lim-
iting Factors for Organic Redox 
Flow Batteries

Advisor: Fikile Brushett

Grid energy storage systems can facilitate the adoption of renew-
able energy, but can often be very costly. One potentially inexpen-
sive technology is an organic redox flow battery (RFB), which relies 
on electroactive organic species such as quinones. This project will 
investigate the performance-limiting factors of one such organic 
RFB that utilizes AQDS and Tiron. I will investigate the optimal pH 
and flow rate conditions of the cell redox couples, to increase the 
overall energetic efficiency of the battery. I will also use spectro-
scopic methods to investigate Tiron degradation to suggest means 
of mitigating its diminishing energy storage capacity over time. 
The aim is to develop an RFB that is able to meet the US Dept. of 
Energy guidelines for cost-effective energy storage systems.

“I was first exposed to flow batteries and electrochemical systems 
in the Brushett Lab while taking 10.27, in which my project focused 
on enhancing lead-acid flow batteries. My previous research proj-
ects and coursework have also given me experience in electro-
chemistry, transport phenomena, and spectroscopy. I am excited 
to apply this knowledge to help advance energy storage research 
this year.”

Julia CrowleyFarenga
MIT SoE — DENSO Undergraduate 
Research and Innovation Scholar                             

Concussion-Protective Football 
Helmets

Advisor: Raul Radovitzky

Concussion in sports has become one 
of the most critical public health concerns associated with other-
wise peacetime human activity. Existing helmet technology used 
in American football has all but eradicated lethal skull fractures, 
but as a side product endowed the player with a hurtful weapon 
and a false sense of invulnerability. In this project we will analyze, 
design, fabricate, and test a novel concept in helmet technology, 
known as the “inverted helmet”, with demonstrated guarantees of 
mitigating concussion.

“This project excites me because I am a huge professional football 
fan and I have witnessed concussions that have severely hurt my 
favorite players and my fantasy football team. Stories of NFL play-
ers committing suicide and having memory loss are now disturb-
ingly common, and I want to be a part of the solution so that the 
sport can be safer for all levels of players.”

Eric Dahlseng
MIT EECS — Lincoln Laboratory 
Research and Innovation Scholar                                          

Developing a Capacitor-Based 
System for Permanent Magnet 
Magnetization

Advisor: Ian Hunter

Many robotics systems rely on per-
manent magnets, from Lorentz force actuators to magnetic im-
aging devices. However, permanent magnets are often expensive 
and there is little opportunity for customization. Machining un-
magnetized magnets and then magnetizing them in a lab setting 
reduces costs and allows researchers to experiment with different 
geometries and magnetic field parameters. In the past, creating 
permanent magnets in labs involved unsafe high energy sources, 
such as arrays of lead-acid batteries. The goal of this project is to 
develop a capacitor-based system capable of creating magnets 
using much lower levels of stored energy, resulting in a safer in-
house production process. Producing custom magnets will trans-
fer important design decisions to individual researchers, enabling 
more innovative robotics systems.

“I began working as a UROP in the BioInstrumentation Lab in the 
Spring of 2015, where I gained familiarity with robotics systems 
and realized the need for the magnetizing machine. Having great-
er control over the magnetization process will be extremely useful, 
and I’m excited to see the opportunities that this device will en-
able.”
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Yang Dai
MIT EECS Undergraduate Research 
and Innovation Scholar                                                    

Pattern Discovery in Large-Scale 
Text-based Electronic Health 
Records for Critical Care Research

Advisor: Roger Mark

Text-based electronic health records 
contain useful information about the disease progression and 
treatment plans of patients, and provide an important resource 
to better understand the associations between complex disease 
processes and patient outcomes. This project aims to apply natu-
ral language processing, machine learning, and statistical analysis 
to automatically identify clinical concepts from large-scale text-
based patient medical records of a large Intensive Care Unit (ICU) 
database for patient prognosis, disease correlation studies, and 
cohort stratifications.

“I am a 6-3 senior, and my SuperUROP project aims to apply natu-
ral language processing, machine learning, and statistical analysis 
to automatically identify clinical concepts from text-based patient 
ICU medical records. I hope to learn more about critical care in-
formatics, and I am excited to study whether text-based patient 
medical records can be used to better predict patient outcomes.”

Saya Date
MIT EECS Undergraduate Research 
and Innovation Scholar                                                    

Machine Learning Approach for 
Self Improving Foreign Language 
Skills

Advisor: Tony L. Eng

When learning a foreign language, a 
user might want to improve her comprehension skills by reading 
articles in that language. However, it is often hard to find articles, 
stories, or songs that match the user’s level of understanding. How 
can a system recommend articles that suit a person’s skill level and 
help her incrementally improve her reading comprehension? In 
this project we want to model a user’s competence in a language 
as well as article difficulty. We want to use this model suggest arti-
cles according to their level and update the model to offer the user 
incrementally challenging articles.

“I love learning languages and speak about 6 languages with rea-
sonable fluency. I am also fascinated about how much we can fig-
ure out about the world using Machine Learning and Data Scienc-
es. This project integrates my passion for learning language with 
my favorite topics in computer science. I hope to develop a useful 
tool for others just as passionate about learning languages!”

Victoria Dean
MIT EECS — Cisco Undergraduate 
Research and Innovation Scholar                                                    

Understanding Video with Deep 
Convolutional Neural Networks

Advisor: Antonio Torralba

Deep convolutional neural networks 
(CNNs) have drastically improved 

the state of the art for image recognition and have also shown 
success in finer grained vision tasks, such as localization and im-
age captioning. However, video processing with CNNs is a less 
explored area, since deep learning proves most successful when 
large amounts of labeled data are available, and labeling multiple 
frames from a video is a time consuming task. I hope to utilize the 
enormous amounts of unlabeled video to understand video and 
predict what will happen next. In addition, once our models are 
trained, I want to examine what our models have learned about 
videos and the world.

“I first became interested in computer vision during high school, 
when I gave basket-tracking a shot for a basketball-playing robot. 
I really enjoyed the inference class I took last year (6.008), and I’m 
looking forward to applying deep neural nets to video.”

David Dellal

MIT EECS — Analog Devices 
Undergraduate Research and 
Innovation Scholar                      

Printing Cells in Microfluidic 
Devices SuperUROP

Advisor: John Hart

The on-chip fabrication of biomate-
rial constructs comprising cells organized in specific 2-D and 3-D 
patterns is considered a key breakthrough in having microfluid-
ics replace animal and human subjects for drug testing. However, 
there are still many limitations that must be addressed to compete 
with traditional forms of diagnostics. The MIT Mechanosynthesis 
Lab is in the process of creating a device that combines image-pro-
cessing and direct write lithography to identify cells and anchor 
cells in certain arrangements in real time. In order to test this de-
vice, the lab will be using hepatocyte cells from the liver to mea-
sure their albumin output in certain microfluidic structures.

“I am very interested in biomedical applications in EECS and me-
chanical engineering. I have worked on a couple of projects to im-
prove patient care, but I am excited to work on this project since it 
is at a much more fundamental level of research.”
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Xinyue Deng
MIT EECS — Foxconn Undergraduate 
Research and Innovation Scholar                                            

Developing MIT App Inventor to 
include gesture recognition

Advisor: Harold Abelson

MIT App Inventor is a blocks-based 
programming tool that allows every-

one, even novices, to start programming and build fully functional 
apps for Android devices. Newcomers to App Inventor can have 
their first app up and running in an hour or less, and can program 
more complex apps in significantly less time than with more tradi-
tional, text-based languages. Currently, it can support lots of basic 
functions, but we want to explore more possibilities. My project is 
building an extension for App Inventor to enable it recognize ges-
tures, and even learn gestures from users. This component should 
be easy to use by novices. Furthermore, we will explore possibili-
ties in building apps with gesture recognition for education.

“App Inventor is designed to inspire teenagers to be interested in 
computer science. It is exciting to show young people what tech-
nology can do without having them struggling with code. I am 
glad that I can be part of this group. In the past, I have done Java 
development, and machine learning related projects, which could 
help me in this project.”

Matthew Deyo
MIT AeroAstro — Lockheed Martin 
Undergraduate Research and 
Innovation Scholar                                             

Mobility on Demand System with 
Autonomous Vehicles

Advisor: Jonathan How

The Aerospace Controls Lab is using 
electric vehicles as part of a Mobility on Demand project to map 
out pedestrian trends and transport passengers around campus 
more efficiently. I’m working on integrating the vehicles together 
with web and mobile applications for users to request rides and 
then track progress of the vehicle. This will include a database de-
signed to organize all the information from the vehicles and route 
planning algorithms for the vehicle allocation and directions when 
handling user ride requests. The system will also have an interface 
for the drivers that displays routes to make the next passenger 
pickup or drop off and a separate interface for the researchers that 
displays all relevant information collected on the database.

“I chose this project because of my Android and web development 
experience and my previous work on navigation and route-plan-
ning systems. I hope to learn more about user interface and data-
base design along with full stack system integration and research 
publishing practices. I’m excited about the opportunity to build a 
system for users to view and interact with the electric vehicles used 
by the Mobility on Demand project.”

Damon Doucet
MIT EECS — Quanta Computer 
Undergraduate Research and 
Innovation Scholar                                            

OpenKimono: An Open-Source 
Instrumentation Framework for 
LLVM

Advisor: Charles E. Leiserson

This project aims to augment the LLVM compiler with an instru-
mentation framework, called OpenKimono, which will support 
the development of analytical OK-tools including, for example, 
performance profilers, race detectors, memory checkers, scalabil-
ity analyzers, and cache simulators. OpenKimono will avoid the 
overheads and complexities of binary rewriting systems, such as 
Valgrind, DynamoRio, and Pin, while providing similar functional-
ity through compiler support. Its API will allow many third-party 
instrumentation tools to be prototyped and developed without 
any need for the tool developers to modify the compiler. Addition-
ally, the proposed research will use OpenKimono to build several 
OK-tools, including a performance and scalability profiler, a race 
detector, and a cache analyzer.

“There’s a huge space of interesting tools that could help devel-
opers if they weren’t prohibitively difficult to prototype and create 
(e.g., tools that require modifying a compiler). This project gives 
me the opportunity to build something really cool while solving 
hard problems along the way.”

Narek Dshkhunyan
MIT EECS — UTRC Undergraduate 
Research and Innovation Scholar                                           

Computational analysis of miRNA 
expression data  using machine 
learning and statistics

Advisor: Ron Weiss

MicroRNAs (miRNAs) are a class of 
evolutionarily conserved non-coding RNAs that regulate stability 
and translation efficiency of target mRNAs and have a direct im-
pact on cancer progression. Several studies show that miRNAs are 
aberrantly expressed in tumors and recent data strongly suggests 
that miRNA profiling is more robust than mRNA in tumor classi-
fication. To overcome certain limitations of existing assays, Weiss 
lab for Synthetic Biology used genetic circuits augmented with 
miRNA sensors to generate libraries of expression data from 15 tar-
get healthy and cancer cell lines. These expression data libraries, 
in contrast to libraries derived from microarrays and similar tech-
niques, will be experimentally measured in real-time from large 
numbers of individual live cells.

“I am majoring in Course 6-7, or Computational Science and Molec-
ular Biology, which puts me right at the intersection of these two 
fastest growing fields of the 21st century. I am fascinated by the 
interdisciplinary nature of my project, and I hope the skills learned 
so far in MIT will help me succeed in it.”
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Dillon Dumesnil
MIT EECS — Mason Undergraduate 
Research and Innovation Scholar                                          

Syntactical and Semantic Lan-
guage Acquistion

Advisor: Robert C. Berwick

The purpose of this SuperUROP is to 
expand on and improve the research 

on syntactical and semantic bootstrapping of how young children 
learn new verbs. The current framework of a problem is a sentence 
with a not real word as the verb (/He glipped the balloon/) and 
using Bayesian inference to determine which class of verbs glipped 
might be a part of. Giving a limited number of hypotheses the 
verb could belong to and through repeated use of the verb in a 
sentence, we are able to determine which hypothesis we believe 
is most likely. These inferences are then representative of how a 
young child (ages 3–10) will learn about new verbs. The goal is to 
raise the number of verbs we work with as well as be able to in-
clude a greater number of hypotheses to compare with the verb.

“SuperUROP really interested me because I knew I wanted to do 
research while at MIT and this opportunity gives me the ability to 
spend an entire year on one project with the additional guidance 
of the 6.UAR lectures. I hope to learn more about what it is like to 
do research in Course 6 and I am excited the project also deals with 
learning and language development.”

Chelsea Edwards
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                  

Microstructural Origin of High 
Toughness in Protein Hydrogel

Advisor: Bradley Olsen

Protein-polymer hydrogels are par-
ticularly promising in tissue engineering as injectable stem cell 
scaffolds. However, poor mechanical strength limits their use in 
real biological systems, and approaches to increase their energy 
absorption are largely empirical. As a step toward theory-based 
design of tough protein gels, we aim to develop mechanistic un-
derstanding of gel toughness by elucidating the polymer chain 
movements underlying the remarkable extensibility (up to 3000% 
engineering strain) of a gel recently developed at the Olsen lab. 
We look for a correlation between strain hardening and stress bi-
refringence. Experimental techniques include polarized optical 
microscopy and depolarized laser light scattering, which we are 
engineering to probe samples during tensile strain.

“I am excited to show how these gels work. I’ve been interested in 
biomedical engineering since high school, where I helped devel-
op point-of-care microfluidic chips for electrical blood diagnostics 
with Pr. Rashid Bashir at UIUC.”

Marie Elimbi Moudio
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                  

Design and Analysis of a Biomass 
Torrefaction system (swirl 
combustor) for Developing 
Countries

Advisor: Ahmed Ghoniem

Torrefaction is a method of converting low energy density bio-
mass to a higher energy density biofuel, Char. Effective mixing of 
air and fuel is important for combustion processes without pre-
mixed flames. Swirling enhances mixing and combustion prop-
erties. However, little is known about designing efficient swirling 
conditions in annular combustors. Understanding swirl mixing will 
enable the design of more efficient torrefaction systems for the 
conversion of unused agricultural waste into fuel.

“I worked as a urop in 2014 in the membrane desalination group 
where I designed membrane testing apparatus and tested the 
membrane samples. Later I worked with Csail, CADing appliances 
for an image recognition software. My design and manufacturing 
experiences will be useful for this project.”

Kristen Eller
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                           

Designing a High Throughput 
Screen for Inhibitors of 
Peroxiredoxin 2

Advisor: Hadley Sikes

Redox reaction play a key role of regulating homeostasis and apop-
tosis in signaling pathways. Redox reactions regulate the levels of 
reactive oxygen species (ROS), and higher ROS levels are present in 
many cancer cells. Higher ROS levels place cancerous cells closer 
to a lethal ROS level than non-cancerous cells. Research into con-
trolling these levels is being done to develop new approaches to 
cancer treatment. My research concerns the oxidant, hydrogen 
peroxide, and peroxiredoxin-2, a scavenger of hydrogen peroxide. 
The goal of the project is to develop a high throughput screen for 
inhibitors of peroxiredoxin-2 using previously developed fluores-
cent sensor for peroxiredoxin-2.

“I am a chemical and biological engineering senior working in the 
Sikes and Kulik labs. I work on computational modeling with the 
Kulik group and redox chemistry in biological processes the Sikes 
Lab. I am eager to tackle an assay development problem because 
I believe it will really utilize my problem-solving engineering skills 
in the context of the material I enjoy studying.”
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Anthony Erb Lugo
MIT EECS — MITRE Undergraduate 
Research and Innovation Scholar                                          

iDiary: Face Recognition for Videos

Advisor: Daniela L. Rus

We produce large amounts of in-
formation every day. To be able to 
make good use of this information, 

we need to be able to extract and analyze this data in an efficient 
manner. Information extraction from mobile phones, smart glass-
es, or robots sensors such as GPS and video over long periods of 
time enables the autonomous analysis of the activity stream for 
the mobile agent that generated these capabilities. The collect-
ed data is valuable for identifying objects/persons, mapping, sit-
uation awareness, and modeling behaviors, but requires efficient 
tools that can extract the right information at the right time effi-
ciently. This project will deal with developing the tools to extract 
and process this information.

“My name is Anthony E. Erb Lugo, I am a senior at MIT studying 
Mathematics and Computer Science. I’m interested in Algorithms 
as well as Machine Learning. My SuperUROP project is to perform 
facial recognition on videos while also identifying the faces recog-
nized through the use of online image databases. I’m excited to 
work on the challenges that this project presents.”

Phillip Ferguson
MIT EECS — Keel Foundation 
Undergraduate Research and 
Innovation Scholar                                                      

Acoustic Analysis of Speech

Advisor: Stefanie Shattuck-Hufnagel

I am working towards the completion 
of a speech analysis system mod-

eled on human speech understanding, based on the detection 
of acoustic cues called landmarks (LMs). Most of the individual 
components in the system based on feature cues have been com-
pleted, and this SuperUROP project involves development of the 
remaining modules and integration of the system.

“I am a student in Course 6-2, with experience in linguistics and 
languages. My SuperUROP project incorporates both my comput-
er science and linguistics background. In this endeavour, I hope to 
improve my technical and creative skills as I find solutions to the 
problems that will inevitably arise.”

David Gaddy
MIT EECS — Duke Energy 
Undergraduate Research and 
Innovation Scholar                                                       

Cross-Lingual Sharing for Part of 
Speech Induction and Typological 
Prediction

Advisor: Regina A. Barzilay

The goal of unsupervised part of speech induction is to learn parts 
of speech for words in a language where only raw unlabeled text is 
given. Typically, part of speech induction results in a set of group-
ings for words that roughly correspond to a part of speech group-
ing, but current methods are unable to actually label the groupings 
with a specific part of speech category. Our goal is to be able to 
learn categories with specific labels by learning properties of the 
part of speech categories in other languages where labeled data is 
available. Using these labels, we will be able to complete tasks that 
could not be done with methods that only form groups, such as 
determining linguistic properties of languages from raw text.

“I have been doing research in natural language processing for the 
past year in a UROP, and I will continue to work with the same ad-
visor for my SuperUROP. The SuperUROP will be a chance to work 
on a long-term project and to learn about some different topics. 
In particular, I will get experience with semi-supervised machine 
learning, which is a topic I find very interesting.”

Christopher Galea
MIT AeroAstro — United 
Technologies Corporation 
Undergraduate Research and 
Innovation Scholar                                          

An Airfoil Enabled Heat Exchanger 
for Advanced Aero-Propulsion 
Systems

Advisor: Zolti Spakovszky

The rise in fuel prices and environmental concerns drive the de-
velopment of transport aircraft propulsion systems. To reduce fuel 
burn, high thermal efficiency and a high propulsive efficiency are 
both needed. To enable advanced propulsors, compressor inter-
cooling and transmission system cooling require compact, high 
efficiency heat exchangers with minimal pressure drop. The idea 
behind this project is to develop an airfoil based heat exchanger 
and to explore riblet geometries for improved heat transfer and 
reduced viscous loss, defying the classical Reynolds analogy. The 
project will combine high fidelity calculations with laboratory 
scale experiments to characterize the performance of candidate 
heat exchanger architectures.

“Fluid dynamics and propulsion are topics that fascinate me. My 
exposure to these topics began in Unified Engineering, and contin-
ued in Aerodynamics and Aerospace Propulsion. I have been work-
ing on a research project to test two turbine blade trailing edge 
geometries to determine which would result in lower heat flux and 
aerodynamic loss, and I’m excited to gain more experience with 
gas turbine engines in my SuperUROP.”
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Yee Ling Gan
MIT EECS — Texas Instruments 
Undergraduate Research and 
Innovation Scholar                                          

Minimizing Data Movement in 
Large-Scale Multicores

Advisor: Daniel Sanchez Martin

Memory access and communication 
limit the performance and efficiency of multicore chips as data 
movement is orders of magnitude more expensive than basic 
compute operations. To address this problem, our research group 
has designed an adaptive, reconfigurable cache hierarchy that ap-
proaches the performance of application-specific designs, by mon-
itoring application behavior and building a single virtual cache hi-
erarchy suited to its needs. The objective of this SuperUROP project 
is to enhance this design by building separate instruction and data 
virtual cache hierarchies. By exploiting these differences between 
instructions and data needs, we expect the resulting prototype to 
be helpful for programs with a large instruction footprint, such as 
server workloads, which are increasingly common.

“I have previously worked on HCG-VCSELs as an REU intern at Berke-
ley with Prof. Chang-Hasnain. Last semester I worked on TaleBlazer 
at MIT’s STEP lab and interned as an infosec intern at Akamai this 
summer. I really enjoyed Computation Structures (6.004) and will 
be taking Constructive Computer Architecture (6.175) this semes-
ter. I’m excited to get a chance to apply what I’m learning to my 
SuperUROP project this year.”

Yibo Gao
Research and Innovation Scholar                                          

Computer Search for Finite 
Saturated Pure Partial Planes of 
Certain Orders

Advisor: Henry Cohn

Whether a finite projective plane 
of certain order exists has been a 

famous open problem for a long time. In this project, I will focus 
on another related mathematical object, saturated pure partial 
planes, which have not been studied before. Computers will be 
used to search for all saturated pure partial planes of small orders 
whose intrinsic geometric properties will be studied afterwards. 
The next step will be finding regular patterns in them and general-
izing the results to higher orders. The application of computers to 
mathematics has become a trend and with stronger and stronger 
computational power of modern computers, interesting results are 
guaranteed to appear.

“My project is categorized into either theoretical computer science 
or applied math. My primary major is math and I have a decent 
background in algorithms and complexity so I think I am prepared. 
What I hope to learn most is the correct way of doing research. My 
supervisor gave me a general topic and I came up with the project 
myself so I am quite unsure whether interesting things will show 
up, but I have a chance since computers these days are powerful.”

Luis Gasca
MIT MechE — Lincoln Labs 
Undergraduate Research and 
Innovation Scholar                                          

A Study on Robustness and Lon-
gevity of Superhydrophobic Nano-
structured Surfaces for Jumping 
Droplet Condensation

Advisor: Evelyn Wang

Condensation of steam is an important process in a Rankine cycle 
that affects the efficiency of the power cycle. We have nanoengi-
neered surfaces that show remarkable improvement over surfac-
es used in conventional power generation industries. Despite the 
gains that this system can afford use, for application in these in-
dustries, long-term heat transfer stability is crucial for determining 
their implementation. The purpose of this project is to investigate 
the long-term robustness and simultaneously characterize these 
surfaces. The applications of this project will help gain fundamen-
tal understanding of factors that govern the performance and du-
rability of these nanostructures.

“Having studied Heat and Mass transfer over the last couple of se-
mesters, this project has really given me the ability to implement 
what I have learned at a fundamental level. Knowing that these 
systems can play such a large role in power generation only helps 
motivate me with the research I am conducting and makes me 
very excited for this project.”

Uma Girkar
MIT EECS — Quanta Computer 
Undergraduate Research and 
Innovation Scholar                                         

Natural Language Understanding

Advisor: Jim Glass

Natural language processing is com-
prised of the process of analyzing 

and interpreting different combinations of words to understand 
the meaning of some text. Word vectors are one way to break up 
the components of a sentence and develop an understanding of 
its structure. The cosine distance between word vectors tends to 
be associated with semantic similarity. The goal of my project is 
to compute the sparse encodings of word vectors using machine 
learning. Recent research has demonstrated that these sparse 
encodings can be used to find ways to represent the vectors as 
weighted sums of small numbers of vectors, ultimately getting at 
the different meanings of a particular word.

“I really enjoyed the work I did at Google this past summer, work-
ing on classifying images based on their sharpness and brightness 
using machine learning techniques. I wanted to explore the appli-
cations of machine learning in other areas of computer science as 
well as gain a more in-depth understanding of the mathematics 
behind machine learning algorithms.”
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Nicole Glabinski
MIT EECS — Lincoln Labs 
Undergraduate Research and 
Innovation Scholar                                        

Smart 3-D Scanner

Advisor: John Fisher

3-D scanners are devices that can cre-
ate a 3-D model of an object or scene. 

This has applications in fields from healthcare to video games, 
tele-presence and more. 3-D scanners are often used in robotics 
applications to allow localization and scene understanding. Many 
low-cost 3-D scanners, such as the Kinect, have only a single reso-
lution mode available and aren’t tunable to application needs. A 
3-D scanner is being developed in CSAIL with the ability to change 
resolution and other parameters such as energy use automatically 
and on-the-fly. This project aims to improve the speed and stability 
of the scanner, as well as integrate and evaluate its performance in 
an existing robotic system compared to existing 3-D sensing solu-
tions.

“While at MIT I’ve had a lot of great experiences with robotics along 
the whole hardware to software spectrum. This project will allow 
me to dig into a few aspects I’m especially interested in exploring 
further: ROS, low-level code where speed is key, and computer vi-
sion. 3-D scanners have huge potential in a variety of fields and I’m 
excited to be a part of that.”

Maryann Gong
MIT EECS — Quanta Computer 
Undergraduate Research and 
Innovation Scholar                                         

Analyzing Speech in Children to 
Prescreen for Speech and Lan-
guage Developmental Disorders

Advisor: John V. Guttag

For many speech and language disorders in children today, the de-
tection process of such developmental disorders is lengthy and dif-
ficult, inhibiting children from being diagnosed earlier. In our proj-
ect, we will analyze and extract features from speech samples from 
different children with developmental language/speech disorders 
and normal development. We will use these extracted features and 
machine learning techniques to train a classifier to detect children 
with risk for specific speech and language developmental disor-
ders. Our classifier would serve as a simple, fast prescreening tech-
nique that can be used to identify children at risk for such develop-
mental disorders.

“Prior to coming to MIT, I planned to study biomedical engineer-
ing. Now that I am studying computer science, I still wish to meld 
my previous interests with my current studies. After taking 6.034 
with Professor Winston, I wanted to delve into the field of machine 
learning. I am very excited for this SuperUROP project because it is 
the combination of all my interests!”

Victoria Gong
MIT EECS — DENSO Undergraduate 
Research and Innovation Scholar                                         

Learning Synthesis Routes for 
Advanced Materials

Advisor: Stephanie Jegelka

Advances in computational materials 
design have enabled rapid screening 

for desirable properties of both real and virtual compounds. These 
successes in accelerated materials design have moved the bot-
tleneck in materials development towards the synthesis of novel 
compounds, and much of the momentum and efficiency gained 
in the design process becomes gated by trial‐and‐error synthe-
sis techniques. This research will revolve around exploring, and 
building predictive tools for synthesis routes of materials using 
machine learning. The study will include developing an adequate 
data structure to describe materials synthesis routes, which can be 
often complex and multifaceted, as well as the machine learning 
techniques for synthesis route prediction.

“I’m a course 6-3 hailing from NYC. My project is just an amazing 
opportunity for me to learn more and actively use my skills to cre-
ate something that can change people’s lives. I’m very excited to 
do superUROP.”

Yuzhou Gu
MIT EECS — Lincoln Labs 
Undergraduate Research and 
Innovation Scholar                                        

Classification of Quantum Gate 
Sets

Advisor: Scott Aaronson

An important computation model is 
circuits. The basic component of circuits are gates. With different 
gates sets we can build different kinds of circuits, or, in other words, 
different computations. Classification of computations we can do 
with different gate sets is what we want to know. In the classical 
setting, we have Post’s lattice. However little is known in the quan-
tum setting. The aim of this project is to make steps towards a bet-
ter understanding of the structure of the lattice of quantum gate 
sets. I will first work on the structure of classical reversible gates 
over non-binary alphabets, in hopes of getting a theory parallel to 
the classical (non-reversible) clone theory over non-binary alpha-
bets.

“I worked with Yibo Gao, Adrian Vladu, and Dr. Richard Peng on 
semidefinite programming in summer 2014. I have been working 
with Dr. Emanuele Dotto on equivariant cohomology theory since 
spring 2015. I did internship at Google Inc. in summer 2015.”
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Grant Gunnison
MIT EECS — Duke Energy 
Undergraduate Research and 
Innovation Scholar                                        

Energy Usage Scorekeeping and 
Optimization

Advisor: Steven Leeb

The utility of monitoring technolo-
gies depends on the economical extraction of actionable informa-
tion from data streams. One of the largest roadblocks to effective 
analytics for power data arises from the disparities of scale inherent 
in data collection and processing, which often limits the speed and 
resolution at which data can be managed. New WattsWorth sen-
sors have been developed that can monitor voltage and current 
without ohmic contacts, making it easy to install nonintrusive low 
cost power monitoring systems. The big data problem is solved by 
using local processing in NILMdb and avoiding the need to send 
large data packets over the internet. I will explore applying these 
sensors and NILMdb for energy scorekeeping, activity tracking, 
and condition-based monitoring.

“There was no way I could pass up the opportunity to work with a 
professor on an awesome project, get credit and make some mon-
ey. SuperUROP is soon going to be a fundamental part of the engi-
neering experience at MIT.”

Paul Hager
MIT EECS — Lincoln Labs 
Undergraduate Research and 
Innovation Scholar                                        

Investigation of Deep Neural 
Networks in Speech Processing

Advisor: Jim Glass

The recent resurgence of deep neu-
ral networks has sparked questions in classical statistical inference 
methods. A particular inference problem is dialect recognition, 
which alongside international communication has become in-
creasingly important in recent times. My work utilizes semi-su-
pervised learning to harness large amounts of unlabeled data and 
explores the strengths of novel network architectures including 
long-short term memory networks to improve accuracy in dialect 
recognition. Using standard techniques I also investigate methods 
to train these deep network architectures with a limited amount of 
data. Throughout my project I will extend DNN toolkits and kaldi 
recipes for studying speech recognition problems in support of the 
Spoken Language Systems Groups work.

“I participated in the Jelinek Speech and Language Technology 
Workshop with a team developing an automatic speech recogni-
tion system trained exclusively from transcripts written by non-na-
tive speakers. My research interests lie in how to develop systems 
machines can utilize to ease their interactions with humans. I am 
excited to further the goal of allowing humans and machines to 
seamlessly communicate through speech.”

Joshua Haimson
MIT EECS Undergraduate Research 
and Innovation Scholar                                      

A Natural Language Processing 
System Based On Sequence-
Seeking

Advisor: Patrick H. Winston

In the course of everyday conver-
sation, humans frequently understand concepts expressed in 
sentences that are grammatically incorrect and conceptually am-
biguous. This suggests that our language faculty is rooted in some-
thing more than just grammar. In this paper, I propose that human 
language operates by aligning low-quality sensory information 
with expectations of perceived messages. I will demonstrate a 
natural language processing system based on the process of Se-
quence-Seeking which will align bottom-up perceptual streams 
with top-down information from stories that the system has read 
over the course of its lifetime. I will then demonstrate how context 
can be implemented as a top-down information stream and how 
grammar can be implemented as a bottom-up information stream.

“I became interested in AI after taking 6.034 with Patrick Winston 
my sophomore fall. By the end of that class, I decided to join Win-
ston’s Genesis group as a UROP to explore what AI research was 
about, and I’ve been working in AI ever since. In my SuperUROP 
project, I hope to learn more about how humans understand lan-
guage and I’m excited by the idea of an NLP system which func-
tions more similarly to the human brain.”

Richard Nelson Hall
Research and Innovation Scholar      

Engineering Exosomes for 
Intercellular Communication

Advisor: Ronald Weiss

Engineering intercellular communi-
cation has long been a goal of Syn-
thetic Biologists, and while it’s been 

met with success in model organisms like S. cerevisiae and E. coli, 
such tools are unavailable for use in mammalian cell types. Exo-
somes, one way mammalian cells communicate, are 30-100 nano-
meter extracellular vesicles of endosomal origin that contain a 
myriad of biologically active molecules. From proteomic analysis 
and RNA sequencing, we know that the contents of exosomes are 
distinct from those of other cell types and even distinct from its 
cell of origin. This implies an active targeting process involved in 
packaging biomolecules into exosomes. Here, we tether proteins 
of interest to common exosomal marker proteins like CD63 as a 
mechanism for targeting proteins into exosomes.

““We know so little about exosomes, and that presents a huge en-
gineering challenge. How do we engineer that which we don’t un-
derstand? It leads to fun trial-and-error experimentation that pro-
vides a great exercise for the imagination.”
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Rotem Hemo
MIT EECS Undergraduate Research 
and Innovation Scholar                                       

Detection and Prevention of 
Industrial Controllers Attacks

Advisor: Howard Shrobe

SCADA (Supervisory Control and 
Data Acquisition) Systems allow operators to remotely control 
equipment. As such, they are a main part in almost every country’s 
core infrastructure and can be found in water desalination systems, 
power plants, and traffic light systems, etc. This ability to access the 
systems remotely, however, renders the equipment vulnerable to 
cyber attacks. In recent years, there have been an increasing num-
ber of attempts and successful attacks on these systems and de-
tection and prevention of such attacks have become a task with 
national importance. My project aims to find a new sophisticated 
technique to detect and defend such intrusions using modeling 
and machine learning techniques.

“I have been involved with Cyber security for many years and I have 
a deep interest in the topic. Working for several different compa-
nies as a security researcher and an engineer has exposed me to 
this topic and its importance and has fostered my interest in doing 
research in the field.”

Scott Heng
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                                                

Electrophoretic Bioreactors for 
Organoid Growth

Advisor: Kwanghun Chung

Organoids are three-dimensional 
“mini-organs” grown from stem cells in vitro. Although organoids 
are not actually organs, they resemble key characteristics and fea-
tures of their organ counterpart. There has been growing interest 
in organoids due to their potential for improved drug screening 
and studying fundamental biology. This project focuses on grow-
ing cerebral organoids using electrophoretic bioreactors to im-
prove oxygen and nutrient transport into the organoids. Currently, 
cerebral organoids are limited in size and features. The maximum 
size of cerebral organoids is currently 4 mm and can be achieved 
by growing the organoids in a spinning bioreactor. By developing 
and building an electrophoretic bioreactor, the goal is to grow 
larger organoids with more mature features.

“I was previously a UROP in Professor Allan Myerson’s lab involved 
in conducting various analytical tests to determine how crystal 
properties of active pharmaceutical ingredients affect drug solu-
bility and dissociation. I am excited to take the skills I learned and 
apply it to this project because cerebral organoids may allow us 
to learn undiscovered secrets of brain diseases and cognitive dis-
orders.”

Paulo Heredia
MIT AeroAstro — Lincoln Laboratory 
Undergraduate Research and 
Innovation Scholar                                        

Propellant Management System 
for Electrospray Thrusters

Advisor: Paulo Lozano

The Space Propulsion Laboratory is 
working on designing a propellant management system that will 
be able to withstand the vacuum of space and zero gravity. Under 
these conditions, the system will need to supply propellant from 
a container filled with ionic liquid to emitter chips attached to the 
thruster tank. These high efficiency thrusters require proper pro-
pellant management in order for thrust to be generated for long 
duration flights. The ultimate goal of the project will be to have a 
functional system incorporated with a batch of electrospray thrust-
ers, so that they will be ready by the end of the school year for 
launch on a mission to space.

“I have been working in the Space Propulsion Laboratory for two 
semesters and a summer, which has allowed me to familiarize with 
the laboratory and has exposed me to the exciting work being con-
ducted on electrospray thrusters. What excites me the most about 
the project is that the final product of my work will be sent into 
space!”

Corinn Herrick
MIT EECS — Quanta Computer 
Undergraduate Research and 
Innovation Scholar                                       

Using ESL Texts for Developing 
Language Processing Tools

Advisor: Boris Katz

Information extraction is a key chal-
lenge in developing intelligent systems. One tool that can be use-
ful for this task is semantic parsing. Semantic parsers extract the 
logical representation of a sentence. These parsers are typically 
trained using an annotated corpus that maps sentences to their 
logical representation. However, alternative methods of supervi-
sion are possible. This project aims to train a parser using supervi-
sion from video scenes that are about the sentence.

“I like projects that combine computer science with other disci-
plines. More recently, I’ve had the opportunity to work on projects 
in natural language processing. Through my SuperUROP I hope to 
gain more experience in this field and contribute to an interesting 
project.”



26 2015 – 2016 Scholars 

Katherine Ho
MIT EECS — Levine Undergraduate 
Research and Innovation Scholar                                                                                 

Human Computer Interface for 
Language Understanding of Food 
Description Application

Advisor: Jim Glass

This research will investigate the in-
tricacies of human computer interaction for an application that 
parses spoken language of a meal description and extracts food 
information into a nutrition log. This log is motivated by a variety 
of reasons, including weight loss, dietary restrictions, or medical 
recommendation. Furthermore, voice interaction with mobile plat-
forms has been slowly garnering support and demand in the past 
decade. We found that the greatest difficulty with maintaining a 
detailed food log is that it is cumbersome to write down every-
thing eaten along with its quantities and nutrition facts. Therefore, 
we plan to create an application that uses language understanding 
and speech-based input to track and quantify food intake that eas-
es input difficulty.

“During this SuperUROP, I will create a user facing product for a 
Food Description Application. I hope to develop a better under-
standing of how a user interacts with digital interfaces and how to 
extract the relevant information from the users in order to better 
suit their needs--be it via direct communication or through data 
analysis.”

Lisa Ho
MIT EECS — Cisco Undergraduate 
Research and Innovation Scholar                                                                              

Secure Chips for the Internet of 
Things

Advisor: Anantha P. Chandrakasan

The increase in the number of small 
connected devices presents a num-

ber of exciting new security challenges. The embedded nature of 
devices such as smart lightbulbs, fitness devices, and other day-
to-day connected objects makes them especially susceptible to 
attacks that take advantage of their physical implementation. 
This project will pay special focus to an authentication tag and try 
to demonstrate how it works as well as analyze its security. This 
project will examine chips for security vulnerabilities in the form 
of side-channel attacks including differential power analysis and 
template attacks. After determining vulnerabilities to these physi-
cal attacks, this project will focus on developing ways to make the 
authentication tag and other chips more secure.

“I am excited to learn more about the impact of new technology on 
social issues such as privacy. I hope that this project will give me a 
better understanding of what security concerns engineers should 
consider when building new products, so that I can better incorpo-
rate security into anything I design in the future.”

Julia Hogroian
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                       

Life Cycle Carbon Emissions for 
Low-Energy Buildings

Advisor: John Ochsendorf

At the 2014 International Panel for 
Climate Change, the need for a drastic reduction in carbon dioxide 
emissions to prevent irreversible climate change was emphasized. 
When discussing the carbon dioxide emitted by buildings current 
analyses only consider operational energy. Increasingly important, 
however, is the building’s embodied carbon footprint – the energy 
consumed in the acquisition, manufacturing, and construction of 
the materials used. We will focus on measuring the carbon content 
in structures, comparing the global warming potential (equivalent 
carbon dioxide emitted) of different buildings across a variety of 
design parameters. We hope to introduce embodied carbon into 
the conversation throughout the design process, from feasibility 
discussions to construction documents.

“This SuperUROP is a continuation of my sophomore UROP proj-
ect, which focused on sports stadiums, and I am excited to expand 
our prior work.”

Michael Holachek
MIT EECS — Texas Instruments 
Undergraduate Research and 
Innovation Scholar                                       

EyeSocket: A Hardware-
Accelerated Convolutional Neural 
Network Module for Computer 
Vision

Advisor: Vivienne Sze

Deep learning-based computer vision promises drastically im-
proved recognition accuracies when compared to conventional 
algorithms. Current implementations, however, consume signifi-
cant amounts of power and energy. Our platform, the EyeSocket, 
implements convolutional neural networks (CNN) with a hardware 
accelerator that promises a substantial increase in efficiency, while 
maintaining nearly the same performance. EyeSocket is a small 
and integrated circuit board module, suitable for portable devices 
such as biped robots and quadcopters. Additionally, it is compati-
ble with standard open-source computer vision tools such as Caffe, 
allowing for easy integration into existing projects.

I’m a course 6-2 junior passionate about building wearable devices 
and embedded systems. I’ve always been fascinated by the process 
of creating electronic systems, from PCB layout to bring-up. This 
project combines my interest in low power devices with machine 
learning, a topic I’ve always wanted to learn more about.”
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Steven Holcomb
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                         

Optimizing Genetic Transforma-
tion for Synthetic Biology

Advisor: Cullen Buie

Electroporation is a process of deliv-
ering foreign DNA into a cell that can allow cells to transform and 
incorporate DNA more effectively. Although the process is wide-
ly utilized in biological research, there still remain organisms that 
cannot be transformed efficiently. My SuperUROP projects seeks 
to increase the efficiency of electroporation through a variety of 
means. It combines elements mechanical engineering techniques 
with biological and chemical principles to improve a procedure 
that has been extremely beneficial to biology research worldwide.

“I am fascinated by the intersection of mechanical engineering 
and biology, and I want to be able to use my engineering back-
ground to work on projects that can have a positive impact on our 
understanding of health and biology. My current project not only 
increases my own experience with research, but also allows me to 
help advance a procedure that has enormously improved our abil-
ity to undertake biological study.”

Erin Hong
MIT EECS — Actifio Undergraduate 
Research and Innovation Scholar                                        

Critical Care Informatics

Advisor: Roger Mark

The ICU has the highest mortality 
of any unit in hospitals. The Multi-
parameter Intelligent Monitoring in 

Intensive Care database, MIMIC, serves as a resource for finding 
epidemiologic solutions in critical care medicine, decision making, 
and monitoring algorithms. By understanding what factors affect 
patient outcomes, researchers can discover areas of medical care 
to improve to increase patient survival. MIMIC contains patient 
stay information from the Beth Israel Deaconess Medical Center 
but I plan to expand the database, which will bring more analytical 
power. While merging datasets, I will have to account for gaps in 
the database due to flawed data and different hospital information 
formatting all while finding the best way to capture and communi-
cate implicit information to researchers.

“The fusion between having seen just how prevalent incurable ill-
nesses are and my passion for working on ideas that will improve 
and transform lives drove me to work on MIMIC II. I hope to learn 
how to study and manipulate data through the eyes of a clinical 
technician and with the mind of an engineer. While learning much, 
I can apply lessons learned from past application backend con-
struction and physician shadowing.”

Rumen Hristov
MIT EECS — Actifio Undergraduate 
Research and Innovation Scholar                                           

Dynamic Planning for Distributed 
Computations

Advisor: Matei Zaharia

Distributed systems play a huge role 
in modern day computing. Recently 

people have focused on developing distributed data processing 
engines. Computing time is directly connected to cost that the 
user pays, so efficiency in these engines is a primary focus. The user 
specifies a list of commands, which he wants to be executed on the 
data, but then the engine needs to translate it to its internal rep-
resentation and create a plan for execution. Distributed data pro-
cessing engines select an execution plan up-front for each query, 
but suboptimal plans can lead to significant slowdowns. Instead of 
this approach, we propose adjusting the query plan dynamically 
while a query is executing, and modifying data processing engines 
to make these kinds of adjustments possible.

“I think the SuperUROP program is a great way to thoroughly en-
gage in a research project in MIT. I am really looking forward to 
learning new things and seeing my project applied in the real 
world.”

Eeway Hsu
MIT EECS — Duke Energy 
Undergraduate Research and 
Innovation Scholar                                                               

Real-time Visual Applications of 
Glimpse

Advisor: Hari Balakrishnan

Glimpse is a system created to com-
bat high network delays in tasks where intensive computations 
make accurate real-time feedback infeasible. Currently, Glimpse is 
being built and tested for object recognition with singular camer-
as. This coming year, I will research multi-camera integration and 
create such a proof of concept application.

“The SuperUROP opportunity balances guidance and freedom to 
explore. Computer systems is a field I desire to continue studies. I 
hope to exceed my own expectations in what can be achieved and 
learned through hands-on projects.”
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Shau-Chieh Hsu
MIT EECS Undergraduate Research 
and Innovation Scholar                                        

Designing and Implementing 
Android Wear for Punya

Advisor: Lalana Kagal

Punya is a framework built on top of 
App Inventor, an Android application 

platform that enables users to simply drag and drop visualizable 
logic blocks and UI components to build Android applications. By 
providing advanced functionalities, Punya can target disaster-re-
lief organizations as its main users. In addition to Android appli-
cations for phones, we are also interested in exploring the market 
for Android smart watches that use Wear OS. Previous students 
have built a basic connection between Android Wear devices and 
enabling simple Wear apps to be developed and deployed. The 
project that I would like to take on is to augment the existing Pu-
nya framework to support more UI components for Android Wear 
devices, including Pages, Voice Commands, etc.

“As a 6-7 senior, I have been interested in how technology helps 
the world in the healthcare domain. Since last year, I have been 
working on a MIT HS&T mobile health project for Lebanese physi-
cians to keep track of health records of Syrian refugees. Other than 
that, I have also interned in Amazon this summer and few startups 
previously.”

Erin Ibarra
MIT EECS — Analog Devices Under-
graduate Research and Innovation 
Scholar                                        

Dynamics of Coupled MEMS 
Oscillators

Advisor: Akintunde I. Akinwande

Various types of non-Boolean pro-
cessing methods, such as image recognition and associative 
memory, can be accomplished by digital means. However, digital 
non-Boolean methods are difficult and time consuming as pro-
cessing often requires iterative, complex computations. The mo-
tivation for this research is to perform non-Boolean processing in 
hardware, specifically utilizing monolithic Microelectromechanical 
Systems (MEMS) oscillators in resistively coupled clusters. Resis-
tively coupled clustering takes advantage of natural phenomena 
that occur with coupled oscillators: when the base frequencies of 
the coupled oscillators are in close proximity, the cluster will syn-
chronize to a common base frequency. This project seeks to under-
stand synchronization behavior for various cluster designs.

“I became interested in this project through my circuit simulation 
work during a summer internship at Texas Instruments. I carried 
those skills, as well as knowledge from 6.002 and 6.003, into the 
project. I hope to continue to learn about oscillator dynamics, 
MEMS technology, and circuit design and I am excited to continue 
this project and to make developments in this research.”

Renae Irving
Research and Innovation Scholar                                       

Predictive Markers for 
Inflammatory Bowel Disease Flare-
Ups

Advisor: Eric Alm

The Center for Microbiome Informat-
ics and Therapeutics (MBIT) was founded in January 2015 with the 
mission to cultivate a community of interdisciplinary researchers 
and engineers who will combat microbiome-associated diseases 
through expanding knowledge of microbiome function and de-
signing research that translates directly to clinical and therapeutic 
applications. Microbiome research of Inflammatory Bowel Disease 
(IBD) will identify quantitative biomarkers that are predictive of 
IBD flare-ups and noninvasive such that patient care can be ap-
proached as preventative as opposed to interventional therapeu-
tics. Through basic science and development of a clinical trial, we 
will be able to assess our predictive ability with our monitoring 
method and further the translational aspect of our study.

“When I attended MITES before my senior year of high school, my 
elective, Genomics, served as a thorough first introduction to the 
microbiome and its importance in our standard of living. As a Su-
perUROP, I am excited by the opportunities to explore the inter-
disciplinary aspects of microbiome research, understand the scope 
of bioengineering, and develop new skills required for success in 
clinically-related research fields.”

Shahrin Islam
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                      

Producing Photosynthesis-
Enhanced Ex-Vivo Stable 
Chloroplasts

Advisor: Michael Strano

Photosynthesis is the ultimate source of energy for biofuel pro-
duction. Chloroplasts are the organelles in which photosynthesis 
occurs. Because of their ability to harness solar energy, there is in-
terest in engineering chloroplasts for enhanced photosynthesis. 
However, chloroplasts have limited stability when isolated, thereby 
limiting our ability to use chloroplast photosynthetic power as an 
alternative energy source. Little is known about engineering chlo-
roplasts for long term, stable photosynthesis ex vivo. By interfacing 
isolated chloroplasts with nanomaterials, we aim to increase the 
stability of chloroplasts ex vivo and enhance chloroplast photosyn-
thetic capabilities. The production of hyperstable ex vivo chloro-
plasts will be a key tool for the novel field of plant nanobionics.

“I have been a UROP in the Strano Lab since my sophomore year. At 
the Strano Lab, I have been able to gain extensive research experi-
ence that has cemented my interest in harnessing the power nano-
materials for a variety of applications. I’m really excited to work at 
the forefront of plant nanobionics, a field pioneered by the Strano 
Lab, and explore ways of enhancing natural plant functions with 
nanomaterials.”
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Misha Jamy
MIT EECS — Himawan 
Undergraduate Research and 
Innovation Scholar                                         

Computational Design Tools for 
Reconfigurable Synthetic Gene 
Circuits

Advisor: Ron Weiss

The behavior of a cell is determined by the expression of its various 
genes. By giving a cell a certain set of genes and genetic regulators, 
we can control the behavior of the cell. Currently, this is done man-
ually, which requires a lot of grunt work on the part of the biologist. 
This project involves automating and streamlining that process by 
making a high-level compiler for genetic circuits. The compiler 
takes as input a desired circuit and outputs a DNA sequence which 
can then be directly inserted into a living cell.

“I’m really excited to be a part of this project. For a long time engi-
neering and biology have gone hand in hand. Many manmade de-
vices take inspiration from biological systems. This project is about 
going in the other direction – using the principles of engineering 
and computer science to make interesting biological features. It’s 
essentially coding life, and the possibilities are endless!”

Bradford Jokubaitis
MIT AeroAstro — Airbus 
Undergraduate Research and 
Innovation Scholar                                       

Firefly UAV Development

Advisor: John Hansman

The Firefly is an experimental un-
manned aerial vehicle designed to 

operate in novel conditions. Its mission is to act as a smart missile 
flare to protect larger jet airplanes from tracking weapons systems. 
The UAV is rocket powered and operates in transonic (Mach .8) at 
35,000 ft and above. The mission includes a minimum of 5 min-
utes of flight. This project will cover essential aspects of aircraft de-
velopment. New solid rocket fuel has been developed for Firefly, 
and rocket burn tests shall be conducted to determine thrust. The 
aircraft will undergo mechanical design for packaging constraints. 
The aircraft performance will be modeled with CFD. The project 
will culminate in manufacturing a prototype and submitting it to a 
battery of physical tests and simulations of flight conditions.

“I am looking to use this SuperUROP as a capstone of my education 
in Aerospace Engineering. This project covers all areas of aircraft 
design and will allow me to fully understand the development 
process. I am excited to have the opportunity to learn through 
hands-on experience, through rigorous testing and simulation, 
and through combining my classroom education to date with an 
out-of-class project.”

Karan Kashyap
MIT EECS — Keel Foundation 
Undergraduate Research and 
Innovation Scholar                                         

TimeTrackr

Advisor: Dorothy W. Curtis

With more and more people around 
the world getting access to smart-

phones, time spent on these devices will increase as the shift to 
mobile continues. TimeTrackr is an Android application that seeks 
to help users understand and track the way they interact with their 
smartphones. Simply visualizing usage patterns is not enough; the 
goal of TimeTrackr is to provide actionable insights that allow the 
user to better manage his or her time.

“I took 6.831 last year which taught me a lot about user interface 
design and human computer interaction themes. I was inspired by 
learning how clever and intuitive design can make people’s lives 
easier and more fulfilling. I hope to see my app help people be-
come more efficient!”

Vincent Kee
MIT EECS — Draper Laboratory 
Undergraduate Research and 
Innovation Scholar                                         

Robust Large Scale Reconstruction 
of Indoor Scenes

Advisor: Jeffrey H. Shapiro

Creating high quality three-dimen-
sional models of indoor scenes promises many applications in 
augmented reality, robotics, and object scanning. One popular ap-
proach for 3D model reconstruction is dense visual Simultaneous 
Localization and Mapping (SLAM). Existing dense SLAM methods 
provide accurate model reconstruction on a small-scale (using 
model-based techniques) or accurate camera trajectory estima-
tion on a large-scale (using pose-graphs), but not both. Deforma-
tion graphs offer the best of both worlds as they can be applied to 
large-scale environments while directly optimizing model recon-
struction, theoretically resulting in higher model accuracy. We will 
investigate how much deformation graphs embedded in the mod-
el’s surface will improve large-scale scene reconstruction quality.

“I worked on this project this summer as part of the Perception 
Systems Group at Draper Laboratory, modifying the iterative clos-
est point component of the KinectFusion algorithm to make scene 
reconstruction more robust to user data collection approaches. I 
hope to gain a deeper understanding of how SLAM works and am 
excited to see how much deformation graphs can improve the cur-
rent project’s performance.”
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Nayeon Kim
MIT EECS — Amazon Undergraduate 
Research and Innovation Scholar                                                                     

Rephotography on the iPad

Advisor: Frederic P. Durand

This project aims to develop an ap-
plication that will demonstrate an 
interactive, real-time visualization of 

rephotography on the iPad. Rephotography is a technique that 
captures a photograph of the same scene from the same viewpoint 
of an existing, older photograph, providing a compelling visualiza-
tion of the progress of time. In order to achieve this goal, we must 
translate computer vision algorithms and visual reconstruction 
techniques used by an existing prototype composed of a laptop 
and digital camera into an iPad application, and replace 3D pose 
estimation techniques with visual feedback from the iPad’s cam-
era. This application will allow a user to take a reference image and 
follow a visualization to reach a desired viewpoint as he/she moves 
through the scene with a camera.

“I am very excited to be working with Professor Durand on the 
Rephotography project. I took Computational Photography last 
spring and found research topics in this field very compelling. This, 
along with my previous experience in iOS development and inter-
est in photography made this project a great fit for me! Through 
this project, I hope to learn more about the challenges that the 
computer vision community faces today.”

Keertan Kini
MIT EECS Undergraduate Research 
and Innovation Scholar                                        

Investigating Information Sharing

Advisor: Daniel Weitzner

At least 700 million records have 
been compromised in known recent 
data breaches: records from health-

care, financial services, retail, and the public sector among oth-
ers. Encouraging information sharing about data breaches and 
other cybersecurity flaws is a common policy prescription. Infor-
mation sharing refers to making information about cyberthreats 
and countermeasures accessible for use by organizations beyond 
those collecting the information. However, one problem in the au-
tomating sharing of information is regulation compliance. I will be 
analyzing which types of regulations can be easily automated by 
building a framework to enforce regulations on cyberthreat infor-
mation.

“I loved 6.805 where I learned about how technology affects public 
policy and vice versa. The course led me to write a policy paper on 
IXP deployment and inspired me to pursue a UROP in the Infor-
mation Policy Project. Since then, I have written several articles on 
tech policy issues. This project will combine my passion for tech-
nology with my interest in public policy and deepen my under-
standing of that intersection.”

Scarlett Koller
MIT AeroAstro — Lincoln Laboratory 
Undergraduate Research and 
Innovation Scholar                                      

Improving Quadrotor Flight in 
High-Wind Environments

Advisor: Jonathan How

The purpose of this research is to 
investigate difficulties experienced by unmanned quadrotor he-
licopters in high-wind conditions, and use this understanding to 
develop an aircraft capable of sustained, steady flight in such con-
ditions. Quadrotors are a very popular platform for autonomous 
aerial vehicles, but are designed for nominal flight conditions in 
low-speed or hover regimes. In real conditions, battery life is very 
short, and in high-wind environments, quadrotors often cannot 
maintain steady flight. Therefore, this research aims to develop a 
robust aerodynamic model of a quadrotor in high-wind environ-
ments, and use this model to develop a quadrotor and control 
system capable of sustaining flight in these conditions without se-
verely impacting battery life.

“I’m so excited to be working on developing UAV technologies 
after working at Amazon Prime Air and seeing all the difficulties 
faced by multirotors!”

Skanda Koppula
MIT EECS — Analog Devices 
Undergraduate Research and 
Innovation Scholar                                      

Secure Voice Recognition 
Chip based on Homomorphic 
Encryption

Advisor: Anantha P. Chandrakasan

Homomorphic encryption is a method of encryption that allows 
computing over ciphertext; not surprisingly, this form of encryp-
tion could be highly applicable in situations where untrusted par-
ties provide important computing services on personal (or other-
wise sensitive) data. Unfortunately, high-level implementations 
of homomorphic cryptosystems are slow and often power-inten-
sive. A homomorphic system in an application specific circuit, on 
the other hand, may allow us to increase data throughput while 
also using less power. Specifically, this project aims to prototype 
an ASIC-based voice recognition service that authenticates users 
based on a voice sample. Our system will compare a protected 
voice model with input voice samples.

“What makes me most excited is the real applicability of the proj-
ect, and the challenging work I know is up ahead. I owe a lot of 
my background preparation to many of the classes I’ve taken here; 
thank you, 6.875 and 6.175. Ultimately, I hope to learn about (1) 
complexities in homomorphic cryptosystems and (2) more on de-
signing great chip architecture.”
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Annie Kuan
Research and Innovation Scholar                                         

Interspecies Interactions and the 
Evolution of the Skin Microbiome

Advisor: Eric Alm

In order to engineer the human mi-
crobiome for health and wellness, we 
need a better understanding of how 

individual bacterial strains adapt to their host and how this evo-
lution influences community formation. The goal of this project 
is to characterize the niche range, migration rates, and intraper-
sonal evolution of individual bacterial species in the human skin 
microbiome. We will use fine-scaled sampling of sebaceous skin 
over space and time, genomic sequencing, and evolutionary ap-
proaches. In particular, I will use culture-independent approach-
es to assess community diversity, and compare this to whole-ge-
nome sequencing data of single species, in order to understand 
how the community influences the success of particular mutations 
and strains and vice versa. Establishing a framework for studying 
microbial communities in depth and with high spatial resolution 
can help accelerate future research of the microbiome as a whole.

“The past three years that I spent in the Runstadler Lab studying 
avian influenza surveillance provided me a great opportunity to 
learn a wide range of techniques and to develop my skill set. It also 
sparked my curiosity about the quickly advancing field of studying 
the microbiome in relation to human health, making this Super-
UROP particularly interesting and exciting to me.”

Thanard Kurutach
MIT EECS — Lincoln Labs 
Undergraduate Research and 
Innovation Scholar                                        

Posterior consistency in the 
number of components for 
Dynamic World Modeling

Advisor: Leslie P. Kaelbling

In many problems such as object tracking, objects can be added, 
removed, and moved over time. One way we can model the dy-
namic world is to use dependent Dirichlet process mixture models 
(DDPMM.) However, we believe that the models are lack of consis-
tency in the number of clusters to the true number. In other words, 
the number of objects inferred from the posterior model, as more 
data observed, does not converge to the true value. Therefore, the 
number of objects inferred is inaccurate. Our goal is to point out 
the fallacy in the DDPMM and be able to come up with a novel 
model that incorporates this property.

“I am mainly interested in Machine Learning and Robotics. This su-
perUROP project under Leslie will be a great opportunity for me to 
explore the intersection between these two areas.”

Cara Lai
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                       

The role of flow-induced shear 
stress on tumour cell extravasation

Advisor: Roger Kamm

Microfluidic platforms used in bio-
medical engineering experiments have distinct advantages over 
in vivo counterparts, including amenability to high-quality imag-
ing and ability to run parametric studies. By converting a planar 
monolayer extravasation assay into a microfluidic platform, I hope 
to induce a stable flow of medium over the endothelial monolayer. 
More specifically, the goal of this project is to investigate the shear 
stress interactions at the boundary between vascular tissue and 
blood flow, and model the extravasation process. Completion of 
this project will hopefully lead to a better understanding of metas-
tases processes and ways in which it can be treated.

“I’m really interested in the intersection of medicine and technol-
ogy, and have previously done research for the Biomechatronics 
Group in the MIT Media Lab. This project will expose me to a dif-
ferent dimension of biomedical engineering, which I hope to take 
into future research as a medical school student.”

Wai Lok Lai
MIT EECS — Actifio Undergraduate 
Research and Innovation Scholar                                    

A Belief-Propagation Based Data 
Compression Architecture

Advisor: Gregory W. Wornell

Data compression involves two sep-
arate procedures: source modeling 

and encoding. Many of the existing compression schemes use do-
main-specific knowledge to attempt to simplify the process and 
optimize the compression, and in the process of doing so, they 
combine modeling and encoding into one procedure, and this 
rigid structure renders the compression schemes not ready for 
change. In this paper, we discuss and implement a Model-Free En-
coding Compression Systems to provide a flexible compression ar-
chitecture by using probabilistic graphical modeling. This architec-
ture separates the two concepts of source modeling and encoding 
by implementing a lightweight encoder and a probabilistic-infer-
ential decoder that applies its knowledge about the source model 
during the decoding process.

“I am a senior studying Mathematics and Computer Science, with a 
concentration in Artificial Intelligence. In this SuperUROP project, 
which uses inference on graphical models to solve the problem of 
data compression, I seek to bring theoretical results of information 
theory to build a product that solves one of the most fundamental 
problems of modern computing: compression.”
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Sayeri Lala
MIT EECS — Morais and Rosenblum 
Undergraduate Research and 
Innovation Scholar                                          

Inspiring Curiosity in Genesis to 
Facilitate Its Learning

Advisor: Patrick H. Winston

Genesis is an artificially intelligent 
system designed to model human story understanding. Current-
ly, Genesis analyzes English text by decomposing it into relations 
among events and applying common sense rules to construct an 
elaboration graph, via which it searches for concept patterns. How-
ever, human comprehension is also crucially aided by our curiosity 
for the hypothetical and unexplained events in a story. Thus we 
aim to make Genesis inquire about unexplained phenomena in 
the story to gain deeper knowledge. To this end, I will implement 
an algorithm enabling Genesis to generate intelligent queries over 
a story and obtain answers from humans. I will then implement 
algorithms based on induction heuristics and machine learning 
methods to facilitate Genesis to learn new and amend original 
rules from the feedback. 

“Last year I engaged in a UROP exploring the Genesis system. This 
past summer I interned at NASA, researching and implementing 
machine learning algorithms for multiple kernel learning. After 
taking 6.034 and 6.036, I have been very intrigued to research how 
we could design algorithms empowering computers with logic 
and the ability to learn concepts from previous information and 
apply the knowledge to interpreting new data.”

Tiffany Le
MIT EECS — Amazon Undergraduate 
Research and Innovation Scholar                                         

Developing Mobile Applications 
Using MIT App Inventor to Control 
Internet of Things Devices

Advisor: Harold Abelson

From home appliances to wearable 
accessories, the rise of Internet of Things (IoT) devices has given 
way to a growing need for mobile applications that can control, 
communicate, and connect these “smart” devices together. How-
ever, building such applications requires a considerable amount of 
work, not to mention programming skills. Thus, this project aims to 
make the mobile app development efforts for IoT easier and more 
accessible by using MIT App Inventor. Unlike traditional program-
ming languages, MIT App Inventor is a blocks-based interface that 
enables all users, even novice programmers, to create their own 
mobile applications by simply dragging and dropping selected 
components. This will solve the problem of slow mobile app deliv-
ery for IoT due to limited resources.

“Last year, I was a UROP student with MIT App Inventor, where I 
worked on internationalization and back-end development. With 
this Super UROP, I hope to explore more of App Inventor’s capa-
bilities as well as show others, especially younger students, how 
easy it is to develop applications. I think that being able to develop 
applications is a valuable experience with the increased use of mo-
bile technologies.”

Harlin Lee
MIT EECS — Angle Undergraduate 
Research and Innovation Scholar                               

Inferring Patient Activity Level 
from Long Term ECG Signals

Advisor: Collin M. Stultz

The goal of this project is to be able to 
infer what the patient’s activity level 

is based on their daylong electrocardiographic (ECG) signals. The 
hypothesis is that the analysis of such longterm ECG signals during 
everyday activity can be complementary to the shorter ECG signals 
obtained from a cardiac stress test. The project utilizes a wearable 
device that simultaneously collects both ECG and accelerometer 
signals of healthy volunteers doing a variety of different physical 
activities. We plan to use these data to build models to predict the 
activity level of a person from a ECG signal, and will further apply 
these models to existing ECG data from heart patients, to build risk 
models to predict patients’ risk of future adverse outcomes, such 
as death.

“I’m excited to finally try my hands at some serious bioEECS re-
search! I have wet-lab research experience from high school, and 
have taken a bunch of course 6 classes in college. It would be great 
to see these two different backgrounds come together.”

William Lee
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                              

Evaluation of Wheelchairs for the 
Developing World

Advisor: Amos Winter

Currently, there is a disparity in equal-
ity between able-bodied people and those with mobility issues 
throughout the world. A person who needs a wheelchair to get 
around should not have their life defined by that fact, and should 
not have constant issues traveling throughout their community 
and beyond. The problem with accessibility for those in need of a 
wheelchair has urged the creation of standardized test equipment 
for wheelchairs. The test equipment will increase innovation and 
creative engineering, and therefore focus the design of wheel-
chairs around helping the actual users and not the customers. In 
particular, the test equipment will focus on wheel durability, a key 
factor in the usability of wheelchairs on rough terrain.

“I am a senior majoring in Mechanical Engineering with a focus in 
product design. I am working on designing standardized testing 
equipment for wheelchairs in the developing world. By creating 
testing equipment for wheelchair durability, we aim to create a 
defined standard for manufacturers and designers of wheelchairs. 
This standard hopes to raise the quality of wheelchairs, allowing 
more access to opportunities.”
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Kimberly Leon
MIT EECS — Actifio Undergraduate 
Research and Innovation Scholar                                         

Open Data for MIT Students

Advisor: David R. Karger

This project aims to improve the abili-
ty of MIT students to access and share 
data that can help them at MIT. On the 

academic side, starting from existing projects, we’ll create broader 
tools that enable students to share information about their overall 
academic goals and progress, share experience about courses to 
take, accurately assess workloads, and coordinate curricula with 
friends. On the recreational side, we’ll consider tools that make it 
easier to locate and use resources at MIT--such as improvements in 
event planning and room scheduling. This will involve coordinat-
ing with the MIT registrar and data warehouse to open up access 
to data that can be of value to students, as well as building appli-
cations that can collect new kinds of data from students and make 
good use of it.

“I love the idea of building tools that will be used by MIT stu-
dents. Creating or making it possible for others to create an ap-
plication that combines all the best features of the current MIT 
course-scheduling websites along with additional features is a re-
ally exciting project. I’m also interested in working with big sets of 
data and figuring out new and interesting ways to use that data.”

Dong Hyug (Jonathan) Lim
MIT EECS — Fano Undergraduate 
Research and Innovation Scholar                                  

Collecting causative evidences of 
diseases through NLP technology

Advisor: Stephanie Seneff

A critical examination of the research 
literature and of medical databases 

such as hospital discharge data will guide our task of discovering 
plausible biological mechanisms to link causative effects to dis-
ease. Causative effects can be characterized as the modification 
of a protein’s molecular function or the dysfunction of an organ 
system, as reported in the literature and in scientific databases. Ef-
fects will be identified through multiple methodologies (e.g., NLP, 
statistics, and data mining). A solution will be developed to distin-
guish factual from hypothetical statements. The scientific literature 
will be mined for statements reporting on the positive/negative 
regulation of molecular, cellular, biochemical, hormonal and phys-
iological processes.

“I am interested in working on this project because I want to learn 
about mining information from unstructured data. Conducting 
this research in the medical domain would be a meaningful experi-
ence for me. I hope to learn about various NLP algorithms involved 
in solving these kinds of problems as well as using packages and 
external libraries that would be useful in NLP. I know Java which I 
will use for this project.”

Jenny Lin
MIT EECS — DENSO Undergraduate 
Research and Innovation Scholar                                    

Development of Automatic Speech 
Analysis System

Advisor: Stefanie Shattuck-Hufnagel

The Speech Communication Group 
is working towards completion of a 

speech analysis system modeled on human speech understand-
ing, based on the detection of acoustic cues, called landmarks. The 
Speech Communication Group’s child speech project involves an-
alyzing speech from typically and atypically developing children. 
This analysis is important in potentially diagnosing clinical disor-
ders. The group is working on automating the process of landmark 
labeling, through the development of modules, each identifying 
specific landmarks. The landmark labels are used to create diag-
nostic outputs, like landmark production profiles and decision tree 
analysis of speech modifications. The SuperUROP project involves 
the development of the remaining modules and the integration of 
the entire system.

“The Speech Communication Group is a multidisciplinary labora-
tory, combining electrical engineering and computer science with 
linguistic theory and cognitive science. I have the opportunity to 
learn a lot, in and outside my field. This research project will allow 
me to apply my knowledge from artificial intelligence and signals 
and systems classes, and to learn more about linguistic theory and 
cognitive science.”

Leon Lin
MIT EECS — Keel Foundation 
Undergraduate Research and 
Innovation Scholar                           

Development of speech analysis 
system based on human speech 
cognition models

Advisor: Stefanie Shattuck-Hufnagel

The goal of my project is to help complete the development of an 
automatic speech analysis system, making use of what is known 
about how humans process and understand speech. Potential 
applications include automatic speech recognition, diagnosis of 
clinical speech disorders, and a better understanding of human 
speech production and perception in general. The words that peo-
ple speak are formed from sequences of phonemes, each of which 
can be specified by several discrete features (e.g., “nasal”) that are 
in turn are characterized by certain acoustic cues in the speech 
signal. My part is to consolidate existing modules for detecting 
certain acoustic cues from a supplied speech signal. From there, 
phonemes and then words can be extracted.

“I hope to learn more about speech acoustics, speech recognition, 
and the research enterprise.”
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Xiaoxue Liu 
MIT EECS — Texas Instruments 
Undergraduate Research and 
Innovation Scholar                                    

Drone 4-D Light Field Capture

Advisor: Frederic P. Durand

Light fields are 4-D datasets that en-
code all light rays leaving a scene. 

They enable free viewpoint rendering by computing new views of 
a scene without the need of geometric models. Current 4-D light 
field photography generally captures smaller objects--this project 
extends the idea of light field capture to a much larger scale. By 
positioning a camera on a drone, we are able to produce light field 
images of objects as large as entire buildings.

“Having taken a few courses in the graphics department, I hope to 
complete my Masters with a concentration in graphics. In addition, 
I am a hobbyist photographer. This SuperUROP project provided 
the perfect intersection of multiple subjects I am interested in out-
side of academics.”

Nicholas Locascio 
MIT EECS Undergraduate Research 
and Innovation Scholar                                    

Automated Programming: 
Software as Stories

Advisor: Patrick H. Winston

The purpose of this project is to cre-
ate an Automated Programming 

Agent grounded in natural language story-understanding. This 
agent will be capable of inferring entities and relationships from a 
given natural language description and write functions and classes 
to implement the specification. To simplify this problem, this proj-
ect will restrict the domain of the agent to the implementation of 
grid-based games like chess, checkers, and minesweeper.

“I’m very excited to participate in the SuperUROP program. 
Through the weekly SuperUROP talks, I hope to gain exposure to 
a variety of active research areas. My project excites me because 
the research area has the potential to change the way we develop 
software.”

Julia Longmate
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                

The interface of fluid dynamics 
and disease transmission

Advisor: Lydia Bourouiba

The spread of infectious diseases be-
tween humans and in the environment has dramatic health and 
economic effects on our societies. However, modes of disease 
transmission are not well understood. Splash of liquids plays a ma-
jor role in many modes of disease transmission, by creation of sec-
ondary bubbles or droplets which can carry and transmit patho-
gens. I will use high-speed imaging and non-dimensional analysis 
to determine critical Weber numbers of secondary splash in dif-
ferent liquid regimes, and to study and model the movement of 
pathogens throughout the splash process. This model will be used 
to help predict how pathogens move in these systems, and pro-
vide information on how we can alter these systems to suppress 
pathogen transmission.

“My first research experience was at the City of Hope National 
Medical Center on controlled assembly of biocompatible metallic 
nanoaggregates for applications in targeted drug delivery and im-
aging, which work was published in Advanced Materials. I’m very 
interested in the intersection of human and environmental health, 
and in uniting scientific and engineering approaches to tackle ma-
jor problems in these fields.”

Rodrigo Lopez Uricoechea
MIT EECS — Lincoln Labs 
Undergraduate Research and 
Innovation Scholar                                

Using Symbolic Planning to Help 
Solve Complex POMDPs

Advisor: Leslie P. Kaelbling

As robots become increasingly ad-
vanced, the tasks we expect them to complete have become in-
creasingly complicated. By increasing their available actions and 
what they can observe, we are creating an increasingly difficult 
world in which they must find and execute a plan. In this project, 
we are planning in the belief space of probability distribution 
over states. We use a partially observable Markov decision pro-
cess (POMDP) to model the current belief state of the robot. This 
project will complete the implementation of a symbolic planner 
that attempts to solve these increasingly complex POMDPs. This 
planner will determinize and replan in the belief space, and will 
have a structured representation of its belief state. Both of these 
characteristics should yield a fast and efficient planner.

“I’m particularly interested in the areas of machine learning and 
planning algorithms. I’ll be working with Professor Kaelbling to im-
plement and evaluate a symbolic planner that attempts to solve 
increasingly complex POMDPs. My interest in planning algorithms 
began last fall when I took 6.S078, Planning Algorithms. I”m excit-
ed to apply what I’ve learned about planning algorithms in a re-
search setting.”
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Dion Low
MIT EECS Undergraduate Research 
and Innovation Scholar                                    

myMemory: Understanding and 
Improving Memory through 
Gamification

Advisor: Aude Oliva

With the memory research project 
myMemory, we will design and implement a semi-polished (nearly 
production polished) game for data collection under the supervi-
sion of Aude Oliva and Aditya Khosia. The goal of this game will 
be to integrate the labs memory research division, help categorize 
memory research methods, expand measurable memory tests, 
and finally exponentially increase the number of test users to gain 
more significant insights within the field of memory.

“Gamifying memory research could change the way we gather re-
search data and test the memory models like never before.”

Nancy Lu 
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                   

Water Desalination by Shock 
Electrodialysis

Advisor: Martin Bazant

The development of cost- and ener-
gy-efficient water purification systems, specifically desalination 
systems, is one of the most critical engineering challenges today. 
Shock electrodialysis is a newly developed method that uses ion 
concentration polarization zones and deionization shocks in po-
rous media (1-3 micron pores) near an ion selective membrane to 
deionize water. In this project, I plan to experimentally demon-
strate the applicability of shock electrodialysis to scalable water 
desalination, bacterial filtration and disinfection, and the isolation 
of target ion(s) from a mixture.

“I have been working with the Bazant Group since December 2014 
on this project and I have enjoyed every moment of it!”

Maximillian Major
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                   

The Development of Fouling 
Resistant Materials

Advisor: Michael Short

Fouling, or the deposition of un-
wanted things on surfaces, costs the U.S. and most developed 
economies about 0.25% of its GDP every year. The purpose of this 
research is to produce fouling resistant materials that can remain 
stable even while in a nuclear reactor. The researchers will work 
to choose suitable materials that may be fouling-resistant, process 
them in a pool boiling facility to grow fouling deposits, analyze 
these deposits with a scanning electron microscope, and use an 
AFM to measure the nanoscale adhesion forces between a foul-
ing deposit and its substrate. This project will help enable future 
researchers to build on the information gathered and determine 
the CRUD resistivity of materials that have not been through such 
rigorous analysis.

“My passion lies in fusion energy, and I hope to help develop the 
world’s first net-gain fusion reactor. Through this project, I hope to 
gain experience in a more hands-on form of nuclear engineering.”

Eduardo Maristany 
MIT AeroAstro — United 
Technologies Corporation 
Undergraduate Research and 
Innovation Scholar                                  

Additive Manufacturing for 
Ceramic Materials

Advisor: Paulo Lozano

In the last few years, 3-D printing has become a dominant technol-
ogy in manufacturing processes enabling the creation of objects 
and structures that were previously out of our technological reach. 
However, there still exist many limitations, especially in smaller 
scales that require high definition and reliability. Electrospray chips 
are an example of this problem that if solved, would allow us to 
create high definition porous structures with relative ease. Previ-
ous research carried out in the Spaced Propulsion Lab investigated 
porous ceramic manufacturing processes such as freeze-casting 
and sol-casting. These techniques, if paired with a reliable, high 
definition, delivery system, would allow for the manufacturing 
of porous ceramic structures in a more controlled and expedited 
manner.

“I have done research surrunding electrospray microthrusters 
since my freshman year, including sol-casting and freeze-casting 
processes. I am also very interested in 3-D printing technologies 
and their great potential in many fields. This project pairs those 
two fields of interest in a very unexpected way. The whole project 
is a complex problem, which I also enjoy because it will give me the 
chance to learn new things.”
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Konstantin Martynov
MIT EECS — Lincoln Labs 
Undergraduate Research and 
Innovation Scholar                                                           

Designing and Testing Micro-
Sonar for SmartBubble project

Advisor: Akintunde I. Akinwande

The Smart Bubble is a cheap, dispens-
able but robust MEMS sonar transducer which makes possible 
long-term, widely distributed monitoring of the ocean. Analysis 
of the signals gathered by these devices holds the key to under-
standing climate change, large-scale weather patterns, and the en-
vironmental and biological effects of pollution. There are, however, 
several challenges to miniaturization of the electroacoustic trans-
ducer used for sonar imaging. In this SuperUROP project my role 
will be to design and test a capacitive chip-scale hydrophone alter-
native to standard electromechanically driven, heavy plate Tonpilz 
transducers. Frequency scaling and bandwidth optimization for 
high sensitivity are among the strategies proposed.

“I think my background in physics will help me to be good in this 
project. ‘It it exciting for me to try some new field that I haven’t 
learned before and become good in it. It is exciting that this proj-
ect will include some machining and experiments, since I’m very 
interested in hardware.”

Anthony McHugh
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                                         

Software Platforms for 
Engineering Simulations

Advisor: John Williams

MIT Geonumerics (http://geonumer-
ics.mit.edu) specializes in software platforms for engineering simu-
lations of problems involving both fluids and solids using a unified 
simulation approach. This platform is currently an academic pro-
totype where usability is limited to experts in the field, we would 
like to address this so that it may become relevant to students and 
engineers. To achieve this goal we will evaluate the suitability of 
existing CAD scripting languages. Then, we will create a framework 
through which a problem statement can be fully defined, while al-
lowing for the wide range of geometric definitions provided by 
CAD. Finally, we will convert the geometric and solution parame-
ters into particle packings that can be read by the simulation en-
gine.

“While working in a structural engineering firm, I recognized the 
impact that flexible and powerful software platforms can have on 
how our world is built. MIT Geonumerics will let me bring better 
tools to the engineers that can use them.”

Connor McMahan
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                                         

The effect of curvature on the 
fracture paths of torn thin elastic 
shells

Advisor: Pedro Miguel Reis

The fracture of thin shell structures, especially the crack propaga-
tion pathways, is an area in Mechanics that remains largely unex-
plored. The goal of this project is to perform a systematic series 
of precision experiments towards gaining physical insight on how 
the curvature of a thin shell dictates the crack path during tearing. 
Custom shells will be fabricated with a variety of geometries and 
the resulting fracture paths upon tearing will be analyzed by 3D 
digital scanning. Our experimental results will inform the develop-
ment of analytical models and the derived understanding could 
find applications in Lasik eye surgery and industrial cutting pro-
cesses.

“Prof. Reis was my 2.002 (Mechanics and Materials II) professor and 
I became interested in working with him because I was fascinated 
by in-class demonstrations of his research projects and their rela-
tion to the course material. I have worked in the fields of nano-
technology, drilling engineering, prosthetic limbs and automotive 
transmission systems. I devote my non-academic hours to rowing.”

Mikael Mengistu
MIT EECS — Keel Foundation 
Undergraduate Research and 
Innovation Scholar                                                        

myMemory: Understanding and 
Improving Human Memory

Advisor: Aude Oliva

The overall goal of the project is 
to design and create a mobile application that provides insights 
to our users about their memory. Currently the project relies on 
crowdsourced information from Amazon Mechanical Turk. This 
provides us with a good basis of information which will help guide 
some of our design decisions for the various tests to be distributed 
through the mobile application. My role in this project will be to 
help develop the the mobile application as well as implement and 
evaluate various testing mechanisms on crowdsourcing platforms 
to identify the type of insights that we can provide to people by 
discovering the individual differences in memory.

“I am currently a senior studying computer science. I was first ex-
posed to mobile-app development during my freshman IAP when 
I participated in 6.570, the Android development competition. 
Since then I’ve had internships at GroupMe and Redfin where I 
worked on mobile features for iOS and Android. Most recently I in-
terned at Microsoft where I worked on the ASP.NET 5 team.”
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Bailey Montano
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                                       

Energy Efficient Water 
Desalination Through Conductive 
Gap Membrane Distillation

Advisor: John Lienhard

Membrane distillation (MD) is a method of desalinating water that 
uses heat as the energy input. MD has many advantages over oth-
er methods of desalination, namely, a relatively high resistance 
to membrane scaling, the ability to desalinate contaminated and 
extremely concentrated salt water, and the benefit that an MD sys-
tem can be powered by many sources of heat (e.g. waste heat from 
power plants, geothermal heat, concentrated solar rays, etc.). The 
main drawback of MD is its relatively low energy efficiency. This 
work will focus on the development and implementation of a nov-
el MD configuration, conductive gap membrane distillation, which 
numerical models predict to have an efficiency comparable to that 
of the current state-of-the-art desalination systems.

“I became very interested in thermal-fluid systems after taking 
2.005 and 2.006. This UROP has given me the chance to explore 
both of those interests in an area which I find to be very mean-
ingful. Given the current population growth and climate warming 
trends, finding efficient and sustainable methods of desalinating 
ocean water is imperative to preventing massive worldwide water 
shortages.”

Aishwarya Narayan
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                                        

Instrumentation and Evaluation 
of Wheelchairs for the Developing 
World

Advisor: Daniel Frey

This project involves creating a system to measure the impact of 
the rough terrain found in developing countries on wheelchairs 
using sensors. The accelerometers will be used with the strain 
gages to determine when the wheelchairs experience significant 
forces, then the strain gages measure the actual forces. Next, the 
placement of the sensors on the wheelchair is determined in order 
to avoid damage and obtain sensible readings. This involves calcu-
lations to find wheelchair parts experiencing the greatest stresses, 
then creating housings for sensors on the wheelchairs deployed in 
the field for several months. The data collection involves gathering 
data from the sensors, and then an electronics and software com-
ponent to ensure the sensors and can correctly communicate with 
each other.

“I’m really excited about my SuperUROP! I have always been pas-
sionate about working in developing countries, and my Super-
UROP allows me to combine my love of mechanical engineering, 
electronics, and helping people into one awesome project. This is 
my first experience in research, and I think it will be a great intro-
duction.”

Erik Nguyen
MIT EECS — Duke Energy 
Undergraduate Research and 
Innovation Scholar                                                        

Digital Mapping for Mobile 
Humanitarian Technologies

Advisor: Lalana Kagal

Mobile devices can aggregate and 
analyze data that relief organizations depend upon for long-term 
relief projects or during times of crisis. However, technical barriers 
to entry for mobile app development have limited the role of smart 
devices in relief operations. App Inventor is a platform that works 
to lower these barriers by letting users create Android apps with 
visual blocks. Punya, a framework on top of App Inventor, extends 
this effort with specific functionality for relief operations such as 
Linked Data capability for easy integration, off-line tolerance, sen-
sors and more. My work is to add mapping abilities to Punya by 
adding OpenStreetMap support. These maps can be annotated, 
built with application-specific layers, etc. which is useful for needs 
like live crisis mapping.

“I’m a 6-3 junior with an interest in computer systems. One of my 
goals is to be able to use the software engineering skills I’m devel-
oping to somehow make a positive and meaningful impact in peo-
ples’ lives. This project appealed to me because I have the chance 
to work on a platform that will support the efforts of international 
relief organizations.”

John Niroula 
MIT EECS — Texas Instruments 
Undergraduate Research and 
Innovation Scholar                                                       

Quantum effects in InGaAs FinFET 
structures

Advisor: Jesus A. del Alamo

In order to continue following Moore’s 
law, components of electronics must continue to shrink in size. III-V 
compound semiconductor transistor scaling is ongoing into the 
sub 10 nm regime. In such transistors, the channel cross-section 
is so small that quantum effects start to affect the transistor char-
acteristics. This project studies the electrical properties of III-V Fin-
FETs (Fin Field Effect Transistors), namely, how the mobility, carrier 
concentration, and sheet resistance in these devices vary as the di-
mensions delve into the nanometer range. This will be studied by 
fabrication and characterization of nano Van der Pauw structures 
for Hall measurements. Device fabrication will be done at MTL us-
ing advance nano fabrication techniques developed by Professor 
Jesus del Alamo’s group.

“I am interested in solid state physics, especially in its applications 
to understanding modern electronics. Last summer, I interned at 
the Jet Propulsion Laboratory where I worked on processing and 
characterizing thermoelectric devices. I hope to learn much about 
solid state physics and quantum mechanics applications to micro-
electronics. I am excited to be working in a cleanroom and contrib-
uting to cutting-edge research.”
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Akhil Nistala 
MIT EECS — Amazon Undergraduate 
Research and Innovation Scholar                                                       

Automatically Generating 
Accurate Annotations for High 
Precision Question Answering

Advisor: Boris Katz

START is a natural language question 
answering system developed by Boris Katz and the InfoLab at MIT’s 
CSAIL. START is able to answer questions by matching them to an-
notations, which are natural language descriptions of non-parse-
able content such as tabular data, images, and unstructured text. 
Currently, these annotations are manually created and loaded into 
START. It is very important to create a system to generate these 
annotations automatically, as it is infeasible to manually create an-
notations for a large corpus of data such as Wikipedia (5M articles). 
Automatic annotations can greatly increase the number of ques-
tions START can answer. The techniques developed in my research 
will also help push the state-of-the-art for other question answer-
ing systems such as Siri and Google Now.

“I became interested in this project because of my desire to learn 
about natural language processing and apply it in a practical set-
ting. I’m excited about the possibility of making a significant con-
tribution to START and learning a lot while doing so.”

Johannes Norheim 
MIT AeroAstro — Airbus 
Undergraduate Research and 
Innovation Scholar                                                      

Plug and Play Framework for 
Activity Planning with Groups of 
Ad-hoc Agents

Advisor: Brian Williams

Planning algorithms are essential in providing autonomy to ro-
bots, vehicles and rovers. The Model-based Embedded and Ro-
botics Systems Group (MERS) group has designed such planning 
algorithms, however, they depend on precise models of the agents 
(e.g. vehicles) the planner is implemented for. This means that any 
change of agents, or agent capabilities, will require a lot of hard 
coding making these algorithms lack robustness for real life appli-
cations. This project aims to develop a software environment that 
encapsulates the planning algorithms capabilities into a modular, 
easy-to-configure system for multi-agent scenarios where each 
agent can have different capabilities, and easily be swapped in and 
out.

“It has now been three years since I started working with the 
MERS group. Until now, most of my work for the group focused on 
making tools which didn’t require a very deep knowledge on the 
research carried out. However, over the course of the time spent 
within the group I have gotten to know the people, their projects, 
and their motivations better, and therefore want to be able to final-
ly make a significant contribution.”

Paige Omura
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                                                              

Magnetic Nanoparticles for 
Treatment of Metastatic Breast 
Cancer

Advisor: Robert Langer

The greatest challenge in reducing breast cancer-related deaths 
has been early detection and treatment of metastases, particular-
ly those affecting the brain. This project hopes to provide a more 
robust, specified way to diagnose and eradicate metastases via 
magnetic nanoparticles, a class of non-invasive imaging agents 
that have been developed for magnetic resonance imaging. Al-
though these nanoparticles have traditionally been used for imag-
ing via passive targeting, we hope to apply a similar technology to 
cellular-specific targeting and drug delivery. Our multifunctional 
magnetic nanoparticles will ultimately provide both molecularly 
targeted diagnostic imaging and deliver therapeutics across the 
blood brain barrier to the central nervous system to fight meta-
static breast cancer.

“I love exploring how novel technologies and ideas can be applied 
in multiple settings. Although this project focuses specifically on 
breast cancer, its technologies are multidisciplinary; successful-
ly passing non-biological nanoparticles through the blood brain 
barrier could impact the world far beyond cancer treatment. This 
project excites me because it is so molecularly specific but has in-
credible breadth potential.”

Alexander Oliva 
MIT EECS — Angle Undergraduate 
Research and Innovation Scholar                                                      

Soft Robots

Advisor: Daniela L. Rus

Autonomous soft-bodied robots are 
important because they allow for saf-
er human-robot interaction and open 

up new uses for robots. In the case of robotic fish, soft-bodied 
robots resemble much more closely the behavior of natural fish, 
which can serve many purposes. The fish developed in the Distrib-
uted Robotics Laboratory (DRL) in CSAIL mimic the body of a real 
fish and are capable of diving and turning with about 35 minutes 
of battery life. This SuperUROP will focus on improving the gear 
pump design including implementing brushless motors for higher 
efficiency, as well as mounting RGB cameras to the heads of the 
fish to allow for coordinated swimming.

“I have always been interested in robotics but especially found 
interest in how nature can inspire the current state of our robots, 
so I was very excited to find out about this SuperUROP in which 
I will work with robotic fish. My internship in embedded systems 
at Draper Laboratory as well as experience gained here at MIT in 
power electronics, circuit design, robotics, etc. will help me in this 
SuperUROP tremendously.”



392015 – 2016 Scholars 

Ming Yang Ong
MIT EECS — DENSO Undergraduate 
Research and Innovation Scholar                                                                            

Quadratic unconstrained binary 
optimization

Advisor: Pablo Parrilo

We aim to investigate a subclass of in-
teger programming problems known 

as Quadratic Unconstrained Binary Optimization (QUBO) prob-
lems. QUBO is known to be NP-hard in the general case. Howev-
er, it is quite possible to discover for specific Q methods that are 
efficient in practice. We aim to explore different methods to solve 
this problem and analyze their effectiveness on different Q. Many 
real world problems can be aided by efficient solutions to QUBO. 
For example, Ising models and graph partitioning problems can be 
expressed naturally as a QUBO problem. QUBO is also common in 
many machine learning applications, and is especially related to 
belief propagation in graphical models.

“I like optimization, NP-hard problems and matrices.”

Akshay Padmanabha
MIT EECS — Angle Undergraduate 
Research and Innovation Scholar                                                                            

Depth-Sensing Gesture 
Recognition Device

Advisor: Vivienne Sze

Many devices incorporate gesture 
recognition with AR interactions, but 

they suffer from problems including being intrusive, uncomfort-
able, and simply incapable of tracking small finger movements 
that make up our interactions with modern technology. I propose 
a wearable that allows detection of slight finger movements using 
a sensor on the human wrist.; this would allow for subtle but mean-
ingful gestures, including navigating the web, scrolling, mouse 
control, and typing. Current gesture recognition devices focus on 
macro movements, which reveal limitations in what a user can 
actually do; instead, the proposed device focuses on micro move-
ments, which can not only perform as input to current technology, 
but also serve as a stepping-stone into a world where augmented 
reality is the norm.

“I have pondered for a while the idea of creating a device for 
hands-free gesture detection that is less cumbersome and more 
useful than current attempts at such a device, and I believe that 
SuperUROP is a great way to expand upon this idea. I am thrilled 
to work on this project, learning more about the challenges of ges-
ture detection and device construction along the way.”

Ruth Park
MIT EECS — Keel Foundation 
Undergraduate Research and 
Innovation Scholar                                                                            

Increasing Completion Rates of 
MOOCs

Advisor: Isaac L. Chuang

Massive Open Online Course (MOOC) 
Platforms such as edX have the potential to provide immense val-
ue but is currently crippled by the low completion rates of its of-
fered courses. In an effort to increase legitimacy of MOOCs – mak-
ing them more desirable to complete – we will be collecting and 
analyzing data of student usage to detect signs of cheating. This 
not only can give us substantial information about what cheating 
might look like, but also who feels the need to cheat. In addition, 
we will be increasing the effectiveness of MOOCs to teach and give 
timely and effective feedback about what you have learned and 
what you need to review/learn by creating dynamic dependency 
tree based exams, representing student mastery not on a linear 
scale but a multidimensional scale.

“I’m a senior majoring in Computational Biology and my passion 
for making quality education accessible and viable for all makes 
this project ideal for me. I have much experience working with 
students and adults in an educational setting, am concentrating 
in education and plan to work on MOOCs and other educational 
platforms in the future. I have taken MOOCs and have experience 
with algorithms and data analysis.”

Tally Portnoi
MIT EECS — Morais and Rosenblum 
Undergraduate Research and 
Innovation Scholar                                                                 

Volumetric Spectroscopic Imaging 
with Analysis in Neonates

Advisor: Elfar Adalsteinsson

Chemical Shift Imaging (CSI) provides 
clinicians with information about 

chemical environment inside the brain, which they can in turn use 
to make diagnoses. A significant downside of current CSI of infant 
brains is that only the inner area of the brain can be imaged; this is 
because full brain scans suffer from signal contamination caused 
by the fat that surrounds the skull. The goal of my SuperUROP 
project will be to design acquisition and post-processing methods 
to reduce the signal contamination caused by the fat, and pro-
vide clinicians with information about the chemical environment 
throughout the entire infant brain.

“I am a course 6-2 Junior researching fetal and neo-natal MRI for 
my SuperUROP project. Summer 2014, I worked in a lab that devel-
oped MRI techniques for measuring the mechanical properties of 
brain tissue. I loved learning about MRI: it was everything cool in 
physics applied in a very elegant and practical way! My project also 
lets gives me exposure to a clinical setting, which is rare for course 
6. I am very excited!”



40 2015 – 2016 Scholars 

Sophia Reyes-Hadsall
Research and Innovation Scholar                                                                     

The Role of Immune-activity on 
Energy Expenditure and Weight 
Gain

Advisor: Eric Alm

This research project focuses on a po-
tential role of the immune system in the phenomenon of sub-ther-
apeutic doses of antibiotics and weight gain. It is hypothesized 
that antibiotics reduce the energetic cost of the host immune 
system, thereby conserving and expending this energy towards 
weight gain. In order to evaluate this effect, we will compare im-
muno-stimulated and suppressed murine models by regulating 
their immune system activity. To regulate immune activity, we will 
use environmental factors, such as dirty vs. sterile environments, 
as well as immuno-suppressing and inducing drugs. If indeed the 
immune burden, as it is reduced by antibiotics, can explain some 
aspects of weight gain, it would have a substantial impact both in 
agriculture as well as in the study of obesity in humans.

“My name is Sophia Reyes-Hadsall and I am a Junior in Course 20. 
This past summer during my research internship, I was part of a 
journal club and realized that I would like to pursue conducting 
research in the field of microbiology. I am looking forward to learn-
ing more about how microbiota can impact host metabolism and 
tackling some of the bigger questions that this field has yet to an-
swer.”

Jacob Rothman
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                                                              

Handheld Nanoliter Pipetting 
Device

Advisor: John Hart

Hand held pipettes are extreme-
ly important to many industries such as chemistry, biology, and 
pharmaceuticals, and experimental success is often closely relat-
ed to the accuracy and precision of these pipettes. As accurately 
dispensing fluids on much smaller scales becomes more desirable, 
hand help pipettes become less. I will be working on designing 
and manufacturing as specialized pipette tip, part of a larger in-
novative hand held pipette design, which will have the ability to 
precisely dispense fluidic volumes on the Nano liter scale.

“I have a passion for the design process and entrepreneurship: 
working in teams with a common goal to brainstorm, iterate, and 
come up with solutions to real world problems, having a positive 
impact on consumers and creating a better world. I believe my in-
terests are very well aligned with my superUROP, which is giving 
me a great opportunity to extend my learning.”

Ian Reynolds
MIT EECS — Foxconn Undergraduate 
Research and Innovation Scholar                                                                      

Echolocation: Sound and sonar as 
a mobility aid

Advisor: Aude Oliva

In nature, echolocation is employed 
some animals to augment or replace 

visual input. Some blind humans have also learned to echolocate 
by producing tongue clicks; while this method has granted these 
individuals a leg up in mobility, its neurological underpinnings 
are still being ascertained. In 2015 Sohl-Dickstein et al. described 
a prototype “ultrasonic helmet” that acted as an echolocation aid 
by producing ultrasonic pulses, listening for their echo, and trans-
forming the result into a sound audible to a human wearer. An im-
proved version of this device in a wearable form factor has poten-
tial as a platform for further experimentation in this domain and for 
use in real-world tests of this new assistive technology paradigm, 
unlocking echolocation as a mobility aid for all who find it useful.

“I took a SuperUROP because I wanted an intensive research proj-
ect requiring continued commitment. This project was a great 
match for me because it builds on signal processing techniques 
I learned in 6.003 and gave me a chance to work on hardware de-
sign and embedded systems. Mostly, I was excited by the prospect 
of helping to develop a device that could empower blind people to 
navigate the world with more confidence.”

Deepti Raghavan
MIT EECS — MediaTek USA 
Undergraduate Research and 
Innovation Scholar                                                                      

Using Remy To Build Congestion 
Control Protocols Resilient to 
Packet Loss

Advisor: Hari Balakrishnan

Remy is a program that creates congestion control protocols for a 
network given certain objectives and parameters about that net-
work. This project will investigate if it is possible to use Remy to 
synthesize congestion control algorithms that are also resilient to 
packet losses. Currently, many TCP algorithms respond to packet 
losses due to congestion by reducing the rate at which packets are 
sent. This reduces performance. We will investigate whether Remy 
can synthesize algorithms that respond to packet losses, not nec-
essarily due to congestion, without affecting performance. First we 
will explore how current Remy algorithms respond to networks 
with significant amount of packet loss. Then we will explore ways 
to encode resiliency to loss to Remy.

“I am a junior studying computer science. Through my experience 
in classes so far and at my internship at Akamai this past summer, I 
have done a lot of web programming. When I took Computer Sys-
tems, 6.033, in the spring, I was particularly interested in computer 
networks. I am excited to learn more about this area and to see 
what research in computer science is like!”
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Marissa Ruiz
MIT AeroAstro — Lincoln Laboratory 
Undergraduate Research and 
Innovation Scholar                                                                           

Parameterized Collision-
Avoidance Maneuvers for UAVs

Advisor: Jonathan How

This project will take place in the 
Aerospace Control Lab and will focus on the control of autono-
mous quadcopters with the aim of designing controllers that can 
rapidly determine how to adapt flight profiles in order to avoid 
collisions. Upon the identification of an obstacle in a UAV’s flight 
path, different collision-avoidance procedures might be executed. 
Candidate controllers would produce flexible object-avoidance 
maneuvers based both on the desired flight characteristics and on 
the characteristics of the maneuver itself. The project will work on 
the extension of the existing control framework of Dynamic Move-
ment Primitives, which is able to generate trajectories with certain 
desired characteristics, such that it can also produce flexible, pa-
rameterized avoidance maneuvers.

“I have always had a deep interest in aerospace controls and have 
focused my studies on control systems. I have past project experi-
ence in modeling and implementing control systems and hope to 
bring that experience to the task of designing controllers for the 
purpose of collision avoidance. I am excited to build on my past ex-
perience to gain a deeper knowledge of the design of controllers 
for autonomous quadcopters.”

Hayk Saribekyan
MIT EECS — Landsman 
Undergraduate Research and 
Innovation Scholar                                                                       

Labeling Dendritic Spines

Advisor: Nir N. Shavit

Connectomics is the study of maps 
and connections in an organism’s 

nervous system. The complexity and large variety of cells in the 
nervous system makes its comprehensive mapping infeasible by 
manual tracing of cells. We think that it is possible to approach 
this problem computationally. There are number of algorithms to 
segment brain images into neuronal processes. While these algo-
rithms identify the large objects in most cases, they often leave out 
small parts of cells such as dendritic spines, which may play a sig-
nificant role in determining the correct connections between cells. 
The goal of my project is to improve the quality of brain image 
segmentation by specifically finding and correcting mislabeled 
objects representing dendritic spines.

“I am excited to be part of a project that tries to make a step to-
wards understanding the brain, and in the long run can have a 
huge impact in medicine. I have done internships at Google and 
D.E. Shaw. Also started working on this project in summer and now 
I have a better idea of how to choose classes that will fit my project 
best.”

Nicole Seo
MIT EECS — Angle Undergraduate 
Research and Innovation Scholar                                                                       

Towards Super-Human Decision 
Making: Improving Response to 
Decision Support Systems

Advisor: Julie Shah

The goal of decision support systems 
(DSS’s) is to transcend the limits of human cognition and enable 
super-human decision making for operators in aviation, health-
care, emergency response, and more. But the harmonious combi-
nation of a human’s intuition and a machine’s computational pow-
er is hard to achieve, and DSS’s are often distrusted or mistrusted 
by their operators. Additionally, the segmented effort to improve 
DSS’s is hampered by the lack of an established terminology to dis-
cuss plans for improvement. The goal of this work is to synthesize 
existing insights from multiple domains, to develop a universal 
model of these systems, and to apply this model to propose design 
principles that will allow field experts to troubleshoot and devise 
plans for improving current systems.

“I applied for the SuperUROP program because I was inspired by 
the work of the lab I have been UROPing with--the Interactive Ro-
botics Group of CSAIL. My supervisors were kind enough to give 
me the opportunity to design my own research project, and the 
program was the perfect outlet for it. I hope to get an even better 
picture of the research world--both the highs and lows--and learn 
more about decision support systems.”

Maha Shady
MIT EECS — Texas Instruments 
Undergraduate Research and 
Innovation Scholar                                                                        

Creating Predictive Models for 
Patient Risk Level in Kidney and 
Heart Disease

Advisor: Collin M. Stultz

My interests in medicine and computer science merge togeth-
er nicely in this project. Machine learning algorithms allow us to 
use big data in medicine to improve medical practice and revolu-
tionize health care, which is something I care deeply about. I have 
previously worked at the Yaffe lab in the Koch Institute looking at 
how cell signal pathways can be used to sensitize cancer cells to 
chemotherapy. In the future, I hope to utilize my computational 
skills to go further into medical researcher and develop algorithms 
for medical use.

“My interests in medicine and computer science merge together 
nicely in this project. Machine learning algorithms can allow us to 
use big data in medicine to improve medical practice and revolu-
tionize health care. I have worked previously at the Yaffe lab in the 
Koch Institute looking at how cell signal pathways can be used to 
sensitize cancer cells to chemotherapy.”
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Shirin Shivaei
MIT EECS — Texas Instruments 
Undergraduate Research and 
Innovation Scholar                                                                       

Breast Tissue Imaging with 
Ultraviolet Fluorescence 
Microscopy

Advisor: James G. Fujimoto
Histopathology is the initial stage 

for the diagnosis of cancer and provides useful information on 
the adequacy of surgical resection of cancerous tissue. The stan-
dard histopathology methods require physical sectioning of the 
tissue, which takes more than a day to complete and imposes a 
delay between the surgery and the histopathology results. Other 
techniques, such as frozen section and nonlinear microscopy, have 
limited usage, are difficult to implement, or require expensive 
equipment. Our group is investigating novel alternative methods 
to facilitate pathology. I will be designing an ultraviolet (UV) mi-
croscopy setup to capture images from breast tissue stained with 
florescent dyes. Compared to current methods, UV fluorescence 
imaging may prove to be a fast, low cost and easy to implement 
approach to histopathology.

“I have always been passionate about medical technology and tak-
ing Applications of Electromagnetism piqued my interest in optics 
and photonics. Seeking to combine my passions, I found the re-
search in the Biomedical Optical Imaging and Biophotonics Group 
inspiring, and now, I am looking forward to building my own im-
aging microscope, testing it on real clinical cases, and seeing its 
impact on the medical world.”

Nalini Singh
Research and Innovation Scholar                                   

Developing Control Systems for 
Prosthesis-Aided Walking on 
Terrains of Varied Stiffness

Advisors: Tyler Clites, Hugh Herr

Current prostheses are limited in their 
effectiveness across different terrains. 

Research has shown that walking across alternative terrains results 
in disproportionately slower self-selected walking speeds, higher 
energy expenditure, and higher perceived exertion in amputees. 
This project aims to develop, implement, and test control systems 
for animal subjects that function more effectively across terrains of 
varying stiffnesses.

“I am a junior studying Electrical Engineering and Computer Sci-
ence interested in applying those subjects to medicine. For the 
past two years, I’ve worked in the Biomechatronics Group at the 
MIT Media Lab, and I’ve really enjoyed learning about recent ad-
vances in prosthetics. I’m excited to continue this work as a Super-
UROP and combine my interests in control theory and biology to 
explore the physiology of walking.”

Ellie Simonson
MIT AeroAstro — Lincoln Laboratory 
Undergraduate Research and 
Innovation Scholar                                                                   

Scheduling and Controllability 
for Temporal Constraint Networks 
with Uncontrollable Loops

Advisor: Brian Williams

Scientists and Autonomous Underwater Vehicles operators rou-
tinely use actions that involve “looping behavior,” i.e. actions that 
consist of an integer number of repeated sub-actions, often with 
uncontrollable duration. This is commonly seen in a coverage pat-
tern consisting of repeated passes back and forth over a region of 
interest in the shape of a grid. This pattern is also seen in UAV search 
and rescue missions, manufacturing robots repeatedly picking and 
placing components, etc. During this SuperUROP, I plan to devel-
op temporal reasoning algorithms to determine the feasibility of 
temporal networks that contain uncertain looping durations. If a 
temporal constraint network is controllable, that implies that the 
plan can be executed regardless of the uncertainty introduced by 
nature.

“I am especially interested in autonomous research like this be-
cause autonomous systems are crucial for space exploration. One 
of my career goals is to help develop fully autonomous systems 
enabling exploration of extraterrestrial environments and deep 
space. To prepare myself, I am taking 16.410/413 this semester, 
which focuses on planning and constraint programming algo-
rithms similar to what I will be designing.”

David Sherwood
MIT AeroAstro — Draper Laboratory 
Undergraduate Research and 
Innovation Scholar                                                                    

Countermeasures to Reduce 
Sensorimotor Impairment in 
Altered Gravity Environments

Advisor: Charles Oman

Astronauts experience a variety of gravity environments ranging 
from the microgravity of low earth orbit to over 3G on reentry. 
It is crucial to be able to maintain normal sensorimotor function 
during these periods, yet altered gravity has detrimental effects on 
our vestibular perception. This research is aimed at developing a 
pre-training routine that astronauts can undergo on the ground 
that will reduce their sensorimotor impairment during flight. We 
will first attempt to characterize individual’s adaptation time in 
hyper-gravity by performing a perceptual task on a short-radius 
centrifuge. We then hope to implement a pharmacological and 
variable practice routine to improve this time.

“I am especially drawn to research that occupies multiple areas of 
knowledge. To fully understand gravity and its effects on the hu-
man body, we must tie together aerospace and physiology. The 
most exciting part about studying this relationship is that it pushes 
us to think about what is next. The idea of living in altered gravity 
seems like science fiction, yet with research like this, it is much clos-
er than you think.”
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Melissa Slaughter
MIT EECS — Actifio Undergraduate 
Research and Innovation Scholar                                                                    

Coreset Segmentation for 
Efficient Video Compression and 
Accessibility

Advisor: John Fisher

Video streams are increasingly be-
coming an everyday part of life. From amateur GoPro clips to robot 
vision video streams, there is now a wealth of information docu-
mented in video. In these instances, especially regarding robotic 
vision, it has become necessary to be able to quickly retrieve infor-
mation from the video streams. In order to more efficiently search 
through video streams, a technique called coresets is used to com-
press and segment the video. The video is segmented into scenes, 
which are in turn compressed into a tree that makes it easy to re-
trieve specific events from the stream. My work will be focused on 
exploring multiclass feature learning techniques in order to try to 
optimize segmentation.

“Ever since I started reading science fiction, I have been fascinated 
with artificial intelligence and machine learning. My second se-
mester at MIT, I took the introduction to machine learning class at 
MIT, and I thought it was so cool that I wanted to learn more about 
its applications outside of the classroom. Doing a SuperUROP in 
CSAIL seems like a great opportunity to explore the research as-
pect of machine learning.”

Jamila Smith-Dell
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                                       

Continual 1-Dimensional 
Thermopower Wave Fuel Cell

Advisor: Michael Strano

Continual 1-dimensional thermo-
power wave fuel cells are in the early stages of development. These 
devices will have the potential to become a widely used energy 
source because of their high-density energy production in the 
form of electricity. Several studies have explored the combustion 
of solid fuels embedded in carbon nanotubes, such as nitrocellu-
lose and sodium azide. However, until now, no one has produced 
thermopower waves in a semi-batch operating system. This proj-
ect involves building a small device that intakes methanol vapor 
as fuel in order to generate electrical energy from chemical energy. 
These developments could lead to smaller, cheaper portable ener-
gy sources.

“I worked in Professor Strano’s lab in Spring 2015, developing pro-
totypes of thermopower devices. I also had the opportunity to 
intern at Procter & Gamble and ExxonMobil during my summers. 
Through these experiences, I gained an understanding of both the 
consumer products industry and the energy industry. I hope to 
apply my knowledge of product design, process optimization and 
energy harvesting to my SuperUROP project.”

Hae Jin (Hayley) Song
MIT EECS — Foxconn Undergraduate 
Research and Innovation Scholar                                                       

Free-flow Smart Reading Pen

Advisor: Suvrit Sra

The aim of this project is to develop 
a handheld, pen-style device that 
allows a reader to “click” on words in 

printed text and display meanings or additional context. Unlike a 
stylus for digital devices, it is the form factor of a pen-like device 
that makes it more attractive as a reading aid, especially due to its 
non-intrusive nature. The technical challenges are to build a simple 
yet robust system using the optical character recognition and fast 
search logic, display the retrieved information without impeding 
the user’s reading flow, and minimize its power consumption.

“I’m a senior in course 6 and 18, studying towards a Masters in EECS. 
I’m excited to tackle challenges in both software and hardware for 
this project. I’ll have a chance to implement machine learning and 
fast search algorithms, as well as building the actual device hands-
on. I aim to make a simple, yet robust device while keeping the cost 
low so that even students from low-income families can benefit 
from it.”

Rui Song
MIT EECS — Accenture 
Undergraduate Research and 
Innovation Scholar                                               

Using Data Analytics to Improve 
Wheelchair User Autonomy and 
Safety

Advisor: Dorothy W. Curtis

Why can’t a wheelchair be both comfortable and intelligent? This 
was the rationale in integrating an unobtrusive sensor system with 
a wheelchair. This system has been deployed at The Boston Home, 
resulting in 3 Gigabytes of data for further analysis and algorithm 
development. My goal is to make the wheelchair truly intelligent 
by analyzing real-time data with signal processing and machine 
learning to generate useful alerts for users and caregivers. Applica-
tions include preventing user fatigue, heat exhaustion detection, 
pressure sore alleviation and recognition of sleep apnea through 
analysis of respiration rate, heart activity and external conditions. 
This gives users more freedom and information, while providing 
the safety net of a caregiver alert system.

“My previous UROP in the Lodish lab used web scraping to identify 
metabolic proteins. At Johnson & Johnson, I designed and imple-
mented visualization tools for complex drug production systems. 
Most recently, at Smarsh, I used machine learning to analyze large 
datasets for fraud. I hope to compile these experiences in machine 
learning, analytics and visualization to create an interface between 
user, caregiver and wheelchair.”
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Hansa Srinivasan
MIT EECS — DENSO Undergraduate 
Research and Innovation Scholar                                             

Object Deformation Prediction 
Following Impact

Advisor: William T. Freeman

Exploring object deformation pro-
vides insights into materials, and 

being able to predict an object’s deformation reveals significant 
information as to its composition. We use the Greatest Hits video 
data set, where a drumstick is scratches or hits various objects, and 
apply computer vision techniques to predict the deformation. Op-
tical flow is used to determine whether there is deformation and 
characterize that deformation. The first component of this project 
involves training a convolutional neural network (CNN) to predict 
from video, whether deformation will occur. We build off this to 
then predict the area of the deformation and the deformation it-
self through optical flow. Lastly, audio input is added as an extra 
feature set into the CNN to achieve higher accuracy predictions.

“I became interested in computer vision and computational pho-
tography after taking the computational photography class. This 
class along with a machine learning class and other background 
research I have done over the summer have prepared me for my 
SuperUROP. I hope to learn how to effectively apply machine learn-
ing to perform novel computer vision tasks.”

Tejas Sundaresan
MIT EECS — Mason Undergraduate 
Research and Innovation Scholar                                                                     

Building a More Personalized 
Colon Cancer Prognosis Tool using 
the Partners Healthcare Clinical 
Data Set

Advisor: Peter Szolovits

Our goal is to build a more personalized web-based tool to help 
patients with colon cancer understand the potential prognosis 
they might encounter as a result of the disease. We hope that the 
tool, using additional features gleaned from ancillary EMR data, 
will provide fine-tuned forecasts for colon cancer stage advance-
ment, mortality risk, and potential interventions or treatments 
for the patient. We hope such information can better influence 
the personalized management of colon cancer and better inform 
patients about their current health state after they are diagnosed 
with colon cancer.

“After taking 6.034 and a machine learning summer internship, I 
became interested in learning about out how medical decisions 
could be modeled as machine learning problems that draw on ex-
isting medical data to assist in clinical decision making. I’m excited 
to be working on a SuperUROP that will help me gain a better un-
derstanding of both the medical field and applying AI in real-world 
problems.”

Xubo Sun
MIT EECS — Lincoln Labs 
Undergraduate Research and 
Innovation Scholar                                                                      

Big Data and Missing Data in 
Omnichannel Pricing

Advisor: Pablo Parrilo

Our research considers how different 
channels (such as brick-and-mortar and online) as well as differ-
ent sources of data (such as transaction and social media data) can 
help improve demand prediction and pricing decisions. One chal-
lenge in predicting demand is the problem of missing data: the 
retailer observes the amount of rewards offered to customers who 
make purchases, but does not observe any data on customers who 
decide not to buy. The Expectation-Maximization (EM) algorithm 
is a classical approach to parameter estimation with missing data, 
but assumes a certain shape of the distribution of rewards. As a 
non-parametric alternative, we have proposed the Non-Parametric 
Maximization (“NPM”) algorithm. The project will study the NPM 
algorithm both analytically and through simulations.

“I have worked as a UROP student with Professor Perakis for one 
and a half years. My SuperUROP project is a direct extension to one 
of my projects in the past. I am interested in Operations Research 
as it deals with the application of mathematics and computer sci-
ence to solve practical decision-making problems.”

Dan Sosa
MIT EECS — MITRE Undergraduate 
Research and Innovation Scholar                                              

Understanding Type 2 Diabetes 
Genetics through Non-Coding 
Rare Variant Analysis

Advisor: Manolis Kellis

Type 2 diabetes is a complex, 
non-Mendelian disease affecting nearly 10% of the US population. 
Thus far, GWAS have only explained a small proportion of disease 
heritability. This research attempts to shed light on the missing 
heritability by analyzing rare variants in non-coding genomic re-
gions. Previous rare-variant association studies have lacked suffi-
cient power, which this research addresses by utilizing the Road-
map Epigenomics data for specific cell types of interest and the IGR 
algorithm to predict the effects of mutations on transcription fac-
tor binding affinity. By testing a smaller set of enriched regulators 
and collapsing variants based on their effects, this research aims to 
boost the power of sequence association studies and improve our 
understanding of the genetics of T2D.

“From collecting pond water samples as a kid to burning the mid-
night oil on 6.047 psets, I’ve always loved biology. My previous 
work developing a model to predict the functionality of non-syn-
onymous T2D variants from empirical data gave me prior experi-
ence in the field. I hope to continue learning in this space, and I am 
thrilled by the potential to make a significant contribution to our 
understanding of T2D genetics.”
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Hyungie Sung
MIT EECS — Actifio Undergraduate 
Research and Innovation Scholar                                                                      

(Re)Thinking Email: A Case Study 
in Conceptual Design of Software

Advisor: Daniel N. Jackson

The Software Design Group is devel-
oping a new approach to software 

design, which focuses on the design of key concepts and abstrac-
tions that are necessary to understand in order to use a system and 
to use a system and to work on its codebase. This research will con-
tribute to the development of this theory through a case study on 
email. This study will examine currently existing email clients in or-
der to recognize the purposes and concepts that are implemented. 
Select concepts will be chosen and new concepts may be created 
for a specific niche audience that an email client will then be de-
veloped for. The aim of this project is to gain experience applying 
a theory of design and to evaluate how effective this approach is in 
guiding the design of new software applications.

“From my past internships with One Kings Lane and Pinterest, I de-
veloped a strong passion for software design. I took Software Stu-
dio with Professors Daniel Jackson, Adam Chlipala, and Mark Day 
during Fall 2014 to further my interest. With this project, I am very 
excited to apply what I have learned and continue to expand my 
knowledge in the matter with a product that is used greatly by the 
general public.”

Harini Suresh
MIT EECS Undergraduate Research 
and Innovation Scholar                                                       

Feature Representation for 
Predicting ICU Mortality

Advisor: Collin M. Stultz

Current representations of features 
in clinical data may underrepre-

sent differences, in the case of features reduced to binary values, 
or over-represent them, in the case of features which are kept at 
their exact value. I aim to critically and quantitatively evaluate dif-
ferent feature representations. In addition to the representations 
that are already widely used, I introduce two new representations 
and compare all of these with the aim of defining a methodology 
for choosing the best set of features, representations, and model 
for building predictive models in a clinical setting. I evaluate the 
models based on their accuracy in predicting the outcomes of ICU 
patients from the MIMIC II & III databases.

“I’ve been interested in machine learning ever since I took 6.034, 
and I think it can be very impactful in changing the way that health-
care is administered.  I’ve spent the last two summers doing data 
science internships at health-focused companies, and I am excited 
to delve deeper into a large medical database and use a variety of 
machine learning techniques in this project.”

Sorawit Suriyakarn
MIT EECS — Cisco Undergraduate 
Research and Innovation Scholar                                                                     

Deductive Synthesis of Binary 
Encoders and Parsers in a Proof 
Assistant

Advisor: Adam Chlipala

Network protocols typically commu-
nicate via a structured binary format, relying on binary encoders 
and parsers to bridge the gap between these formats and the 
in-memory representations used by clients. Implementing pars-
ers for such protocols, however, is a tedious and error-prone pro-
cess, often involving tricky bit manipulations. The purpose of this 
project is to build a library for synthesizing binary encoders and 
parsers from mathematical specifications, allowing users to derive 
an implementation along with machine-checked proofs, guaran-
teeing its correctness. The library will extend Fiat, a deductive syn-
thesis framework in the Coq proof assistant and is an important 
step towards our larger goal of automatically synthesizing internet 
servers from their published specifications.

“I have UROPed with Prof. Chlipala last year, and that led to my in-
terest in interactive theorem proving and functional languages. 
They are fun to learn.”

Heather Sweeney
MIT EECS — Himawan 
Undergraduate Research and 
Innovation Scholar                                                        

Designing robust inhibitors of 
HIV protease by minimizing 
extraneous interactions

Advisor: Bruce Tidor

Acquired drug resistance is a major clinical problem in diseases 
such as HIV where targets such as HIV protease rapidly mutate. 
Inhibitors can be designed to mimic the substrate by occupying 
the consensus volume of substrate, the “substrate envelope”. How-
ever, there are some designed drugs that obey this principle but 
have significantly weak binding affinities to clinical HIV protease 
mutants. We hypothesize that drugs gain too much binding ener-
gy from specific regions of the target, and therefore one strategy 
would be to avoid certain interactions. In this SuperUROP I will 
analyze binding profiles of designed drugs and develop a filter to 
select drugs that minimize contacts with certain regions, which 
should present a new framework for designing drugs that combat 
resistance mutations.

“Previously I’ve worked at Oregon State University designing Mar-
kov models of Coho salmon movement and at the Fraenkel Lab 
at MIT finding putative miRNA-transcription factor interactions in 
type 2 diabetes. This SuperUROP is another opportunity to learn 
about the applications of computer science to biology, this case 
in the context of enzyme-substrate interactions and drug design.”
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Flora Tan
MIT EECS Undergraduate Research 
and Innovation Scholar                                                            

Deep Learning for Finance

Advisor: Suvrit Sra

This research project is motivated by 
the idea that technology is disrupting 
and expanding the financial services 

industry. Underpinning this transformation is a blend of big data 
technologies intersecting with modeling and analytics, which 
provide new and innovative ways of investing. In this project, we 
will explore how deep learning can be used to model high-level 
abstractions from financial data. Deep learning is a branch of ma-
chine learning that is very compatible for market data, as it uses 
many layers of algorithms to successfully recognize increasingly 
complex features from unstructured data. Our goal is to develop 
and apply methods in deep learning that will deliver a powerful 
edge in investing by automatically recognizing and learning mar-
ket trends in near real time.

“I obtained some exposure to artificial intelligence and machine 
learning methodologies from previous summer internships and 
coursework, which got me very interested in exploring a long term 
research project in machine learning. Moreover, after interning 
with several financial institutions, I became eager to learn how 
these technologies could be applied to the financial services in-
dustry.”

Vincent Tjeng
MIT EECS — MITRE Undergraduate 
Research and Innovation Scholar                                      

Control Systems for Agile UAVs

Advisor: Russell L. Tedrake

Unmanned Aerial Vehicles (UAVs) 
have ubiquitous military and civil-
ian applications. While today’s UAVs 

are far more capable than they were ten years ago, they remain 
constrained by the fact that they can only move through unknown 
environments at a relatively slow pace of 5-10m/s. This limit on the 
speed of UAVs is imposed by a combination of sensor limitations, 
limitations on available computational power, and the increasing 
complexity of aerodynamics at high speeds. This research project 
will attempt to develop some of the control and sensing tech-
niques required to overcome these limitations.

“This project excites me because of the opportunity to work in an 
expanding field with a wide range of possible applications. UAVs 
have been used in areas as different as archaeology and cinema-
tography, and I’m certain that the possibilities that people can 
dream up of will continue to grow.”

Katrine Tjoelsen
MIT EECS Undergraduate Research 
and Innovation Scholar                                   

Enabling foreign language learn-
ers to improve reading compre-
hension

Advisor: Tony L. Eng

The goal of this project is to create a 
tool that can help learners improve their reading comprehension 
in a foreign language. When learning a new language, it can be 
challenging to find reading material that is at an appropriate level 
– it might be either too easy to be beneficial for learning, or too 
difficult so that it is discouraging for the learner. This proposed tool 
will learn the users’ proficiency in the language and present the us-
ers with articles that fit their competency and allow them to learn 
the language incrementally.

“I am excited to apply and modify algorithms studied in class to 
address a real world relevant challenge.”

Tsotne Tabidze
MIT EECS — Amazon Undergraduate 
Research and Innovation Scholar                                                            

Model-driven development of 
scalable web apps

Advisor: Daniel N. Jackson

The development of robust and effi-
cient interactive web applications is 
challenging. Developers have to think 

about and manage many aspects of the web application. Some 
of the common, time-consuming problems include client-server 
communication, real-time data fetching, and techniques need-
ed for scaling the application. We aim to make a simple-to-un-
derstand, event-driven programming model and framework for 
programming scalable distributed applications. The framework 
should allow controlling the communication, concurrency, and 
data consistency as separate concerns. The end goal is a program-
ming model that frees developers from thinking about accidental 
complexities of distributed applications and provides a clean and 
easy way to control their scalability and performance.

“I have worked with large distributed systems during my intern-
ships at Quora and Facebook as a member of their infrastructure 
teams. Therefore, I’m familiar with the problems and complexi-
ties associated with scaling the web backend. I’m very excited by 
the prospects of researching and finding new ways of addressing 
these issues, and hope to gain more experience along the way.”
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Jason Tong
MIT EECS — Lincoln Labs 
Undergraduate Research and 
Innovation Scholar                                 

THink: Investigating Cognition 
with the Symbol-Digit Test

Advisor: Randall Davis

The early detection of neurodegener-
ative diseases is critical to delaying their progression. THink aims 
to detect such diseases by examining performance on written 
tests. The Symbol-Digit Test is the latest of three cognitive tests de-
veloped by Prof. Randall Davis and focuses on subjects’ ability to 
translate symbols to digits given a symbol-digit mapping, directly 
copy digits, and recall the mapping. The tests are completed with 
the Anoto pen, a digitizing ballpoint pen that collects the pen’s 
coordinates and the pressure exerted at a temporal resolution on 
the order of milliseconds. In collaboration with Dr. Dana Penney 
of Lahey Clinic, we hope to produce a model from this wealth of 
data that can classify between healthy and unhealthy subjects, and 
even offer a preliminary diagnosis.

“I am a 6-3 senior who loves dreaming of ways to augment human 
cognition by complementing our intelligence with machine learn-
ing. In THink, we do precisely this to further our understanding of 
human cognition. I have worked with the ClockSketch and Maz-
eSketch tests, two other tests designed to enable early detection 
of neurodegenerative diseases, and I’m excited to approach this 
problem now with the Symbol-Digit test.”

Vivian Tran
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                

Treatment of Neutron Resonance 
Elastic Scattering in Monte Carlo 
Simulations

Advisor: Benoit Forget

Simulations are vital to the safe design and operation of nuclear re-
actors. My project investigates the probability of nuclear reactions, 
which is important for controlling a nuclear reactor. I’m trying to 
make sure the physics and random nature of nuclear interactions 
are being treating correctly in the simulations, and figure out ways 
to make the simulations run faster.

“Last year, I worked with the Computational Reactor Physics Group 
(CRPG) to investigate different methods for treating neutron res-
onance scattering in OpenMC, a Monte Carlo particle transport 
code. I gained skills building and using simulation tools, and I am 
excited to apply those skills towards a project that looks at a much 
bigger picture and allows me to play around with the interaction 
of nuclear plants with society.”

Lampros Tsontzos 
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                

Energy-Optimal Path Planning for 
Vehicles Operating in Uncertain 
Environments

Advisor: Pierre Lermusiaux

The aim of this project is the development of fundamental ap-
proaches towards quantitative energy-optimal planning for ocean 
and air vehicles operating in uncertain dynamic environments. 
In recent years we have observed a growing use of autonomous 
vehicles in many different applications including security, acous-
tic surveillance, distribution of goods, search and rescue, oil and 
gas exploration, and ocean monitoring and forecasting. Especially 
when it comes to marine operations, where ocean sensing is cru-
cial to most autonomous missions due to uncertainty, long endur-
ance and low energy cost are vital requirements. This is where this 
project comes in, allowing us to get a fundamental understanding 
of how uncertainty affects these operations and how it can be han-
dled more effectively.

“Superurop is a great opportunity for undergrads who want to be 
exposed to graduate-level research. My goal is to work in the inter-
section of energy and ocean engineering and apply a combination 
of mathematical and computational approaches to solve complex 
and challenging problems. This is a constantly evolving area, with 
a lot of progress to be made, so I’m excited about being part of the 
process with my research.”

Jordan Ugalde
MIT EECS Undergraduate Research 
and Innovation Scholar                         

Addressing Firmware 
Vulnerabilities in the USB Protocol

Advisor: Howard Shrobe

This project seeks to develop a firm-
ware patch to USB devices which 

enables guarantees to be made about the safety of a device. The 
approach taken involves using encryption to create a verification 
system that doesn’t allow for any transaction to occur between de-
vice and machine, including the host fetching the description of 
the device, until the user confirms that the transaction is correct.

“I’m excited to take on a project that has the potential to positively 
contribute to the world of cybersecurity.”
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Bradley Walcher
MIT AeroAstro — Lincoln Laboratory 
Undergraduate Research and 
Innovation Scholar                                     

Concussion-protective Football 
Helmets

Advisor: Raul Radovitzky

The project is to re-engineer and de-
sign a new football helmet for younger players that will reduce the 
possibility of a concussion. Concussions are devastating and have 
long-term effects that are becoming better understood. The hel-
mets we use today have become a weapon that can cause great 
damage and we hope to create a helmet that will reverse that per-
ception. The preliminary idea for the new helmet is to have a soft 
layer on the outside of the helmet with the hard layer on the inside. 
In addition, we will have to design all the other pads and the face-
mask. This project will consist of materials and structures work but 
will also integrate understanding of design processes and manu-
facturing techniques.

“My name is Brad Walcher and I am a junior in Course 16 (AeroAs-
tro). I am prepared for this research project because I have done 
design work in internships and I have experience with helmets as 
a current member of the MIT Football team. I hope to learn more 
about materials and the types of structures that are strongest in 
helmets and shock-absorption.”

Margaret Walker
Research and Innovation Scholar                                     

High-throughput Dissection and 
Functional Validation of Tissue-
Specific Enhancers Through a 
Massively Parallel Reporter Assay

Advisor: Manolis Kellis

The human body is composed of many different cell-types, each 
with a unique subset of expressed genes. The driving forces be-
hind differential expression are transcription factors, proteins that 
bind to specific DNA locations, known as enhancers, and induce 
expression of a given gene. Mutations in enhancer DNA can lead 
to abnormal binding, which can result in disease. The study of tis-
sue-specific effects from modifications in enhancer DNA requires 
testing synthetic constructs in different cell types, a laborious and 
time consuming process. This project seeks to uncover the princi-
ples of enhancer tissue-specificity as well as to design and func-
tionally validate synthetic tissue-specific enhancers that will allow 
for the expression of exogenous constructs in one cell type but not 
in another.

“Majoring in course 6-7, I have had the opportunity to work on both 
basic and computational biological research. Previously I worked 
at the Koch studying molecular mechanisms of cell division, and I 
took 6.047, which introduced me to many areas of computational 
biology. My interdisciplinary major has provided me the skills and 
desire to work on a more rigorous project combining experimental 
and computational biology.”

Cimran Virdi
MIT EECS Undergraduate Research 
and Innovation Scholar                                                                              

Low-power Processor for Real-
time Motion Magnification in 
Videos

Advisor: Anantha P. Chandrakasan

Videos can provide information 
about small movements that the human eye would not normally 
perceive. Motion magnification techniques have made visualizing 
these small, periodic motions possible. Previous motion magnifi-
cation algorithms focus on processing the entire video frame to 
produce a motion magnified video. This project focuses on incor-
porating motion detection into these techniques to reduce the 
size of the processed video, thereby reducing runtime and energy 
required for processing.

“My previous research experience focused on motion planning 
and computer vision on PR2 robots. I have been working in MTL 
under for the summer and have familiarized myself with the previ-
ous work and explored future applications of the technique. I am 
excited to contribute to the improvement of the technique.”

Guillermo Vargas
MIT EECS Undergraduate Research 
and Innovation Scholar                              

Building on the Proto Biocompiler 
for Synthetic BiologyBuilding 
on the Proto Biocompiler for 
Synthetic Biology

Advisor: Timothy K. Lu

Many workflows in synthetic biology require processes to be car-
ried out manually, when they could instead be facilitated by au-
tomated resources. A properly constructed toolset could not only 
improve efficiency in current workflows; it could provide the re-
sources necessary to engineer more scalable mechanisms and 
tackle more daunting challenges in synthetic biology. TASBE (A 
Tool-Chain to Accelerate Synthetic Biological Engineering), a tool 
set that can be used to automate steps from organism level de-
scription to cell assembly, is one of the first steps being taken to-
wards automating processes in synthetic biology. Improvements 
need to be made on the usability of TASBE so that any synthetic 
biologist can make use of the toolset. Better tools should allow for 
quicker high-quality results.

“I am a 2016 in course 6-3 with an interest in pure sciences, espe-
cially biology. My SuperUROP project is to build an IDE and tool set 
for the language developed for the Proto Biocompiler for synthetic 
biologists. I plan to build on existing open source software, which 
should allow me to leverage my engineering experience gained 
in industry. I hope to learn about how software can be used to 
streamline processes in science.”
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Ashley Wang
MIT EECS — DENSO Undergraduate 
Research and Innovation Scholar                                    

Visualizing Big Data in Mobile 
Humanitarian Technologies

Advisor: Lalana Kagal

One major challenge for developers 
today is integrating data from multi-

ple different sources, such as twitter feeds or government databas-
es, and visualizing results. Punya, a framework for mobile develop-
ers, is an extension of AppInventor that uses Linked Data principles 
to make finding and integrating data easier. My project would be 
to add functionality to Punya to display visualizations of this inte-
grated data on a mobile platform. This project improves the user 
interface and enables data to be communicated more effectively, 
and would significantly reduce the barrier of adoption of Linked 
Data to mobile technology.

“I am a 6-2 Junior, and my project is with the Punya group at CSAIL. 
I have UROPed at Senseable City Labs on their Coca-Cola Freestyle 
machine project. I also interned at Akamai Technologies, creating 
visualization tools and setting up a system of pipelines from an 
HDFS database for their Query Service Performance team.”

Ryan Webb
MIT SoE — Lord Foundation 
Undergraduate Research and 
Innovation Scholar                                       

Redirecting a Near-Earth Asteroid 
for Use as an Earth-Mars Cycler

Advisor: Oli de Weck

One of the greatest problems in 
sending humans to Mars is the high doses of radiation that they 
would be exposed to during the transit between the planets. Radi-
ation shielding, particularly against the most severe Galactic Cos-
mic Rays (GCRs) typically requires large inert, dense shields, such 
as lead. Launching material from Earth is resource intensive, with 
launch vehicles typically among the most expensive components 
of space missions. This study is to investigate several methods of 
using material from near-Earth asteroids as shielding for trans-Mar-
tian manned missions, and compare these methods to more tra-
ditional mission architectures on the metrics of required launch 
mass from Earth and number of launches (which is directly linked 
to cost) and radiation exposure while in transit.

“My name is Ryan; I’m a senior in aerospace engineering. I’ve al-
ways been fascinate by space travel, and in my time at MIT, I’ve 
been involved in a number of great experiences, including several 
UROPs and internships at Boeing and SpaceX. I’m particularly excit-
ed for my superUROP because it is a great vehicle for me to pursue 
my research experiences, and essentially test-drive being a gradu-
ate student.”

Jeremy Wohlwend
Research and Innovation Scholar                                     

Neuron Tracing in Expansion 
Microscopy Data

Advisor: Ed Boyden

My work involves developing a pipe-
line for neuron tracing in Expansion 
Microscopy (ExM) images. ExM is a 

novel technique that consists of a physical expansion of brain tis-
sue, and may enable a new multi-color optical approach to Con-
nectomics, the science which aims at creating brain maps from 
nanoscale resolution images. ExM allows regular microscopes to 
provide such resolution, cheaper and faster than current alterna-
tives, and potentially at a whole-brain-circuit scale. Providing early 
feedback on the feasibility of both manual and automated tracing 
will help generate information useful in debugging and improving 
the imaging protocol. It will also aim at generating connectivity di-
agrams for neural circuits on the basis of optical microscopy data, 
which would be an important advance.

“I started this project a few months ago and I’m hoping to continue 
and improve my contribution this year. Although I mostly do com-
puter science work, I have been learning a great deal about high 
resolution imaging and the brain. I took a few neuroscience classes 
in my time at MIT and I’m hoping to pursue that field further in 
graduate school.”

David Wong
MIT EECS — Cisco Undergraduate 
Research and Innovation Scholar                                

Cascading Tree Sheets: A Reusable 
Language for Web Templates

Advisor: David R. Karger

Cascading Style Sheets improved 
on the modularity of web develop-

ment by largely separating code for styling web pages from the 
HTML that provides structure. However, much of the HTML con-
sists of scaffolding for the web content instead of the content it-
self. Cascading Tree Sheets aim to separate out this presentational 
HTML from the content HTML. With CTS, even users with little web 
programming experience are able to use professional style and 
themes in their own web pages by including a link to the corre-
sponding tree sheet. Taken a step further by linking up with a data 
storage service, users can build rich data-driven web applications 
without server-side frameworks. By maximizing learnability and 
ease of use, both novice and expert users can quickly author new 
web content using CTS.

“I enjoy building websites but sometimes find it time-consuming 
and frustrating to debug the presentational HTML. Since I have 
dealt with this problem before, I can see firsthand the benefits of a 
viable solution. It would also encourage novices to pick up web de-
velopment. I hope to learn more about designing languages with 
regards to usability through the CTS project.”
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Aaron Zalewski
MIT EECS — Angle Undergraduate 
Research and Innovation Scholar                                                                          

Pattern Discovery from 
Physiological Time Series for 
Critical Care Patient Monitoring

Advisor: Roger Mark

Patients in intensive care units re-
quire constant monitoring in their 

vital signs. In this project, we will analyze data from physiological 
time series by using machine learning algorithms to predict pa-
tient mortality and the likelihood of the patient developing sep-
sis. We will model physiological time series using machine learn-
ing techniques to discover “clusters” of time series segments with 
similar trajectories and transient dynamics. Our goal is to identify 
prototypical temporal patterns from vital sign time series that we 
can use to generate early warning signs to alert doctors of patients 
with worsening conditions. By determining the probabilities of ad-
verse events in patients, we can help doctors prioritize patient care.

“I have machine learning experience from class that will help me 
get started, but I know that through my research I’ll learn more 
than I ever could in the classroom. Having hands on work expe-
rience is very valuable. This particular SuperUROP excites me be-
cause data is powerful. The MIMIC II data will allow me to make a 
positive impact in the healthcare sector through machine learning 
analysis.”

Nicole Zeinstra
Undergraduate Research and 
Innovation Scholar                                                                   

Multimeric Display of Peptide 
Antigens on Nanoparticles in 
Vaccine Design

Advisor: Darrell J. Irvine

Human immunodeficiency virus 
(HIV) is a virus that weakens the im-

mune system, leaving patients unable to fight off other diseases. 
Currently under development, nanoparticle vaccines attempt to 
stimulate B-cells to produce broadly neutralizing antibodies, which 
bind to conserved regions of HIV and have the ability neutralize a 
wide range of HIV variants. Improving nanoparticle vaccines will 
enhance the immunogenicity of specific HIV epitopes and the 
elimination of virus particles. My aim is to optimize the display of 
antigens on the nanoparticle surface by varying the structure of 
antigenic multimeric peptides, leading to improved immunoge-
nicity and an increase in the potential of nanoparticle vaccines 
against HIV.

“I have always been interested in medical technology that can fight 
diseases like HIV and cancer. The Koch Institute at MIT is the per-
fect place for me to both explore this interest and make an impact. 
I worked in the Irvine Lab as a UROP for IAP and spring of 2015. 
Building upon my previous work, I will develop a further under-
standing of immune system intricacies and how to best fight dis-
eases.”

Fernando Yordan
MIT EECS — Slaughter 
Undergraduate Research and 
Innovation Scholar                                                                              

3-D Reconstruction for 
Lymphedema Detection

Advisor: Regina A. Barzilay

Lymphedema is a disabling condition 
that affects many breast cancer survivors. Many Oncology articles 
agree that early detection is crucial for patient treatment, but there 
is not a clear consensus on a good model for detection. Waiting for 
a patient’s arm to become noticeable swollen or ‘fat’ is not ideal, 
and there is no generally accepted diagnostic method for early de-
tection. One possible solution to this problem is using computer 
vision to be able to reconstruct a patient’s arm in 3D as well as cal-
culating the arm’s volume more accurately than the current meth-
ods which are either too crude or involve expensive equipment. 
Once we have an accurate reconstruction we can apply techniques 
from machine learning to be able to detect and localise changes in 
arm structure.

“I am a Junior studying Electrical Engineering and Computer Sci-
ence and I am interested in algorithms, AI, and robotics. I really en-
joy learning new skills and recently became interested in computer 
vision and its applications to medicine. I hope with this project to 
become more proficient in this skill and I am excited to be able to 
contribute to the health improvement of lymphedema patients.”

William Xue
MIT EECS — DENSO Undergraduate 
Research and Innovation Scholar                                      

The Future Textbook

Advisor: David R. Karger

In this project we enhance and eval-
uate NB (nota bene), a web-based 
collaborative annotation tool. NB cur-

rently aims to solve various problems with traditional annotation 
methods and is used in about fifty classrooms worldwide. From 
both collected usage data and a known list of features instructors 
want, we can observe and propose features that would be helpful 
to instructors. To improve NB, we firstly implement these features. 
Secondly, we create a method to track data from student discus-
sion in each section of the book to identify weak areas students 
have, allowing suggestions to be given to instructors for later use. 
This data should also give insight into new features instructors 
might want. By implementing and evaluating these features, we 
turn NB into a more robust learning platform.

“I have done well in 6.813 (UI), participated in 6.470, and edited 
websites written in unfamiliar languages at the time (PHP), which 
I believe have prepared me for this project. I look forward to learn-
ing about not only the technologies behind NB, but also how HCI 
research is practically conducted. I believe that a tool such as NB 
would be useful to classrooms even here at MIT, and am excited to 
continue its development.”
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Lingfu Zhang
MIT EECS — Levine Undergraduate 
Research and Innovation Scholar                                                                       

Deep Learning for Finance

Advisor: Suvrit Sra

The finance market is influenced by 
complex factors, while large volumes 
of data are generated within short 

time. The objective of this project is to develop deep-learning 
based approaches to analyze finance data to uncover predictive 
features, and help both semi-automatic and fully automatic trad-
ing decision making. We will design a part auto-tuning architec-
ture based on recurrent neural network, and apply multiple opti-
mization techniques to provide high predicting accuracy as well 
as potentially strong predictive ability on live data streams. This 
system will be implemented in and deployed to a parallel comput-
ing environment, and potentially turned to an open source project.

“This project attracts me as it involves both math modeling and 
system considerations. As a Putnam fellow, I have a good founda-
tion in both applied and pure mathematics. I also interned with 
Amazon Web Service last Summer, where I designed and devel-
oped a cloud based system with an online algorithm which ana-
lyzes large amount of data. In this research I hope to dive deep into 
and gain concrete skills in deep learning.”

Victor Zhang
MIT AeroAstro — Lockheed Martin 
Undergraduate Research and 
Innovation Scholar                                                             

Mobility on Demand System with 
Autonomous Vehicles

Advisor: Jonathan How

Practical deployment of a fully auton-
omous vehicle has been a goal of many machine learning groups. 
Recent advancements coupled with availability of mobile location 
services make today a fitting time to deploy driverless cars to per-
form taxi/ridesharing services. This project aims to deploy a group 
of electric cars that can be summoned to users’ locations across 
MIT via a mobile application or the web, and then automatically 
take them to their destination. The data-collection phase will also 
create maps of MIT that will be useful in training future autono-
mous systems. Success of this project would serve as a proof of 
concept of automated vehicles operating in an urban environment 
alongside humans without a centralized system.

“I grew up with an interest in the automotive and transportation 
industries so this project resonated with me. I’ve also been interest-
ed in electric power being used for widespread personal transport, 
and hopefully this project will gain me some more exposure to that 
as well. Before I started this SuperUROP, I worked in a UROP with 
the MVL to make a head-tracking HUD system for use in trains.”

Amanda Zhou
MIT EECS — Levine Undergraduate 
Research and Innovation Scholar                                                                 

Predicting Migraines via Mobile-
Focused Data Collection

Advisor: Thomas Heldt

Migraine attacks affect between 12-
16% of the American population, and 

can be extremely debilitating. The exact triggers for a migraine at-
tack vary from person to person and might vary from one attack to 
another. This project seeks to better understand the triggers for a 
migraine attack, to provide migraine sufferers with a tool to track 
their migraines and, possibly even, to predict the next migraine at-
tack before it happens. We aim to build a smartphone app that mi-
graine sufferers can use to log their migraine attacks and that will 
collect physiologic data from the patient. This data will be used to 
explore the extent to which mathematical models may be devel-
oped to predict a migraine attack before it occurs. Additionally, by 
comparing data from different people, we aim to learn more about 
triggers that may be common among patients.

“I’m thrilled to work at the intersection of computer science and 
the medical community. My passion for HCI and my experience as 
a mobile developer (both Android and iOS) has prepared me to 
build an information collecting app with a seamless user experi-
ence. I’m excited to learn more about machine learning and how it 
can help predict future migraines!”
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“The SuperUROP program gave me the technical skills, fiscal resources, and 
communication abilities to perform graduate quality research at an 
undergraduate level. As a result of the program, I’ve presented my work at 
two well-respected conferences, started my Master’s thesis a year early, and 
made a meaningful contribution to the robotics community.”

—Caelan Garret, MEng ‘15 

“SuperUROP gave me the chance to focus deeply on research, allowing me 
to really find a sense of meaning and ownership in my work. In addition, the 
talks greatly improved my awareness of the state-of-the-art in EECS. Finally, 
the workshops, paper, and presentation opportunities provided invaluable 
practice in terms of communication skills. Overall, it’s an amazing opportunity 
to both develop and contribute.” 

 
—Francis Chen, ‘15 

“Being a SuperUROP showed me something that I think is easy to forget 
at MIT. Effort, patience, hard work, and persistence—often over a long 
of period time, such as an entire year—will eventually leave you with a 
rewarding, successful learning experience. This entire year solidified my 
interest in robotic systems research, and I am certain at this point that I will 
be pursuing my PhD after my Bachelors and Masters are completed at MIT.”
                                            

 —Ishwarya Ananthabhotla,  ‘15 

“[SuperUROP gave me a] much-nuanced understanding of what exactly re-
search involves. It allowed me to hit the ground running in the fall while 
many of my peers were still sorting out the details of their projects.”

 —Ava Soleimany,  ‘15

SuperUROP Graduates
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Photo: Electrical Engineering and Computer Science student Mihika Prabhu worked on a 2014–2015 SuperUROP “Development 
of an Optical Field-Programmable Gate Array For Classical and Quantum Information Processing” with Professor Dirk R. Englund. 
Photo courtesy of Lillie Paquette/MIT School of Engineering. 

“The SuperUROP program brings students and fac-
ulty together to work on a year-long independent 
research project. It’s a great opportunity for stu-
dents to take the lead on a project that they care 
deeply about, and to see it through to a meaning-
ful conclusion.”

 —Dennis Freeman
Dean for Undergraduate Education

Professor of Electrical Engineering
MacVicar Faculty Fellow
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SuperUROP Sponsors

“As an industrial sponsor, Analog Devices will look for opportunities 
to collaborate with students and faculty on research topics of 
continual interest and provide insights into the relevance of 
research to real world applications. Analog Devices is excited 
about exploring new possibilities to strengthen our relationship 
with MIT students and faculty through the SuperUROP program.”

 
— Raymond S. Stata ‘57, SM ‘58

 Chairman and Co-Founder, Analog Devices Inc.

“MIT Lincoln Laboratory strives to develop innovative technical 
solutions for very difficult national security problems. The Super-
UROP program has been a great way for us to strengthen our re-
lationship with outstanding MIT students and faculty and to find 
very creative new ideas for advancing the programs we have.  We 
have really benefitted by being involved.”

— Eric Evans
 Director,  MIT Lincoln Laboratory

“Boeing is proud to sponsor MIT’s AeroAstro SuperUROP because 
the program helps prepare students to be strong contributors in 
the aerospace field by strengthening their advanced-research ca-
pabilities, business acumen, communication skills, and knowledge 
of our industry.”

— John Tracy
Chief Technology Officer,

Senior Vice President, Engineering, Operations & Technology, 
The Boeing Company

“Engineering possibilities has been the cornerstone of Draper ca-
pabilities throughout its more than 80-year history supporting Na-
tional Security and Commercial customers. With the enhanced ex-
perience SuperUROP provides to electrical engineering students 
they appreciate more fully the value and importance of continuing 
to push the envelope of possibilities in the field and their subse-
quent impact on our lives.”

— Kaigham J. Gabriel 
  SCD ‘83, President and CEO, Draper
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“Texas Instruments has been passionate about creating  
innovative technology solutions for more than 80 years. I believe 
our industrial sponsorship of the SuperUROP program is a vital 
investment in our future.  We are excited to partner with MIT 
students and faculty to pioneer new research projects and to 
successfully push boundaries and explore new horizons together.” 

— Rich Templeton
Chairman, President and Chief Executive Officer, Texas Instruments 

“Cisco is committed to driving innovations in networking and 
information technologies that transform the way we work, live, play, 
and learn. The network is undergoing the largest architectural shift 
in decades. We are thrilled to participate in MIT EECS’s SuperUROP 
program to work with Anantha Chandrakasan and the SuperUROP 
students, faculty, and staff to create innovations for the next 
generation of networked experiences.”

 
— Susie Wee ‘90, SM ‘91, PhD ‘96

 VP and Chief Technology Officer of Networked Experiences, Cisco

“Colin Angle’s UROP with me in 1988 led directly to the founding 
of iRobot where our first products were based on the robots he 
built at MIT.  Colin is still the CEO of the billion dollar company that 
we and Helen Greiner started together in 1990. SuperUROP is a 
great program that allows students to get an in-depth exposure to 
research and explore entrepreneurship opportunities.”

— Rodney Brooks
Founder, Chairman, CTO Rethink Robotics

Panasonic Professor of Robotics (emeritus)
MIT Computer Science and Artificial Intelligence Lab

“MIT students have a strong foundation in research, problem solving 
and innovative thinking. DENSO is proud to partner with MIT. As a 
sponsor of the EECS SuperUROP program DENSO helps strengthen 
the undergraduate experience in research and innovation. With 
the guidance of faculty it is the students’ creativity, knowledge 
along with DENSO’s collaboration that will help steer towards safe 
driving solutions and advanced technologies that will transform 
the future.

— Doug Patton 
Executive Vice President, CTO  

DENSO International America, Inc. Engineering Division
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SuperUROP is made possible by the generous support 
of the following donors and industrial sponsors. 

Erika N. ‘04 and Colin M. Angle ‘89, SM ‘91 

Robert M. Fano ‘41, ScD ‘47 

Renée and Steven G. Finn ‘68, SM ‘69, EE ‘70, ScD ‘75 

Hewlett Foundation

Jeff S. Himawan ‘88

Keel Foundation

Sheila E. and Emanuel E. Landsman ‘58, SM ‘59, ScD ‘66

Lord Foundation of Massachusetts

Peter J. Levine

Dinarte R. Morais ‘86 and Paul Rosenblum, Jr. ‘86

Mimi I. ‘87, SM ‘88 and Frank G. Slaughter ‘84 
 

Alumni and Friends

Industrial Sponsors

Accenture

Actifio

Airbus

Amazon 

Analog Devices, Inc.

Andreessen Horowitz 

Boeing

Cisco 
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Denso 

Draper 

Duke

Foxconn 

Lincoln Laboratory

Lockheed Martin 

MediaTek Inc.

MITRE

Northrop Grumman 

Quanta Computer 
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United Technologies Corportation 
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EECS Department Head Anantha P. Chandrakasan acknowledges the following 
contributors to the 2015–2016 SuperUROP program.

Office of the Dean for Undergraduate Education 
Dennis M. Freeman, Professor, MacVicar Fellow, Dean for Undergraduate Education
Julie B. Norman, Senior Associate Dean for Undergraduate Education,
Director, Undergraduate Advising and Academic Programming
Michael Bergren, Associate Dean, Academic and Research Initiatives,
Undergraduate Advising and Academic Programming
J. Alex Hoyt, Administrative Assistant

Office of the President
L. Rafael Reif, MIT President
Israel Ruiz, Executive Vice President and Treasurer
Aaron R. Weinberger, Assistant Director for Institute Affairs

Office of the Chancellor
Cynthia Barnhart, MIT Chancellor

Office of the Recording Secretary 
Elizabeth Ogar, Recording Secretary and Executive Director of Administration 
Linda Mar, Associate Director, Fund and Campaign Recording
Kathy D. Vitale, Senior Associate Recording Secretary
Maureen Moran, Gift Operations Manager 

Office of Leadership Giving 
Elizabeth Barbuto, Individual Giving Officer 
Brian R. Kern, Senior Leadership Giving Officer 
Nancy O’Brien, Leadership Giving Officer 
Kathleen Vieweg, Leadership Giving Officer 

Office of Philanthropic Partnerships 
John Currier, Philanthropic Advisor 
 
Office of Campaign Planning 
Sharon Stanczak, Senior Associate Director 
Brad Smith, Director of Strategic Initiatives — MIT.nano  

School of Engineering
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Danielle R. Festino, Assistant Dean for Development
Chad Galts, Director of Communications 
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Dorothy Curtis, Research Scientist, CSAIL, EECS Data Officer
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Myron Freeman, Manager of Departmental Computing
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Qingqing Huang, 6.UAR Teaching Assistant, Fall 2015 
Qui T. Ngyuen, 6.UAR Teaching Assistant, Spring 2015
Yuri Polyanskiy, Robert J Shillman (1974) CD Assistant Professor of  
Electrical Engineering and Computer Science 
Priyanka Raina, 6.UAR Teaching Assistant, Fall 2015
Wendy Li Rieb,  6.UAR Teaching Assistant, Spring 2015
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Joyce Light, Program and Strategic Initiatives Coordinator
William Litant, Communications Director
 
MIT Biological Engineering 
Douglas Lauffenburger, Department Head, Ford Professor of Engineering
Eric Alm, Associate Professor of Biological Engineering 
Diana Chien, Graduate Student, Communications Lab Fellow 
Thomas Gurry, Postdoctoral Researcher
 
MIT Civil and Environmental Engineering
Markus J. Buehler, Department Head, McAfee Professor of Engineering 
Ruben Juanes, Associate Professor of Civil and Environmental Engineering
Stephanie Bright, Academic Administrator 
 
MIT Chemical Engineering
Paula T. Hammond, Department Head, David H. Koch Professor in Engineering
Barry Johnston, Undergraduate Officer
 
MIT Mechanical Engineering  
Gang Chen, Department Head, Carl Richard Soderberg Professor of Power Engineering
Nicholas Xuanlai Fang, Associate Professor of Mechanical Engineering
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Brandy Baker, Academic Administrator
 
MIT Nuclear Science and Engineering  
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Richard Lester, Associate Provost for International Affairs,  
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Cover Photos
 
Front Cover: SuperUROP students work on their research 
projects. Top left: Mihika Prabhu; top center: Nicole Glabinski and 
Postdoctoral Researcher Guy Rosman; top right: Kathrine Bretl; 
bottom left: Sami Alsheikh; bottom right: Bailey Montaño. Photo of 
Kathrine Bretl courtesy of William Litant. Photo of Mihika Prabhu 
courtesy of Lillie Paquette; All other photos courtesy of Audrey 
Resutek. 

Back Cover: The 2014–2015 SuperUROP class at the year-end 
celebration in May 2015. Photo courtesy of Gretchen Ertl. 

Research guide layout by Audrey Resutek. 

Photo: Mechanical Engineering student Bailey Montaño is working on a SuperUROP 
project to develop energy-efficient water desalination using conductive gap membranes 
with Prof. John Lienhard. Photo Courtesy of Audrey Resutek. 
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“SuperUROPs are a fantastic opportunity for 
AeroAstro undergraduates to step ‘outside the 
box’ and work with industry, faculty, and grad stu-
dents on exciting, real-world challenges.”

 — Jaime Peraire
       Department Head

       Aeronautics and Astronautics
       H.N. Slater Professor of 

       Aeronautics and Astronautics

“In just three years, SuperUROP has developed into 
a tremendous opportunity for engineering stu-
dents to gain meaningful research experience in 
world-class labs. The impact we are already see-
ing is enormous; I am enthusiastic about the pro-
gram’s potential to help shape how our students 
think about the role research plays in addressing 
important challenges.”

 — L. Rafael Reif
       President 

       Massachusetts Institute of Technology



SuperUROP, launched in 2012, is an expanded version of MIT’s Undergraduate Research 
Opportunities Program (UROP). The year-long program gives juniors and seniors the 
opportunity to conduct publication-worthy research, and provides a primer on issues 
surrounding modern research. SuperUROP is hosted by the Department of Electrical 
Engineering and Computer Science, with students in the following deparments in 
MIT’s School of Engineering:  
 
Department of Aeronautics and Astronautics 
Department of Biological Engineering 
Department of Civil and Environmental Engineering 
Department of Chemical Engineering 
Department of Electrical Engineering and Computer Science 
Department of Mechanical Engineering  
Department of Nuclear Science and Engineering  
 


