
DEPARTMENT NAME Computer Science

PROJECT TITLE Assurance for Perception Systems in Self-driving

FACULTY NAME Jyotirmoy Deshmukh

WEBSITE https://viterbi-web.usc.edu/~jdeshmuk/research.html

DESCRIPTION
Self-driving cars use sensors such as stereo cameras and LIDAR to understand the environment around them. The perception task remains a 

challenging one as errors in perception can lead to dangerous errors by downstream components for planning and decision-making. In this 

project, we will work on techniques to test perception systems using a variety of techniques. A mid-project goal is to have a tool to assess the 

quality of temporal  predictions made by perception components. The ultimate goal would be to use the research findings to obtain better 

deep learning artifacts for perception. Possible topics for consideration include generative adversarial networks, variational autoencoders, 

and spatio-temporal logic using geometric primitives. This is not a project in computer vision or deep learning, but rather in the area of formal 

methods to assess safety of autonomous systems.

PREREQ Basic background in deep learning

RELATED BACKGROUND
Computer vision, Deep Learning, Tensorflow/PyTorch, Temporal Logic, Jetson TX2 programming, Carla, Apollo or other simulators in the research area of 

self-driving cars

DEPARTMENT NAME Computer Science

PROJECT TITLE Robot Learning / Reinforcement Learning

FACULTY NAME Joseph Lim

WEBSITE https://clvrai.com/

DESCRIPTION The Cognitive Learning for Vision and Robotics lab (CLVR) at the University of Southern California is led by Professor Joseph J. Lim. Our goal is to develop 

intelligent systems that are capable of not only perceiving the world but also reasoning and interacting with it. We are especially interested in building a 

cognitive model that can learn to make plausible decisions given multi-modal data from the surroundings. Our research spans topics like robotics, computer 

vision, reinforcement learning, and deep learning.

PREREQ Some prior research exp.

RELATED BACKGROUND Deep Learning  Robotics (e.g. Control / Planning)  Reinforcement Learning  

DEPARTMENT NAME Computer Science

PROJECT TITLE Differential Privacy - from Theory to PracticeÂ 

FACULTY NAME Aleksandra Korolova

WEBSITE www.korolova.com

DESCRIPTION
Differential privacy has emerged as the most promising approach to privacy-preserving data collection and analysis. Although recently differentially-private 

algorithms have been deployed by Google (https://github.com/google/rappor) and Apple, those deployments are  limited in the kinds of use cases they can 

address.    In this project, we will address several of the barriers to making differentially private algorithms universally useful. We will develop new 

algorithms for differentially-private on-device machine learning while making modeling assumptions appropriate for medium-sized companies collecting 

data. The project will consist of algorithm design and analysis, prototype implementation, and experiments measuring performance under various 

assumptions.    We'll aim to have the project's findings published in a top-tier privacy or machine learning venue and adopted in practice by companies 

interested in providing strong privacy guarantees.

PREREQ strong knowledge of algorithms & machine learning; familiarity with differential privacy

RELATED BACKGROUND knowledge of probability and statistics and strong data analysis skills

https://clvrai.com/
http://www.korolova.com/


DEPARTMENT NAME Computer Science

PROJECT TITLE Ensuring Fairness in Machine LearningÂ 

FACULTY NAME Aleksandra Korolova

WEBSITE www.korolova.com

DESCRIPTION
Data-driven algorithms and machine learning are increasingly used in systems that make decisions about and on behalf of people. As these algorithms 

become more common and more complex, it is crucial to understand their inherent risks, such as codifying and entrenching biases, reducing accountability, 

and creating new types of discrimination.     In this project, we will take a principled approach to auditing the algorithms or machine learning models used by 

a major online service provider with an eye to identifying unexpected risks. We will quantify the identified risks and factors influencing them, and research 

algorithmic modifications and transparency options that could help remedy them.    An expected outcome of the project is a publication in a venue focused 

on algorithmic fairness, accountability and transparency, such as https://www.fatml.org/ or https://fatconference.org/

PREREQ Solid knowledge of algorithms; strong programming skills; familiarity w/ machine learning

RELATED BACKGROUND Passion for using Computer Science to make a positive difference in the world a plus.

DEPARTMENT NAME Computer Science

PROJECT TITLE Extending Robotics and Education Through Hands Free Augmented Reality

FACULTY NAME Maja Mataric

WEBSITE

DESCRIPTION
The Interaction Lab is a USC Viterbi research lab dedicated to developing socially assistive robotics (SAR), algorithms and methods that enable 

robots to help people achieve behavioral goal through social interaction. For this project in particular, the Lab is looking at how using hands 

free augmented reality can be used in tandem with a robot in order to increase student curiosity.

The project will consist of designing and implementing Hololens visualizations for differing robot actions and sensors. These include laser 

scans, video, and facial recognition data, and movement heat maps, as well as  robot virtual actions that will include moving and interacting 

with student content. These visualizations will be used in the Interaction Lab for three purposes: 1) during human user studies; 2) to visualize 

post-study data; and 3) to be a part of K-12 STEM outreach demos. The involved students  can expect to learn the Robot Operating System 

(ROS), the Holotoolkit, and reading/visualization sensor data. Students can also expect to acquire research skills, communication skills, and 

design skills.

PREREQ

RELATED BACKGROUND Unity (C#/.NET), c++ or Python, ROS experience a plus, Holotoolkit experience a plus, Linux experience a plus, Networking experience a plus

DEPARTMENT NAME Computer Science

PROJECT TITLE Shared Autonomy for Robotic Manipulation

FACULTY NAME Stefanos Nikolaidis

WEBSITE http://www.stefanosnikolaidis.net/

DESCRIPTION
The ICAROS (Interactive and Collaborative Autonomous Robotic Systems) lab at USC is looking for highly qualified undergraduate students to join the lab for 

the Summer of 2020 through the SURE (Summer Research for Undergraduates) program. Participants will have the opportunity to work on cutting-edge 

research on human-robot collaboration and will receive 1:1 mentorship from PhD students in the lab.    Participants will work on projects spanning from 

shared-autonomy, robotic teleoperation, and grasping. The research will involve developing algorithms and infrastructure for deployed robotic systems. 

Participants will also gain experience with user study design.  

PREREQ Programming experience with C, C++ or Python

RELATED BACKGROUND
Ideal candidates should have:  - Experience with data structures and algorithms  - Experience with C, C++, or Python  - Demonstrated interest and ability to 

learn other coding languages or tools as needed  

http://www.korolova.com/
http://www.stefanosnikolaidis.net/


DEPARTMENT NAME Computer Science

PROJECT TITLE Commonsense Reasoning for Knowledge-aware Question Answering

FACULTY NAME Xiang Ren

WEBSITE http://inklab.usc.edu/research.html

DESCRIPTION Commonsense reasoning aims to empower machines with the human ability to make presumptions about ordinary situations in our daily life. In this project, 

we aim to develop novel textual inference methods for answering commonsense questions, which can effectively utilize external commonsense knowledge 

graphs to perform explainable inferences. In our prior efforts (including an EMNLP19 paper and an ACL19 submission), we propose graph network-based 

approach which retrieves a relevant subgraph from the external, gigantic knowledge graph and use it to augment the inference process. In this project, we 

plan to explore alternative ways of constructing the augmented graph, encoding the graph structure, and fusing the graph with the question answering 

process. 

PREREQ Strong programing skills, preferably on Python

RELATED BACKGROUND
Good knowledge about machine learning concepts and experiences with machine learning libraries   - basic knowledge about deep learning and natural 

language processing  - Prefer students who have involved in research projects and had contributed to research paper writing.

DEPARTMENT NAME Computer Science

PROJECT TITLE Label-Efficient Information Extraction

FACULTY NAME Xiang Ren

WEBSITE http://inklab.usc.edu/research.html

DESCRIPTION
Vast amount of unstructured text data are emerging everyday, carrying rich human knowledge, but are hard to be digested and processed by machines. 

Information extraction aims to turn such unstructured text data into machine-actionable structures such as entities and their relationships. While deep 

neural models have gained successes on information extraction tasks, they become less effective and reliable when the amount of labeled data is limited. 

Our prior efforts have explored alternative sources of supervision, such as knowledge bases, for training neural models (i.e., distant supervision). In this 

project, we plan to study high-level human supervision, such as natural language explanations, trigger phrases, and even abstractive constraints about the 

task, for guiding the model training process. We aim to largely lower the amount of labeled data required for building a model that can perform equally well 

as models trained by large amount of traditional labels.

PREREQ Strong programing skills, preferably on Python

RELATED BACKGROUND
Good knowledge about machine learning concepts and experiences with machine learning libraries   - basic knowledge about deep learning and natural 

language processing  - Prefer students who have involved in research projects and had contributed to research paper writing.

DEPARTMENT NAME Computer Science

PROJECT TITLE Multi-Agent Path Planning

FACULTY NAME Sven Koenig

WEBSITE

DESCRIPTION
Consider several agents (such as robots or game characters) that need to move from their current locations on a grid with blocked and 

unblocked cells to given goal locations without obstructing each others' movement. This problem is faced by warehousing robots (like those 

from Kiva that are, for example, being used in the warehouses of Amazon, e.g. www.wimp.com/kivarobots) and requires path planning but, 

different from single-agent path planning, is NP-hard and thus requires extreme smart algorithms to result in good performance. We are 

looking for students who are interested in helping us to develop the next generation of such algorithms. (This is not a robotics project and 

does not use robot hardware. Rather, it uses a gridworld simulation where each robot can move in one of the four main compass directions.)  

PREREQ

This is a project for strong theory/algorithms students who are interested in artificial intelligence. Aptitude for (and interest in) artificial 

intelligence algorithms, computer science theory and mathematics will be extremely helpful. Programming is required.

RELATED BACKGROUND
This is a project for strong theory/algorithms students who are interested in artificial intelligence. Aptitude for (and interest in) artificial intelligence 

algorithms, computer science theory and mathematics will be extremely helpful. Programming is required.

http://inklab.usc.edu/research.html
http://inklab.usc.edu/research.html


DEPARTMENT NAME Computer Science

PROJECT TITLE Distributed Machine Learning

FACULTY NAME Leana Golubchik

WEBSITE qed.usc.edu

DESCRIPTION
Deep learning has made substantial strides in many applications. New training techniques, larger datasets, increased computing power, and easy-to-use 

machine learning frameworks all contribute to this success. An important missing piece is that deep learning frameworks do not assist the user with 

provisioning and sharing cloud resources, or with the integration of such workloads into existing datacenters. Most users need to try different 

configurations to determine the resulting training performance, an approach that quickly becomes infeasible at scale. In this project, we focus on research 

problems related to predicting performance of machine learning applications that can be used to guide resource allocation. We also consider the economic 

incentives for resource sharing for such workloads, and future research goals to broaden the population of users capable of discovering machine learning 

models and applying them to novel applications.

PREREQ none

RELATED BACKGROUND undergraduates in computer science, electrical engineering, or mathematics

DEPARTMENT NAME Communication Sciences Institute

PROJECT TITLE Air-to-ground wireless channel measurements using drones

FACULTY NAME Andreas Molisch

WEBSITE wides.usc.edu

DESCRIPTION This project will be using commercial off-the-shelf drone and existing antenna array based ground station to characterize air-to-ground wireless channels. 

Selected applicant will be in charge of designing flight paths of drones, designing antennas, configuring software-defined radio on drones, calibrating the RF 

system, and running outdoor channel measurement experiments with other graduate student members of the lab. Selected applicants will have a chance to 

participate in hands-on hardware based research with prestigious wireless research group in the nation, and will aim to publish a conference paper by the 

end of the program.  

PREREQ EE301 (required), one or more of EE330, EE467, EE475, EE483, EE484 (recommended)

RELATED BACKGROUND

Demonstration of hands-on projects, ability to reliably run hardware system experiments with care, ability to patiently debug in small steps, ability to write 

Matlab programs to evaluate acquired data, ability to calculate link budget in wireless systems, preferably previous experience in RF engineering equipment 

(VNA, spectrum analyzer, etc.) 

DEPARTMENT NAME Electrical Engineering/Electrophysics

PROJECT TITLE Generation and control of magnetic field gradients for microscale device localization

FACULTY NAME Manuel Monge

WEBSITE https://imedelab.org/research/

DESCRIPTION Magnetic resonance imaging (MRI) is a very powerful medical imaging technique. MRI is capable of generating high-resolution images by manipulating 

nuclear spins and applying magnetic field gradients. We have recently developed a bio-mimetic technique to localize microscale devices inside the body 

using concepts from MRI. The aim of this project is to generate, control, and measure magnetic field gradients in three dimensions via custom pulse 

sequences for the localization of microscale devices. Students will be responsible for the design and measurements of magnetic fields inside gradient coils 

using a programming language (e.g., Python).

PREREQ Electromagnetics, Circuits, and Programming experience

RELATED BACKGROUND Good knowledge of Math and Physics, specifically electromagnetics. Circuit theory. Some programming experience.

http://robotics.usc.edu/interaction
http://robotics.usc.edu/interaction
https://imedelab.org/research/


DEPARTMENT NAME EE Systems - Computer Engr. Grp.

PROJECT TITLE Learning for Autonomous Driving

FACULTY NAME Rahul Jain

WEBSITE None yet: USC autoDRIVE Lab will soon have one

DESCRIPTION To implement, and run various imitation and reinforcement learning algorithms. To work with various autonomous driving simulators such as Carla, Gazebo, 

and Carsim. To generate data in such environments, and to use that data for training. Then, to test the trained autonomous driving algorithms to work in the 

simulator.

PREREQ None

RELATED BACKGROUND
Strongly motivated, excellent programming skills; Some exposure to autonomous driving or experience working with robotics simulators would be desirable 

but not necessary.

DEPARTMENT NAME EE Systems - Computer Engr. Grp.

PROJECT TITLE Instrumenting and preparing a car for self-driving research

FACULTY NAME Rahul Jain

WEBSITE none yet

DESCRIPTION USC Viterbi School plans to soon acquire a real vehicle, e.g., a Ford Fusion to develop as a research platform for autonomous driving technology 

development. An autonomous driving kit will be acquired, along with various sensors, e.g., cameras, radar, lidar, proximity sensors, etc. A team of students 

is wanted for (i) installing the drive-by-wire kit, (ii) installing autonomous driving software kit, OpenPilot, (iii) instrumenting and calibrating the sensors, (iv) 

installing software drivers, and (v) integrating the sensors for use by the autonomous driving software OpenPilot. Each student will be responsible for one of 

the parts but they will work together as a team.

PREREQ
Experience with robotics hardware, robotic operating system, and excellent coding skills. Prior exposure to autonomous driving technologies will be a plus 

but not necessary. Only strongly motivated need apply.

RELATED BACKGROUND
This platform is to be used for a proposed EE/CS 599 to be taught in Fall 2020. The course has been tentatively approved. Budget approval for the project is 

in the process. Budget doesn't include any support for students to work to prepare the platform vehicle.

DEPARTMENT NAME EE Systems - Computer Engr. Grp.

PROJECT TITLE Crime Prediction

FACULTY NAME Viktor Prasanna

WEBSITE dslab.usc.edu

DESCRIPTION Accurate prediction of crime incidents can assist the police in better planning of prevention strategies and scheduling deployment. The problem is often 

studied as a spatio-temporal regression problem approached by dividing the area of interest into a grid of uniform cells and performing regression on 

timeseries of each cell. In prior work, we have shown that non-uniform partitioning of space leads to more accurate crime predictions. In this project, the 

student will explore space partitioning strategies coupled with time series analysis to further improve these predictions. Further, the student will identify 

specific patterns in crime that lead to more accurate predictions. These include relationships among type of crime, day of the week, time of the day, 

location, etc.

PREREQ Programming, Algorithms

RELATED BACKGROUND Programming experience in Python, basics of Machine Learning



DEPARTMENT NAME EE Systems - Computer Engr. Grp.

PROJECT TITLE Machine Learning based Prefetching on FPGA 

FACULTY NAME Viktor Prasanna

WEBSITE fpga.usc.edu

DESCRIPTION
Fast processors, TPUs, accelerators, and heterogeneous architectures, have enabled fast computation due to which memory performance has become the 

bottleneck in many applications. Due to being memory bound, the problem of reducing the latency of memory accesses must be addressed. One way to 

address this issue is through data prefetching, which relies on accurate prediction of memory accesses. We are developing Machine Learning based 

approach that automatically learns access patterns which may be used to optimally prefetch data. In prior work, we have shown that a compressed LSTM 

model can accurately predict memory accesses. In order to accelerate LSTM inference, we plan to implement it on a configurable hardware. The student will 

assist in this implementation by mapping the framework of prediction on an FPGA. Emerging technologies such as eFPGAs will also be explored.

PREREQ Programming, Parallel Computing

RELATED BACKGROUND Programming experience in Python, basics of Machine Learning/Deep Learning, experience with FPGAs preferred

DEPARTMENT NAME EE Systems - Computer Engr. Grp.

PROJECT TITLE Safety and Robustness in Artificial Intelligence (AI) for Energy Systems

FACULTY NAME Viktor Prasanna

WEBSITE dslab.usc.edu

DESCRIPTION
Artificial Intelligence (AI)/Reinforcement Learning (RL) techniques are increasingly being adopted for control problems in energy based systems such as 

power grids, building Heating, Ventilation and Air Conditions (HVAC) system due to their complex and often unknown system dynamics. Safety of decision 

making is a critical challenge in these systems due to their direct impact on the humans.    The student will develop constrained Reinforcement Learning (RL) 

techniques to enable safe and robust decision making under system dynamic uncertainty.

PREREQ Programming, Algorithms

RELATED BACKGROUND Programming Experience, familiarity with Machine Learning/AI techniques

DEPARTMENT NAME EE Systems - Computer Engr. Grp.

PROJECT TITLE Accelerating Reinforcement Learning based AI

FACULTY NAME Viktor Prasanna

WEBSITE fpga.usc.edu

DESCRIPTION
Reinforcement Learning (RL) based AI techniques have garnered widespread attention recently due to their successful applications in solving complex 

problems such as Atari and AlphaGo, AlphaZero. However, these techniques are extremely expensive in terms of computational performance.    The student 

will develop algorithmic optimizations and parallelization techniques and implement an accelerator on GPU and/or FPGA for a widely used RL algorithm. 

PREREQ Programming, Parallel Computing

RELATED BACKGROUND Programming experience - multi-threaded, GPU, FPGA programming experience will be given preference, familiarity with parallel computing



DEPARTMENT NAME EE Systems - Computer Engr. Grp.

PROJECT TITLE Distributed Graph Analytics 

FACULTY NAME Murali Annavaram

WEBSITE http://scip-lab.usc.edu/

DESCRIPTION
We will be characterizing the properties of distributed graph analytics and machine learning algorithms in terms of their bottlenecks when executed on 

current hardware. The eventual goal is to come up with new hardware-software interfaces that accelerate these workloads in future computing devices.

PREREQ Some coding experience and linear algebra

RELATED BACKGROUND Machine learning, graph analytics, distributed computations, linear algebra, sparse matrices, computer architecture

DEPARTMENT NAME EE Systems - Computer Engr. Grp.

PROJECT TITLE Trusted Machine Learning at the Edge

FACULTY NAME Murali Annavaram

WEBSITE annavar.am

DESCRIPTION
We will evaluate techniques to perform machine learning (training and inference) on multiple distributed systems while tolerating potentially untrustworthy 

systems at the edge.     We may also explore graph convolution networks and techniques to optimize their performance on distributed systems. 

PREREQ Coding skills 

RELATED BACKGROUND Good to have taken some introductory ML class  Knowledge with PyTorch, TensorFlow etc., is +  

DEPARTMENT NAME Electrical Engineering Systems

PROJECT TITLE Securing Next-Generation Microelectronics Chips

FACULTY NAME Pierluigi Nuzzo

WEBSITE https://descyphy.usc.edu/

DESCRIPTION
A modern chip combines many components that are designed and integrated by different companies. Moreover, due to the increase in fabrication costs, 

many chip design companies have outsourced the fabrication of their devices to third-party foundries. Overall, modern computing systems contain modules 

from potentially untrusted players, which may pose serious security threats and produce irreparable damages. In this project, the SURE students will work 

closely with faculty and Ph.D. students to develop, simulate, and test optimized hardware obfuscation methods, i.e., methods that can obfuscate and 

protect the designs from threats such as piracy, reverse engineering, and hardware Trojans.

PREREQ Fundamentals of digital circuits; basic exposure to programming.

RELATED BACKGROUND Students majoring in Electrical Engineering or Computer Science with interests in hardware design and security.

http://korolova.com/
http://korolova.com/
http://idm-lab.org/project-p.html


DEPARTMENT NAME Electrical Engineering Systems

PROJECT TITLE Design of Safe and Intelligent Self-Driving Vehicles

FACULTY NAME Pierluigi Nuzzo

WEBSITE https://descyphy.usc.edu/

DESCRIPTION
The goal of this project is to design and test control algorithms for self-driving vehicles. Autonomous vehicles use machine learning to achieve certain levels 

of intelligence and operation in uncertain environments. However, they must also provide performance and safety guarantees to avoid undesired outcomes 

or incidents. The SURE students will work closely with faculty and Ph.D. students to simulate realistic driving scenarios, program different driving algorithms, 

and test them on a testbed including a set of scaled-down autonomous cars and robots.

PREREQ Basic exposure to embedded system design.

RELATED BACKGROUND Students majoring in Electrical Engineering or Computer Science with interests in embedded and cyber-physical autonomous systems.

DEPARTMENT NAME Electrical Engineering Systems

PROJECT TITLE Autonomous robot locomotion in cluttered environment

FACULTY NAME Feifei Qian

WEBSITE https://minghsiehece.usc.edu/directory/faculty/profile/?lname=Qian&fname=Feifei

DESCRIPTION
The selected candidate will work closely with our research group to support our mission in (1) understanding the mechanism of robot interaction with 

obstacles, and (2) creating innovative strategies for robots to take advantage of obstacle interactions to navigate in complex environments with minimal 

control effort    In this role, the candidate will perform the following tasks: program simple robot gaits; perform systematic experiments to test performance 

of different gaits during obstacle negotiation; use MATLAB to perform simple analysis and create plots to communicate results; (optional) develop simple 

algorithms to adapt gaits through different environments.   

PREREQ intro physics, basic programming, mechanical design

RELATED BACKGROUND

—•	Sophomore or above, with major in Electrical Engineering, Mechanical Engineering, physics, or related areas  

—•	Experience with Solidworks, MATLAB, and C++ is desired  

—•	Experience with robotics is a plus  

DEPARTMENT NAME Epstein Dept of Industrial & Systems Engineering

PROJECT TITLE Training Binary Neural Networks

FACULTY NAME Meisam Razaviyayn

WEBSITE

DESCRIPTION
In this project, we study the training problem of binary neural networks. Our goal to use deep learning to check the similarity of long-read RNA sequencing 

reads.  We want to improve the computational efficiency of our current network by binarizing the weights and the hidden layers in the network.

PREREQ Coding, algorithms

RELATED BACKGROUND Coding, algorithms, probability

https://descyphy.usc.edu/
https://minghsiehece.usc.edu/directory/faculty/profile/?lname=Qian&fname=Feifei


DEPARTMENT NAME Information Sciences Institute

PROJECT TITLE Solving Text Adventure Games Using Common Sense Knowledge

FACULTY NAME Jay Pujara

WEBSITE https://www.jaypujara.org/

DESCRIPTION
Classic text adventure games such as Zork and Planetfall, where players navigate an unseen environment textual interactions, are at the frontier of artificial 

intelligence research. In a recent competition, AI agents could complete only 2% of these games (as opposed to 50% for experienced humans). The missing 

piece in AI performance seems to be knowledge: understanding the environment, objects, and interactions. The goal of this project will be to use an existing 

agent (MSR's NAIL) and enhance its play using a commonsense knowledge graph (ConceptNet). The goal will be to show how structured knowledge can 

allow AI agents to interact with the world to solve complex problems.

ADDITIONAL INFORMATION

PREREQ Data Structures, Algorithms, AI

RELATED BACKGROUND Data Structures & Algorithms  AI course   NLP or DB course (optional)  

DEPARTMENT NAME Information Sciences Institute

PROJECT TITLE Using AI to Model Reproducibility in the Social Sciences

FACULTY NAME Jay Pujara

WEBSITE https://www.jaypujara.org/

DESCRIPTION
Research in the social sciences is facing a crisis of confidence due to the difficulty in reproducing and replicating research results. The MACRO-SCORE project 

will develop automated techniques for evaluating scientific claims and assessing the confidence of their reproducibility and replicability. Our  approach 

centers on building a knowledge graph (KG) of scientific claims that integrates information across multiple levels of granularity, capturing fine-grained 

features from scientific articles using weakly-supervised information extraction and building a holistic view of research areas through network analysis of co-

authorship and citation networks and social media. MACRO-SCORE will use explainable probabilistic models and develop new techniques to maintain robust 

performance avoiding gaming attacks. MACRO-SCORE promises to instill trust in social sciences research and transform the current approaches for training 

scientists and evaluating papers while dramatically advancing AI techniques for social network analysis, information extraction, gaming detection, and 

explainable AI. A student joining this project will learn to use AI techniques to build a knowledge graph and use this KG to make predictions about scientific 

reproducibility.

PREREQ AI course, DB course

RELATED BACKGROUND

DEPARTMENT NAME MFD - Chemical Engineering

PROJECT TITLE Complex oxide Thin films for Electronics and Photonics

FACULTY NAME Jayakanth Ravichandran

WEBSITE http://alchemy.usc.edu

DESCRIPTION We are exploring advanced device applications of epitaxial complex oxide heterostructures. For example, we are working on developing low power phase 

change oscillators for neuromorphic computing and electro-optic oxide heterostructures for lossless photonic modulators. Students with interest in 

materials solutions for electronic and photonic devices are welcome to join this project.

PREREQ Basic Materials science related classes (Physics/Chemistry/Engineering)

RELATED BACKGROUND
Candidates will have a background in materials science, physics, chemistry, or related engineering disciplines. Coursework in thermodynamics and solid 

state physics is typically helpful.

https://ant.isi.edu/
https://b.root-servers.org/
https://b.root-servers.org/


DEPARTMENT NAME MFD - Chemical Engineering

PROJECT TITLE Developing complex materials for optoelectronic applications

FACULTY NAME Jayakanth Ravichandran

WEBSITE http://alchemy.usc.edu

DESCRIPTION We are exploring a novel class of semiconductors with large density of states (high absorption coefficient and carrier density) with tunable structure and 

composition. We have already demonstrated materials with a world record high birefringence (different refractive index along the optic axis and other 

principal axis) and properties suitable photovoltaic applications. We use crystal growth to produce high quality materials for these investigations. We are 

expanding our efforts to thin film growth of these materials now.

PREREQ Basic Materials science related classes (Physics/Chemistry/Engineering)

RELATED BACKGROUND
Candidates will have a background in materials science, physics, chemistry, or related engineering disciplines. Coursework in thermodynamics and solid 

state physics is typically helpful.

DEPARTMENT NAME MFD - Chemical Engineering

PROJECT TITLE Enzyme-inspired chemistry

FACULTY NAME Shaama Sharada

WEBSITE https://sharada-lab.usc.edu/

DESCRIPTION
While manmade processes for conversion of natural gas resources to useful products require extreme temperatures and pressures and lots of energy, 

enzymes found in bacteria can carry out highly selective transformations under ambient, mild conditions. Our goal is to demystify these processes and 

uncover new catalysts using clever quantum chemical strategies for probing mechanisms and predicting catalyst compositions.

PREREQ Kinetics

RELATED BACKGROUND Some experience with quantum chemical/molecular dynamics simulations desirable

DEPARTMENT NAME MFD - Chemical Engineering

PROJECT TITLE Single atom catalysis

FACULTY NAME Shaama Sharada

WEBSITE https://sharada-lab.usc.edu/

DESCRIPTION
Supported single atom catalysts are touted as being highly efficient and economical compared to supported precious metal nanoparticle catalysts. However, 

the activity and stability are dependent on operating conditions and reactants/products involved. We use quantum chemical and dynamics approaches to 

probe these dependencies and design catalysts for various applications including preferential oxidation for fuel cell feed.

PREREQ Kinetics

RELATED BACKGROUND Some prior experience with quantum chemistry/molecular dynamics simulations desirable

https://b.root-servers.org/
https://b.root-servers.org/
https://b.root-servers.org/


DEPARTMENT NAME Neurology - INI

PROJECT TITLE Brain Image Analysis

FACULTY NAME Yonggang Shi

WEBSITE https://nicr.ini.usc.edu/

DESCRIPTION In this project, the student will work with a dynamic group of brain imaging researchers to develop novel computational tools for the analysis of brain 

imaging data. These tools are developed for the extraction of reliable imaging makers for Alzheimer's disease research. This project will be supported by NIH 

funded projects. 

PREREQ Calculus, Linear Algebra, Matlab Programming

RELATED BACKGROUND A solid background in mathematics including calculus, linear algebra, and computer programming such as Matlab or Python. 

DEPARTMENT NAME Neurology - INI

PROJECT TITLE Epilepsy Bioinformatics Study

FACULTY NAME Dominique Duncan

WEBSITE epibios.loni.usc.edu

DESCRIPTION
The student will be working on the Epilepsy Bioinformatics Study for Antiepileptogenic Therapy (EpiBioS4Rx), the goal of which is to identify relevant 

biomarkers of epileptogenesis after traumatic brain injury to be used for antiepileptogenic therapies. Various analytic tools that have been developed at 

LONI will be used to analyze both EEG and MRI data collected from humans and rodents with the goal of identifying biomarkers of epileptogenesis. The 

student will work closely with Dr. Duncan and other investigators from the study. The student will read and summarize related literature, analyze 

multimodal data, and interpret the findings along with the rest of the collaborative team. 

PREREQ MATLAB, programming experience

RELATED BACKGROUND Excellent analytical skills, strong written and verbal communication, experience with MATLAB, and basic knowledge of neuroanatomy and neuroscience.

DEPARTMENT NAME Signal & Image Processing

PROJECT TITLE Signal Processing Methods for Improving Magnetic Resonance Imaging

FACULTY NAME Justin Haldar

WEBSITE http://mr.usc.edu/

DESCRIPTION
Magnetic resonance (MR) neuroimaging technology has created unprecedented opportunities to unveil the mysteries of the central nervous system, 

probing scales ranging from organs and systems down to individual cells and molecules, and enabling the visualization and quantification of anatomy, 

physiology, and metabolism. However, while MR neuroimaging techniques have been developing for decades, many advanced imaging protocols are still 

impractical for common use due to long data acquisition times, limited signal-to-noise ratio, and various other practical and experimental factors -- this 

limits the amount of information we can extract from living human subjects, despite the known power and flexibility of current MR technology. Our research 

group addresses such limitations from a signal processing perspective, developing novel methods for data acquisition, image reconstruction, and parameter 

estimation that combine: (1) the modeling and manipulation of physical imaging processes; (2) the use of novel constrained signal and image models; (3) 

novel theory to characterize signal estimation frameworks; and (4) fast computational algorithms and hardware.

PREREQ Signal Processing

RELATED BACKGROUND Signal Processing and Linear Algebra

https://nicr.ini.usc.edu/
https://b.root-servers.org/

