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LETTER FROM THE CHAIRS

W

elcome to the UC San Diego Electrical and Computer Engineering
Department. We are excited to share what’s new in ECE as we
continue to produce world-class research and strive to develop and
graduate “complete” engineers.
We are proud of our history providing an undergraduate curriculum that
builds on strong theoretical fundamentals and we are excited to
complement this knowledge base with courses and programs with more
hands-on applications. With the addition of several new courses, a new
maker facility and several extra-curricular activities, we are creating a
multi-faceted curriculum with threads that extend throughout the entire
undergraduate experience.
The creation of maker laboratories is allowing us to expand our
curriculum with the addition of three hands-on courses. The ECE
Makerspace was made possible by a generous donation from our
industry partner Keysight Technologies, while the larger EnVision Arts and
Engineering Maker Studio was established through a joint collaboration
between the Jacobs School of Engineering and the Division of Arts and
Humanities. You’ll learn more about ECE 5, our freshman “Experience
ECE” course, as well as our “Rapid Hardware and Software Design” and
“Rapid Prototyping” courses, in Undergraduate Education (see page 30).
We are also launching special topics courses (ECE 180/188) in the winter
and spring quarters of 2017 about the Internet of Things and IoT devices.
We’re also excited to share our Projects in a Box (PIBs), which are the foundation of a new
hands-on group project course (ECE 196). PIBs will also be used by our student organizations in
their K-12 outreach efforts to promote electrical and computer engineering.
Outside the classroom, we challenged our students to develop assistive products for the elderly.
ECE partnered with the Design Lab at UC San Diego and the Center for Healthy Aging on the ECE
Design Competition. The year-long contest follows the principles of human-centered design
(observation, prototype/test cycles) to ensure that they fit the needs of the people for whom they
are intended. In addition to ECE students, the inaugural competition attracted participants from
other disciplines, including cognitive science, visual arts and computer science. The ECE Design
Competition launches again this fall for the 2016-2017 academic year, affording interdisciplinary
teams of students the opportunity to create a product and consider the steps involved in taking
their product to market. Students have the opportunity to explore further entrepreneurial
concepts in our two new Entrepreneurship courses (ECE 180).
On the research front, we are eager to share our recent efforts to expand activity in the areas of
robotics, nanoelectronics, adaptive computing and embedded systems, big data, flexible
electronics, signal processing and machine learning with the addition of eight new faculty over
the past two years. Our new faculty have strong systems backgrounds in diverse research areas
and are instrumental in our efforts to create a robust hands-on experience for our students.
Within these pages we share the world-class research of our faculty.
As we celebrated ECE’s 50 years of electrical and computer engineering excellence over the
past year, we had the opportunity to contemplate and pay tribute to the people and events that
made up our first half-century. So where to go next? We are optimistic that, 50 years from now,
the research thrusts we explore today will stand the test of time, and that hands-on courses
and other enhancements to the curriculum will round out undergraduate education and help
fashion our students into the “complete” engineers of tomorrow. Taken together, ongoing
innovation in research and education will solidify ECE’s reputation and status as one of the best
and most forward-thinking departments of electrical and computer engineering in the nation,
even the world.

Truong Nguyen, Ph.D

Kevin Quest, Ph.D

CHAIR

VICE CHAIR

FACULTY HONORS

ONR Award to Researcher on
Signal Processing in the Brain
Gabriel Rebeiz during Jacobs School celebration honoring his election to the
National Academy of Engineering

National Academy Elects RF MEMS Pioneer
In 2016 ECE Prof. Gabriel Rebeiz was elected to the National Academy of Engineering,
one of the highest professional honors for engineers. He was recognized for his
“contributions to radio-frequency micro-electromechanical systems (RF MEMS) and
phased-array technologies.”
Rebeiz is a pioneer in the development of the arrays of electronically-steered antennas
that will soon be much lighter, generate less draft and prove more reliable than today’s
mechanically-driven antenna systems which airlines install on top of their planes to
allow passengers to use the Internet five or six miles in the air.
“With phased arrays we are migrating from mechanical movement to electronic
scanning,” says Rebeiz, who holds the Wireless Communications Industry Chair in the
Jacobs School of Engineering.
Phased arrays of electronically-steered antennas are also being incorporated into
next-generation automotive radar systems for autonomous (self-driving) cars in the
not-too-distant future, and Rebeiz’s lab is working with Toyota on the hardware for a
system to capture high-resolution images covering a 100-meter area surrounding a
moving car. The experimental phased array radar system, he says, involves a delay of
less than a micro-second. Rebeiz and his group received a 2014 R&D 100 Award from
R&D Magazine for its phase array radar system under development.

ECE Prof. Duygu Kuzum is building a computational
model of signal processing in the hippocampus, a
part of the brain that plays important roles in learning
and memory. The Office of Naval Research (ONR)
thinks she is on the right path, so the funding agency
rewarded Kuzum in 2016 with a Young Investigator
Award. The award comes with a three-year grant
worth $510,000 to support Kuzum’s research
through 2019. If she is successful, the research
could provide a greater understanding of the
mechanisms and microcircuits implicated in how the
human brain processes information. The ultimate
goal? To apply Kuzum’s insights to the field of
computing, where it could lead to systems with more
scalable, efficient and brain-like cognitive skills.

“The brain is an amazing
computational system,” says Kuzum.
“Understanding can open up new
opportunities for information
processing, developing
brain-computer interfaces, or neural
prosthetic devices.”

Other Faculty Honorees
Mohan Trivedi’s Laboratory for Intelligent and Safe Automobiles receives IEEE
Intelligent Transportation Systems Society’s Institutional Lead Award in
September 2015.
Ian Galton accepts Lewis Winner Award for Outstanding Paper at 2016 IEEE
International Solid-State Circuits Conference, with Ph.D. student Guobi Zhao and
ECE alumnus Colin Weltin-Wu (M.S. ’06).
Vikash Gilja receives Hellman Fellowship for 2016-2017 for research on
brain-machine interfaces using neural signals to control prosthetic devices.
Patrick Mercier receives DARPA Young Faculty Award in 2015 to fund research on
extreme miniaturization of electronic devices for both civilian and military
applications. Also received 2015 Beckman Young Investigator Award.
Zhaowei Liu named OSA Fellow in 2016.
Siavash Mirarab receives Honorable Mention for 2015 ACM Doctoral Dissertation
Award.
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ECE Affiliate Professor Roberto Padovani wins the
2016 IEEE Alexander Graham Bell Medal. He is a
former CTO of Qualcomm from 2001 to 2011, and
holds over 80 wireless-related patents. Padovani is
also a National Academy of Engineering member and
IEEE Fellow.

Faculty Diversity Award
Prof. Tara Javidi is the most recent recipient of the UC San Diego Equal Opportunity/Affirmative Action and
Diversity Award (with Bioengineering Prof. Todd Coleman also winning an award).
Javidi was cited for championing diversity throughout her time at UC San Diego through undergraduate
advising and support, graduate student postdoc diversity, and faculty diversity efforts. Case in point: the ECE
professor has partnered with programs such as the McNair Scholars Program since 2010 to find promising,
underrepresented minority undergraduates. She tutors them on coursework and reviews their resumes.
Javidi participates in the Alfred P. Sloan Foundation University Center for Exemplary Mentoring, primarily as an
expert on diversity programs in STEM fields. She has plenty such experience, having been the faculty advisor to
the UC San Diego student chapter of the Society of Women Engineers since she arrived on campus in 2005.
“Professor Javidi continues to demonstrate her commitment to diversity by serving on committees which
promote diversity as well as mentor and advise underrepresented students in her research lab,” says Corey
Baker, a postdoctoral fellow mentored by Javidi. “She is responsible for leading my postdoctoral training and
preparation for a career in academia… [and] she continues to show me how to identify and tackle complex
research problems, train graduate students, and collaborate with other researchers.”

Teaching Awards
Professor Patrick Mercier is the first faculty member in Electrical and Computer
Engineering to win UC San Diego’s Distinguished Teaching Award since the late Jack Wolf
won the award in 1999. He is one of five recipients of the award in the 2015-2016 academic
year. “Patrick Mercier is an exceptionally talented teacher, mentor, researcher and
colleague,” reads the citation announcing the award. All nominees must be members of
the Academic Senate. One student writing to support the professor’s nomination noted
that Mercier “is the epitome of what an exemplary and passionate teacher can be. Through
his highly effective teaching methods, his compassion and genuine care for his students,
and his infectious passion for the teaching profession, Prof. Mercier defines the concept of
teaching excellence… in every sense.” Other statements also pointed to Mercier’s
“abundance of enthusiasm to excite and motivate the next generation of learners; a deep
understanding of fundamental concepts and their relation to practical applications; the
ability to explain both fundamental and advanced concepts in various engaging ways; and
a passionate commitment to help students learn.”
ALSO HONORED:
ECE Best Teachers Shadi Dayeh and Vikash Gilja for undergraduate and graduate teaching
categories, respectively, based on student course evaluations.

NSF CAREER Award
The National Science Foundation CAREER Awards foster career development of
outstanding junior faculty by combining research support with educational programs to
groom “teacher-scholars.” Two department faculty received awards in 2016.
ECE Prof. Boubacar Kante was selected for his project on “Bound State in the
Continuum Lasers.” The project aims to “investigate and develop for the first time a
novel type of laser that exploits a novel confinement method for light inspired by early
theoretical works in quantum mechanics.” The technology could lead to development
of novel light sources for communication, sensing, and imaging, to enhanced
understanding regarding the creation of these sources, as well as the satisfaction of
numerous requirements of photonics devices, including small footprint, low power
consumption, and enhanced light-matter interaction.
Prior to joining the UC San Diego faculty, ECE Prof. Piya Pal received an NSF CAREER
Award for a project on “Smart Sampling and Correlation-Driven Inference for
ECE professors Boubacar Kante (left) and Piya Pal
High-Dimensional Signals.” The five-year award will allow Pal to develop a systematic
theory of smart sampling and information retrieval algorithms for modern sensing
systems. The systems in question exploit the correlation structure of high-dimensional signals to reduce significantly the number of measurements
needed for inference.
The CAREER Awards provide approximately $500,000 in funding over five years to support research as well as teaching and educational outreach.
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NEW FACULTY

NIKOLAY
ATANASOV

PIYA PAL

ASSISTANT PROFESSOR

ASSISTANT PROFESSOR

PH.D., ELECTRICAL ENGINEERING
CALTECH, 2013

PH.D., ELECTRICAL AND
SYSTEMS ENGINEERING
UNIVERSITY OF PENNSYLVANIA, 2015

Exploring Energy Efficiency in Sensing and Signal Processing

Robots as Information Gatherers

Prior to joining the UC San Diego faculty, Piya Pal was an Assistant Professor
of Electrical and Computer Engineering at the University of Maryland, College
Park, where she was also affiliated with its Institute for Systems Research. Pal
did her undergraduate degree at the Indian Institute of Technology,
Kharagpur.

Fresh from a postdoc at the University of Pennsylvania, Nikolay Atanasov
joins the rapidly-expanding team of researchers in UC San Diego’s new
Contextual Robotics Institute in fall 2016. His research focuses on controlling
teams of aerial and ground robots to collect metric, semantic and topological
information for a wide array of applications. “Multi-robot teams will have a
tremendous impact in many fields,” predicts Atanasov, including
environmental monitoring, precision agriculture, structural inspection,
security and surveillance, search and rescue, autonomous mining, space
exploration, and others.

The central goal of Prof. Pal’s research is to design and analyze (as well as
understand the fundamental performance limits of) new energy-efficient
sensing paradigms coupled with computationally efficient robust algorithms
for information processing of high-dimensional signals. Pal also investigates
big data analysis, energy-efficient sensing, high-resolution imaging, and
optimization techniques for solving inverse problems in signal processing
(with applications in radar and sonar signal processing, biomedical and
molecular imaging, and machine learning).
She exploits the laws of physics associated with signal generation,
acquisition and propagation, along with available domain knowledge, to
judiciously design new, structured sampling techniques and robust
estimation/detection algorithms that can work together to estimate
parameters of interest from highly under-sampled, noisy and corrupted data.
In her past and ongoing work in signal processing for sensor arrays, she
developed new sampling geometries, namely nested and coprime samplers,
which consume significantly less power and require fewer sensors than
existing methods.
Says Pal: “These new geometries have allowed us to overcome long-standing
performance bottlenecks.”
In the context of compressive sensing and sparse estimation, Pal has
developed a new “correlation-aware” technique for sparse estimation which
explicitly uses spatio-temporal correlation present in multichannel data.
Using this new framework, she has shown that it is fundamentally possible to
increase (by an order of magnitude) the level of recoverable sparsity beyond
what is achievable by state-of-the-art compressive sensing algorithms that
typically fail to exploit such correlation priors.
More recently, she is working on understanding the role of samplers in
achieving fundamental limits of covariance compression and
covariance-driven statistical inference; developing new algorithms for solving
highly underdetermined inverse problems in high-resolution imaging that
reveal fundamental interplays between sample size, resolution, and priors
obtained from statistical and physical signal models; and designing and
analyzing sampling techniques for tensor methods in statistical machine
learning.
In 2016, Pal received an NSF CAREER Award (see story page 5). Two years
earlier, she received the Wilts Prize for Outstanding Thesis in Electrical
Engineering at Caltech for her Ph.D. dissertation on “New Directions in
Sparse Sampling and Estimation for Underdetermined Systems.”
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He investigates sensing models that enable the use of context and semantic
information in robot localization, mapping, and navigation. He also develops
control techniques for active information acquisition using teams of
autonomous robots that use heterogeneous sensors and actuators to
investigate dynamic, hard-to-predict phenomena.
More broadly, Atanasov uses system modeling, algorithm design, theoretical
analysis and experimental validation to study distributed sensing and
estimation of the evolution of physical processes of interest, how to plan robot
motion that minimizes the estimation uncertainty, the energy expenditure, the
information exchange among robots, and how to have robots execute these
motion plans autonomously in a safe and robust manner.
Despite their tremendous scientific and practical promise, the use of robots
for information gathering is in its infancy. “The recent impressive progress in
robotics is due in large part to the advances in graphical model inference
and simultaneous localization and mapping, or SLAM for short,” says
Atanasov. "Without SLAM, flying a quadrotor outside the motion-capture
area would not be possible, just like Google's Tango would be nothing more
than an Android phone."
SLAM relies largely on geometric features such as points, lines and planes,
while disregarding semantic information. The electrical engineer, however,
argues that semantic information (such as recognized objects in the robot’s
surroundings) can sharply improve SLAM. “Using the semantic information
reduces the ambiguity in global localization and loop closure,” he explains.
“In addition, the resulting maps represent meaningful landmarks in addition
to geometry, and would allow robot operators to formulate robot missions in
terms of the annotated landmarks.”
Atanasov has proposed a way to identify robot trajectories that can be
excluded from consideration with negligible loss in performance – thereby
allowing scalable planning with long horizons. Atanasov also came up with a
decentralized control approach to reduce the complexity of multi-robot
information gathering: instead of an exponential increase in complexity as the
number of robots grows, the complexity grows only in linear rather than
exponential fashion.
“We proved that the algorithm obtains at least 50 percent of the information
achievable by the theoretically-optimal centralized solution,” explains
Atanasov.
Member, Contextual Robotics Instiute

Exploring Energy Efficiency in Sensing and Signal Processing
Until joining the ECE faculty in September 2016, Todd Hylton was a senior
vice-president for strategy and research at Brain Corporation, a robotics startup
based in San Diego. Prior to Brain Corp., Hylton launched a series of successful
projects as a program manager at DARPA, including the multi-million-dollar
SyNAPSE effort to develop a chip whose architecture was inspired by the function
of biological nervous systems.

Todd hylton

PROFESSOR OF PRACTICE

He was also one of the best-known experts in the San Diego robotics community, so
when UC San Diego began planning for the Contextual Robotics Institute, it wasn’t
surprising that Hylton would find a role to fit his background as both scientist and
entrepreneur.

PH.D., APPLIED PHYSICS
STANFORD UNIVERSITY, 1991

“He will play a key role as we focus on industry collaborations, both locally and
globally,” says the institute’s faculty director, Henrik Christensen. “Todd has a
strong history both from government positions and work in the local industry that
will facilitate rapid growth of our project portfolio and industry network.”
Hylton pledged to pursue research projects that are both ambitious and relevant. “We are looking to spin out startups, license our breakthroughs and feed the robotics
talent pipeline in the region, state and nation,” he predicts. “There are many difficult technical and business problems that must be addressed in order to bring robots into
our everyday lives.”
Over the past four years at Brain Corp., Hylton managed a team of scientists and engineers that created the first version of BrainOS, a software framework that allows the
creation of robotic systems that adapt to their environments and learn from humans. The software was tested on a low-power, embedded computing platform developed
by the company and based on Qualcomm’s Snapdragon processor. Hylton also led a team that worked on developing a new class of machine learning algorithms for
robots to learn online and without supervision as well as to grasp the concept of time and anticipate how their surrounding environment will change.
Hylton is both an inventor and entrepreneur, with 19 patents to his name, and the company 4Wave, a startup to develop a new way of depositing thin film onto surfaces,
or ‘biased target ion beam deposition’.
In his capacity as Professor of Practice, Hylton will also teach courses focused on enabling technology for robotics and pursue research alongside the rest of the faculty,
researchers and students. He notes that the Internet of Things (IoT) holds great potential in the long run. “IoT is like robotics where the building or the factory is the robot,”
notes Hylton. “There are lots of similar technical challenges around making the systems ‘smart’. Current artificial intelligence techniques are a step in the right direction,
but there is still a lot to do.”
Engineering Robots to Be the Surgeon’s Best Instrument

Michael YIP
ASSISTANT PROFESSOR

PH.D., BIOENGINEERING AND
BIOMEDICAL ENGINEERING
STANFORD, 2015

Medical robotics has demonstrated expansive growth in the past decade
for surgical treatments, and it has become the de facto standard for
surgery for many different conditions. This is largely because surgical
robots have allowed clinicians to perform treatments more accurately, with
significantly reduced trauma to the patient, and with better patient
outcomes (including less time in the hospital). The Advanced Robotics and
Controls Lab (ARCLab) was set up by ECE Prof. Michael Yip after he joined
the UC San Diego faculty in October 2015. He is also a founding member of
UC San Diego’s Contextual Robotics Institute.
Yip and ARCLab students work closely with physicians at UC San Diego to
improve surgical patient outcomes. They do so by designing and developing new robotic surgical devices as well as algorithms to assist in surgery
and other medical conditions. ARCLab also pursues data-driven modeling
and intelligent control of surgical devices, as well as integrated medical
imaging and visualization.

“One area of development involves the design of robotic catheters and flexible telescoping devices that allow clinicians to navigate through the body,” explains Yip, noting that
his group is currently working on design and control of snake-like robotic systems for enabling clinicians to treat cardiac arrhythmia (a major cause of stroke for millions living
in the United States) and colon cancer (which has the second highest mortality rate of cancer prognoses). “We make it possible for surgeons to reach and operate in areas
previously inaccessible or too difficult in which to operate.” The work on flexible robotics has won best papers in the past, and recently the snake-like robotics research
received support from UC San Diego’s Frontiers of Innovation Scholars Program (FISP) and from key industry players in the field.
ARCLab researchers also design augmented-reality interfaces for surgery, and medical or endoscopic image analysis for image-guided surgery. Then, by combining minimally-invasive robotic surgical devices with stereo (3D) visualization, augmented-reality overlays and real-time medical image-based guidance, new technologies developed by Prof. Yip can
provide surgeons with immersive and realistic experiences to assist them during a procedure. “These methods are used to help clinicians treat patients with cancer and cardiovascular disease,” says Yip. “Those are the two leading causes of death globally.”
Yip’s current research projects include machine learning for making surgical robots autonomous; snake-like robot design and
control; image-based guidance and augmented reality for surgery; and biomimetic robot actuators (i.e., robot muscles) for
natural robot movement, robot prosthetics and orthoses.
A flexible robotic catheter (right) developed to deliver ablation therapy to treat heart arrhythmia, a leading cause of stroke.
Robot control and autonomy on these naturally-flexible devices enables robot-level precision with inherent safety.
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Adding Intelligence to Embedded Systems
ECE Prof. Farinaz Koushanfar joined the UC San Diego faculty
in January 2016, after nearly a decade at Rice University. Her
Adaptive Computing and Embedded Systems (ACES)
laboratory develops the next generation of efficient, secure
and more intelligent data-driven computing and embedded
systems and Internet of Things devices. Why more intelligent?
“The added intelligence,” says Koushanfar, “is to satisfy
objectives and constraints including security and safety, energy
efficiency, and timeliness.”

FARINAZ
KOUSHANFAR
PROFESSOR

PH.D., ELECTRICAL ENGINEERING
AND COMPUTER SCIENCE
UC BERKELEY, 2005

Her research addresses
several aspects of efficient
computing and embedded
systems, with a focus on
hardware and system
security,
real-time and
energy-efficient Big Data
analytics on small devices,
design automation, and
privacy-preserving
computing. The focus on
small form-factor platforms includes embedded computing
devices that process vast amounts of data, e.g., visual
computing on smartphones, implantable medical devices,
and sensor networks. Depending on the application,
enabling embedded systems becomes particularly difficult if
the application has real-time constraints that preclude
outsourcing to the cloud on the assumption that cloud
processing and storage might incur excessive delays or
uncertainty.
“Attacks on these systems go far beyond destruction of data,
as they have the potential to impact physical assets and
people’s lives,” says Koushanfar. “In this context, classic
solutions for resource efficiency and security are of limited
effectiveness.” (On the security challenge, see article in
Computer Engineering, p. 11.)

Nanoelectronics Meets Neuroelectronics
ECE Prof. Duygu Kuzum joined the ECE faculty in November
2015 from a postdoctoral research position in bioengineering
at the University of Pennsylvania. Then in spring 2016 she
received a Young Investigator Award from the Office of Naval
Research (for details see Faculty Honors, page 4).
Kuzum leads the department’s Neuroelectronics Group,
whose primary areas of research include nanoelectronic
synaptic devices that emulate the synaptic computation and
plasticity of the human brain. The goal: to better understand
circuit-level computation in the brain. In order to do so, she
has worked on integrating very different (heterogeneous)
types of nanoelectronic devices and systems, but also
investigates nanoscale engineering of materials and devices
for brain-inspired computing. “These technologies could lead
to portable and energy-efficient computers that would learn
and process information in real time,” says Kuzum, “much as
the human brain does.”

DUYGU KUZUM
ASSISTANT PROFESSOR

PH.D., ELECTRICAL ENGINEERING
STANFORD UNIVERSITY, 2010
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Koushanfar and her ACES Lab colleagues develop disruptive
automated methods, algorithms, and systems to meet present
demands but also enable new types of data-intensive
applications. “Our philosophy is that disruption in complex,
data-intensive embedded systems research requires
foundational understanding of the form and behavior of the
content and algorithms,” explains Koushanfar. “It also requires
understanding how the content and algorithms interact with
the underlying hardware.”

The ACES Lab created the first comprehensive data- and
platform-aware framework that provably optimizes the
performance cost of learning analysis on dense data. The
researchers settled on a set of usage scenarios, notably
learning and analysis of dense visual content on small
platforms. “They are key enablers for next-generation
applications in important domains including healthcare, social
media, robotics, and autonomous vehicles,” says Koushanfar.
Among her many honors, Koushanfar received the Presidential
Early Career Award for Scientists and Engineers from President
Obama, the ACM SIGDA Outstanding New Faculty Award,
Young Faculty or CAREER Awards from NSF, DARPA, ONR and
ARO, and she was named to MIT Technology Review’s list of
the Top 35 Innovators Under 35 in Science.

Letters, highlighted in Nature, and appeared in other
publications ranging from Electrical Engineering Times to
New Scientist. Kuzum has received various awards, including
a Texas Instruments Fellowship and the Intel Foundation
Fellowship. She was also named one of the Top 35
Innovators Under 35 by MIT Technology Review in 2014, one
year after receiving a similar award from PopTech and joining
its community of Science and Public Leaders.

Kuzum also studies neuroelectronics, including development
of neural interfaces for studying the dynamics of brain
circuits. These range from transparent probes for
neuroimaging and optogenetics to, more recently, novel
tools to probe brain circuits with high spatial and temporal
precision. She also develops clinical neurodevices, including
active implantable devices, clinical arrays for long-term
recording, as well as dissolvable neural electrodes for
monitoring patients after brain surgery.
The researcher’s work on nanoelectronic and neuroelectronic
devices has been featured on the cover of the journal Nano

Kuzum’s research featured on the cover of
Nano Letters journal.

Statistical Reconstruction of Biological
Evolutionary Histories
Siavash Mirarab joined the ECE faculty in July 2015. His
research area is computational biology, including applications
to multiple sequence alignment, metagenomics, and
phylogenetic reconstruction from whole genomes. Mirarab’s
group places particular emphasis on the development of tools
and methods to enable accurate and scalable analysis of
large-scale biological datasets. To analyze large datasets,
MIrarab develops algorithms to undertake the analysis with
high accuracy but within reasonable demands on
computational resources.

accurately and efficiently analyze very large genomic datasets.
Most recently, Mirarab and ECE Ph.D. student Erfan Sayyari
developed a new statistical method for estimating the reliability
of reconstructed evolutionary histories*. The new method
decreases computational resources needed for support
calculation by two orders of magnitude (e.g., from a hundred
nodes on a supercomputer to a single node), while increasing
the biological realism of models that are used.

His work includes evolutionary biology and computational
methods that use genomic data to reconstruct the evolutionary
past. “My specific areas of research span many topics,”
explains Mirarab. “They include reconstruction of species trees
from gene trees (phylogenomics), large-scale multiple
sequence alignment, HIV transmission network reconstruction,
and metagenomic analyses using phylogenetic approaches.”
According to Mirarab, a fundamental step in understanding
biology is reconstructing the historical evolutionary
relationships between biological entities, whether they are
species, genes, B-cells central to adaptations in the immune
system, mysterious genomic repeats, or bacteria forming the
microbiome. (Note: Mirarab is a member of UC San Diego’s new
Center for Microbiome Innovation.) “Since we cannot rewind
evolution to observe the true history,” he notes, “computational
phylogenetic methods are the only means of inferring these
evolutionary relations.”

This novel method is being quickly adopted by biologists and is
currently used in 1KP (perhaps the largest phylogeny project to
date, which aims to infer the plant tree of life over a billion years
of evolution). Other related projects in the Mirarab lab include
inference of HIV transmission networks from genetic data,
analysis of little-understood genomic repeats that form roughly
half of the human genome, and inference of gene-specific
evolutionary histories by putting them in a genomic context. For
the latter project, in July 2016 Prof. Mirarab received funding
from NSF to study the use of “genomic context to understand
evolutionary histories of individual genes.”

Reconstructing these histories for large numbers of entities is a
hard computational problem, with many challenges to both
accuracy and scalability. Mirarab’s lab uses statistical and
algorithmic techniques to develop new methods that can

*Fast Coalescent-Based Computation of Local Branch Support from
Quartet Frequencies, by Erfan Sayyari and Siavash Mirarab, Molecular
Biology and Evolution, Vol. 33, No. 7, pp. 1654-1668, July 2016

Being Flexible about Electronics

that actuates somatosensory neurons (in the latter case,
opening a new path to electronic skin in neuro-prosthetics).

Prior to joining ECE in September 2015, Tina Tse Nga Ng
worked for nine years on the research staff of the Palo Alto
Research Center (PARC) where she demonstrated prototypes
of mechanically flexible photosensors using organic
semiconductors and amorphous silicon. She was on the
cutting-edge of a new frontier in thin-film device technologies
involving the transformation of conventional materials and
fabrication processes
to meet the demands
of soft, pliant and often
easily
damaged
surfaces.
Such
research has created
novel
‘flexible
electronics’
with
tremendous impact on
fields ranging from
bio-electronics
to
energy sustainability.
Now, in her Flexible
Printed Electronics Lab,
Prof. Ng and her team
aim to push the boundary of how electronics are made and
used. The goal: to incorporate electronic control and power
sources into any object in order to realize seamless
human-computer interfaces.
Ng and her colleagues develop flexible X-ray imagers, printed
sensors for detecting head concussions, smart labels to
monitor vaccine degradation, and a biomimetic tactile sensor

The lab’s underlying approach to flexible electronics is based
on scalable additive printing. This printing technology – more
popularly called 3D printing – allows low-temperature
patterning that is compatible with a wide range of materials. It
also reduces waste from mask steps, and makes it possible to
undertake rapid design changes and complex geometric or
m a t e r i a l s
permutations. “Our
vision for flexible
electronics is not
only to create new
stretchable objects
and applications,
but
also
to
increase design
and
process
versatility
by
taking advantage
of
printing
fabrication
techniques to engineer new material properties,” explains Ng.
“We are working to discover fundamental materials principles
and establish a fabrication platform with unprecedented
design freedom, and the interplay between electronic and
mechanical properties will enhance the functionalities of
flexible actuators and sensors.”

SIAVASH MIRARAB
ASSISTANT PROFESSOR

PH.D., COMPUTER SCIENCE
UNIVERSITY OF TEXAS AT AUSTIN, 2015

TINA TSE NGA NG
ASSOCIATE PROFESSOR

PH.D., PHYSICAL CHEMISTRY
CORNELL UNIVERSITY, 2006
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STUDENT AWARDS
Honors Awards
Once a year the ECE department hands out the Booker Memorial Honors Awards, named for one of the
department’s founding fathers: Henry G. Booker (1910-1988). The awards honor students for hard work,
dedication and commitment to their studies, and winning students must qualify by obtaining a GPA of 3.7
or higher in all their ECE courses. For the 2015-2016 academic year, 23 students qualified: Kyle
Barron-Kraus, Chak Wa Chan, Kevin Chavez, Ka Wai Chen, Tanya Cheung, Spenser Cornett, Kevin Hsu,
Vasna Khani, Ashot Kulikyan, Davis Liang, Cuong Luong, George Ma, Harshil Patel, Thomas Phelps, Kevin
Rivas Rivera, Tianlei Sun, Borhan Vasli, Junkai Wang, Sammie Wang, Albert Xu, Shengfei Yu, Junxiang
Zhao, Xuefei Zhong.
ECE Chair Truong Nguyen (far left) and Vice Chair Kevin Quest (far right) with 15 Booker Honors Award
recipients who were able to attend the ceremony.

Dissertation Award
At the ECE department’s June 2016 awards ceremony, the best thesis award went to Ananda Theertha Suresh (M.S., Ph.D. ’12, ’16) for his
doctoral dissertation* on “Statistical Inference over Large Domains.” He completed his doctorate under ECE Prof. Alon Orlitsky at the
intersection of information theory, machine learning and statistics, having worked on problems related to distribution learning, property testing,
and universal compression over large domains. With Orlitsky, Theertha also received a Best Paper award in 2015 at the Conference on Neural
Information Processing Systems (NIPS), with a paper** on “Competitive Distribution Estimation: Why Is Good-Turing Good.” In it, the electrical
engineers described the first universally near-optimal probability estimators.
*Statistic Inference over Large Domains, Ph.D. Dissertation, by Ananda Theertha Suresh
**Competitive Distribution Estimation: Why is Good-Turing Good, by Alon Orlitsky and Ananda Theertha Suresh, Neural Information
Processing Systems (NIPS), December 2015

Graduating senior
Ananda Theertha
Suresh

Best TAs
Every three months the department selects one or two Teaching Assistants to receive the award for Best TA of the quarter.
For Spring 2015, the winner was Eric Bureaud, now an ECE alumnus (B.S., M.S. ’15, ’16), who TA’d for ECE Prof. Daniel
Sievenpiper’s Electronic Systems Lab course in his final undergraduate year. Bureaud has two degrees in ECE to his name,
with his Master’s degree specializing in machine learning.
Then in Fall 2015, Haopei Deng and Timothy Lee shared the honor. Both were honored for their TA work on Prof. Gabriel
Rebeiz’s popular Microwave Systems and Circuits course, ECE 166.
Eric Bureaud

Raghav Abboy

The Best TA award for winter 2016 went to Raghav Abboy. Abboy – who graduated with his M.S. in Computer Engineering the
following June – was a TA for large courses including ECE 30 (350 students learning Computer Engineering) and ECE 15 (with
some 400 students learning Engineering Computation).

Gordon Engineering
Leadership Award

Power & Energy Scholarships
Two ECE undergraduates are among the 209 students receiving
scholarships from the IEEE Power & Energy Society as part of its
Scholarship Plus Initiative. Christopher Ellis and Stephen Estrin are the
only two UC San Diego students selected for the 2015-2016 academic
year, and it’s the first time ever that the Society gave scholarships to
UCSD students since it launched the program in 2011.
Applicants must be “high achievers” with strong GPAs and distinctive
extracurricular commitments. The selection committee also looks for
evidence of a commitment to exploring the power and energy field for
future research or a career path.
Christopher Ellis expects to graduate with a B.S. in Electrical Engineering
in June 2017, and he plans to pursue research in Power Electronics and
Power Systems. So it came as no surprise that he was selected for the
PES Scholarship.

Christopher Ellis,
Class of ‘17

Stephen Estrin is one year behind Ellis and expects to complete his B.S. degree in 2018. He recently
participated in the Startup UC San Diego hackathon, where his team developed Barsistant, an
Internet of Things-enabled custom ‘smart’ coaster that relays data about the beverage over Wi-Fi to
a server. As back-end developer, Estrin worked on algorithms to classify the type of drink, monitor
the beverage’s temperature, and calculate how much liquid remains in the glass on top of the
3D-printed coaster. By algorithmically modeling consumption trends, Barsistant can wirelessly alert
the bartender when a glass is almost empty.
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ECE undergraduate Ryan Collins
accepted a student award at the
annual meeting of the Gordon
Engineering Leadership Center in
April 2016. Collins was cited for
boosting
technical
competition
participation
and
fostering
an
engineering
community
through
outreach. Collins was originally
recruited as a Gordon Fellow in 2015,
in recognition of his prior leadership of
Ryan Collins,
the Triton Rocket Club. Currently he
Class of ‘16
serves as President of the UC San
Diego student branch of the Institute of Electrical and
Electronic Engineers (IEEE) – the second-largest student
branch in the country, with approximately 630 student
members. Collins also played a leadership role in the ECE
Design Competition to build innovative new technologies
for use by senior citizens as part of the Healthy Aging
Initiative. Collins and three fellow team members took the
$4,000 Grand Prize. (See story on page 38.)

FACULTY

COMPUTER ENGINEERING
Security and Privacy
for Data-Intensive Computing
The emerging Internet of Things (IoT) presents a variety of
security and privacy challenges, and in a paper to the
Design Automation Conference* in June 2016, ECE Prof.
Farinaz Koushanfar and collaborators explored how to
build trust in remote IoT devices. In Koushanfar’s Adaptive
Computing and Embedded Systems (ACES) Laboratory,
efficiency is seen as a major challenge for the
rapidly-evolving Internet of Everything. But in particular on
small form-factor platforms, security and privacy are equally
challenging: security in the context of IoT devices, and
privacy as a function of scalable, privacy-preserving
computing. Notes Koushanfar: “Classic security protocols
are often of limited use in IoT scenarios.”

SUJIT DEY
Mobile cloud computing, wireless multimedia,
adaptive networks and applications, green computing
and communications, and embedded systems-on-chip.

ANDREW KAHNG
Physical design of Very Large Scale Integrated (VLSI)
circuits, and the International Technology Roadmap for
Semiconductors.

Illustration of concept for
IoT in context of security
and privacy for
data-intensive computing

FARINAZ KOUSHANFAR
Embedded and cyber-physical systems security,
adaptive and low-power embedded systems design,
and design automation, in particular of domain-specific
computing and learning applications.

BILL LIN
The computer engineer works on expanded use of novel, ultra-low-power security ‘primitives’ that
Novel embedded system and VLSI architectures for
promise an alternative basis for securing IoT devices by bootstrapping the physical aspects of
communications and networking applications.
‘things’. One set of such primitives, physical unclonable functions (PUFs), are based on a device’s
physical properties. Another set leverages the physical nature of shared communication in proximity.
Addressing the challenging problem of securing transient IoT connections, the ACES team has
leveraged the unique and time-varying features of IoT objects nearby. These features are used
KEVIN QUEST
Collisionless shock structure, magnetic reconnection,
within a rigorous framework of cryptographic protocol design to enable flexible, scalable, efficient
as well as plasma waves and instabilities.
trust management. They have already shown a prototype of this idea to secure an implantable
medical device system called Heart-to-Heart, an authentication system for implantable medical
devices that use the patient’s own heartbeat as a kind of password to prevent hacking. The system
is expected to have broad applications to consumer fitness, mobile devices, and networked
vehicles. Just before joining the ECE faculty, Koushanfar received an inaugural Internet of Things Security Grand Challenge Award in 2014, together with colleagues from
Cornell and Rice universities. The contest judges cited the Heart-to-Heart project for “creating physical proof-of-presence protocols for transient connections in the IoT
and operating in backwards-compatible mode with legacy standards.”
Privacy-preserving computing refers to the grand challenge of how two or more parties can correctly compute a joint function of their respective private inputs without
exposure. The ACES researchers have worked on a number of technologies to achieve privacy-preserving computing, focusing on provable protection, scalability, and
practical implementation. A particular focus area is on using the Garbled Circuit (GC) technique, a generic approach to secure two-party computation for semi-honest
participants. The GC protocol was developed in the mid-1980s, but with limited practical significance due to its inefficiency, unscalability, and lack of global logic optimization.
But Koushanfar and her colleagues have introduced a paradigm shift in the GC protocol implementation by creating a compact and scalable Boolean garbled description
format. By properly defining the synthesis problem and using newly-created custom libraries and transformations, Koushanfar showed how logic synthesis can elegantly
address the problem. The solution improves the best-known automatic tool for GC generation by several orders of magnitude, enabling embedded implementations.
The findings also enable a spectrum of novel concepts and applications, including the first scalable implementation of a Garbled CPU (prototyped on FPGA) that is
provably leakage-resilient in non-interactive settings, the first efficient/scalable secure stable matching, as well as privacy-preserving nearest-neighbor and location
searches.

*Things, Trouble, Trust: On Building Trust in IoT Systems, by Tigist Abera, Farinaz Koushanfar, et al., Proc. of the 53rd Annual Design Automation Conference (DAC
2016), No. 121, June 2016.

Industrial Internet of Things for Smart Manufacturing
“The transformation of manufacturing with Internet of Things will help the
U.S. regain a competitive edge in manufacturing,” says ECE Prof. Sujit Dey,
“with increased efficiencies in cost, processes and performance.” As
Director of UC San Diego’s Center for Wireless Communications (CWC), Dey
has partnered with the Korea Electronics Technology Institute (KETI) to
develop a program using the Internet of Things and Big Data analytics to
enable smart manufacturing.
The Internet of Things (IoT) refers to a system of interrelated computing
devices, machines, sensors, and objects that are provided with identities
and the ability to exchange data without requiring human intervention. The
term ‘Industrial IoT’ refers to the use of IoT technology in manufacturing, a
field that incorporates computer engineering, machine learning, and Big
Data technology. Industrial IoT can harness sensor data and automation
techniques to improve manufacturing efficiency. CWC and KETI have
agreed to collaborate in the application of machine-learning techniques to
the large amount of collected data that must be parsed to determine the
best possible configuration of the components in an Industrial IoT.
The KETI collaboration focuses on deriving two specialized types of
data-mining models: predictive analytics, and prescriptive analytics.
Predictive analytics are adaptive and capture the performance of a process.
Starting from the predictive model, prescriptive analytics assesses the

reasons for performance failures. Further design challenges include determining
how devices can be enabled to share information, and what the overall network
topology should look like. These obstacles will play a major factor in how the group
determines and prioritizes its goals to deliver the infrastructure connecting
sensor-based data, and enable real-time, actionable and predictive operational
intelligence.
According to computer engineer Dey, the smart-factory initiative with KETI will
benefit from the Korean agency’s advanced Industrial IoT group in its Smart Factory
ICT Research Center, and Korea’s role as a manufacturing powerhouse. “We are also
very excited that our CWC member company Keysight Technologies has agreed to
be our first factory partner,” says Dey. “It will allow us to develop new technologies
and deploy them for testing at Keysight’s advanced manufacturing facilities in Santa
Rosa, California, in active collaboration with their manufacturing experts.”
“Through the KETI-CWC smart manufacturing research project, both countries can
develop an advanced smart manufacturing platform and have a mutual utilization of
testbeds built in each country,” says Soojin Ji, Associate Researcher in the
Convergence Emerging Industries R&D Division of the Smart Factory ICT Research
Center in Korea. “By doing this project, we expect that smart factory-related
corporations in both countries are more likely to acquire global competitiveness.”
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COMMUNICATION THEORY AND SYSTEMS
Error Characterization, Channel Modeling, and Coding for Flash Memories
In today’s computing world, NAND flash memory technology is everywhere.
It’s a fundamental building block of high-density, semiconductor-based
storage products, commonly known as Solid State Drives (SSD). With the
advent of Big Data, Cloud Computing, and the Internet of Things (IoT), demand
for high-performance, flash-based storage is expected to expand rapidly in
the decade ahead. The physical properties of flash memories, however, also
limit their reliability and shelf life (durability), reducing their usefulness in key
application domains such as large data centers.
To overcome such device limitations. ECE Prof. Paul H. Siegel and his students
in UC San Diego’s Center for Memory and Recording Research (CMRR) have
turned to coding techniques and information theory. “Non-volatile memory
technologies, such as multilevel flash, are revolutionizing the way we store,

with which to improve information-theoretic models of the memory and to
explore the performance of a variety of novel coding algorithms.
Using experimental data from state-of-the-art, multi-level cell (MLC) flash
memories, ECE Ph.D. student and alumnus Veeresh Taranalli (M.S. ’13)
observed that the distribution of errors is characterized by overdispersion, a
property not captured by conventional flash-memory error models. With a
new statistical model based on a Beta-Binomial probability distribution,
Taranalli quantified this overdispersion, resulting in much more accurate
predictions for the error rate for a range of advanced, error-correcting codes*,
as well as more realistic information-theoretic estimates of the ultimate
storage capacity of the memories**.
MLC flash memory contains rectangular arrays of floating-gate
transistors, or cells, which can support four voltage levels, or
two data bits. Taranalli’s error measurements demonstrated
the asymmetric nature of cell-level errors, as well as their
dependence on the two-dimensional pattern of programmed
cell levels. This motivated the study of constrained coding
techniques that can limit the occurrence of specific,
error-prone patterns of cell voltages.

CMRR postdoc Sarit Buzaglo, and visiting researcher and
ECE alumnus Eitan Yaakobi (Ph.D. ’11), now a professor at
Israel’s Technion, have developed efficient encoding
algorithms that target the dominant error patterns while
respecting the MLC cell programming protocols. The
effectiveness of these “row-by-row” codes in reducing the
FPGA-based test platform
number of errors is currently being assessed using
MLC
flash
memory
contains
rectangular
arrays
of
floating-gate
to study error mechanisms
transistors,
or
cells;
per
schematic,
the
cells
can
support
4
computer simulation and empirical performance evaluation.
affecting performance of
voltage levels, or 2 data bits.
To foster research on NVM-based storage, professors
multilevel flash memories
Siegel and Yaakobi as well as other CMRR-affiliated faculty
including CSE computer engineer Steven Swanson started
access and process data,” says Siegel. “With support from the National
a
yearly
Non-Volatile
Memories Workshop in 2010. Since then, it has become
Science Foundation and resources provided by storage industry partners, our
a major forum attracting close to 200 participants annually from academia,
research group is using tools from information theory and coding theory in
industry and government labs.
novel ways to help these technologies achieve their full potential.”
With researchers from CMRR corporate sponsor Toshiba, Siegel’s team has
developed a customized, FPGA-based test platform (pictured) to study the
error mechanisms that degrade the performance of multi-level flash
memories. With control over various aspects of the write, read and erase
operations in the memory, the researchers have gathered extensive error data

*Channel Models for Multi-Level Cell Flash Memories Based on Empirical Error
Analysis, by Veeresh Taranalli, Hironori Uchikawa and Paul H. Siegel, IEEE
Transactions on Communications, Vol. 64, Issue 8, pp. 3169-3181, August 2016.
**On the Capacity of the Beta-Binomial Channel Model for Multi-Level Cell
Flash Memories, by Veeresh Taranalli, Hironori Uchikawa and Paul H. Siegel,
IEEE Journal on Selected Areas in Communications, to appear, September 2016.

Device-to-Device Video Transmission
Device-to-device (D2D) video transmission offloads local video traffic from the base station of a cellular system
to direct links between device pairs which are in close proximity. While most researchers of resource allocation
for D2D transmission focus on the physical layer, ECE professors Pamela Cosman and Laurence
Milstein have been working on cross-layer resource allocation for D2D video transmission*
using not only physical layer information, but also video rate-distortion information that
characterizes the tradeoff between compression fidelity and the number of bits used to
describe the video source. Bandwidth assignment and power control are two
important aspects in this research, and can substantially improve the video quality of a
D2D video transmission system.
In a separate collaboration, Cosman and Milstein have been characterizing the
effect of interference on error probability in D2D systems. Most previous work
approximated the interference in D2D transmission systems as a Gaussian
random variable, but this approximation is less useful for a D2D system, due to
the small number of interferers and the existence of dominant interferers. The
exact error probability for D2D systems has therefore been investigated. This
analytical result has been integrated in a resource allocation algorithm for D2D
video transmission, and a considerable improvement on video quality has been observed compared to the
same algorithm with the Gaussian approximation.
*Device-to-Device Assisted Video Transmission, by Yichao Shen, Wenwen Zhou, Peizhi Wu, Laura Toni, Pamela
Cosman and Laurence Milstein, 20th International Packet Video Workshop, San Jose, Calif., December 2013
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FACULTY
PAMELA COSMAN
Image and video compression for transmission over
wireless, Internet or other telecommunications
networks, image and video processing, computer
vision, video quality evaluation.
MASSIMO FRANCESCHETTI
Information science of complex networks and
systems: random networks, wave propagation in
random media, wireless communication, control
systems with information loss, algorithms and
protocols.

ECE’s Javidi develops algorithms showing how feedback can benefit communications.

Trekking from Theory to Real-World Applications
At the December 2016 Conference on Neural Information Processing Systems (NIPS), ECE Prof.
Tara Javidi, along with her CSE colleague Kamalika Chaudhury and their student Songnbai Yan,
have a paper on “Active Learning from Imperfect Labelers.” This paper extends Javidi’s earlier
work on Bayesian active learning to the practical case when the labelers cannot be perfect or
well-modeled, as is the case with crowdsourced labelers. NIPS is considered the premier venue
in machine learning, and her paper underscores the importance of the problem of information
acquisition and information utility, which Javidi has been studying for close to a decade. While the
work to be presented at NIPS focuses mainly on the theoretical aspects of the problem, according
to Javidi, the lessons learned can be applied to a wide variety of applications, including health
monitoring, smart spectrum sensing in wireless networking, and adaptive anchor selection for
object detection in computer vision.
In a recent spotlight presentation* at the 2016 IEEE Conference on Computer Vision and Pattern
Recognition (CVPR), Javidi’s paper with Ph.D. student Yongxi Lu and University of Illinois at
Urbana-Champaign professor Svetlana Lazebnik proposed using a search strategy that adaptively
directs computational resources to sub-regions likely to contain objects. Concludes Javidi: “Our
approach, motivated purely by the information-theoretic characterization of information utility,
performs comparably in terms of accuracy to the state-of-the-art heuristic computer vision
approaches, while using two orders of magnitude fewer anchors on average.”

TARA JAVIDI
Wireless systems: stochastic and optimal resource
allocation, network design and control, multi-access
control, and topology design in ad-hoc systems.
YOUNG-HAN KIM
Statistical signal processing and information theory,
with applications in communication, networking,
data compression, and information processing.
ROBERT LUGANNANI
Processes with an impact on communications,
particularly those which are stochastic (random) in
nature.
LAURENCE MILSTEIN
Digital communications theory and wireless
communications, specializing in spread-spectrum
systems; signal transmission; bandwidth considerations; and broadband wireless.
ALON ORLITSKY
Communications and information theory, with
particular interests in signal processing, data
compression, speech recognition and learning
theory.

*Adaptive Object Detection Using Adjacency and Zoom Prediction, by Yongxi Lu, Tara Javidi and
Svetlana Lazebnik, IEEE Conference on Computer Vision and Pattern Recognition (CVPR), pp.
2351-2359, June 2016.

BHASKAR RAO
Digital signal processing, estimation theory and
optimization theory, with applications to digital
communications, speech signal processing,
human-computer interactions.

Making Progress Toward
Solving the Index Coding Problem

RAMESH RAO
Architectures, protocols and performance analysis of
wireless, wireline and photonic networks for
integrated multimedia services.

Suppose that Alice, Bob, and Charlie wished to
download three movie files, say, A, B, and C, respectively,
from a common media server. Since the files are distinct,
the server apparently needs to transmit them one by one.
Suppose Alice previously downloaded B, Bob
downloaded A and B, and Charlie has downloaded A,
and that they can use the previously downloaded files as
side information to facilitate current communication (see
figure). Can this side information reduce the amount of
necessary communication? If so, by how much?

PAUL SIEGEL
Information theory, coding theory, and communication
theory, with applications to digital data storage and
transmission.

ALEXANDER VARDY
Information theory, specializing in error-correcting
codes for data transmission and storage.

The open problem of index coding provides a simple yet rich model for network communication.
The answer varies dramatically for different configurations of which user has which side
information (and there are already roughly 10,000 such configurations for five users, even
KENNETH ZEGER
excluding symmetric cases). Applications abound in content broadcasting, peer-to-peer
Information coding and data compression, information
theory, and signal processing, including image and
communication, distributed caching, device-to-device relaying, interference management, and
speech processing.
mathematical puzzles (including the 'hat guessing' problem). Supported by NSF and Korea's
Electronics and Telecommunications Research Institute, ECE Prof. Young-Han Kim's research
group investigates this canonical problem in networking and communication, and his team has
made several notable contributions. Their "composite coding scheme" achieves the theoretically-optimal performance for each of 9,608 configurations with
five users. With Ph.D. candidate Fatemeh Arbabjolfaei, Kim also established several combinatorial, analytic, and computational frameworks for index coding,
which collectively solve 99.9% of 1,540,944 configurations with six users. Although the general problem remains open, the foundation laid by this research
invites further theoretical development and engineering applications.
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ELECTRONIC CIRCUITS AND SYSTEMS
FORGET ABOUT BREATHALYZERS, HERE COMES THE PATCH
A flexible and wearable sensor can accurately measure a person’s
blood-alcohol level from sweat. According to a study published in the journal
ACS Sensors*, the device worn on the skin could be used to monitor the
alcohol in a driver’s blood continuously and non-invasively in real time.
The device developed by researchers from UC San Diego’s Center for
Wearable Sensors (CWS), led by ECE Prof. Patrick Mercier and
NanoEngineering Prof. Joseph Wang, consists of a temporary tattoo and a
portable, flexible electronic circuit board connected to the tattoo by a magnet.
The temporary tattoo sticks to the skin, induces sweat, and electrochemically
detects the blood-alcohol level, which is then communicated to a mobile
device via Bluetooth.

A Truly Universal Wireless Charger
A wireless charger compatible with a variety of consumer electronics from
different brands – even operating across different types of wireless
networks – is one step closer to becoming a reality. ECE Prof. Patrick
Mercier’s Energy-Efficient Microsystems Lab has developed a
dual-frequency, wireless charging platform that can be used to charge
multiple types of devices at the same time. The technology works for
smartphones, smartwatches, laptops and tablets regardless of the wireless
standard or frequency at which the devices operate, according to a study*
in the July 2016 issue of IEEE Transactions on Power Electronics.
“To our knowledge, this is the only multi-standard wireless power
transmitter that’s been shown to operate simultaneously at two different
frequencies with high efficiency,” says Mercier, associate director of the
Center for Wearable Sensors, who is also affiliated with the Center for
Wireless Communications.
The new proof-of-concept study presents a universal wireless charger that
can deliver power to multiple devices concurrently. It addresses an issue
that afflicts existing wireless technology: incompatibility between the three
competing wireless standards in today’s market. Each wireless charger so
far supports either the Qi, Powermat, or Rezence standard and will only work
with devices that support the same standard. As a result, wireless charging
technology is ripe for a battle similar to the one that took place between

Alcohol sensor consists of a temporary tattoo (left) developed by the Wang lab
and a flexible printed electronic circuit board (right) developed by the Mercier lab.
Professor Mercier’s group developed the flexible electronic circuit board that
powers the tattoo and can communicate wirelessly with a mobile device. His
team also developed the magnetic connector that attaches the electronic
circuit board to the tattoo, as well as the device’s phone app. “This device can
use a Bluetooth connection, which is something a breathalyzer can’t do,” said
Somayeh Imani, an ECE Ph.D. student in Mercier’s lab and co-first author on the
paper. “We’ve found a way to make the electronics portable and wireless,
which are important for practical, real-life use.”
The other co-first author on the paper is Jayoung Kim, a material science Ph.D.
student in Wang’s group. “When you’re out at a party or at a bar,” explains Kim,
“the sensor on your skin would send alerts to your phone to let you know how
much you’ve been drinking.” According to Wang, the device could even be
integrated with a car to prevent the ignition from engaging if the blood-alcohol
reading is above the level stipulated by law. “It’s an accurate, convenient and
quick way to monitor alcohol consumption to help prevent people from driving
while intoxicated,” says Wang.
The wearable sensor would be more accurate than current technology,
because a motorist can use mouthwash to fool the breathalyzer into detecting
a lower alcohol level on the driver’s breath. The UC San Diego researchers say
the patch can accurately monitor alcohol level in sweat within 15 minutes.

Flexible wearable sensor
for detecting alcohol level
can be worn on the arm.
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The wearer doesn’t need to be
exercising or sweating already for the
sensor to work. The user puts on the
patch and within a few minutes gets a
reading that’s well correlated to his or
her blood alcohol concentration. This
is because the tattoo contains
screen-printed electrodes and a small
hydrogel patch containing the drug
pilocarpine, which passes through the
skin and induces sweat in the area.
When the sweat comes into contact
with an electrode coated with alcohol
oxidase (an enzyme that selectively
reacts with alcohol to generate
hydrogen peroxide), it’s detected
electrochemically and sent via electric
signals wireless to a mobile device.

Active Artificial Impedance Surfaces
Active impedance surfaces allow engineers to
exceed the bandwidth limits of conventional
artificial impedance surfaces using negative
capacitors and inductors. This enables control of
surface impedance, and thus scattering
properties, at frequencies that would otherwise
require impractically thick surfaces. In his Applied
Electromagnetics group, ECE Prof. Dan
Sievenpiper implemented a lattice (pictured) of
simple metal patches on the front surface, loaded
with non-Foster circuits on the back side. The
result is a way to provide tunable and
frequency-independent impedance with nearly an
octave of bandwidth across a surface that is only
five millimeters thick.

Reconfigurable Circuits with Data-Dependent
Power Reduction for Physiological Sensing
Demand for portable health management and wellness products has
increased dramatically over the past several years as individuals become
more engaged and proactive in monitoring and maintaining their health. They
are helped, in large part, thanks to many of today’s smartwatches and
smartphones that incorporate health-related sensors in addition to more niche,
but accurate, fitness trackers. These sensors have tremendous potential for
enabling early detection, diagnosis, and efficient real-time monitoring of
numerous health disorders because they permit continuous and unobtrusive
acquisition of physiological signals in the comfort of the user’s daily routine.

Researchers in ECE Prof. Drew Hall’s BioSensors and BioElectronics group
have demonstrated circuit techniques that reconfigure the performance of the
circuit based on the sensing environment and activity of the signal being
measured. They demonstrated, for example, success in achieving 2.5 times
more data-dependent power savings – while still acquiring pristine
electrocardiogram signal features of interest.

FACULTY
Blu-ray and HD DVD, or further back between VHS and Beta. Says
Mercier: "Our wireless technology is universal and supports all of
these standards."
The three standards operate on different frequencies: Qi and Powermat
operate at around 200 kHz while Rezence operates at 6.78 MHz. To
support multiple standards, a charger needs to operate across these very
different frequencies, and that depends on the transmitter coil. Wireless
charging generally requires the charger’s transmitter coil to send a
high-power signal out to a compatible receiver coil in the
device-to-be-charged. Existing wireless chargers are typically built with a
transmitter coil that’s optimized to work at one frequency.
To address this problem, Mercier and postdoctoral researcher Dukju Ahn built a charging platform
capable of simultaneously operating across the frequencies supported by all three wireless power
standards. The prototype that they built is a thin, rectangular box (12.5 centimeters × 8.9 centimeters)
that contains two transmitter coils: an inner coil optimized to operate at a frequency of 200 kHz, and an
outer coil optimized to operate at 6.78 MHz. The coils lie in the same plane, allowing for a compact size.
The platform is just big enough to fit two smartphones side by side.
The researchers tested the charging platform using two receiver coils (optimized at the two
operating frequencies). In their paper, Mercier and Ahn demonstrated that the charging platform was
able to deliver power to both receiver coils at the same time at efficiencies ranging from 70 to 80
percent. The receiver coils were also able to receive power regardless of where they were placed
on the charging platform.
“This means that multi-device and multi-standard wireless charging don’t have to come at a
significant efficiency penalty,” said Mercier, who is seeking partners to commercialize the
patent-pending technology.
*Wireless Power Transfer with Concurrent 200 kHz and 6.78 MHz Operation in a Single Transmitter
Device, by Dukju Ahn and Patrick P. Mercier, IEEE Transactions on Power Electronics, Vol. 31, No. 7, July 2016.

Communicating Wirelessly via Magnetic Fields
A new technique could pave the way for ultra-low-power wireless communication systems that are
simultaneously more secure than today’s energy-draining technologies. Many of today’s sensors
use Bluetooth radio to transmit information, but Bluetooth’s electromagnetic radiation does not
easily pass through the human body – or it has to be amplified, which takes a lot more power. On
the other hand, magnetic fields pass freely through biological tissue.
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IAN GALTON
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DREW HALL
CMOS integrated circuits for bioelectronics,
biosensors, lab-on-a-chip devices, and other
biomedical devices and systems.
PATRICK MERCIER
Energy-efficient circuit and system design, including
miniaturized devices for biomedical applications
that employ novel RF, analog, digital, power
management, and energy harvesting architectures.
GABRIEL REBEIZ
Design of silicon RFICs for microwave and
millimeter-wave systems, including phased arrays
and low-power circuits, active and passive imaging
system, THz CMOS and SiGe electronics, RF MEMS,
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DANIEL SIEVENPIPER
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BANG-SUP SONG
CMOS integrated circuits for communications,
design of integrated filters, frequency synthesizers,
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A research team led by ECE Prof. Patrick Mercier has demonstrated a new wireless technique that works by sending
magnetic signals through the human body. “To our knowledge, this technique achieves the lowest path losses out of any
wireless human body communication system that’s been demonstrated so far,” says Mercier. “This technique will allow
us to build much lower-power wearable devices.” Exactly how much less power is not yet known, but the team will
address the power issue in further testing of the technology, because it wasn’t part of the initial paper* published in
August 2015.
The researchers say that the magnetic-field human body communication (mHBC) technique offers a lower power and
more secure way to communicate information between wearable electronic devices as an alternative to conventional
wireless communication systems. In their paper to the 37th annual IEEE Engineering in Medicine and Biology Society
conference in Milan, the researchers called the demonstration a proof of concept, but that with further work, the
technology could conceivably be applied to a wireless sensor network for full-body health monitoring.
“People are going to be wearing more electronics, such as smartwatches, fitness trackers and health monitors,” said
senior author Mercier, co-director of the UC San Diego Center for Wearable Sensors. “All of these devices will need to
communicate information to each other. Currently, these devices transmit information using Bluetooth radios, which use
a lot of power to communicate. We’re trying to find new ways to communicate information around the human body that
use much less power.”

ECE Ph.D. student Jiwoong Park
demonstrates communication from arm
to arm using magnetic-field human
body communication (mHBC)
prototype developed in
Energy-Efficient Microsystems Lab of
ECE Prof. Patrick Mercier.

In addition to saving power, the new technique could be more secure. Unlike Bluetooth, a wireless signal that can be
hacked from anywhere within 30 feet of the device, mHBC uses the human body itself as a communication medium – making the channel less vulnerable to
eavesdropping.
The prototype for the mHBC technique consisted of copper wires insulated with PVC tubes. On one end, the copper wires were hooked up to an external analyzer.
On the other, the wires were wrapped in coils around three areas of the body: the head, arms and legs. The coils served as sources for magnetic fields and were
able to send magnetic signals from one part of the body to another using the body as a guide. With this prototype, researchers were able to demonstrate and
measure low path loss communication from arm to arm, from arm to head, and from arm to leg.
The limitation of this technique, according to researchers, is that magnetic fields require circular geometries in order to propagate through the human body. Devices
such as smartwatches, headbands and belts all work well using magnetic-field human body communication, but not a small patch that is stuck on the chest and used
to measure heart rate, for example. As long as the wearable application can wrap around a part of the body, it should work just fine with this technique, says Mercier.
*Magnetic Human Body Communication, by Jiwoong Park and Patrick P. Mercier, IEEE Engineering in Medicine and Biology, pp. 1841-1844, August 2015

15

ELECTRONIC DEVICES AND MATERIALS
Improving Signal Ampliﬁcation in Semiconductors and Other Optoelectronic Devices
Researchers in the lab of ECE Prof. Yuhwa Lo have discovered a mechanism to amplify signals in optoelectronic systems that is far more efficient than the process
long used by the semiconductor industry based on impact ionization.
"For many years, the semiconductor industry has relied on photodetectors for optoelectrical conversion, followed by low-noise electronic amplifiers to convert
optical signals into electronic signals with amplification to enable information detection and processing," says Lo. “Avalanche photodetectors that use impact
ionization became the devices of choice and have remained so for many decades” in spite of their high operating voltage – typically 30 to 200 volts – and rapidly
worsening noise with amplification.
Writing in Applied Physics Letters*, Lo and his collaborators reported on a far
more efficient mechanism to amplify signals. They call it the cycling excitation
process, or CEP, and it is an internal amplification mechanism for photocurrent
with extremely high gain, high energy efficiency, and ultra-low noise
approaching the quantum limit. Considered a major breakthrough in device
physics and condensed matter physics, CEP may have a profound and
long-term impact in the fields of communications, imaging, sensing, Internet of
Things devices, and even biomedicine.
Coinciding with the publication, the American Institute of Physics issued its own
press release in January 2015, as did the journal Nature after the researchers
published their second paper** demonstrating CEP’s unique temperature
characteristics and ultra-low noise. According to Nature, the UC San Diego team
consolidated the process into a single device, “by engineering a special junction between layers of silicon with two different kinds of impurities, the team amplified
the light signals by more than a factor of 4,000 and induced 30 times less noise in the signal than conventional methods.”
Lo’s group had previously discovered that a heavily doped and compensated p/n junction can produce ultra-high gain under low bias with ultra-low noise
approaching the quantum limit. They attributed the phenomenon to two physical processes: carrier excitation from localized impurity states, and phonon-assisted
signal amplification. The former relaxes the quantum-mechanical k-selection rule, and the latter produces an internal feedback mechanism to suppress noise via
electron-phonon interactions. For CEP, electron-phonon interactions can enhance rather than limit the device performance, and the only other situation producing
a similar effect is superconductivity – and unlike superconductivity, the CEP effect occurs at room temperature, making it highly attractive for many uses.
The ECE team believes that the new signal amplification mechanism could be used in a wide array of devices and semiconductors, creating a new paradigm for the
semiconductor industry. Says Lo: “We can conceive new types of transistors and circuits and extend the scope of applications beyond optical detection.”
*Cycling Excitation Process: An Ultra Efficient and Quiet Signal Amplification Mechanism in Semiconductor, by Yu-Hsin Liu, Lujiang Yan, Alex Ce Zhang, David
Hall, Iftikhar Ahmad Niaz, Yuchun Zhou, L.J. Sham and Yuhwa Lo, Applied Physics Letters, Vol. 107, August 2015
**Discovery of a Photoresponse Amplification Mechanism in Compensated PN Junctions, by Yuchun Zhou, Yu-Hsin Liu, Samia N. Rahman, David Hall, L.J. Sham
and Yuhwa Lo, Applied Physics Letters, Vol. 106, January 2015.

Solar Cells Adaptable to Silicon Gets an Eﬃciency Boost
Silicon (Si) solar cells currently dominate terrestrial photovoltaics with moderate efficiencies compared to compound-semiconductor solar cells. Compound
semiconductors (combinations of elements from different groups in the periodic table, particularly that of III and V) paved the way for solar cells that are exceptionally
good yet expensive – so they are mainly developed for specialized applications such as space satellites and vehicles. It is anticipated that a combination of the
complementary III-V and Si solar cells on large Si substrates can be potentially disruptive in the photovoltaic (PV) sector.
ECE Prof. Charles Tu pioneered the development of gallium nitride phosphide (GaNP), referred to
as dilute nitride GaP, which is nearly lattice matched to Si (i.e., it can be grown with few defects at
the interface and within the material). Dilute nitride GaP also absorbs light better than does its
virgin mother, gallium phosphide (GaP). ECE Prof. Shadi Dayeh has pioneered the microscopy and
analysis of compound and elemental semiconductors and the material optimization for enhanced
solar-cell power conversion efficiencies. In a recent collaboration, their groups have advanced the
cell efficiencies of thin layers of GaNP well beyond that of GaP (<3%) or similar wide bandgap
materials (4-5%) to ~ 8% for GaNP, as published in the journal Applied Physics Letters*.

a) Schematic illustration of the two types of solar cells grown and fabricated at UC
San Diego with the x-ray spectra demonstrating the evolution of a GaNP peak for the
structure on the right. b) Light current voltage characteristics under AM1.5G
illumination showing better performance for the GaNP cells compared to the GaP
cells. c) External quantum efficiency plot showing better absorption and collection of
carriers over a broader wavelength (energy) range for the GaNP solar cells.

The team utilized a gas source molecular beam epitaxy system for the growth of the stacked cell
materials (see figure). Graduate student Supanee Sikrittanon optimized the growth layers in an
in-house, x-ray diffractometer with the EDM group and graduate student Ren Liu performed
transmission electron microscopy on the material at the Center for Integrated Nanotechnologies
at Sandia National Laboratories. The results were incorporated to achieve the optimal material
design with a ~2-microns-thick GaNP absorbing layer. Another critical component of efficiently
extracting the generated electrical power is the optimization of metal contacts to collect different
polarity carriers (electrons and holes), which involves heating the samples to a few hundred
degrees Celsius in inert gas environments to alloy with and form ohmic-like contacts with the
grown materials. ECE’s Integrated Electronics and Biointerfaces Group is a leader in the
development of such alloyed and compound contacts for a variety of semiconductor material
systems at different length scales down to a few atomic layer channels.

According to ECE’s Dayeh, this work “is a first step toward the combination of two excellent materials for PV applications. We anticipate that further optimization will
propel the efficiencies of GaNP to over 10% and the overall Si/GaNP cells to above 30%. It is especially thrilling that two talented, hardworking female graduate students
have led the experimental work and succeeded in breaking the barrier for improved efficiency in this promising material system.”
*Enhanced Conversion Efficiency in Wide-Bandgap GaNP Solar Cells, by Supanee Sukrittanon, Ren Liu, Yun Goo Ro, Janet L. Pan, Katherine L. Jungjohann, Charles
W. Tu, and Shadi A. Dayeh, Applied Physics Letters, Vol. 107, 153901-1-5, 2015.
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FACULTY
Sensor Mimics Nature for Sense of Touch
One of the major challenges in
prosthetics is the lack of tactile sensing
that would provide feedback that might
be critical to improving motor control or
relieving phantom limb pain. In a paper
published in Science*, researchers from
UC San Diego and Stanford University
noted that “implementation of human
mechanoreceptor-like sensing systems
would be an important step toward
highly functional prosthetics.”
In the collaborative project between ECE
Prof. Tina Tse Nga Ng and Stanford’s
DiTact concept: stretchable, skin-like device for
Zhenan Bao, the team demonstrated a
converting pressure into digital signals that can be
biomimetic
tactile
device
for interpreted by somatosensory neurons.
neuroprosthetics called the Digital Tactile
System (DiTact). The device is biomimetic
because it takes inspiration from the way skin provides feedback to the brain.
Through inkjet printing, Ng realized organic ring oscillator circuits for a power-efficient,
analog-to-digital signal conversion scheme. As force was applied on the tactile sensor, the output
frequency ranged from between 0 – 130 Hz to mimic slow-adapting skin mechanoreceptors.
Then the sensor output was shown to successfully stimulate an optogenetically engineered
somatosensory neutron in vitro, achieving neural stimulations in accordance with pressure levels.

PETER ASBECK
Design and development of high-speed transistors
and integrated circuits, power amplifiers and
optoelectronic devices using compound
semiconductor materials and heterostructures.
SHADI DAYEH
Overcoming coherency limits in heteroepitaxy of III-V
compounds and Si/Ge semiconductor materials,
hybrid hetero-integration science and technology,
vertical junction photovoltaic devices, neural probes,
in-situ microscopy of novel nanoscale phenomena.
ERIC FULLERTON
Magnetic recording and nanotechnologies; thin film
and superlattice growth, interfacial and thin-film
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DUYGU KUZUM
Nanoelectronic devices, circuit-level computation in
the brain, brain probes.

YUHWA LO
Biomedical devices and systems, bioelectronics,
microfluidics, nanophotonics, and semiconductor
nanoscaled devices.

The novel sensor design opens a new path to realize more sensitive prosthetics with touch feedback.
*A Skin-Inspired Organic Digital Mechanoreceptor, Benjamin C.-K. Tee, Alex Chortos, Andre
Berndt, Amanda Kim Nguyen, Ariane Tom, Allister McGuire, Ziliang Carter Lin, Kevin Tien,
Won-Gyu Bae, Huiliang Wang, Ping Mei, Ho-Hsiu Chou, Bianxiao Cui, Karl Deisseroth, Tse Nga Ng,
Zhenan Bao, Science, Vol. 350, Issue 6258, pp. 313-316, October 2015

Transient Electronics with
Bioresorbable Neural Electrodes
Mapping the brain is a major focus area for UC San Diego and its interdisciplinary Center for Brain
Activity Mapping. To enable specifically the mapping of electrical activity in the brain, ECE Prof.
Duygu Kuzum has demonstrated bioresorbable silicon electronics for just this purpose (work she
has done in collaboration with researchers from the University of Illinois at Urbana-Champaign
and the University of Pennsylvania).

TSE NGA (TINA) NG
Printed electronics, flexible sensing systems.

YUAN TAUR
Semiconductor device design, notably the structure
and physics of transistors.

CHARLES TU
Compound semiconductor materials for electronic,
optoelectronic, and photovoltaic devices.

PAUL YU
As reported in the journal Nature Materials*, Kuzum developed an implantable brain device that
Microwave photonics, electronic and opto-electronic
devices and advanced materials for use in photonic
literally melts away at a pre-determined rate in order to minimize injury to tissue normally
devices.
associated with surgeons implanting standard electrodes. Thin, flexible neural electrode arrays
with fully bioresorbable construction are based on patterned, silicon nanomembranes (Si NMs) as
the conducting component. The device is made of layers of silicon and molybdenum that can
measure physiological characteristics and dissolve at a known rate that is determined by its thickness. The research team has used the device to record brain waves
in rats under anesthesia, as well as voltage fluctuations between neurons, and induced epileptic spikes in intact live tissue. A separate experiment demonstrated a
complex, multiplexed array made from these materials that could map at high resolution the sensing capabilities of rat whiskers.
The type of neurophysiologic features measured by the new device are
commonly used for diagnosing and treating such disorders as epilepsy,
Parkinson's disease, depression, chronic pain, and conditions of the
peripheral nervous system. Such measurements are critically important for
mapping and monitoring brain function during and ahead of neurosurgery,
for assisting in device placement (such as for Parkinson's disease), and for
guiding surgical procedures on complex, interconnected nerve structures.
*Bioresorbable Silicon Electronics for Transient Spatiotemporal
Mapping of Electrical Activity from the Cerebral Cortex, by Ki Jun Yu,
Duygu Kuzum, et al., Nature Materials, Vol. 15, No. 7, pp. 782-791, July 2016.
Exploded-view illustration (right) of the construction of a passive,
bioresorbable neural electrode array for electrocorticography (ECoG) and
subdermal electroencephalogram (EEG) measurements.

INTELLIGENT SYSTEMS, ROBOTICS AND CONTROL
Detecting Pedestrians Paves Way for Autonomous Cars
What if computers could recognize objects as well as the human brain can? ECE
Prof. Nuno Vasconcelos and his Statistical Visual Computing group have taken
an important step toward that goal by developing a pedestrian detection system
that performs in near-real time – approximately two to four frames per second –
and with higher accuracy (close to half the error) compared to existing systems.
The technology, which incorporates deep learning models, could be used in
‘smart’ vehicles, robotics, as well as image and video search systems.

hundreds or thousands of examples — in this case, images that either have or
don’t have a person. Deep learning models are too complex for real-time
implementation, so they are too complex to be used in the early stages.
The solution is a new cascade architecture that combines classifiers from
different families: simple classifiers (weak learners) in the early stages, and
complex classifiers (deep learning models) in the later stages. Vasconcelos and
his team introduced a new mathematical formulation for this problem, which
resulted in a new algorithm for cascade design.
“No previous algorithms have been capable of optimizing the trade-off between
detection accuracy and speed for cascades with stages of such different
complexities,” explains Vasconcelos. “These are the first cascades to include
stages of deep learning. The results we’re obtaining with this new algorithm are
substantially better for real-time, accurate pedestrian detection.”
*Learning Complexity-Aware Cascades for Deep Pedestrian Detection, by Zhaowei Cai,
Mohammad Saberian and Nuno Vasconcelos, International Conference on Computer
Vision, Santiago, Chile, December 2015

Understanding Video
of Crowded Environments
Pedestrian detection system developed in ECE’s Statistical Visual Computing
Lab. To view video of pedestrian detection under real-world conditions, visit
https://www.youtube.com/watch?v=Ajb5FRuKtTg
“We’re aiming to build computer-vision systems that will help computers better
understand the world around them,” says Vasconcelos. A big goal is real-time
vision, he says, especially for pedestrian detection systems in self-driving cars.
The new detection algorithm developed by Vasconcelos and his team combines
a traditional classification architecture in computer vision, known as cascade
detection, with deep learning models.
Pedestrian detection systems typically break down an image into small windows
that are processed by a classifier that signals the presence or absence of a
pedestrian. This approach is challenging because pedestrians appear in
different sizes — depending on distance to the camera — and locations within an
image. Typically, millions of windows must be inspected by video frame at
speeds ranging from five to 30 frames per second.
In cascade detection, the detector operates throughout a series of stages. In the
first stages, the algorithm quickly identifies and discards windows that it can
easily recognize as not containing a person (such as the sky). The next stages
process the windows that are harder for the algorithm to classify, such as those
containing a tree, which the algorithm could recognize as having person-like
features (shape, color, contours, etc.). In the final stages, the algorithm must
distinguish between a pedestrian and very similar objects. However, because
the final stages only process a few windows, the overall complexity is low.
Traditional cascade detection relies on “weak learners,” which are simple
classifiers, to do the job at each stage. The first stages use a small number of
weak learners to reject the easy windows, while the later stages rely on larger
numbers of weak learners to process the harder windows. While this method is
fast, it isn’t powerful enough when it reaches the final stages. That’s because the
weak learners used in all stages of the cascade are identical. So even though
there are more classifiers in the last stages, they’re not necessarily capable of
performing highly complex classification.
To address this problem, Vasconcelos and his team developed a novel algorithm
that incorporates deep learning models in the final stages that are better suited
for complex pattern recognition, which they can perform after being trained with
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Classical work in computer vision has emphasized the study of
individual objects, e.g., object recognition or tracking. More recently,
it has become clear that most of these approaches do not scale well
to scenes that depict crowded environments (scenes with many
objects imaged at low resolution, which interact in complex ways).
Solving vision problems in these environments requires the ability to
model and reason about a crowd as a whole. Research in the
Statistical Visual Computing Laboratory under ECE Prof. Nuno
Vasconcelos addresses this challenge with recourse to the design of
statistical models for the appearance and dynamics of crowd video
with multiple flows. These models have been successfully applied to
the solution of problems such as crowd counting, dynamic
background subtraction, anomaly detection, and crowd activity
analysis. More recently, says Vasconcelos, “we have developed
transfer learning techniques that enable the scalable deployment of
these methods in large camera networks.”

A Scalable Approach Helps
Phylogenomic Reconstruction of Avian Genomes
In his first year as a professor in ECE, Siavash Mirarab got word that he was
a runner-up for the 2015 Doctoral Dissertation Award presented by the
Association for Computing Machinery (ACM). The former University of
Texas at Austin student was awarded an Honorable Mention and $10,000
prize for his dissertation on “Novel Scalable Approaches for Multiple
Sequence Alignment and Phylogenomic Reconstruction.”
The dissertation addressed the growing need to analyze large-scale
biological sequence data efficiently and accurately. To address this
challenge, Mirarab introduced several methods: PASTA, a scalable and
accurate algorithm that can align data sets up to one million sequences;
statistical binning, a novel technique for reducing noise in estimation of
evolutionary trees for individual parts of the genome; and ASTRAL, a new
summary method that can run on 1,000 species in one day and has
outstanding accuracy.
These methods were essential in analyzing very large genomic datasets of
birds and plants, for which Mirarab participated in the Avian
Phylogenomics Project*. A set of Science papers resulting from this effort
came out in December 2014 under the title, “A Flock of Genomes”**.
*Avian Phylogenomics Project, http://avian.genomics.cn/en/
**A Flock of Genomes, by Siavash Mirarab, et al., Science, Vol. 346, Issue 6215,
December 2014

FACULTY
Researchers Demonstrate Automotive SafeShield with Qualcomm
For the second time in three years, researchers from the Laboratory for Intelligent and Safe
Automobiles (LISA) at UC San Diego were invited to showcase their computer vision-based
technologies in connection with the Consumer Electronics Show (CES). The first time was with
Audi in 2014, then in early 2016 ECE Prof. Mohan Trivedi gave CES attendees a sneak peek at its
latest ‘intelligent transportation’ features as part of Qualcomm’s expansive new automotive
pavilion at the show.
Qualcomm’s exhibit included a late-model
Maserati
Quattroporte
outfitted
with
next-generation
infotainment
and
driver-assistance
safety
features
in
collaboration with the UC San Diego lab and
private technology companies.

In Qualcomm pavilion at CES 2016, ECE postdoc
Ravi Satzoda (far right) with Maserati including
(inset) UC San Diego SafeShield panel with apps
for lane/sign detection, driver distraction, and
360-degree computer vision

“We’ve been working with Qualcomm over the
past year, but it wasn’t until late October 2015
that the company broached the possibility of
showing our driver-assistance systems two
months later at CES,” says Trivedi. “The
biggest challenge was that we would have to
redesign our solutions to make them work on
the Qualcomm Snapdragon processor,
whereas our existing algorithms run on
computers installed in the trunk of our test
vehicles, because they required so much
processing power.”

LISA’s presence at CES underscored the extent to which advanced automotive technologies are
rapidly changing what excites motorists. For nearly 15 years, LISA researchers have worked on
projects for Mercedes, Nissan, Volkswagen, Toyota and Audi. Now, even non-automakers are
forging research partnerships with Trivedi’s group, including Qualcomm and an incipient partnership
with Fujitsu.
To meet the challenge Qualcomm presented to LISA researchers for CES, ECE postdoctoral
researcher Ravi Satzoda and M.S. students Frankie Lu and Sean Lee developed computer-vision
algorithms to run on the 2.4 GHz Snapdragon 820A. The processor is powerful enough to support
real-time object recognition and computer vision for driving assistance. Since safety is at stake in
many driver-assistance systems, the algorithms have to run in real time – a minimum of 10 to 15
frames per second for automotive applications – in order to give a timely warning to the driver in the
event of a pending collision.
In the end, the effort was successful. It allowed Qualcomm to demonstrate UC San Diego’s
SafeShield technology at CES. “Our demo showed a novel way of looking at the technology to
solve a problem,” recalls Trivedi. "We were very fortunate to team up with an excellent team of
Qualcomm engineers with the latest hardware and mentoring. Our students learn a lot by working
on real-world projects, and in this case special thanks go to ECE alumnus Mainak Biswas [Ph.D. ‘05]
for his enthusiastic support and efficient coordination of our interactions.t"

NIKOLAY ATANASOV
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KEN KREUTZ-DELGADO
Nonlinear dynamics and control, adaptive sensorymotor control, multibody systems theory, learning theory
and pattern recognition, computational vision, and data
compression.
GERT LANCKRIET
Machine learning, applied statistics, convex optimization,
with applications to music information retrieval,
computer audition, computational genomics, finance.
DAVID SWORDER
Guidance and control systems, signal processing of
heterogeneous streams of data, including algorithms to
filter, process and respond to simultaneously arriving
streams of unlike data, estimation problems of hybrid
systems.
MOHAN TRIVEDI
Computer vision, robotics and sensors for intelligent
transportation systems, intelligent environments,
biometrics for facial recognition, and sensor-based
intelligent systems.
NUNO VASCONCELOS
Computational modeling of biological vision systems,
object recognition and tracking, action recognition,
surveillance of crowded environments, multimedia
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MICHAEL YIP
Robotics and controls, medical robotics, soft robotics,
optimization, machine learning, sensors and actuators,
control theory, computer vision, image guidance and
augmented reality, teleoperation, and haptics.

The UC San Diego team focused on computer vision. “Camera-based systems are cheaper than
other sensors and more reliable in safety-critical situations,” explains postdoc Satzoda. “We know that these processors will be
powerful enough to merge camera views across 360 degrees around the vehicle. We had to come up with algorithms that would
run extremely efficiently on those Snapdragon processors.”
“We wanted to show that we could have a certain functionality, such as lane-keeping assist, maybe full-surround shield, maybe
things related to parking assistance, as a proof of concept for a future when we would have a car with all sorts of driver assistance,
powered only by Snapdragons,” explains Trivedi. “After devising new algorithms, we were able to achieve real-time, 10 to 15 frames
per second and an accuracy on the Snapdragon between
96 and 98 percent, which was as good as running on a
separate PC for detection accuracy.”

Cover of journal
Science with special
issue on “A Flock of
Genomes” comparing
genome sequences of
45 bird species from
all major avian clades
as part of the Avian
Phylogenomics
Project in which Prof.
Siavash Mirarab
participated.

“With two exterior cameras, you cannot get full
360-degree coverage, so you have to fill in the blanks,”
Trivedi explains. “So our dynamic SafeShield technology
constantly monitors the free space around the vehicle” by
detecting cars and their velocity with the rear camera to
predict when they might be in the blind spots on either
side. The SafeShield alerts the driver if a car comes too
close in the three lanes surrounding the driver’s vehicle.
“We developed motion-tracking algorithms and vehicle
tracking, calculating the velocities of individual cars, after
which the tracker takes over,” explained Satzoda. “It
extrapolates how cars will progress through the unseen
spots.” The system then alerts the driver via the dashboard
display, where flashing red in any area near the car would
indicate another vehicle is traveling too closely.

UC San Diego SafeShield
panel with apps for lane/sign
detection, driver distraction,
and 360-degree computer
vision.
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PHOTONICS AND OPTOELECTRONICS
The Incredible Loudness of Whispering
In a vision shared by innovators, entrepreneurs and planners in both defense and civilian
contexts, the skies of the future will be busy with unmanned aerial vehicles (UAVs). Unseen but
central to the realization of this vision is wireless communication within and between those
future fleets of UAVs that is reliable and resistant to both unintentional and ill-willed
interference. “If these UAVs can’t communicate, they don’t take off or they don’t operate the
way we want them to,” said Josh Conway, a program manager in DARPA’s Microsystems
Technology Office. “As wireless communication becomes part and parcel of all kinds of
platforms and devices in the coming years, we will need assured communications, especially
for command and control, but for other things too, like data transfer.”
In the IEEE Journal of Lightwave Technology*, photonics researchers at UC San Diego report
results of work conducted for DARPA’s Hyper-wideband Enabled RF Messaging (HERMES)
program that could become the technological foundation for this interference-resistant
communications necessity.
“This paper shows that there is a way to get there,” said Conway, who has been overseeing the
HERMES program since DARPA rolled it out in the summer of 2014. The same technology could
provide an exciting opportunity to make fuller use of not only unlicensed Wi-Fi bands but also
huge swaths of otherwise license-restricted radio frequencies. Said Conway: “This advance in
HERMES means we might have a new way to tap into all of this spectrum and in a way in which
you won’t jam anyone else and they won’t be able to jam you.”

Spread-spectrum transmission: signal transmitted in
interference-free manner, signal bandwidth broadened,
reducing power spectral density below the
band-regulated level.

In the IEEE article, Prof. Stojan Radic and four colleagues in the Electrical and Computer
Engineering (ECE) department at UC San Diego and the Qualcomm Institute’s Photonic
Systems Laboratory describe their use of “optical combs” residing within a single, hair-thin
glass fiber to perform an amount of high-speed signal processing that normally would
require a power-hungry supercomputer, which is not the sort of equipment that fits well onto
small UAVs.
The new receiver opens the way to a new channel of assured communication because it can
retrieve direct-sequence, spread-spectrum (DSSS) signals — a category of signals modified
with a coding protocol that confers several benefits, including increasing the signals’ resistance
to jamming and interception —so faint they fall within the sea of always-present radio noise.
To demonstrate what has become possible, Radic and his colleagues created these radio
whispers by recasting a narrowband, 20 MHz radio signal across an optical comb of hundreds
of frequencies — each one carrying the same signal but within a much wider, 6 GHz spectrum
— that all can simultaneously travel within a single optical fiber. Their system also features a
unique optical “key” technique both on the front end (to imprint the information in the original
radio signal into all of the frequencies of the spread-spectrum analog) and on the back-end at
the receiver (to reconvert the sub-noise, spread-spectrum signal back into the original
information-bearing radio signal).
“Our system can reconstruct the signal at almost no energy expenditure,” Radic says. And
because the optical key steps do not modify jamming and other RF power in the overall
spread-spectrum signal, “they do not get snapped back upon receipt and they remain spread
out into noise that you can filter out.” With the addition of narrow-band filtering, sub-noise
command and control signals could be received even in the presence of jamming power up to
100,000 times stronger.
Because the new technology works with radio signals so weak that links can be designed
without signal interference, and because the receivers could be chip-sized and power efficient,
the technology could end up transforming mobile communications by opening up previously
restricted frequencies and increasing the longevity of battery-run wireless links. The

Metasurface
Enhanced Photoemission

Extracting electrons from a metal surface typically requires high
temperatures, high electric fields, high energy photons, or
intense laser fields. However, by covering the metal surface with
an engineered resonant structure, the interaction between the
optical field and the metal can be significantly enhanced. In this
work, ECE Prof. Dan Sievenpiper and his team have
demonstrated that a low-power infrared laser combined with a
low-voltage bias can dramatically enhance electron emission.
This provides an optically controlled current source which may
be used for future vacuum electronics, or for other applications
such as energy harvesting or electrochemical reactions.
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Optical-comb receiver has evolved from tabletop and
desktop version to chip-scale version (pictured) as basis of
new assured channels of communication for UAVs and
other platforms requiring wireless connectivity.
engineering advance points toward a new means for accessing
the vast quantities of underutilized electromagnetic spectrum
with higher levels of security and privacy.
“From a military perspective, we want this for assured
communications as we move toward future unmanned systems,”
Conway said. “From a civilian side, it also could allow you to use
the spectrum more effectively and freely.”
*Subnoise Signal Detection and Communication, by Daniel
Esman, Vahid Ataie, Bill P.-P. Kuo, Nikola Alic and Stojan Radic,
IEEE Journal of Lightwave Technology, in pre-publication.
*This article first appeared in a DARPA publication and is
reprinted by permission of DARPA.

FACULTY
Quantum Leap for Secure Communication?
Researchers have long sought to encode photons with information that could travel through
fiber-optic cables across vast distances. Each of these photons would be immutably linked to a
photon counterpart on the other side of the cable through a phenomenon known as quantum
entanglement. A stream of encrypted data would follow behind each encoded photon, and any
attempt to intercept, tamper with or divert the data would alter the entangled photon’s quantum
state and become evident when it arrives at its destination. If a compromised photon is detected, the
quantum key to unlock the encryption no longer works, and the communication remains secure.

SADIK ESENER
Photonics and opto-interconnects, optical data
storage, biophotonics and cancer nanotechnology.

SHAYA FAINMAN
Applied optics and photonics, including 3D imaging,
biomedical optics, optical signal processing and
nanophotonics.

JOSEPH FORD
Physical optics system design and integration for
applications in imaging, communications, and energy.

BOUBACAR KANTÉ
Wave metamatter interaction, and nanooptics, as
well as optical metamaterials, plasmonics,
nanoscale-photon management and biophysics.

Small, stable, electronically-controllable microchips with a multi-component photonic integrated
circuit could potentially miniaturize bulky table-top equipment for quantum communication.
Credit: Micro/Nano-Photonics Group
The unbreakable encryption offered by quantum communication has been demonstrated in
the lab but only at super-low, cryogenic temperatures and using bulky, energy-intensive
equipment. Now ECE Prof. Shayan Mookherjea is leading one of six interdisciplinary teams
funded to perform fundamental research into quantum photonics for NSF’s Advancing
Communication Quantum Information Research in Engineering (ACQUIRE) program. Funding
is channeled through the NSF Office of Emerging Frontiers and Multidisciplinary Activities.
ACQUIRE’s goal: to develop and demonstrate a quantum communication system-on-chip
that uses quantum-entangled photons in the context of a fiber-optic network for secure and
efficient quantum communication. But here’s the rub: the system must use photons in
pre-determined quantum states to encrypt the data, and it must operate at room temperature
with relatively low expenditure of energy.
The NSF’s four-year grants run through 2020 and they bring together “many of our nation’s
most innovative researchers in quantum photonics to launch a coordinated attack on some
of the most long-standing and high-value research challenges in optics,” says ECE’s
Mookherjea. “UC San Diego has a small but growing focus of research activity in quantum
science and technology, and our students and researchers will be learning from and working
alongside world-leading experts and pioneers in quantum optics.”

ZHAOWEI LIU
Novel nanofabrication techniques and bio-photonics, high-speed and high-spatial resolution
bioimaging and sensing, and light control at
nanoscale using plasmonic structures.
YUHWA LO
Biomedical devices and systems, bioelectronics,
microfluidics, nanophotonics, and semiconductor
nanoscaled devices.
VITALIY LOMAKIN
Theoretical and computational electromagnetics,
including analytical and numerical models and their
application to the analysis and design of
electromagnetic devices and systems.
SHAYAN MOOKHERJEA
Photonics, nonlinear optics, quantum photonics,
nanotechnology.

The UC San Diego-led team includes researchers from Mookherjea’s Micro/Nano-Photonics
Group as well as collaborators from the University of Illinois at Urbana-Champaign (physicists
Paul Kwiat and Virginia Lorenz) and Boston University (engineer and physicist Alexander
Sergienko).

GEORGE PAPEN
Advanced photonic systems, including optical
communication systems, optical networking,
environmental and atmospheric remote sensing.

Mookherjea’s team will tackle the challenge of doing quantum photonics at non-cryogenic
temperatures. The researchers will design, fabricate and demonstrate microchips for quantum
communication using entanglement over conventional optical fiber. They aim to develop
ultra-compact (centimeter-scale) microchips to generate and detect entangled, heralded and single
photons for quantum memories at room temperature, and they hope to demonstrate quantum key
distribution protocols based on encoding time-bin information with gigahertz-rate clocking.

STOJAN RADIC
Optical communications, information network
infrastructure, optics and photonics.

The researchers are also using scalable manufacturing techniques based on established
micro-electronics foundry platforms, which should help reduce the costs for large-scale
production of these microchips. Mookherjea’s team is also working on a fully-integrated
quantum repeater for optically-connected communication networks.

Positioning NASA for Space-Based Optical Communication
ECE Prof. Shayan Mookherjea and other department researchers are among the latest beneficiaries of NASA’s Space Technology Research Grants Program. The
space agency asked a select group of universities to address “unique, disruptive or transformational technologies.” The winning UC San Diego proposal, submitted
by Mookherjea, is now exploring “integrated photonics for adaptive, discrete and multi-carrier, space-based optical communication and ranging.”
Spacecraft and commercial communications satellites operate under stringent power, size and weight constraints but are being required to transfer rapidly-increasing
amounts of data back to Earth or across a network in space. Photonic microchips can make energy-efficient, high-bandwidth communication possible while freeing
resources for the benefit of science payload instruments. UC San Diego researchers will develop the technology for integrated photonic transceiver components that
will comprise a variable-bit-rate coherent laser optical communication and relay network in near-Earth space at wavelengths near 1550 nm.
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PHOTONICS AND OPTOELECTRONICS
Using Photonics to Detect a Weak, Fast or Random Signal
Frequency combs played a critical role in another breakthrough published in Science in December 2015*. “The work is a result of long-standing research on tunable
frequency combs in our group,” says ECE Prof. Stojan Radic. “The new class of combs are nearly noise-free and, in contrast to conventional frequency combs, can
be freely tuned over a wide spectral range.”
Using the new class of combs, researchers in Radic’s Photonic Systems Group laid the groundwork for highly-sensitive communication receivers and scientific
instruments that can extract faint, non-repetitive signals from noise. The advance has potential applications in secure communication, electronic warfare, signal
intelligence, remote sensing, astronomy and spectroscopy.
As described in Science, the UC
San Diego researchers developed
a spectral-cloning receiver that
works by replicating the received
noisy signal to generate multiple
spectral (colored) copies. To
overcome the limitations of
conventional detection methods,
the receiver then combines the
copies to reveal the existence of
the signal within the noise.

Schematic of single-event noise discrimination using the spectral cloning receiver. Courtesy: Photonic Systems Group

“With the new receiver, it is now
possible, at least in principle, to
capture
an
ephemeral,
non-repeating signal and observe
fast, sparsely occurring natural or
artificial phenomena — that would
otherwise be invisible to us — over
a long period of time, using a slow
detector,” says Radic, senior author
on the Science paper.

The electrical engineers reported
that the spectral-cloning receiver
they developed “can potentially intercept communication signals that are presently considered secure.” These signals are based on singly-occurring bursts, which
disappear before another measurement can be taken to separate noise.
Radic also noted that the receiver could enable communication at a longer distance and with higher security. For example, it would be possible to bury the
communication channel in noise and still detect it using the new receiver, while being well below the sensitivity threshold of conventional detectors.
After using a new class of tunable optical frequency combs to simultaneously create multiple spectral clones of a fast pulse, researchers were able to extract the
signal from the noise and reconstruct its timing and shape. They found that a higher spectral clone count resulted in higher sensitivity of signal detection by the
spectral-cloning receiver.
“We were surprised that this concept could be scaled up to a high number of spectral copies,” says Radic. “We are now able to construct a receiver that operates
on hundreds of freely tunable copies.”
*Subnoise Detection of a Fast Random Event, by Vahid Ataie, Daniel J. Esman, Bill P. Kuo, Nikola Alic, and Stojan Radic, Science, Vol. 350, No. 6266, pp. 1343-1346,
December 2015.

Capturing Real-Time Dynamics of Living Cells
ECE Prof. Zhaowei Liu’s research group investigates plasmonics – the interaction between
electromagnetic waves and metal nanostructures. Using plasmonic mode excitation, light
can be confined to deep sub-wavelength scales, and the researchers are studying the
energy transportation mechanisms and applications at nanometer-length scales. Now, Liu
and his team have launched a project to build a device that is an innovative combination of
plasmonics, structured illumination microscopy, and optical tweezers – a new type of
instrument for ultra-fast, super-resolution bioimaging.
In May 2016 the National Science Foundation awarded Liu a $425,000 grant over three
years to build an “optically-tweezered localized plasmonic-structured illumination
microscopy” (OT-LPSIM) instrument. “We are developing a unique optical instrument for
super-resolution imaging at ultra-fast speed,” says Liu. “It will have a profound impact in the
fields of physical science, biomedical imaging and in other fields where both high
resolution and high speed in optical imaging are required.”
The OT-LPSIM instrument will be the first optical imaging tool that has unprecedented resolution simultaneously in
both space (~50nm scale) and time (~20ms scale). The technology will allow a host of fundamental studies on the
nanoscale interactions and real-time dynamics of living cells that are impossible to conduct by any existing
instrument. A localized technique for structured illumination microscopy and the plasmonic antenna array provide
deep, sub-wavelength illumination patterns, leading to much higher resolution in a final reconstructed image.

(Clockwise from left) LPSIM setup
showing laser path (blue) and key
components; standard diffraction-limited
image of a quantum dot distribution; and
super-resolution LPSIM image
demonstrating 50 nm resolution.

Solar Energy Gets Boost from Metamaterials
Solar collectors are optical systems that collect and concentrate sunlight onto a small area receiver. The concentrated light heats a thermal fluid, which creates steam
to generate clean electricity. Today’s state-of-the-art solar collectors typically use curve-shaped (parabolic) systems to concentrate sunlight, but their curvature limits
the range of angles of incoming sunlight that the solar collectors can capture. As a result, these systems must continually track the sun’s motion throughout the day.
Now a top ECE researcher in metamaterials – materials that have
properties not encountered in nature – is hoping to develop an improved
solar collector that would make solar arrays cheaper and more efficient.
ECE Prof. Boubacar Kante is leading a three-year, $2.5 million project to
develop solar energy systems that will be cheap enough to compete on
cost with traditional sources of energy. The funding comes from the U.S.
Department of Energy’s SunShot Initiative, and the team led by Kante will
include collaborators from Sandia National Laboratories (which also
operates the only U.S. facility for testing the capabilities of new
technologies to concentrate solar power).
“UC San Diego is known as a pioneer of metamaterials research and
development,” says Kante. “We are at the forefront of efforts to develop
structured matter that can be used to control light at will. I am confident
that, in collaboration with Sandia, we can leverage our advances in
metamaterials research in order to develop less expensive and more
efficient solar concentrator systems.”
Specifically, the team plans to develop a new class of solar collectors
based on dielectric metasurfaces. The surface material would help focus
the sun’s rays spanning a wider range of angles and enable scaled-down
and less-expensive tracking systems.

Prof. Kante’s project is part of the Department of Energy's SunShot Initiative to improve
solar collectors for photovoltaic arrays.

Kante and his collaborators will use the SunShot Initiative funding to defray the costs of designing, developing and fabricating a new class of planar solar collectors
that can operate over a broad spectrum of sunlight, thereby reducing the need for expensive continuous-tracking systems.
“Critical success factors lie in the ability of this new technology to make use of most of the entire solar spectrum as well as its capacity for large-scale fabrication and
integration,” says Julius Yellowhair, a Sandia researcher and co-PI on the project. “In this collaboration, we will address both these issues.”
“The time has now come to use metamaterials for real-world applications,” says ECE’s Kante. If successful, the UC San Diego-Sandia design for a solar collector could
provide solar thermal plants with lower-cost and more-efficient solar collectors than those currently used in large-scale deployments.

Hyperlens to Enhance 3D Imaging and Lithography
The development of nanostructured metamaterials and the ability to engineer
material dispersion has led to impressive advances in the field of
nanophotonics. These advances include the enhanced ability to control,
illuminate, and image with light at subwavelength scales.
Enter the hyperlens, which is comprised of alternating metal and dielectric
planar layers with deeply sub-wavelength thicknesses. The primary function
of the hyperlens as an imaging apparatus is to transform
high-spatial-frequency information into the collectable aperture of an
otherwise standard optical system.
ECE Prof. Zhaowei Liu and colleagues in the department numerically
demonstrated a hyperlens with unprecedented radial resolution down to the
5nm scale for both imaging and lithography applications. In both cases, the
processes proved to be more accurate than the Abbe diffraction limit (of
approximately 200nm for visible light wavelengths) in the radial direction,
which has potential applications for 3D imaging and lithography. To observe
features below the 200nm limit, existing techniques are not useful for imaging
dynamic, biological samples because they involve high-intensity light or slow
scanning processes.
In a paper* published in the journal Optics Express in July 2015, Liu and his
co-authors discussed design optimization in connection with several
important hyperlens parameters. Applications where visible-light super
resolution is desired in conjunction with three-dimensional capabilities are
most obvious in biological fields. “Since many sub-cellular and intracellular
processes occur on the millisecond time scale, having high-speed potential is
also attractive,” says ECE’s Liu. “3D lithography and more generally scanning
of a fine point of light with precise control could aid in a wide variety of
patterning and manipulation tools.”
Before multilayer hyperlenses can become standard fare for imaging
biological material, there are challenges to overcome. For objects thicker than

Multilayer structure for
focusing ultraviolet
light to a point using a
hyperlens. Radii of
inner and outer
hyperlens layers were
600nm and 1400nm,
respectively. Shows
potential for very fine
control of 3D
lithographic patterns.

tens of nanometers, evanescent decay becomes a problem. To get around it,
the researchers aim to take a page from the notebook of experts in
stereo-lithography and 3D printing – imaging or fabricating via lithography
using a layer-by-layer approach. As fabrication improves, new geometries and
new possibilities will emerge, says Liu. “The 3D super-resolution capability of
the hyperlens shows great promise for a wide variety of exciting applications,”
he observes, “although significant aspects still need further exploration, such
as increasing the operational bandwidth and enhancing experimental
practicality.”
*Numerical Study of Hyperlenses for Three-Dimensional Imaging and
Lithography, by Weiwei Wan, Joseph Louis Ponsetto and Zhaowei Liu, Optics
Express, Vol. 23, No. 14, pp. 18502-18510, July 2015
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SIGNAL AND IMAGE PROCESSING
Recognizing Human Context from
Smartphones and Smartwatch Sensors
Smartphones and smartwatches are packed with
a variety of sensors and have the potential to
improve our lives by automatically “sensing and
understanding” our behavior. This can help
personal assistant systems to serve us in a
manner relevant to our current situation. This can
also allow for automatic (effortless, frequent and
objective) monitoring of patients' daily behavior
for clinical purposes and enable health and
social studies on a large scale.
According to ECE Prof. Gert Lanckriet, this project
has demonstrated that during natural routine
behavior, the built-in sensors in a person's phone
and watch enable recognizing detailed
Gert Lanckriet derives
information about the surrounding environment as
human context from
well as the person’s physical and social activities.
smartphone sensor signals
Fusion of different types of sensors enables
recognizing countless specific situations, for example, allowing the smart device to
indicate the user’s status as ``sitting at a restaurant with friends while drinking
alcohol'' or ``standing at home while cooking and washing dishes''.
The above research work is in progress, with a paper in submission but not yet
published. “It has been a long-term effort,” explains Lanckriet, “and it significantly
extends our earlier publications.” One such publication* involved classifying
free-living behavior based on data from hip- or wrist-worn accelerometers.
*Hip and Wrist Accelerometer Algorithms for Free-Living Behavior
Classification, by Katherine Ellis, Jacqueline Kerr, Suneeta Godbole, J.
Staudenmayer and Gert Lanckriet, Medicine and Science in Sports and Exercise,
Vol. 48, Issue 5, pp. 933-940, May 2016

Single Underwater Image Restoration
Underwater images and videos often suffer from color distortion and low
contrast because light is scattered and absorbed when traveling through water.
Light attenuation underwater leads to different degrees of color change,
depending on wavelength, dissolved organic compounds, water salinity, and
concentration of phytoplankton. ECE Prof. Pamela Cosman and Ph.D. student
Yan-Tsung Peng are developing a more accurate depth estimation method for
underwater scenes based on image blurriness and light absorption in order to
better enhance and restore underwater images and videos.

INPUT IMAGE

DEPTH ESTIMATION SCENE RADIANCE

Using blurriness and depth estimation as tools to enhance underwater images
As they reported in a paper* at the IEEE International Conference on Image
Processing (ICIP 2015), Cosman, Peng and M.S. student Xiangyun Zhao
explained that by adopting image blurriness with the image formation model
(IFM), they “can estimate the distance between scene points and the camera
and thereby recover and enhance underwater images.” They concluded that
experimental results on enhancing such images in different lighting conditions
demonstrated that the proposed method performs better than other IFM-based
enhancement methods.
*Single Underwater Image Enhancement Using Depth Estimation Based on
Blurriness, by Yan-Tsung Peng, Xiangyun Zhao and Pamela C. Cosman, IEEE
International Conference on Image Processing (ICIP 2015), September 2015.

Open Speech Platform to Enable Hearing-Aid Advances
A team of engineers from ECE and the Qualcomm Institute will deliver a novel electronic platform to
dramatically improve and accelerate research on better hearing-aid technologies and algorithms for
use in lab and field studies. QI research scientist Harinath Garudadri is working with ECE professors
Patrick Mercier and Bhaskar Rao under a $2.1 million grant awarded by the National Institutes of
Health in August 2016 on behalf of its National Institute on Deafness and Communication Disorders
(NIDCD). Also on the Open Speech Platform project: ECE Ph.D. student Ching-Hua Lee, CSE Ph.D
student Sean Hamilton and ECE M.S. student Swaroop Gadiyaram. The UC San Diego team will
work with speech and hearing scientist Dr. Arthur Boothroyd from San Diego State University
(SDSU), under a sub-award to SDSU. The engineering development will be done at UC San Diego
and evaluations for clinical use will be conducted at SDSU.
The UC San Diego team is one of six winners in a competition for funding from NIDCD’s Open
Speech program. “We will develop an open, reconfigurable, non-proprietary, wearable and real-time
speech processing system suitable for audiologists and hearing-aid researchers to investigate new
hearing-aid algorithms in lab and field studies," says principal investigator Garudadri. "In line with the
spirit of the Open Speech program, we aim to accelerate hearing healthcare research and facilitate
translation of technological advances into widespread clinical use."
The team will first unveil a desktop lab, due in early 2017. The researchers have already
ECE professors Bhaskar Rao (left) and Patrick Mercier
implemented the system to run on a high-end MacBook, on which it runs in real time with a latency
(right) surround Qualcomm Institute's Hari Garudadri, PI
delay of less than 10 milliseconds. Subsequently, the researchers plan to shrink the ‘lab’ to fit on a
on their joint Open Speech Platform project.
tiny wearable device with an embedded processor such as Qualcomm’s Snapdragon chip sets. The
Snapdragons are optimized for low power, have a powerful digital signal processor (DSP), a
general-purpose CPU, and multiple options for wireless connectivity. “The tasks related to a hearing aid would require about 20 percent of the resources of the DSP,”
says ECE’s Mercier. “That would still leave adequate resources to serve all the advanced signal processing functions on the wearable device.” According to Mercier,
the wearable platform will be about one-third the volume of a smartphone, run for at least 12 hours per charge, and it will connect to ear-level assemblies with wires.
Adds ECE’s Rao: “We will also develop libraries with advanced signal processing functions that leverage multiple microphones to improve speech quality and
intelligibility in multiple noisy environments.”
The Open Speech Platform project extends an already established partnership with SDSU Prof. Carol Mackersie, Director of SDSU’s Auditory Research Laboratory
under another R21/R33 NIH award to explore self-fitting efficacy compared with hearing aids fitted by audiologists. The organizers are discussing adoption and testing
of the platform with other clinical and research groups interested in using the Open Speech Platform in their research.
Website: http://openspeechplatform.ucsd.edu
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FACULTY
Smart Sensors for High-Resolution Source Localization
Sensing and imaging systems that generate massive amounts of data are found
ubiquitously in wireless devices, antenna arrays for radar, sonar systems used in
surveillance and meteorology, and imaging systems for understanding cellular,
structural and medical phenomena, to name a few. However, the useful information
content for any specific application is often significantly smaller than the acquired
volume of the data. “Given this growing disconnect between the amount of data
generated and the information sought, there is a pressing need to reduce computation
and hardware costs by only retaining the measurements and data that are most
informative for imaging applications,” explains ECE Prof. Piya Pal. “One of the goals of
our research is to develop fundamental theories and computational tools that help us
answer two questions: How many sensors and measurements are really needed to
accomplish a certain imaging task? And what is the most efficient sensor configuration
that provably exhibits the best performance?”

PAMELA COSMAN
Image and video compression for transmission over
wireless, Internet or other telecom networks, image and
video processing, computer vision, video quality
evaluation.
VIKASH GILJA
Working with diverse set of electrophysiological and
imaging methods in humans to advance engineering
science of brain-machine interfaces (BMIs) through basic
R&D of clinical applications.

BILL HODGKISS
Data telemetry, sensor array signal processing and
environmental parameter estimation.

GERT LANCKRIET
Machine learning, applied statistics, convex optimization,
with applications to music information retrieval,
computer audition, computational genomics, finance.

SIAVASH MIRARAB
Computational biology and bioinformatics, parallel
computing, and big data analysis.

TRUONG NGUYEN
Image and video processing and communications, 3D
video processing and depth estimation, augmented and
virtual reality.
PIYA PAL
High-dimensional statistical signal processing and data
analysis, energy-efficient sketching and sampling for
statistical inference, compressive sensing, high-resolution imaging, and statistical learning.
BHASKAR RAO
Digital signal processing, estimation theory and
optimization theory, with applications to digital
communications, speech signal processing,
human-computer interactions.

Pal has developed non-uniform sensing geometries such as nested and coprime
NUNO VASCONCELOS
arrays. The arrays can drastically outperform existing sensor architectures and
Computational modeling of biological vision systems,
object recognition and tracking, action recognition,
overcome long-existing bottlenecks in parameter identifiability and resolution. These
surveillance of crowded environments, multimedia
samplers have far-reaching impacts in a variety of signal processing applications
search, classification, and retrieval, medical imaging,
(including speech processing, wireless communication and molecular imaging),
design of machine learning algorithms.
including via a sharp reduction in the cost of deployment and energy consumed by
such systems. When integrated with analog/digital converters, these sampling
techniques can enable highly energy-efficient wideband spectrum sensing for next-generation cognitive radios at very low sub-Nyquist sampling
rates. These new sampling architectures have also given rise to new research problems and algorithmic frameworks. Analyzing the performance
of these samplers in the presence of different kinds of modeling and calibration errors has emerged as a challenging task given their highly
structured geometry. Traditional analysis techniques do not apply to these samplers, especially in the so-called underdetermined regime, where
the number of non-trivial unknowns (for example, the number of interferers or jammers) far exceed the number of equations (for example, the
number of sensors).
Pal and University of Maryland Ph.D. student Ali Koochakzadeh recently analyzed* the challenging problem of the robustness of nested and
coprime samplers by conducting a deeper analysis of the geometry of the Fisher Information Matrix, which can be used to establish fundamental
lower bounds on the mean squared error of any algorithm for source localization using such samplers. They have been able to show that the
geometry of the Fisher Information Matrix is controlled by a crucial quantity called the ‘difference set’, which is the set of all possible pair-wise
differences of the sampling instants. The difference sets of nested and coprime samplers show a significant expansion in cardinality compared to
the original sampling set, leading Pal’s team to establish fundamental performance limits of nested and coprime samplers in the presence of
modeling errors, and limited data that provably establish their superior capabilities for source localization.
*Cramér–Rao Bounds for Underdetermined Source Localization, Ali Koochakzadeh and Piya Pal, IEEE Signal Processing Letters, Vol. 23, Issue 7, pp. 919-923,
May 2016
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MEDICAL DEVICES AND SYSTEMS
Coming Soon to the Smartphone: At-Home Diagnostics
Mobile technology adoption in the healthcare ecosystem has been growing exponentially in recent years, particularly with
mobile applications and wearable devices. Working with collaborators in the School of Medicine, electrical engineers at
UC San Diego are leveraging technology within the wireless ecosystem to deepen doctor-patient interaction at a
distance – and to give patients a greater level of participation in their own health care.
The current generation of wearable devices typically only measures steps and heart rate, which provides limited actionable data for doctors who are used to measuring the biomolecular constituents of samples, such as blood, sweat, or
urine. “How can we make a mobile phone the first line of defense in our healthcare?” asks ECE Prof. Drew Hall. He says
the answer to that question starts with testing biological samples with your smartphone.
Recent advances in portable electronics and the miniaturization of diagnostic sensors are now allowing for the development and proliferation of mobile health (mHealth) technologies that can continuously monitor patients at the point-of-care
(POC) removed from traditional clinical settings. Hall’s BioSensors and BioElectronics group uses CMOS circuit design and
nanotechnology to develop novel medical devices, including biochips for use in POC testing. “Easy-to-use POC devices for
individuals are still limited to simple scenarios like pregnancy testing and glucose monitoring,” says Hall. “By introducing more
versatile molecular diagnostic tools for the general public, individuals will be able to manage more of their own healthcare, in
some instances, bypassing costly and time-consuming visits to the doctor’s office.”

Prof. Drew Hall leads the
BioSensors and BioElectronics
group in ECE.

Hall and his team recently teamed with Google to develop a molecular biosensor that is integrated inside of the company’s Project Ara modular smartphone
prototype and other wearable devices. The goal is to enable remote and accurate personal health monitoring. While similar in concept to a glucometer for measuring
glucose in blood, the device has much broader capabilities ranging from monitoring exertion during exercise to diagnosing urinary-tract infections. The one-time-use
tests resemble common, at-home pregnancy sticks, except instead of colored lines, the smartphone quantitatively reads out the result, which can be processed,
stored and wirelessly transmitted to a doctor’s office, clinic or hospital. Their findings are reported in a paper* to appear in the November 2016 issue of the journal
Transactions on Biomedical Circuits and Systems.

BIOSENSOR MODULES
In collaboration with Dr. Doug Conrad, Director of the UC San Diego Adult Cystic Fibrosis
Clinic, Hall and his group also developed a mobile phone pH biosensor that enables cystic
fibrosis patients to track their lung health at home. Currently, these patients have no way of
tracking critical health parameters outside of a hospital setting. Hall and Conrad
hypothesize that the ability to monitor pH levels regularly and frequently over a long period
of time will allow physicians to be proactive, rather than reactive, in treatment. There are
currently three patients in the greater San Diego area piloting the pH sensor technology.
With wireless infrastructure already in place globally, the ECE researchers see the mobile,
at-home clinic attached to a smartphone as a major contributor to identifying, treating, and
managing disease in every country worldwide. But will biomolecular sensing via phone
ever become as commonplace as another type of sensor – the built-in camera – is today?
Perhaps not, but for a large part of the population, it could turn out to be a ‘killer app’.
Illustration showing potential uses for the multi-technique biosensor
platform integrated into smartphones and wearable devices.

*A Multi-Technique Reconfigurable Electrochemical Biosensor: Enabling Personal
Health Monitoring in Mobile Devices, by A. Sun, A.G. Venkatesh, and D. A. Hall, ,”IEEE
Transactions on Biomedical Circuits and Systems (TBioCAS), To Appear. (Invited paper)

Measuring Exosome Biological
Information Packets Secreted by Single Cells
Biological systems, especially in diseased states such as cancerous tumors, vary dramatically at
the cellular level. From that inhomogeneity has grown demand for better ways to characterize the
properties of individual, single cells. Effective single-cell technology is critical to understanding
the behaviors and properties of so-called “crucial minorities” that are often responsible for drug
resistance, cancer metastasis, as well as immunological and other responses.
ECE Prof. Yuhwa Lo’s group has invented an efficient, high-throughput platform to seed, culture
and non-invasively analyze single cells. Using this technology, the researchers have been able to
measure cytokine and exosome secretion rates from each single cell under different microenvironments (pH, stress, thermal shock, drug, and so on). The exosome is one of the hottest areas
in biomedicine today, involving particles that are 30 to 100 nanometers in size that are secreted
by cells as ‘biological information packets’ for cell-to-cell communication, metastasis, etc. Until
professor Lo’s team published* its latest findings in July 2016 in the journal SmallL, there had been
no method to quantify exosome properties and their secretion rate at the resolution of single
cells. The work is a seminal contribution to both fundamental research and precision medicine.
*A Single-Cell Assay for Time Lapse Studies of Exosome Secretion and Cell Behaviors, by Yu-Jui
Chiu, Wei Cai, Yu-Ru V. Shih, Ian Lian, and Yuhwa Lo, Small, Vol. 12, Issue 27, pp. 3658-3666, July 2016
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Single-cell assay used for analyzing exosome secretion

Toward a Flexible, Wearable Tricorder-Like Device
Many of the same researchers involved in the patch to monitor alcohol
in the blood (see story page 14) are also behind development at UC San
Diego of the first flexible, wearable device capable of monitoring both
biochemical and electrical signals in the human body. The Chem-Phys
patch records electrocardiogram (EKG) heart signals and tracks levels
of lactate (a biochemical that is a marker of physical effort) in real time.
The device (fabricated on a soft, flexible patch) can be worn on the
chest and communicates wirelessly with a smartphone, smartwatch or
laptop. Potential applications are wide-ranging, from athletes monitoring their workouts to physicians monitoring patients with heart disease.
The new device is described in a paper* published in the journal Nature
Communications in May 2016. Professors and senior authors Patrick
Mercier and Joseph Wang, co-directors of the UC San Diego Center for
Wearable Sensors, collaborated to build the Chem-Phys device. Wang’s
team in NanoEngineering worked on the patch’s sensors and chemistry.
Mercier’s team in ECE worked on the electronics, including a miniature
electronic board, and data transmission to a mobile phone (via Bluetooth).

The Chem-Phys patch is the first wearable sensor capable of monitoring
both biochemical and electric signals in the human body. The patch
consists of a custom-made board and screen-printed sensors.
The device can transmit data for both biochemical and electrical signals,
whereas most commercial patches measure one signal, e.g., steps
walked, or heart rate, and virtually none of them measure chemical
signals. “One of the overarching goals of our research is to build a
wearable, tricorder-like device that can measure simultaneously a whole
suite of chemical, physical and electrophysiological signals continuously
throughout the day,” Mercier said. “This research represents an important first step to show this may be possible, and combining both heart
rate and lactate is a first in the field of wearable sensors.”
To get the patch to work correctly, researchers had to make sure the
EKG sensors were isolated from the lactate sensor. The latter works by
applying a small voltage and measuring electric current across its
electrodes. This current can pass through sweat, which is slightly
conductive, and can potentially disrupt EKG measurements. So the
researchers added a printed layer of soft, water-repelling silicone
rubber to the patch and configured it to keep the sweat away from the
EKG electrodes, but not the lactate sensor. The sensors were then
connected to a small, custom-printed circuit board equipped with a
microcontroller and a Bluetooth Low Energy chip, which wirelessly
transmitted the data gathered by the patch to a smartphone or a
computer.
*A Wearable Chemical–Electrophysiological Hybrid Biosensing
System for Real-Time Health and Fitness Monitoring, by Somayeh
Imani, Amay J. Bandodkar, A.M. Vinu Mohan, Rajan Kumar, Shengfei Yu,
Joseph Wang and Patrick P. Mercier, Nature Communications, Vol. 7,
Issue 11650, May 2016

Cloud-Based Mobile Health
Monitoring for Physical Therapy Patients
Most physical therapy patients receive only verbal and written instructions
for their at-home care – a strategy that lacks the benefit of the direct
feedback a physical therapist could provide. Not surprisingly, this strategy
yields very low rates of compliance and accuracy. The Center for Wireless
Communications mHealth Initiative aims to provide detailed guidance to
physical-therapy patients so that the exercise they do at home can be as
effective as what they do in the clinic. The researchers’ goal is to create a
system tailored to individuals and their particular exercise programs while
recording and directing force and movement with great accuracy.
Collaborating on CWC’s mobile health monitoring and real-time guidance
system are ECE professors Pamela Cosman (a leading authority in
image/video processing and compression), Sujit Dey (an expert in cloud
computing and embedded systems-on-chip) and ECE chair Truong Nguyen
(a leading figure in image/video processing).
The team’s system is comprised of three types of sensors: (1) Microsoft Kinect
sensors, which provide color and depth measurements; (2) FingerTPS force
sensors; and (3) Epidermal Electronics Systems (EES), which can measure
EMG signals from muscles, heart rate, sweat and other variables. Although
the Kinect sensors must be fixed in the clinic and the patient’s home,
FingerTPS sensors and Epidermal Electronics are worn on the patient’s
body. FingerTPS sensors are placed on the patient’s finger and palm, while
EES functions more like a flexible skin tattoo that washes off with water.
These sensors work together to collect precise data capable of providing
the patient with detailed feedback regarding their exercise regimen.
An overview of the entire system at work begins in the clinic, with a physical
therapist working with a patient doing a particular exercise. The clinic must
be instrumented with a camera and other sensors to allow for the creation
of a 3D spatio-temporal model of the particular exercise, and this data is
recorded and sent to the cloud. Next, the patient attempts to repeat the
exercises at home, either alone or with an untrained caregiver. Both
camera and tattoo sensors are used to collect various measurements
during the exercise, and the data is then encoded and sent to the cloud,
where it is compared against what was done in the clinical setting. Finally,
a form of guidance rendering, based on this comparison, is sent back to the
patient so that they can improve on their home exercises and perform them
more accurately.

Concept schematic for back-end access to infrastructure serving the
cloud-based vision of support for at-home physical therapy patients and
screen-printed sensors.
A target population for this project would be stroke patients, as they often
have to engage in an enormous amount of physical therapy and are unable
to receive feedback from their own muscle controls. The system could be
particularly useful to these patients by informing them of which muscles are
being recruited and whether or not they are performing their exercises in
the way their physical therapist has instructed to ensure the quickest
possible recovery.
The development of the system thus far has sparked studies and publications
regarding arm-motion classification, force repeatability, hand articulation
tracking, data alignment and real-time guidance. With funding from NSF’s
Smart and Connected Health program, future research will expand to include
hand tracking, integration of epidermal electronics, cloud-based controls and
data analytics, as well as human factors and usability.
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NANOTECHNOLOGY INFRASTRUCTURE
San Diego Nanotechnology Infrastructure
UC San Diego was selected to be one of the first new university sites in the upgraded, $81 million NSF National Nanotechnology Coordinated Infrastructure (NNCI)
announced in September 2015. The new San Diego Nanotechnology Infrastructure (SDNI), led by ECE Prof. Yuhwa Lo, is one of 16 such sites receiving support
from the national program. The San Diego infrastructure now offers users from academic, industry and government laboratories open, affordable access to a
broad spectrum of nanofabrication and characterization technologies and expertise. Together, they enable and accelerate cutting-edge scientific research,
proof-of-concept demonstration, device and system prototyping, product development, technology translation and much more.
SDNI was awarded $5.5 million over five years to “advance nanoscale science and engineering and develop transformative nanotechnologies and
nanotech-based startups.” SDNI leverages existing labs and services, most notably UC San Diego’s Nano3 cleanroom facility in the Qualcomm Institute. Nano3
is a user facility open to campus as well as external researchers and companies working in nanoscience, nanomedicine and nanotechnology, but also including
three focus areas of particular interest to the SDNI community: nanophotonics, nanobiomedicine, and nanomagnetics. The nanophotonics work leverages
existing, specialized resources and personnel in both Nano3 and the Chip-Scale Photonics Testing Facility (also located in the Qualcomm Institute). Taken
together, these expanded facilities and staff are enabling transformative research and education while accelerating the translation of discoveries and new
nanotechnologies to the marketplace.

Left: Nano3 cleanroom facility forms the core of the new San Diego Nanotechnology Infrastructure.
Top Right: Nano3 process engineer Ryan Anderson and Chemisty & Biochemistry professor Elizabeth Villa use recently-acquired FEI Scios dual-beam microscope that
can be used at cryogenic temperatures.
Bottom Right: Colorized micrograph of electron beam-written grid pattern demonstrating <8nm resolution capability of Vistec EBPG5200 system in Nano3.

UC San Diego is the only University of California campus with an NNCI location,
and it is the second California institution funded by NNCI besides Stanford. In
addition to director Yuhwa Lo, other leadership roles are played by fellow ECE
professors Shaya Fainman (deputy director and nanophotonics lead), Eric
Fullerton and Shaochen Chen (nanomagnetics), and nanobiomedicine.
Discoveries made by users of the SDNI have the potential to create
transformative change in fields as diverse as medicine, information technology,
transportation, homeland security, and environmental science, leading to
improved health care, faster communication, safer transit, as well as cleaner
water and air. Over the course of five years, SDNI also aims to train some 900
graduate and undergraduate students to use nanotechnologies as a way to
position them for future jobs in science, technology, engineering and math
(STEM) disciplines.
“This is a vote of confidence in the advanced infrastructure already deployed by
UC San Diego to support nanotechnology research and development, and the
NSF support will allow us to play a major role in the new nationwide network,”
said UC San Diego Chancellor Pradeep K. Khosla. “Locating the NNCI site on
this campus will make it easier for faculty to use existing and new infrastructure,
and we will open the door wider to industry users.”
Bringing Nano3 and other facilities under the SDNI banner could help UC San
Diego double its annual user hours by increasing the number of users, and
providing new equipment and services. They are expanding capabilities into
high-demand areas such as 3D nanoprinting and nanoimprinting on flexible
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platforms, and by streamlining fabrication-on-demand services for onsite and
remote users. They are also encouraging access for non-traditional users by
developing hands-on training programs that demonstrate the value of SDNI to
researchers who are less familiar with nanotechnology.
Among the instruments already operating in Nano3, the facility deployed a
Vistec Lithography EBPG5200 electron-beam writer for nano- and
micro-fabrication. The e-beam writer enables researchers to write fine features
on a scale of less than 8 nanometers, over a large surface area up to 8 inches.
The challenge of writing over large fields with electron beams is that the beam
of electrons can become larger and diffused, distorting the features of the
pattern. However, the Vistec instrument has superior electromagnetic focusing
capability for extremely narrow electron beams over 1x1 mm2 write fields and a
high stitching accuracy, which allows ultrascaled features to be written not only
on research scale samples but also on commercial and production size wafers.
SDNI will also channel funding to engineers to procure or develop new tools
and technologies in growth areas. Much of the NSF grant can underwrite new
activities and advances because the Qualcomm Institute has agreed to
continue contributing the $400,000 it spends annually on Nano3. “SDNI is a
feather in the cap of the campus and the institute,” said Qualcomm Institute
Director and ECE Prof. Ramesh Rao. “We continue to provide support for
operating these facilities, and we are establishing new connections among the
corporations, national laboratories and other institutions that now look at San
Diego as one of the elite locations in the country to do nanotechnology.”

Expanding Chip-Scale Testing to the Nanoscale
The Chip-Scale Photonics Testing Facility is benefiting from new
federal funding from the Office of Naval Research in the form of a
Defense University Research Infrastructure Program (DURIP) grant.
The funding to lab director and ECE Prof. Shaya Fainman helped the
lab to acquire a tip-enhanced Raman spectroscopy (TERS) system now
deployed in the basement of Jacobs Hall (which is less prone to
shaking in the event of seismic activity than the above-ground
Chip-Scale facility itself in Atkinson Hall). The recently-installed TERS
system is a Renishaw InVia Raman Microscope – a high-resolution
characterization tool for nanotechnology research. Fainman’s
research focuses on the design and realization of ultrafast and
nanoscale optical systems, and the TERS system makes it possible to
characterize nanolasers or test DNA, biomarkers, strained silicon and
other nanoscale materials. The TERS system also adds strain
characterization capabilities in studies of nonlinear metamaterials and
nanophotonic devices. The new instrument will also advance
researchers’ capabilities in brain imaging.

ECE faculty-affiliate Ertugrul Cubukcu’s runs the Nanoengineered
Photonics Group in the Department of NanoEngineering.

Faculty Affiliate Works
on Photonics at the Nanoscale
In addition to working closely with fellow ECE faculty members
in the area of nanoscale devices and systems, the department
also established close links with faculty affiliates from other
departments who become obvious collaborators to work with
ECE researchers in this field. Case in point: NanoEngineering
Assistant Professor Ertugrul Cubukcu, who joined the Jacobs
School of Engineering faculty in 2015, and who has a affiliate
faculty appointment in ECE.
Cubukcu collaborated on a paper about low-noise graphene
electrodes with ECE Prof. Duygu Kuzum in 2014 – before either
of them had accepted their faculty positions at UC San Diego!
Cubukcu’s affiliation with ECE was hardly a stretch, given that
he came from the University of Pennsylvania, where he was an
assistant professor from 2011 to 2015 in Electrical and Systems
Engineering (and had a dual appointment there in Material
Science and Engineering).
At UC San Diego, Cubukcu has established a Nanoengineered
Photonics Group. His research involves engineering
light-matter interactions on the nanoscale for achieving novel
functionality in optical devices and sensors for use in medical
diagnostics, environmental monitoring and other applications.
Cubukcu also investigates the potential of emerging,
two-dimensional semiconducting and semi-metallic materials
(e.g., graphene) for photonics applications, including light
emission and photo-detection. His most recent research
focuses on coupling between optical and mechanical degrees
of nanoscale systems. Before teaching at UPenn, Cubukcu was
a postdoctoral scholar at UC Berkeley after earning his Ph.D. in
Applied Physics from Harvard University in 2008. Cubukcu is
the recipient of the 2014 IEEE Photonics Society Young
Investigator Award, and a Young Scholar Award from the
Turkish American Scientists and Scholars Association.
Pictured (top-bottom): ECE postdoctoral scholar Lindsay Freeman installs
TERS system for characterizing nanoscale materials and lasers; InVia Raman
Microscope manufactured by Renishaw; Freeman puts the new equipment
through its paces with Torrey Pines High School junior intern Robert Bartsch.
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UNDERGRADUATE EDUCATION
Experiential Learning Leads to More Well-Rounded Engineers

With an eye on graduating more well-rounded engineers, the Jacobs School of Engineering’s Experience Engineering Initiative calls for teaching undergraduates
how to design and prototype complete systems of increasing complexity. Starting in freshman year, ECE undergraduates can now take at least one experiential,
project-based course or lab annually, whereas such courses were reserved for graduating seniors in previous years. To accommodate the need for more hands-on
training, ECE is adding three new team-based project courses. The goal is to better equip students for industry and internships as soon as possible. “ECE has hired
half a dozen junior faculty in the past few years with strong experience in teaching hands-on courses, and they have been involved in designing the new curriculum,”
says ECE Chair Truong Nguyen. “Experiential learning gives our students the skills, experience and confidence necessary to get great engineering jobs when they
graduate or go for an internship, and we’re hearing about the value of hands-on experience from partners in industry as well.”
The new courses – ECE 5, ECE 16, and ECE 115 – are targeted at students in their freshman, sophomore and junior years, respectively. In order to graduate, seniors
can still take the capstone group project course, ECE 191, but the department is also launching an upper-division course, ECE 196, which is set to launch in Fall 2016.
Read on to learn more about the rapidly changing face of education in the ECE department, including new maker spaces.

Experience ECE: Making, Breaking, and Hacking Stuff (ECE 5)
Designed to boost confidence and skills, ECE 5 prepares first-year students for
their future careers. Students work in teams of two, with the course divided into
four separate labs. In Fall 2016, the faculty will include ECE professors Truong
Nguyen, Drew Hall, Vikash Gilja and instructor John Eldon. Each of the four labs
covers the following topics: a) communication using light and photodetectors, b)
analog circuits to manipulate sound, c) digital signal and image processing, and
d) embedded systems and control. For the final presentation and competition,
the student teams build line-following robots that compete against one another.
For the final project, students are encouraged to be creative in building their
robot, and ECE 5 emphasizes both ‘soft’ skills (such as communication,
teamwork and planning), as well as ‘hard’ technical skills. The latter skills are
very extensive and include programming in C and Matlab, soldering, building
circuits, using microcontrollers, oscilloscopes, function generators, power
sources, multi-meters, 3D printers and much more.
“Sitting with a group of people and talking about theory is one thing, but sitting
together and building something is another experience entirely,” says ECE’s
Nguyen, who oversees the department’s implementation of Experience
Engineering, together with professors Drew Hall, Vikash Gilja, Siavash Mirarab
and Michael Yip. “Students get something different out of it; whether it’s
motivation or it’s confidence, the experience really convinces them that they can
build something greater together than what they can build on their own.”
In Winter 2016, the ECE 5 final competition was staged out of the new EnVision
Maker Studio in the SME Building. The students presented their line-following
robots in lieu of a final exam. Top grades went to the teams with robots that
followed the line most closely and at the fastest speed. The robots competed in
time trials on three different tracks – a complex squiggle, a circle, and a line with
a small detour.
“We coded the microcontroller on our robot to read a voltage value off attached
photoresistors,” says electrical engineering junior Eric Ho, a member of the
winning team. “The value changes when the light changes as it’s reflected from
the floor back to the sensor – letting the robot know where that black line is. We
all incorporated these and LED lights, which were part of our first project in the
course. In order to increase or decrease the speed and the turn rate necessary
to follow a line, we also hooked up knobs that let us alter the inputs to our

Junior Eric Ho checks his team's winning robot ahead of next time trial.
control algorithm so our robot could run autonomously.” According to Ho, his
team won because they were able to determine optimum input values for their
control algorithm and the speed, adjusting through trial and error.
By the end of the quarter, ECE 5 students receive exposure to a broad collection
of research areas in Electrical and Computer Engineering, including embedded
programming, signal analysis, circuits, photonics, communications,
time-frequency relations, continuous-versus-digital processing, filtering, control
theory, sensor interfaces, and robotics. The students also get to partake in an
outreach program to help middle and high schoolers learn to build devices
through the university’s IEEE student chapter.
All ECE 5 course materials are made available online at ece5.ucsd.edu for use
by faculty at other universities who want to jumpstart hands-on project courses
for first-year undergraduates. To this date, more than 24 universities have used
the site to download the course materials. Of those, nearly half are international
universities located in countries near and far, including Canada, Turkey, South
Korea, China, Brazil, Vietnam, and Japan.

Rapid Hardware and Software Design
for Interfacing with the World (ECE 16)
ECE 16 introduces second-year students to concepts in embedded
systems. The course is structured around the development of a
computer controller through four lab assignments. Students must have
taken the department’s course on C programming (ECE 15) as a
prerequisite
because
the
course
requires
programming
microcontrollers in C and analyzing data using the Python programming
language. Developed and taught by ECE Prof. Vikash Gilja, ECE 15 also
introduces students to real-world sensing. As part of the class, the
students design and develop a system based upon electromyogram
(EMG) signals. Teams complete four design-oriented lab projects,
culminating in a final design competition, focused on controllers for a
video game. Key concepts developed through the quarter include
signal sampling and processing, communication, and real-time control.
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Upper-division undergraduates use ECE's own Makerspace
(pictured) while lower-division students do hands-on lab activities
in the Jacobs School's EnVision Maker Space.

Like ECE 5, ECE 16 is based in the EnVision Maker Studio because it is
primarily intended for sophomores.

Rapid Prototyping (ECE 115)
Experience Engineering in the ECE curriculum is not limited to courses using the
EnVision Maker Studio. Students enrolled in ECE 115 work in ECE’s own
Makerspace inside Jacobs Hall. The lab-based, design-focused course teaches
students how to prototype a mechatronic solution. Students learn to identify
specifications for a problem, use block diagrams to design the system, and
employ rapid prototyping (3D printing, laser cutting, etc.) to build a prototype.
They learn to use motors, touch sensors, and computer-assisted software. They
do 3D modeling of parts and create their own design using computer-assisted
design (CAD) software. The prototypes are then made from laser-cut and
3D-printed parts. The teams create circuits to connect their sensors and
actuators, which are then integrated into a microcontroller. They program the
microcontroller to run the whole system.
ECE Prof. Michael Yip taught the newly-created course in Spring 2016. Yip
brought his experience working as a Disney Imagineer to entice and motivate
students with a fun, entertainment-focused final project: they built functional
pinball machines without any blueprints. Instead, students iterated on several
designs of their own throughout the course, culminating in an open house in the
Jacobs Hall lobby. Most students went beyond and decorated their machines
with colors, sounds, lighting, and triggered effects. Passers-by were able to freely
interact with the students’ final creations.
Yip picked pinball to engage and excite potential students but also to help them
master a wide range of skills. “You can’t just stick to the confines of one type of
engineering,” he says. “To be a good engineer, you need to understand electrical
and mechanical engineering as well as computer science, and be able to bring it
all together.” Professor Yip also wants students to build their machines quickly as
a natural means of reaching the best design in the shortest amount of time. “The
faster you can get things done, the faster you can fix your mistakes,” he adds.
In Spring 2016, juniors Andrew Saad and Leandro Lubrico teamed up to create
“Pinball of the Caribbean.” It was the first time they had used a laser cutter and

Engineering Hands-On Group Project (ECE 196)
ECE 196 is a Project-in-a-Box (PIB)-based course. PIBs are literally boxes
containing all the parts and equipment that students need to build a hands-on
project. While other hands-on courses may only be taught during one quarter
each year, ECE 196 can be taken in any quarter and is open to all
undergraduates. The format is adaptable to the experience level of students at
any grade level, because each PIB carries instructions suitable for students at
beginner, intermediate, or advanced levels. The inaugural edition of the
lab-based course will be taught by ECE Chair Truong Nguyen in Fall 2016. It
aims to provide hands-on engineering and team-building experiences to
students as they build a variety of different systems ranging from a binary clock
to an infrared whiteboard.
Each system is selected to expose students to particular real-world technical
skills. For instance, they build solar trackers to power light-emitting diodes
(LEDs). The tracker is an electromechanical device to shift the direction in which
a photovoltaic panel is facing in order to optimize the amount of sunshine
hitting it, thus producing more power to run the LEDs. Students making the
solar tracker gain experience with Arduino programming, design optimization,
CAD, mechanical control, and maximum power-point tracking. Another
hands-on sequence engages students in laser-cutting, soldering, and 3D
printing of parts for a robotic arm. Thirdly, in the course of creating a pedal to
render guitar audio effects, students read schematics, construct a breadboard
(on which integrated circuits are designed), and conduct Fourier analysis.

•
•
•
Hands-on projects to build (clockwise from top left): solar tracker; guitar
effects pedal; robotic arm; binary clock; arcade emulator

Professor Yip (far left) looks over ECE 115 pinball machines on display.
gained any significant experience with CAD tools. Lubrico looked up
specification sheets to learn more about the various parts they were using.
They also concluded that laser cutting was much faster than 3D printing.
“Everything we learn in classes without labs started to make sense,”
observes Saad.
For the first offering of ECE 115 in Spring 2016, Professor Yip allowed
lower-division students to enroll in the course. Teammates Louise Xu, a
freshman, and Anthony Simeonov, a sophomore, completed the game “Star
Struck.” “Good design takes many iterations,” Xu recalls. “You have to keep
in mind the whole system,” adds Simeonov. “You have to get frustrated and
struggle through it. When you do that, it turns out a lot better.”
ECE 115 is initially scheduled to be offered once a year, and Yip is slated to
teach Rapid Prototyping again in winter 2017.

Thinking in Systems and the Internet of Things (ECE 180/188)
In the Winter and Spring quarters of 2017, ECE will launch a sequence of
two courses on Internet of Things (IoT) and Systems Thinking. The first
course will focus on software development fundamentals from an
end-to-end perspective, so that students will develop competency in
building hardware-based systems, utilizing all the latest web-based tools
and infrastructure. In addition, the students will build a “smart plug” in the
course lab. The plug will be a sensing and communication device built on
the Raspberry Pi platform.
The second course in the sequence will focus on applying the principles
acquired in the first course to add functionality and intelligence to the plug.
Students will compete in small teams in a design project where they will use
their “smart plugs” to perform intelligent sensing in the cloud and present
their complete system at the culmination of the second course. The two
courses will be under the special topics banner of ECE 180/188.
These two courses are being designed to explore and develop essential
technical skills, strong architectural intuition, effective collaboration skills,
and the practical ability to deliver viable customer products in the context
of a real-world product development challenge. Advanced topics will
include practical hardware and software engineering. Students will learn
about engineering patterns and anti-patterns, customer and user
experience design, full-stack web development in the Python programming
language, and best practices in building a product ecosystem. The second
course in the series will have a particular emphasis on more advanced
topics, such as security, algorithms, and analytics.
According to ECE Chair Truong Nguyen, “students who complete these
courses will have a full-stack learning experience based on an inverted
learning model that starts with hands-on methods and builds upward into
theories and best practices, including practices to safeguard IoT at the level
of the device and of the cloud.”
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GRADUATE STUDENTS
From Epidermal Electronics to Robotics and Controls
As a freshman at the University of Michigan in 2012, Kwesi Rutledge applied to participate in the Summer Training Academy for Research in the
Sciences (STARS), which matches undergraduate students from underrepresented groups with summer research opportunities at other universities.
Rutledge went to UC San Diego with the STARS program and spent the summer working in Bioengineering Prof. Todd Coleman’s Neural Interaction
Laboratory on a project designing prototypes for epidermal electronic systems (flexible electronics worn on the skin to track electrical activity in the
body). Rutledge returned to Michigan to continue his undergraduate studies, but returned the following summer to resume working in Coleman’s lab
on epidermal electronics, this time for use in collecting motion data (from tremors) that may be needed to diagnose Parkinson’s disease. Rutledge
returned again to Michigan, where he graduated in 2015.
UC San Diego’s Coleman, meanwhile, had encouraged Rutledge to apply to graduate school, and because
the summer research experiences had sparked the student’s interest in control systems design and signal
processing, the student applied to UC San Diego. He also applied and received an NSF Graduate Research
Fellowship.
Rutledge is now a second-year M.S./Ph.D. electrical engineering student in ECE Prof. Michael Yip’s
Advanced Robotics and Controls Laboratory. “My decision to join his lab was based on the idea that the
blend of these two fields could have a huge impact on the medical field,” says Rutledge. “They do so by
increasing the effectiveness and decreasing the danger of medical procedures by using robotic tools.”
Rutledge summarizes his interests as “controlling complex, nontraditional robots and systems,” which now
extend to Robot Design, Continuum Robots, Machine Learning, Shape Control, Control Systems and
Nonlinear Systems. He currently works on ARC Lab projects to make surgical robots out of “modular”
building blocks (so that they can be put together on the fly or as a doctor needs them) and on model-less
control algorithms. Rutledge remains in close touch with Coleman, who has a secondary appointment in the
ECE department.

ECE grad student Kwesi Rutledge
expects to complete his
M.S./Ph.D. in 2019.

“The encouragement and support I received at UC San Diego from Prof. Coleman and the STARS program
was what allowed me to recognize my own excitement and interest in implementing complicated control
systems,” says Rutledge. “Whether my research requires complex nonlinear control theory or machine
learning to build accurate models of systems, the faculty have expertise that I have used to improve my
understanding of the current state of the art in robotics and control.” The grad student adds: “I’m excited to
see what I will learn next.”

All-Optical
Nanoscale Integrated Sensor
At the 2016 Jacobs School of Engineering Research
Expo in April, research in ECE Prof. Boubacar Kante’s
group on metamaterials and plasmonic nanostructures
(made of metallic nanoparticles) took center stage
during the poster session. Judges awarded the ECE
Best Poster to Ph.D. student Ashok Kodigala, for his
research poster* recounting the development of a
nanoscale, all-optical sensor. Kodigala’s advisor is
Kante, but he also benefited from advice provided by
ECE Prof. Shaya Fainman. Kodigala designed an array
for the sensor equipped with metallic nanoparticles,
which can be coated with binding agents that capture
bacteria, toxins or viruses. The particles are placed in a
specific configuration to increase their sensitivity—to
the extent that the all-optical sensor can be an order of
magnitude more sensitive than current sensing technology. The design can be combined with a laser and a
detector to create a fully integrated lab on a chip.
Potential applications range from chemical to biological
sensing for the biomedical industry, including quick
medical diagnostics.
*ECE Best Poster, Research Expo 2016: Plasmonic
Nanostructures for Nano-Scale Sensing: Path to an
All-Optical Integrated Sensor, by Ashok Kodigala
with Boubacar Kante and Shaya Fainman.
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Ph.D. student Ashok Kodigala with ribbon to mark ECE Best Poster honor awarded during
the Jacobs School of Engineering Research Expo 2016.

Exploring How to Take Tech from Lab to Market
ECE Ph.D. student Somayeh Imani works in the Energy-Efficient Microsystems lab of ECE Prof.
Patrick Mercier. She designs circuits for biomedical applications that could help improve
people’s health and quality of life, especially for poor people living in developing countries.
She says that she found her niche in circuit design of wearable sensors, which also opened
her eyes to the world of startups.
Imani decided to take part in a new UC San Diego fellowship program that places Jacobs
School of Engineering graduate students and MBA students from the Rady School of
Management in joint classes. She was attracted by the opportunity to learn how to translate
research to benefit end users. The pilot Technology Management and Entrepreneurism
Fellowship program is affiliated with UC San Diego’s new Institute for the Global Entrepreneur
(launched in June 2016).
ECE’s Imani is one of approximately 35 graduate students from the Jacobs School who
are part of the fellowship pilot program’s first class, which the university hopes to develop
into a master’s degree program. “There is so much opportunity to commercialize
technology in the field of wearables,” explains Imani. “But commercialization is hard. You
need a business plan and marketing skills – things that engineers don’t usually learn
much about during their degree."

ECE Ph.D. student Somayeh Imani

After attending an information session for the program, Imani decided to apply for one of the fellowships. “A lot of engineers think they know something about
business, but quickly learn how much more they need to know to succeed,” she says.
“I realized I needed this specific skillset to help our research group bring some of the wearable sensors to market,” adds Imani. “After the class is over, I’ll have
a recipe for taking a technology to the market and can apply it using some of the technologies we are working on in the lab.”
The four-quarter sequence includes two courses taught by Rady School faculty, while the other two are project-based courses in which engineering and MBA
students collaborate to build a business around a real technological innovation (through Rady's Lab to Market program).

Studying the Microscopic World Underwater
Andrew Mullen is a Ph.D. student in ECE who works with researchers at the
Scripps Institution of Oceanography. They made headlines around the world in
2016 after releasing the first images from an underwater, microscopic imaging
system that revealed never-before-seen views of the underwater world.
Mullen and his colleagues helped design and build the diver-operated underwater microscope to study millimeter-scale processes as they naturally occur
on the sea floor. The so-called Benthic Underwater Microscope was initially
used to study coral ‘turf wars’ and even coral polyp ‘kissing’.
Collaborating with Scripps Institution of Oceanography researcher Jules Jaffe,
the team developed the microscope to image marine microorganisms in their

natural settings – without disturbing them. The two-part system includes an
underwater computer with a diver interface tethered to a microscopic
imaging unit capable of seeing marine subjects at nearly micrometer
resolution. The instrument has a high magnification lens, a ring of focused
LED lights for fast exposures, fluorescence imaging capabilities, and a
flexible, tunable lens (similar to the human eye) to change focus for viewing
structures in three dimensions.
*Underwater Microscopy for In Situ Studies of Benthic Ecosystems, by
Andrew D. Mullen, Tali Treibitz, Paul L.D. Roberts, Emily L.A. Kelly, Rael
Horwitz, Jennifer E. Smith and Jules S. Jaffe, Nature Communications, No.
12093, July 12, 2016.

Ph.D. student Andrew Mullen studies coral
behavior with Benthic Underwater Microscope.
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ALUMNI PROFILES
Bringing Deep Learning to the Internet of Things
ECE alumnus Chun Chen Liu (M.S. ’08) is the founding Chairman, Chief Technology Officer and Acting CEO of Kneron, a fast-growing startup launched in 2015. The
company has 35 employees located across its San Diego headquarters and offices in China and Taiwan. Their unique mission: to bring the benefits of deep learning
and artificial intelligence to billions of smart devices that will be part of the Internet of Things (IoT) – even when they are not connected to the Internet itself.
“Kneron is a deep learning company that believes the benefits of artificial intelligence should be felt everywhere,” says Liu. “We are focusing on bringing deep learning
out of the cloud and into everyday devices.”
The company’s unique approach is based on innovative
intellectual property that allows Kneron to embed deep
learning into low-powered devices that are perfect for IoT
applications. How?
According to Liu, Kneron has patented its approach to doing
artificial intelligence (AI) and deep learning without requiring
supercomputers to run them. “Until now deep learning
depended on supercomputing power because the entire
human brain was modeled to simulate human intelligence,”
says Liu. “We model small parts of the brain that relate primarily
to learning what is needed for specific applications. The
resulting models can be much smaller, even small enough to fit
into smartphones and IoT devices.”

ECE alumnus Chun Chen Liu (M.S. ’08) is Chairman, CTO and Acting CEO of Kneron. Previously
he worked in R&D at Samsung and Qualcomm.

“Our approach changes the entire paradigm,” says Liu. “The
intelligence can operate internally at the IoT device or
smartphone, so it can analyze all of the data and only upload
the data that reflects an interesting pattern or anomaly.” By
operating locally, at the device itself, users can cut down on
the amount of ‘junk’ data produced by round-the-clock IoT
devices that currently have to send all of the data they
generate to a central clearinghouse for processing.

The idea to put deep learning into IoT devices grew out of
Liu’s diverse educational and work experience. “I was a
circuits guy before getting into artificial intelligence,” he says, “and I also worked on electronic design automation” at UC Berkeley. At UC San Diego he spent 18 months
in the M.S./Ph.D. program, earning his master’s degree in 2008 under ECE Prof. Truong Nguyen (with a focus on image processing and computer vision). He then
completed his Ph.D. at UCLA under circuits innovator Frank Chang.
Liu’s 14 years in hardware and software system development included stints at a small startup as well as six years in Samsung’s Advanced Research Center in Korea.
From there he returned to San Diego to work at Qualcomm on machine learning and computer vision R&D. One of his projects involved helping to build a small Mars
rover that required a “small, portable AI” system to operate in the absence of access to the Internet.
Liu left Qualcomm to co-found Kneron with fellow ECE alumnus Michael Chang (B.S. ’10). From the
start, the goal was to develop a deep learning solution for IoT devices. They wanted to refer to
neurons in the name the company, but most ‘neuro’ names were taken. Instead, they blended neuron
with knowledge and dropped the ‘u’, resulting in Kneron (pronounced ner’-on) with a silent ‘K’.
Barely two years old, Kneron already has customers around the world. Most of its partnerships are
confidential, but according to press reports, Kneron’s licensing deals include one with China’s top
Internet operator Tencent, and Taiwan-based computer and electronics manufacturer ASUS. Kneron
also has development deals with U.S. and Japanese companies in the IoT sector.
“Deep learning for IoT is our major selling point right now because we have a unique approach to
doing deep learning at the level of the individual device,” explains Liu. “But we are also looking forward
to adapting this approach to the cloud, because that’s what will pave the way for what we call
collaborative learning.”
“The big picture is to put everything together through the cloud,” says co-founder Michael Chang. “If
you have security cameras in a building, each can share the information with the other cameras, so all
the cameras are learning from each other, and the information can proactively be made accessible to
anyone in a police station or a company’s headquarters.”
In other words, the whole network becomes smarter than the sum of its (IoT device) parts.
While software licensing is currently paying the bills, Liu has near-term ambitions to sell hardware as
well. “We will do a chip and combine with software to sell the total solution in 2017,” says Liu. “We
already have the prototype and we’re talking with two large semiconductor manufacturers. From there
we’ll be able to start selling the solutions specifically for promising sectors such as ‘smart’ cars.”
Chun Chen Liu believes in giving back to his alma mater, including hiring ECE students. In addition to
Liu and Chang, Kneron employees include hardware architect Jun Jie Su (M.S. ’08), a classmate of Liu’s
at UC San Diego. Liu and two colleagues recently attended ECE’s 50th anniversary celebration, and
they volunteered to help teach a new deep-learning workshop in the department as part of ECE’s new
special topics course in IoT systems and security (starting in winter 2017).
Looking to the future, Kneron hopes to finalize its Series A financing before the end of 2016 (until now
it has relied on angel funding). Chang and Liu are talking with venture capitalists, and with a longer view,
they foresee going for an initial public offering (IPO) on the stock market – but not too soon. “One or
two large companies have inquired about buying us,” says Liu, “but it’s too early!”
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Liu and colleagues demonstrate some of their
applications and algorithms in use or under
development. One software package detects and
recognizes multiple people (top) in a crowd in
near-real time, while another tracks scenes to
discern when two or more people start fighting
(below, highlighted in red).

Silicon Valley Girl: Vogue Style, UC San Diego Education
She graduated with a degree in electrical engineering from UC San Diego, and alumna Shraddha Chaplot (B.S. ’08) looks back on an
early career defined by the opportunities she received as an undergraduate.
Case in point: the Global Teams in Engineering Service (Global TIES) program. “I loved the theory of electrical engineering, but my
favorite activities by far were the real-world engineering experiences, like building a solar kiosk with Global TIES,” recalls Chaplot.
“When you’re in class, you usually only get to interact with one type of engineer – the ones in the same major as you. Programs like
Global TIES bring people of all facets and talents together.”
The ECE alumna has been out of school for less than a decade, but her various jobs in Cisco – and the tremendous opportunities she
has created for herself – have generated more than a few headlines. Verve magazine named her to its International Impact list the
same year that the Silicon Valley Business Journal listed Chaplot as one of the top 100 Women of Influence in the Bay Area and Silicon
Valley in 2014 (after naming her one of the Valley’s Forty Under 40 to watch in 2013). Chaplot also picked up a YWCA Emerging Leader
Award, and in 2015, the Indian edition of Vogue magazine profiled her as one of six high-profile (Silicon) Valley Girls of Indian heritage.
Fresh out of UC San Diego, Chaplot – who had been an intern at Cisco through the Jacobs School’s Team Internship Program (TIP) –
was offered a full-time job by the company. She joined its Accessibility Team to test products and make sure that they were usable by
people with disabilities. Two years later, she became what she calls a ‘Greengineer’ – building and leading Cisco’s Energy Star
Compliance Test Lab. She then moved on to be a part of Cisco’s Corporate Social Responsibility team, working on developing a
curriculum for an Internet of Things (IoT) pilot program designed to equip people with technical skills for jobs of the future.
“One summer, I also managed a team from the Jacobs School TIP,” recalls Chaplot, who had enjoyed her stint in the school’s Global
TIES (Teams in Engineering Service) program as a student. “Together, we built a visually stimulating, energy efficiency demo for lab
tours that featured two generations of one of our products, Arduino-based code, and a touch screen. The interactive demo enabled
tour groups to engage with the products first-hand and see how our products consumed less energy.”
When speaking to students about getting a job, Chaplot routinely talks up the value of internships and hands-on experiences. In
addition to her internship with Cisco, she did five other internships while still a student.
Currently, Chaplot builds and presents IoT demos at Cisco, where she is a self-described ‘Machinegineer’. “Every day, I am more and
more eager to take the visions in my head and turn them into experiment,” she says. “I have this lifelong mentality that anywhere I go,
that place becomes my playground. And for over eight years, I have made Cisco my playground.”
The ECE alumna is thrilled to get back into machine intelligence, which she focused on as an undergraduate, and she hopes to build
things as her contribution to the future. She dreams of having her own ‘magical’ experimental lab one day, to write a book for children
of all ages about mathematical patterns, and to show people that being smart is cool. Meanwhile, she will continue inspiring young
people, especially young girls, to consider careers in STEAM fields – science, technology, engineering, arts and math – as she did in
multiple live broadcasts of the Cisco TV series, Women Rock IT.

(Top) Alumna Chaplot
displays temporary Cisco
logo tattoo, and (bottom)
featured in Indian edition
of Vogue.

“We are living in the most incredible time – where we have tools and technologies to make our dreams and futuristic visions come to life,” says Chaplot. “Given access
to education, whether formal or informal, anyone can contribute positively to this world.”
“And of course, my next job will be Intergalactic Engineer – it’ll be out-of-this-world amazing,” predicts Chaplot about one job she has imagined for her future self.

An Engineer's Journey to Entrepreneurship
also enrolled in UC San Diego Extension’s Technology Business certificate program.
ECE alumnus Ben Pouladian (B.S. ’04) was always a tinkerer. He wanted to
challenge himself in college, so he set his sights on engineering. “You learn
“I was working in Silicon Valley, where everyone has an idea,” explains
how to approach life logically – how to break down a problem and arrive at a
Pouladian. “I wanted to be on that side of the table. I knew from my time in a
solution,” says Pouladian. “Also, I was applying for colleges during the dot-com
materials science class that LED technology was a potential replacement light
boom and saw that technology could create value and make an impact on the
source.” So the ECE alumnus returned to San Diego to found DECO Lighting.
world, and not just one person at a time.”
The company changed direction several times, but eventually witnessed
He applied to all the UC engineering schools as well as USC, and
exponential growth as LED lighting became the new normal. The
picked UC San Diego, because of its reputation as a school
company now specializes in the manufacturing of innovative,
focused on academics. “I almost failed first quarter because
next-generation LED lighting solutions that consume less
I wasn’t used to the rigorous academic environment,”
energy and improve lighting quality and efficiency. In 2016 the
recalls Pouladian. “I felt like I had to work three times as
company was a finalist for the Ernst & Young Entrepreneur of
hard as everyone else just to keep up.”
the Year® award in the greater Los Angeles area.
Driven by the desire to change the world through
According to Pouladian, the next stop for his company is
technology, Pouladian persevered. As a sophomore,
‘intelligent’ lighting. DECO Lighting is “working with
he joined UC LEADS, a two-year program of scientific
industry to integrate lighting intelligence,” he explains.
research and graduate school preparation guided by
“Lights can be data sources to help companies make
individual faculty mentors (in Pouladian’s case, ECE
better decisions.”
Prof. Shaya Fainman in the Ultrafast and Nanoscale
Looking
back on his education at UC San Diego, Pouladian
Optics lab).
says it has made him a better innovator and manager.
After attending his first entrepreneurial event on campus,
“Everything I learned during my time at the Jacobs School is
ECE alumnus Ben
Pouladian enrolled in a course taught by the von Liebig
coming back full circle,” he notes. “One class that comes to
Pouladian,
founder
and
Entrepreneurism Center in the Jacobs School. “Back then, the
mind is ECE 101, which taught me how to manage a team. I use
CEO, DECO Lighting
challenge was that engineering at UC San Diego was heavy on
that knowledge every day – we have more than 100 employees…
theory and low on application,” he says. “That class provided me with
but we operate like a startup.”
the application.”
His best advice to graduating seniors? Find what excites you. “The job market
Pouladian absorbed the case studies that challenged students to think about
is tough – I remember applying to five jobs per day my senior year,” says
commercial applications of engineering concepts and real-world challenges of
Pouladian. “Go to every career fair with a positive attitude; show them you’re
technology disruption in business. At an event, he met ECE alumnus Bob Akins. “He
willing to learn.”
was already the founder and CEO of Cymer, the largest supplier of deep-ultraviolet
He also tells fresh graduates to create value in their first jobs by going above
light sources in the world,” remembers Pouladian. “I wanted to learn from his example,
and beyond their responsibilities on paper. “That’s what separates regular
and I talked him into hiring me to be his first ever intern – Intern Zero, as I like to call it.”
employees from team members,” he explains. “We hire team members.”
After graduating in 2004, Pouladian worked for an investment banking firm, but he
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INDUSTRY PARTNERS
First 5G Link over 100-200 Meters at 2 Gigabits per Second
After developing system-on-chip phased arrays of antennas, electrical
engineers at UC San Diego set out to prove that the arrays could be used in a
communications link for ultra-fast connectivity. With funding from the Defense
Advanced Research Projects Agency (DARPA), ECE Prof. Gabriel Rebeiz
teamed with Keysight Technologies (a member of UC San Diego’s Center for
Wireless Communications) to demonstrate the world’s first 64-element (8 x 8)
and 256-element (16 x 16), 60 GHz silicon wafer-scale phased-array transmitter
with integrated high-efficiency antennas for Gigabit-per-second (Gbps)
communication at 100 to 200 meters.
With that demonstration, Rebeiz’s group and Keysight proved that a 5G
communication link is not only possible, but can deliver record performance.
The collaboration built on an earlier effort between Rebeiz and a different
company, TowerJazz, resulting in development of the industry’s first 64- and
256-element system-on-chip (SoC) phased arrays operating at 60 GHz. Each
wafer-scale SoC comprises a 60-GHz source, amplifiers, distribution network,
phase shifters, voltage controlled amplifiers and high-efficiency on-chip
antennas. The chips were designed to meet the needs of 5G high-performance,
Gbps data-rate communication systems with beamforming capabilities for use
in the aerospace and defense sectors, but it wasn’t until UC San Diego teamed
with Keysight that researchers were able put the 60 GHz SoC phased arrays to
demonstrate that the technology is a major step forward in 5G communication.
“UC San Diego, a world leader in low-cost silicon germanium (SiGe) and CMOS
phased arrays, has demonstrated several phased-array systems operating in
the 6- to 100-GHz range,” says Rebeiz, a distinguished professor who holds the
Wireless Communications Industry Chair in the Jacobs School of Engineering.
“We also developed the first affordable, wafer-scale 64- and 256-element
phased-array transmitter for 5G communications.”
The phased-array SoCs (see image inset) are already commercially available.
The ECE researchers used a powerful suite of Keysight instruments to achieve
their 5G communication record, including various waveform and vector signal
generators, a high-definition oscilloscope with 10-bit analog-digital converter,
and an analog signal generator to produce the local oscillation. The 60-GHz
802.11ad waveform that Rebeiz’s team used for the development effort was
generated using Keysight’s Signal Studio software, and the company’s
Wideband Waveform Center software helped the ECE team to link, transmit and
receive, as well as apply digital pre-distortion and improve error-vector
magnitude.

Keysight equipment suite and (inset) phased array of antennas for 5G
communication.
“The Keysight suite of equipment and software, with its ease of use and technical
support, proved essential to enabling the rapid demonstration of the 100- to
200-meter 802.11ad and 5G link and allowing our phased array to scan +/-45
degrees in all planes,” notes ECE alumnus Samet Zihir (Ph.D. ’15), a postdoctoral
researcher in Rebeiz’s group who worked on the project. “We are very happy to
have partnered with Keysight on this project, and we look forward to using this
equipment and software suite on networked 5G systems.”
“Keysight is actively involved in 5G standards development and is fully
committed to innovating the solutions needed to accelerate deployment of the
next generation of wireless communications,” said Mark Pierpont, vice president
and general manager of Keysight Technologies’ Communications Measurement
Solutions. “That’s why we are so proud to have collaborated with UC San Diego
on the 5G communication link. It not only represents a significant advance in the
realization of 5G, but also paves the way for future research and development of
millimeter-wave communication systems.”
*A 60 GHz 64-element phased-array beam-pointing communication system for
5G 100 meter links up to 2 Gbps, by Samet Zihir and Gabriel Rebeiz, IEEE/MTT-S
International Microwave Symposium (MTT 2016), May 2016

Strategic Initiative with Kaiser Permanente
In 2015 the Center for Wireless Communications (CWC), under Director and ECE Prof. Sujit Dey, launched a
mobile-health strategic initiative with Kaiser Permanente as its initial partner. CWC’s Mobile Health Initiative
(mHealth) focuses on the use of wireless devices, sensors and networks to enable preventive and personalized
medicine through innovations in effective and low-cost training, guidance, and point-of-care solutions.
“Healthcare is going through a dramatic, consumer-driven transformation,” says Jun Huang, Executive Director of
Enterprise Architecture at Kaiser Permanente. “Patients and consumers are getting increasingly accustomed to
the use of connected devices and applications to manage their daily life, and this is affecting the direction of
healthcare IT as well. Kaiser Permanente is at the forefront of using technology to enable better care outcomes
and better user experience, including the use of wireless connectivity for virtual care. We are pleased to partner
with UC San Diego’s Center for Wireless Communications to prepare technology solutions for tomorrow’s virtual
care models.”
CWC’s Dey welcomed Kaiser Permanente to the center as a partner in the mHealth Initiative. “Mobile Health is
poised not only to shape future generations of wireless devices and networks, but also to revolutionize the
quality of life and the healthcare experience of current and future generations,” said Dey. “Our motivation for
starting this initiative is to better drive our wireless research through the needs of impactful applications, but also
to make a real difference in the delivery of cost-effective and personalized healthcare.”
In becoming a member of CWC, Kaiser Permanente joins the industry-sponsored research center on the UC San
Diego campus. Other current industry members include Qualcomm, Murata (through its Peregrine
Semiconductor subsidiary), Nokia, ViaSat, Keysight Technologies (see article above), Teradata Labs, Symantec,
and the Korea Electronics Technology Institute.
Kaiser Permanente senior director Jun Huang (right) spoke at CWC’s Connected Health Workshop in 2016; he is
responsible for Kaiser’s enterprise-wide technology architectures for care delivery and digital health.
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RESEARCH CENTERS
ECE faculty members play leadership roles in two new research centers, bringing to 12 the number of interdisciplinary research units at UC San Diego led
or co-directed by ECE professors. Listed below, these centers offer opportunities for other ECE faculty to collaborate with researchers in other departments,
divisions, and schools.Collaborations can also be forged with other campuses (e.g., with the Qualcomm Institute's sister unit of Calit2 at UC Irvine, or with
UC San Diego's six university partners in the Center for Integrated Access Networks).

CENTER FOR WEARABLE SENSORS
Wearable devices today offer the unprecedented capability to monitor continuously a variety of
physical parameters on the human body in real time. To do so will require a longer (or infinite)
battery life, and the ability to measure more clinically relevant parameters.
The UC San Diego Center for Wearable Sensors (CWS) was established in late 2014 to bring
together faculty working in the areas of biosensors, flexible electronics, ultra-low-power
wireless circuits, data analytics, medicine, visual arts, and design. Their goal: to address these
challenges and make the next generation of wearable devices a reality. Co-founded and led by
director Joseph Wang (NanoEngineering) and associate director Patrick Mercier (ECE), the CWS
hosts 21 faculty members across four engineering departments, the School of Medicine and the
Department of Visual Arts.
Of the 21 faculty in CWS, nearly half are
from Electrical and Computer Engineering.
In addition to Patrick Mercier, the other ECE
researchers include Shadi Dayeh, Drew
Hall, Gert Lanckriet, Yuhwa Lo, Tina Ng,
Albert Pisano, and Gabriel Rebeiz. The
center is currently collaborating with seven
sponsors over a range of industries: Cubic,
Dexcom, Honda, Qualcomm, SABIC,
Samsung, and Sony.
In 2016, CWS funded a series of collaborative pilot research projects in the areas of
stretchable
elastomers,
virtual-reality
gloves, multi-modal chemical biosensors,
closed-loop band-aids for healing wounds,
and wearable stress monitors.
As the center continues to grow and attract
additional commercial interest, ECE faculty
members will address some of the grand
challenges in wearables. These include
building a lab-on-a-body via many-modal
sensing patches; eliminating batteries
through soft and flexible energy harvesting;
enabling closed-loop therapy via a minimally-invasive nanopharmacy; and performing
advanced data analytics on hybrid sensor
data using machine-learning techniques.

Skin patches monitor content of sweat

Center for Wearable Sensors preps for its
first-ever symposium and poster session.

CENTER FOR MULTISCALE
IMAGING OF BRAIN FUNCTION
In fall 2015, UC San Diego established the Center for
Multiscale Imaging of Brain Function to facilitate interdisciplinary collaborations in the field of neuroengineering
and neuroscience. Initial funding was provided as a
grant from the campus Center for Brain Activity Mapping.
Neuroscience and Radiology Prof. Anna Devor and ECE
Prof. Shaya Fainman co-direct the center, and the center
draws on experts not just from electrical engineering,
bioengineering and neuroscience, but also from
computer science and physics. In addition to Fainman
and Devor, there are 20 faculty members affiliated with
the center, of whom eight are professors in the ECE
department: Shadi Dayeh, Vikash Gilja, Drew Hall,
Boubacar Kante, Duygu Kuzum, Yuhwa Lo, Patrick
Mercier and Bhaskar Rao.
The goal of the center is to enable better interpretation
of human brain-imaging signals that are obtained with
noninvasive modalities such as Magnetoencephalography (MEG), and functional Magnetic Resonance Imaging
(fMRI). Researchers hope to document the underlying
microscopic activity of neuronal circuits. This is achieved
by developing and implementing novel instrumentation,
engineering specific probes, as well as system-level
analysis and modeling to integrate such measurements
into a unified computational framework to better
understand normal human brain function and new ways
of treating brain disorders.

FACULTY LEADERSHIP
ECE faculty members play leadership roles in many of the interdisciplinary research units on the UC San Diego campus
(listed below) that offer opportunities for other ECE faculty to collaborate with researchers in other departments, divisions,
schools and even campuses (e.g., with faculty in the Qualcomm Institute’s sister unit at UC Irvine, and the Center for
Integrated Access Networks’ six other partners in the NSF Engineering Research Center).

RESEARCH UNIT

ECE FACULTY

TITLE

Calit2’s Qualcomm Institute

Ramesh Rao

Director

Center for Information Theory and Applications

Alon Orlitsky

Director

Center for Memory and Recording Research

Eric Fullerton

Director

Center for Multiscale Imaging of Brain Activity

Shaya Fainman

Co-Director

Center for Wearable Sensors

Patrick Mercier

Co-Director

Center for Wireless Communications

Sujit Dey

Director

Contextual Robotics Institute

Todd Hylton

Executive Director

DARPA Center for RF MEMS Reliability and Design Fundamentals

Gabriel Rebeiz

Director/PI

DARPA Soldier Centric Imaging via Computational Cameras

Joseph Ford

Director/PI

Institute for Global Entrepreneurship

Sujit Dey

Director

NSF Center for Integrated Access Networks

Shaya Fainman

Deputy Director

San Diego Nanotechnology Infrastructure

Yuhwa Lo

Director
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STUDENT OUTREACH
DESIGN COMPETITION SERVES STUDENTS Seniors... AND SENIORS
ECE teamed with the Design Lab, Stein Institute for Research on Aging, von
Liebig Foundation and the cross-campus Healthy Aging Initiative to get its
undergraduates involved in the development of technologies to improve senior
citizens’ quality of life. The annual ECE Design Competition invites
interdisciplinary teams to conceive and build the technology of their choice with
input from seniors, and the inaugural contest culminated in a June 2016
prototype demonstration.
For graduating electrical engineering senior Jun Lu, the competition had
special significance. The concept for his team’s device came from the student’s
own great-grandmother, who died after a fall – one of more than 400,000
seniors who die each year because of injuries sustained in a fall. “The number
is projected to increase due to the shift in the baby-boomer population,” says
Lu. “It is a common occurrence, and seniors talk about how falling or the fear of
falling affects their lives everyday but there is no widely accepted solution.”

During Alumni Day in June 2016, Design Lab director Don Norman (far left) and
ECE chair Truong Nguyen (second from left) pose with winning teams after the
ECE Design Competition. Norman is a faculty-affiliate in ECE and co-chair of
the new annual competition.
head are also common and can be catastrophic for seniors. So the team opted
for an all-encompassing solution.
The team used the EnVision Maker Studio in the SME Building to fabricate
prototypes. “We used the 3D printers to fabricate the airbags and the housing
for the electrical components, and other tools like the function generators,”
explains Lu. “It’s a collaborative space, so we were also able to come up with
ideas by talking to other students.”

ECE senior Jun Lu (left) and Neuroscience junior Gabriel Fischer demonstrate
AirSave to cushion impact on elderly user in event of a fall.
With fellow ECE undergraduates Aida Shahi, Borhan Vasli, and third-year
neuroscience major Gabriel Fischer, Lu and the team created a device to help
protect seniors from falls.
Called the AirSave impact protection system, their device includes a set of four
airbags (one protecting the neck and cranium and three around the waist for hip
protection) and a CO2 cartridge from a paintball gun to inflate them just before
hitting the ground. Why so many elements? According to research, fatal falls
occur mainly due to an impact of the hip, but impacts to the spine, neck and

Initially the plan was to create a vest, but after the students spoke with over 100
residents of the La Costa Glen in Carlsbad and other retirement communities,
the team opted to design an exoskeleton worn under clothing. The frame of the
exoskeleton, made of impact-absorbing foam, added a layer of protection in
addition to the airbags.
In the end, the AirSave team took second place and a $2,000 prize at the first-ever
ECE Design Competition on Alumni Day, but Lu, who graduated a few days later in
June, says he plans to continue working on the prototype over the next year.
First place in the competition went to the developers of the MightyCart, a
motorized, foldable shopping cart that a user can steer by pressing sensors on the
handle, making it easier to handle heavy loads. The winning students from ECE
and Neuroscience took home the $4,000 top prize. The developers of Carpet
VITA took third place in the competition. The system involves the use of
pressure-sensitive carpet tiles with embedded LED lights. The "illuminating carpet
for nighttime safety" can show a path in the dark or alert others if a senior falls.

Solar Chill Builds Teamwork across Disciplines
A team of 20 undergraduates from across the Jacobs School of Engineering have developed an
off-grid 1.5kW solar-powered charging station with a sustainable seating area. Their Solar Chill
project is undertaken by members of the student group Engineers for a Sustainable World (ESW),
and it was one of the environmental projects on display at the 2016 Clinton Global Initiative
University (CGIU) event in connection with President Bill Clinton’s focus on the environment and
climate change. “Our goal with Solar Chill has always been to educate and inspire,” says ECE
undergraduate Alexander Han, one of three students invited to present the project at the CGIU
event in April 2016. “We hope to promote the use of solar energy as well as raise awareness of
the possibilities for sustainable design.”
UC San Diego’s Resource Management and Planning office hopes Solar Chill will inspire more
sustainable projects and ideas from the campus community – particularly if the campus is to
achieve carbon neutrality by 2025.
The team also works with outside partners including Spotlight Solar and Lumos Solar, which
provided the solar tree structure and solar panels, respectively, as well as Hilfiker Retaining Walls
who supplied the gabion benches. The team has received funding from two organizations on
campus—the Green Initiative Fund, which encourages students to make a positive impact by
creating solutions to social and environmental issues that affect the campus community, and the
Triton Engineering Student Council, which promotes academic excellence, community
involvement and strong ethical values among Jacobs School of Engineering students.

ECE undergraduate Alexander Han (left) and teammates
Victoria Santos and Josh Hill unveiled the Solar Chill project at
the Clinton Global Initiative University meeting April 1-3.

“So many people have been part of making this project possible,” says ECE’s Han, now entering his fourth year. “We’d like to thank everyone who has been involved
from design to build.”
“This has been an incredible experience,” he added. “This is a tremendous opportunity.”
http://eswucsd.weebly.com/solar-chill.html
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IN MEMORIAM
The Secret (Code) to Get Kids Excited About Engineering

Anthony V. Sebald (1942-2016)

You can find publications written by ECE Prof. Pamela Cosman in the IEEE
Transactions on Information Theory, International Journal of Computer Vision and,
as of this past May, in the children’s section of the UC San Diego bookstore.

For nearly 30 years, ECE Prof. Anthony Sebald served the
department, the school and UC San Diego. He joined the ECE
faculty in 1976 as one of only two assistant professors in
engineering at the time. He later served as Associate Dean for
Academic Affairs of the Jacobs School of Engineering from 1998
to 2002.

Cosman, who specializes in data compression and image/video processing at UC
San Diego, was inspired to write a fictionalized chapter book for children about the
basics of error-correction coding after she presented a demonstration of some
basic techniques to her son’s second-grade classmates years ago.
“The kids were really excited about it and wanted to make up more codes, so I gave
them a sheet with sample problems for fun,” recalls Cosman, who is also Associate
Dean for Students at the Jacobs School of Engineering. “My son told me they spent
the rest of the day coming to him to check their answers.”

On retiring from the faculty in 2004. Sebald recalled the
challenge of joining a relatively young campus. "It has been a
once-in-a-lifetime opportunity to watch and collaborate in the
creation of a whole new university from the ground up,” observed
Sebald. “Everyone is encouraged to participate, and that has
fostered an incredible sense of ownership among the faculty and
staff. We need to recognize the entrepreneurial spirit that sets
UCSD apart and embrace it as the university matures."

"The Secret Code Menace"
is available for purchase
online from the UC San
Diego Bookstore and from
Amazon UK.

Tony Sebald (center) with former students David Fogel ('92) and
at right, Ken Kreutz-Delgado ('85)

Cosman spent her free time during the next year writing the first draft of what would
eventually become “The Secret Code Menace.” It’s the story of three friends – Sara,
Daniel and Jared – who use their own secret code to communicate with one
another, and they must devise a way to protect their secret messages after one is
tampered with. Although the examples of coding and erasure-correction
techniques in the book are derived from the examples she shared with her son’s
class, Cosman says, “it wasn’t a good book back then because I think I was writing
it like a technical book, with no dialogue.”
She dropped the project for a decade while she worked full-time as a professor and
raised her four sons, now 13, 19, 23 and 24 years old. After eventually getting
feedback on the draft from a children’s writing group and editors, she revamped the
novel to make it more appealing for children ages 8-12. In one chapter, for example,
the children take part in an engineering-themed birthday party where they compete
to build structures from uncooked spaghetti and marshmallows – an idea inspired
by the engineering-themed birthday parties Cosman hosted for her own sons,
whom she says are “all technically minded.” The book – which was bought by the
British publisher, Ransom Publications – also includes several allusions to the trials
and tribulations of the ‘tween set (pesky siblings and ‘frenemies’ among them).
Cosman says it was also important to provide examples of how error-correction
coding works in the real world, but she didn’t want to interrupt the flow of the book
(which ends with a dramatic bank robbery and hostage crisis) with a whole lot of
didactic “lecturing.” She solved the problem by including an appendix that includes
examples of channel coding as well as coding techniques such as block codes,
repetition codes, and Hamming codes, as well as error-correction concepts
including minimum distance and interleaving.
“A lot of people don’t know what an electrical engineer does,” says Cosman.
“Everyone has a cell phone but they don’t know how it works. People need to have
exposure early on to these things, and a lot of times that exposure is not done in a
fun, friendly way. Although this book covers just a little piece of how it all works, I
hope kids read it and find engineering to be fun, accessible and intriguing.”
And of course, there’s always the possibility of a sequel -- and Cosman says one is
already in the works.

Sebald’s research interests included the design and
performance evaluation of intelligent systems; evolutionary
programming in the design of fuzzy and neural systems capable
of interacting with humans; and intelligent systems applications
to solar energy, energy conservation, communications,
multimedia and control problems.
He was the first in his family to go to college, and Sebald
became a popular teacher and student advocate. It was at the
urging of his students that he was named the Jacobs School’s
Outstanding Educator of the Year.
He was instrumental in a number of innovations in undergraduate
engineering education at UC San Diego. In 1995 he helped
introduce a revamped ECE curriculum starting with foundational
engineering courses and he taught a hands-on freshman design
course using his expertise in robotics to develop a class in which
students built robots and raced against each other in the final
presentation. Subsequently Sebald recommended an
upper-division sequence containing both core courses and an
elective area of specialization, and he taught an upper-division
course in Neural Networks and Fuzzy Logic. As associate dean,
he helped other Jacobs School departments implement similar
curricular enhancements.
Prior to joining ECE, Sebald had extensive experience in industry
at General Electric and IBM, and as a Papal Volunteer, he taught
engineering at the Universidad Catolica de Valparaiso in Chile
prior to completing his Ph.D. at the University of Illinois in 1976.
Tony Sebald passed away on July 11, 2016. He is survived by wife
Kathy, four children and grandchildren. In a statement the family
recommended contributions to Alzheimer's San Diego (instead of
flowers), while also encouraging them to "be mindful of behavioral
changes in their loved ones that could be early signs of
dementia."
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