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the year 2011 brings new excitement in research at uw ee. the 
department welcomes professor Daniel Kirschen as the first holder 
of the Donald w. and ruth mary close professorship. as the energy 
needs in the u.s. escalate, it is timely that professor Kirschen 
joins uw ee with his world-renowned expertise in smart grid, 
integration of renewable energies, electric power transmission, 
and economics of power systems. in addition to Kirschen, we 
are thrilled to have associate professor Josh smith, and assistant 
professor Kai-mei Fu join the department in 2011 as well.

two of our faculty members were recently elected ieee Fellows for 2011—
professors James ritcey and Karl böhringer. ritcey is well known in wireless 
communications and radar/sonar signal processing, while böhringer is known 
for his contributions in microelectromecnanical systems and engineered self-
assembly.  

the kick-off celebration of the opsis (optoelectronic systems integration in 
silicon) center occurred at the beginning of this year, and it provides new 
foundry services for silicon photonics. the center is fully equipped with a  state-
of-the-art e-beam lithography system, and professor michael hochberg is the 
Director of this new center. 

and finally, this year’s eeK edition continues to highlight the research projects 
of our top-notch undergraduate and graduate students. however, in addition to 
student research-driven articles, this issue also features some of the interesting 
entrepreneurial activities that our faculty and students are engaged in. 
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going Viral — a timeline 

rydén and King recorded a video of the modified tool and 
posted it on Youtube. in the video, the Kinect’s infrared 
camera points at a table where rydén is seated. the upper 
right-hand corner shows King operating a stylus that gives 
force feedback, in the form of a push, when he meets an 
object in the virtual scene. the red dot shows where the 
stylus is positioned.

when the red dot moves over an object the stylus feels the 
resistance, a field known as haptics. the video shows that 
King can not only tap solid objects, like the table, but can 
also feel a new object (in this case a styrofoam head placed 
on the table) and even shake rydén’s hand in real time.

“the virtual world is generated in real time from the real 
world,” rydén explained. “in this case he was in the same 
room, but he could have been anywhere and seeing the 
information on the internet.” another bonus, he said: 
“Kinect is cheap because it comes from video games and it’s 
mass produced.”

the uw team is exploring the Kinect’s potential to improve 
surgical robotics by creating “virtual fixtures” around 
body parts that should not be touched. the Kinect’s simple 
interface, low cost and portability make it well suited for 
doing feasibility experiments. “we could have had students 
spend several quarters to do what one student has done 
in less than one quarter using the Kinect,” chizeck said. 
“this is just a very efficient way to track moving objects. it’s 
unlikely that any final device is going to have the Kinect in 
there,” chizeck added, “but it’s a way to test ideas quickly 
and develop them.”

a video demonstrating the haptics-
Kinect work conducted at uw ee’s brl 
has gone viral, grabbing the attention 
of the media. here is a brief timeline 
showing just how quickly public interest 
in the research of the brl spread:

12.16.2010 students post Youtube video 
demonstrating brl’s haptics-Kinect 
work: http://www.youtube.com/
watch?v=bcucDns_7Qc

12.31.2010 -1.5.2011
 local news cover brl’s work on radio 

and tv channels (Komo 4 news, Kiro 
7 radio, uw today)

1.7.2011 chief research and strategy officer 
of microsoft, craig mundie, speaks 
about the evolution of computing 
during a presentation at the 
cleveland clinic, which included a 
discussion about the haptics-Kinect 
work at brl

1.18.2011 popular science picks up the story 

1.25.2011 bloomberg businessweek: gigaom 
blog discusses the brl’s research 
with respects to the “power of big 
broadband”

1.31.2011 Youtube video receives 27,000 hits

2.15.2011 msnbc posts a video and article on 
brl research

welcome to eeK2011...
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In keeping with our expressed goal of highlighting the department’s interactions 
with the broader community and its’ impact on society at large, the feature story of 
this issue focuses on some market-driven innovations by our faculty and students. 
this is a testament to the positive impacts of ee entrepreneurship on the other 
components of the academic ecosystem (notably, research and teaching), and the 
consequent impact on the regional economy. translating research innovations into 
a product requires a supportive pipeline of complementary technical, business and 
market expertise, and involves key steps such as creating a business model and 
identifying potential customers/market segments, demonstrating feasibility with 
prototypes, identifying potential funding sources and marketing ideas. 

the newly revamped center for commercialization (c4c) grew out of the previous Office of 
technology transfer with a new mandate for proactively identifying technology with potential for 
commercialization and is staffed with requisite in-house expertise to facilitate this process. notable 
example of uWee faculty/student led entrepreneurship is the venture-capital backed Physware, 
founded by Vikram Jandhyala, based on successful transitioning of cutting edge computational RF/
eM algorithms developed in his Ace lab. c4c assisted with filing initial patents and finding early-
stage funding; Jandhyala is currently recognized as one of c4c’s inaugural entrepreneurial Faculty 
Fellows and Physware employs former ee alumni. 

Other ongoing examples of technology transition include shwetak Patel’s snuPI—a low power, 
wirelessly enabled sensor node optimized for in-home monitoring —developed in his ubicomp 
Laboratory, and Brian Otis’ Bumblebee—another low power wireless enabled sensor platform 
oriented towards integration into implantable medical devices (pacemakers, glucose monitors et al) 
or non-invasive applications (attached to the skin for measuring muscular signals). In both cases, c4c 
has assisted with IP strategy and patent filings, as well finding funding for continued refinement of 
early stage technology.

	 	 	 	 	 	 — suMIt ROy
      eeK Faculty editor
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silicon waveguides for MIR wavelengths have been 
proposed in a number of theoretical papers, but not 
experimentally demonstrated for wavelengths past 
around 3.5 µm until recently. silicon-on-insulator (sOI), 
the predominant material system for silicon photonics is 
unsuitable for work at MIR wavelengths primarily because 
the silicon dioxide insulating layer shows increasing optical 
losses at longer wavelengths. Researchers at uW ee’s 
nanophotonics Lab built their devices using silicon-on-
sapphire (sOs), a material system used by the electronics 
industry as an alternative to sOI. 

Waveguiding was first achieved with these devices in 
2009, making the nanophotonics Lab the first group in 
the world to demonstrate working waveguides at 4.5 µm. 
Working with MIR wavelengths presents unique challenges 
due to the limited selection of optical equipment. Recent 
availability of affordable quantum cascade lasers, high-

ALexAndeR sPOtt 	— undergraduate student (Physics)

FAcuLty AdVIsOR:  Michael hochberg

ReseARch AReA:  nanophotonics

GRAnt/FundInG sOuRce:  the nsF stc MdItR center, the Mary Gates endowment, the Washington nAsA space 
Grant consortium, & the PecAse Award

the high index of refraction and low optical losses of silicon make it an ideal platform for 
controlling photons in an integrated, chip-scale system. It has historically been convenient 
for silicon photonic devices to operate at near-infrared (nIR) wavelengths (1310 and 1550 
nm) in order to preserve compatibility with an existing fiber-optic infrastructure. however, 
there are many possible applications for chip-scale photonic systems at other wavelengths, 
particularly in the 2 – 20 µm mid-infrared (MIR) wavelength region.

speed detectors, and fibers has made MIR photonics a 
promising field. 

Low loss waveguides enable the construction of ring 
resonator devices, a fundamental building block for 
photonics systems in the nIR used in a number of 
applications including biosensing, modulation, and 
wavelength conversion. the first working ring resonators for 
5.4 – 5.6 µm were designed, built and recently demonstrated 
by the nanophotonics Lab. 

MIR wavelengths have found applications in thermal 
imaging as well as chemical bond spectroscopy and 
biosensing. the ability to manipulate MIR light on-chip will 
allow control of the MIR light with nanometer precision, 
opening up the opportunity to create new, complex systems 
that utilize these wavelengths. eeK11

Waveguides & Ring Resonators 
for Mid-infrared Wavelengths
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3
A three-dimensional rendering of a ring resonator device shows 
the optical mode propagating through the waveguide. 



electrical signals in the brain govern the complexity of the human body and 
mind. Remote switching of these signals will answer questions about sensory, 
motor and behavioral events, which fundamentally control our health.    

KAtheRIne LuGO OBAndO — Graduate student (ee)

Quantum dots (Qds) are semiconductor nanoparticles 
that have different applications in optical devices, 
photodetectors and solar cells because of its high quantum 
efficiency, and in fluorescence imaging because of its size-
dependable emission and surface chemistry variation. 
stimulating cells using light is non-invasive, but most 
photostimulation approaches require genetic manipulation 
to introduce foreign light-sensitive protein channels, or 
conductive substrates, which are not suitable for in-vivo 
applications. this research proposes a new approach for 
stimulating cells using light through Qds.  

When excited by light, Qds present an electron-hole 
separation generating a dipole-induced electric field. 
Interaction of this field with the cell membrane (cM) can 
perturb the cM potential to evoke action potentials, active 
electrical signals, or hyperpolarize the cell and turn its 
potential more negative which is associated with a passive 
electrical response. 

FAcuLty AdVIsORs: Lih y. Lin 
cOLLABORAtORs: Professor Fred Rieke (department of Physiology & Biophysics)
ReseARch AReA: Biophotonics
GRAnt/FundInG sOuRce: Royalty Research Fund

control of cellular Activity 
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using Light through Quantum dots

In the proof-of-concept experiments, cdse Qds with an 
emission peak of 640 nm wavelength and an absorbance 
from uV to orange are used to coat glass micropipettes 
utilized in patch-clamp recording. cultured cortical neurons 
are stimulated by placing a cdse Qd-coated probe close to 
the cM. A mercury lamp source filtered to 550 nm, excitable 
wavelength to cdse Qds, and 720 nm, non-excitable 
wavelength to cdse Qds, illuminate the cell-Qd probe 
system to evidence the effect of Qds. When Qds are excited 

A neuron 
image with an 
electrode of the 
patch-clamp 
technique 
coming from 
the left.

through the appropriate wavelength, the inward current 
of the cM changes, which perturbs the electrochemical 
equilibrium of the cM. 

the preliminary experiments using coated glass 
micropipettes demonstrate the ability of Qds to perturbate 
the cM potential. In the future, Qds surface chemistry can 
be modified for direct attachment to biological particles 
using linker molecules such as avidin, antibodies or enzymes 
that specifically bind acceptors located on the cM.     

In addition to controlling Qd-cell systems better, and 
investigating direct attachment of Qds to cells using linker 
molecules, further research will explore biocompatible si 
Qds for the applications. studying cellular activity using 
light through Qds will give better understanding of how 
billions of circuits in the brain work and how these are 
linked with higher-order brain functions. eeK11

A fluorescence 
image of a 
micropipette 
coated with 
CdSe QDs.

A patch-
clamp 

recording of 
the CdSe QD-

cell system 
on ionic 

currents. 
Light 

excitation: 
550 nm and 

720 nm. 



huAnFen yAO — Graduate student (ee)

5

similar to blood, liquid in the human eye contains various analytes of interest 
for medical applications such as glucose, lactate and proteins. these chemicals 
can be used as markers to indicate human physiological and metabolic levels. 
In contrast to blood and tissue fluid, tear fluid is directly accessible and can 
provide a unique method to develop an interface between the sensors and 
the human body. By building a safe, comfortable contact lens that could also 
sample, analyze and wirelessly transmit results, it could be used as a new tool 
for non-invasive continuous health monitoring.

this research focuses on developing a glucose sensor on a 
contact lens. the sensor can continuously monitor human 
glucose levels in the tear film based on electrochemical 
sensing. the sensor can achieve high sensitivity, good 
reliability and interference rejection for other chemicals, 
such as ascorbic acid, lactate and urea. combined with 
the relevant control electronics, antennas and data 
communication systems, the contact lens sensor will provide 
a creative way to monitor human health on a daily basis. 
the glucose sensor is an amperometric sensor, fabricated 
using modern microfabrication techniques. Prior to 
combining the circuitry with other electronics, the sensor 
will be evaluated using a potentiostat, characterized using 
low glucose levels similar to those in the tear film, and 
tested for an interference rejection effect. 

FAcuLty AdVIsOR: Babak Parviz   
cOLLABORAtORs: Associate Professor tueng shen (Ophthalmology), & Assistant Professor Brian Otis (ee)
ReseARch AReA: devices 

GRAnt/FundInG sOuRce: national science Foundation

this project aims to build a functional contact lens complete 
with sensors, antennas, control electronics and data 
communication modules for the continuous monitoring of 
human health. the goal is to develop a contact lens can be 
worn safely and comfortably throughout the day similar to 
a conventional contact lens. eeK11 

The completed sensor on a contact lens. 

A typical amperometric response 
and calibration curve of the sensor.
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sensing Glucose on contact Lenses



Fluidic self-assembly (FsA) is a promising alternative to conventional serial pick-
and-place assembly. the serial pick-and-place mechanical assembly enables a high 
yield. For small size parts, however, it becomes slow and difficult to control due to 
undesirable strong stiction forces. 

KWAnG sOOn PARK — Graduate student (ee)

therefore, conventional pick-and-place assembly of large 
numbers of small and thin parts becomes costly and FsA is 
preferred. Previous FsA systems have used various driving 
forces such as gravity, surface tension, electrostatic or 
electromagnetic force and often require adhesives, liquid 
solder or two different liquids. unfortunately, these 
methods have lower yield compared to pick-and-place 
assembly due to their stochastic nature. 

Researchers at the uW ee MeMs Laboratory have developed 
a novel method to achieve high yield (100%) assembly of 
millimeter-scale thin silicon parts from air-water interface 
using surface programmable template substrate and 
specific surface waves. the silicon-oxide binding sites are 
hydrophilic and the self-assembled monolayer (sAM) coated 
Au area is hydrophobic, which provides the high contrast 
between their surface tension. the substrate is tilted at a 
certain angle and thin parts are distributed at the air-water 
interface and move toward the substrate due to the convex 
meniscus. 

FAcuLty AdVIsORs: Karl F. Böhringer 
cOLLABORAtORs: Affiliate Assistant Professor Rajashree Baskaran (Intel corporation)
ReseARch AReA: self-assembly
GRAnt/FundInG sOuRce: dARPA, Intel corporation
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there can be multiple or no parts occupying one binding 
site, which can result in assembly failure. to assemble 
only one part on one binding site, one-to-one part-to-site 
registration is needed. this can be achieved by applying 
vertical agitation. the parts on the hydrophobic non-
binding site area will be repelled away because they don’t 
have enough capillary force to overcome the agitation. 
thus, parts can be assembled only on the hydrophilic 
binding sites by pulling up the substrate.

Fluidic self-Assembly of Millimeter scale 
thin Parts on Pre-programmed substrate 

at Air-Water Interface

The experimental 
setup consists 
of a water 
container, linear 
electromagnetic 
vibration table, dip 
coater with affixed 
substrate and parts 
floating at the air-
water interface.

For successful assembly, the parts go through 
three steps: approach, flat surface and assembly. 

By integrating electronic, optical and fluidic components 
on to a variety of substrates using self-assembly, powerful 
microstructures that cannot be fabricated on the same 
wafer due to an incompatible fabrication process can now 
be built. Further research will develop an orientation-
specific assembly to achieve greater flexibility for the types 
of devices to ensure electrical functionality. eeK11

Parts rearrangement by agitation. Specific surface 
wave (80 Hz / 1.4 g) is also applied at every row to 
achieve one-to-one part-to-substrate registration ((a) 
and (b)), which enables 100% yield (c).

The assembly result of orientation-specific 
assembly. All parts are oriented in one direction 
due to the magnetic field and nickel pattern on 
parts (2000×2000×100 µm3). 

6



eLLIOt sABA — undergraduate student (ee)

7

cochlear implants perceive sound for victims of profound hearing loss by 
connecting electrodes directly to the auditory nerve endings in the ear. state-
of-the-art cochlear implant systems use a form of demodulation that can be 
improved upon for better speech and melodic recognition in cochlear implant 
users. combining this form of demodulation with a novel vocal tract filter 
resampling technique allows for pitch-invariant representations of a speaker’s 
vocal tract, and a more robust cochlear implant processing.

each electrode in a cochlear implant excites nerve endings 
in the ear with the amplitude envelopes of the spectral 
energy contained within a subband of frequencies. 
traditionally, incoherent demodulation is used to find 
these envelopes by taking the magnitude of the hilbert 
transform of each subband. this results in modulators that 
cannot be remodulated without severe distortion. using 
coherent methods, the harmonic nature of signals can be 
communicated to the brain by remodulating the envelopes 
with a carrier set at the fundamental frequency of the 
input signal. First, a strong harmonic is found, and then 
it is shifted down to baseband, filtered, and re-shifted up 
to the fundamental before stimulating the nerve endings 
with it. however, this approach does not address the issue 
that modulator magnitudes are a function of time and 
frequency, and must be interpolated to match their location 
in frequency to avoid distortion. 

FAcuLty AdVIsOR: Les Atlas 
cOLLABORAtORs: Graduate students Pascal clark & xing Li
ReseARch AReA: digital signal Processing 

GRAnt/FundInG sOuRce: Mary Gates Research scholarship, Air Force Office of scientific Research

Improving cochlear Implants 
With Vocal tract Resampling 

exploiting the fact that the harmonics of speech evenly 
sample the vocal tract filter, the frequency response of 
this filter can be resampled, yielding a pitch-invariant 
reconstruction of the vocal tract. therefore, appropriate 
magnitudes can be generated for each modulator at any 
point in frequency, while still retaining the benefits of 
coherent demodulation.

A spectrogram of speech, highlighting the 
harmonics that sample the vocal tract filter, 
and will be interpolated.

A cross-section of frequency showing the even 
spacing of harmonics, allowing approximate 
reconstruction of the vocal tract filter and resampling 
of it at any point without magnitude distortion.

this interpolation of modulator magnitudes will increase 
speech recognition for users of cochlear implants utilizing 
already-deployed technology, and will broaden the pool of 
potential users, including those that require pitch-contour 
information (i.e. chinese). Melodic recognition may also 
improve, opening the possibility for musical appreciation in 
cochlear implant users.

the entire project aims to build a functional contact lens 
complete with sensors, antennas, control electronics and 
data communication modules for the continuous monitoring 
of human health. the goal is to develop a contact lens can 
be worn safely and comfortably throughout the day similar 
to a conventional contact lens. eeK11 
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the human Genome Project resulted in the compilation of a known reference 
human dnA sequence, which is now used by research institutions to study the 
biological causes of many diseases. the dnA strands are read by next-generation 
sequencing machines by replicating the dnA sequence, splicing the strand 
randomly, and then reading the short sequences of base pairs in a massively 
parallel manner. the throughput in this process has been on a “super-Moore’s 
Law curve” for the past few years, and the alignment of the so-called “short 
reads” to the reference sequence is quickly becoming the bottleneck in this 
genomic research. 

MARIA KIM & cORey OLsOn — Graduate student (ee)

the smith Waterman algorithm is used for the alignment 
portion of dnA mapping because it can compare the 
reference and read sequences, base by base, in order 
to reveal how likely the read is to match the reference. 
In addition, the algorithm’s scoring system takes into 
consideration the issues with alignment, which includes 
insertions, deletions, and polymorphisms. however, the 
smith Waterman algorithm is computationally expensive. 
Researchers at uW ee’s AcMe Lab have developed a few 
solutions to accelerate the alignment process. 

First, the Field Programmable Gate Array (FPGA) is used 
as the hardware platform because the structure of the 

FAcuLty AdVIsORs: scott hauck, & carl ebeling & Larry Ruzzo (cse) 
cOLLABORAtORs: undergraduate students cooper clauson (ee & cse) & Boris Kogon (cse), & Mark seligman 
(Rapid Biologics)
ReseARch AReA: computer Architecture
GRAnt/FundInG sOuRce: Pico computing & the Washington technology center

e
L

e
c

t
R

Ic
A

L
 e

n
G

In
e

e
R

In
G

 K
A

L
e

Id
O

s
c

O
P

e
 2

0
1

1

hardware Acceleration of the short Read 
Genome Mapping Problem

device is able to accelerate the algorithm significantly. the 
FPGA is reconfigurable hardware composed of multiple 
computation blocks. these blocks can perform computations 
in parallel, which allows for a computation and power 
efficient system. 

An additional strategy used to optimize this system is 
an algorithm that takes shortcuts by using candidate 
Alignment Locations (cALs) for the read. this results in 
running the smith Waterman algorithm exclusively on the 
read and its cALs, instead of the entire three billion base 
pair reference sequence, which reduces the number of 
computations considerably. 

this research will decrease the time to map an individual’s 
dnA from approximately a week via software to a matter of 
minutes via hardware. this will allow researchers to identify 
variations in the dnA sequence, and potentially lead to new 
medications targeting dnA as the underlying cause of a 
disease. eeK11

Next-generation sequencing machines produce 
hundreds of millions of short DNA sequences (50 
- 100 base pairs), which must be aligned to the 
three billion base pair reference genome. This data 
intensive process can be accomplished in several days 
by software or a matter of minutes with a hardware 
accelerator.

8



hAOWeI LIu — Graduate student (ee)

Recognizing and analyzing human activities, especially those involving object 
manipulation, is a central problem of computer vision. the types of activities 
to monitor can range from maintenance sequences for factory workers to 
medication regimens for elders. 

For example, it could be useful to confirm that a particular 
tool was used correctly on the factory floor or that an 
elder opened a pill box and used its contents. conventional 
vision-based approaches, based purely on interpreting color 
images, are brittle due to lighting changes, shadows and 
color proximity among objects. the recent past has seen 
the advent of active depth cameras, which return the depth 
of each pixel in the scene with cm-level precision robustly 
under most illuminating settings. this work approaches the 
problem using such a camera. 

the 3d camera provides synchronized 640x480 color and 
depth images at 30 frames per second. Given an incoming 
depth image, the background depth frame is subtracted 
from it to localize the moving foreground object (i.e. the 
human body). With color frames, the above scheme fails 
because color is sensitive to varying illumination effects. 
however, other than a small amount of sensor noise, this 
scheme works with depth images because changes in depth 
are generally due to the structural change (i.e. the presence 
of foreground objects). 

FAcuLty AdVIsOR: Ming-ting sun  
cOLLABORAtORs: dr. Matthai Philipose, Intel Labs seattle 
ReseARch AReA: computer Vision 

GRAnt/FundInG sOuRce: Intel Labs seattle

Given the detected human body, regions corresponding 
to arms and torso are parsed. Accurate size information 
available from the 3d camera is exploited to identify body 
parts. In particular, body parts have distinctive size statistics 
(i.e. the torso is usually wider than the arms), and simple 
local size information can be used to detect different body 
parts even in the presence of self occlusion. Given an arm 
localized in this manner, a skin color detector can be applied 
to detect the hand and then segment out the object. the 
hand location and object mask are sent to a classifier for 
joint object and activity recognition. this method achieves 
82%/74% precision/recall on a large dataset. 

human Activity Recognition 
using a 3d camera

Original color/depth 
images from the camera. 
Lighter shades are closer 
to the camera. Black 
pixels are sensor failures.

An effective approach has been developed for recognizing 
object-manipulation based activities in everyday life by 
extensive use of depth cues. In conclusion, the use of 
depth information available from inexpensive modern 3d 
cameras can substantially improve the performance of a 
video-based activity recognition system. eeK11 

This approach localizes and 
parses the human body into 
torso (blue) and arm (red).

A segmented object.
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An explicit goal of WARns is to enable long-distance, 
single-hop transmission from a sensor node directly to 
existing wireless infrastructure. Another goal is to retain all 
of the properties (low-cost, small-factor, and autonomous 
operation in the field using conventional energy scavenging 
devices) associated with short-range wireless radios while 
allowing it to operate for years at a time. Although 
this research is multidisciplinary, involving topics from 
electromagnetics to more efficient methods of networking 

the conventional approach towards communicating sensor information over 
long distances is through a series of short-range wireless links, configured in 
a mesh network.   

WILL WessOn, Venu BhAGAVAtuLA & POhAn yAnG — Graduate students (ee)

FAcuLty AdVIsORs: Jacques c. Rudell
cOLLABORAtORs: Professors Brian Otis & Josh smith, Graduate students Ka Wo Pang & soonkyun shin (ee)
ReseARch AReA: Analog/RF, Wireless & Mixed-signal Ic design
GRAnt/FundInG sOuRce: Intel corp., & uW center for commercialization

sensor Radios 
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for Long-Range communication

under ideal conditions, using numerous short-range hops 
to communicate with a distant base station provides an 
energy/bit optimized link. however, issues related to 
network self-assembly, substantial infrastructure investment 
for low-spatial density applications, and limited use for 
highly mobile wide-ranging sensor applications set practical 
limits on mesh networks. this work explores an alternate 
approach called a Wide Area Radio network for sensor 
(WARns) communication which utilizes a single-hop 
transmission for direct access from a sensor node to a base 
station using standards-based signal modulation. By directly 
transmitting data several kilometers, existing cellular, WiFi 
and PAn infrastructure can be accessed to deliver sensor 
information. 

a) Sensor communication using a 
conventional mesh network. b) Single-hop, 
WARNS transmission. 

sensor devices in standards-based systems, this work focuses 
on the most challenging aspects of the hardware design – 
the transmitter and power amplifier. to benchmark several 
new concepts which specifically tailor the sensor transmitter 
for long-range, performance commensurate with a common 
world-wide cellular standard, GsM, is targeted. the single-
chip cMOs transmitter utilizes a regulatorless power 
amplifier which dynamically scales the load-impedance. 
this device is implemented in a 90nm tsMc process and is 
intended for use with conventional solar-cells, which fit in a 
form-factor of less than 1cm3. the PA will deliver one watt 
to the antenna at 1.9Ghz, making it compatible with sensor 
communication up to five kilometers. the ultimate vision 
of this work is to first demonstrate range and then seek 
chip-level architectures which are highly programmable with 
multi-standard capability. this would allow a sensor device 
to be placed anywhere in an urban environment and seek 
available base stations for communication (this concept is 
referred to as “network scavenging”).

the design will be fabricated in early 2011, after which a 
demonstration platform, with solar cells will be constructed. 
this device has potential to transform the way sensor 
devices communicate in the field, providing instant coverage 
for applications including environmental monitoring, 
homeland security and military barrier coverage. subsequent 
research will focus on addressing issues related to the high-
path loss of near-ground transmission in addition to more 
secure and efficient networking methods. eeK11 

WARNS 90nm TSMC 
PA. Die size 1.8mm x 
1.8mm.  

10



11FAcuLty AdVIsOR: hui Liu & sumit Roy    
ReseARch AReA: Wireless communications 

GRAnt/FundInG sOuRce: national science Foundation & donation by Microsoft corp.

sORA:
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Microsoft Research software Radio (sora) is a novel software radio platform 
with full programmability on commodity Pc architectures. sora combines the 
performance and fidelity of hardware software defined radio (sdR) platforms 
with the programmability and flexibility of general-purpose processors (GPP).

A Platform for 
Wireless experimentation

sora uses both hardware and software techniques to address 
the challenges of using Pc architectures for high-speed sdR. 
Microsoft does not make any RF boards, but recommends 
that the sora board is embedded into a Quad-core-cPu Pc 
with xP operating system, and broadcasts the signals on 2.4 
Ghz and 5 Ghz. typically, the Phy and MAc layer processing 
of wireless communication systems is implemented on Field 
Programmable Gate Array (FPGA) or Application specific 
Integrated circuits (AsIc) chips, which leads to limited user 
control/programmability for experimentation aimed at 
validating systems-level objectives. the sora platform is a 
significant advance due to the resulting convenience for 
experimentation, since the platform is completely software-
based and runs on a low-cost commodity Pc. this advantage 
is especially convenient for research groups in academia. 

taking advantage of the programmability of the 
sora platform, graduate students at uW ee’s Wireless 
Information technology Lab are implementing a newly 
designed wireless transmission system on the sdR. the 
project titled, “high definition digital Radio Broadcasting,” 
covers the entire Phy layer including OFdM, channel coding, 
synchronization, frequency hopping, channel estimation, 

A Sora board embedded into a Quad-Core-CPU PC with XP operating 
system, which broadcasts the signals on 2.4 GHz and 5 GHz.

etc., and has already been successfully tested on the sora 
board. the system allows high-quality digital audio signals 
to be transmitted within an FM radio channel without 
causing any interference. 

Real-time data transmission and reception over the air 
has been realized between a pair of PCs with the Sora 
boards, acting as transmitter and receiver, respectively. 

Researchers from uW ee’s Fundamentals of networking 
Lab (FunLab) are working on demonstrating the concepts 
of efficient wireless relaying. the set-up consists of two 
sources which are not in transmission range of each other 
and a relay node in between. the goal is to show increased 
throughput by exploiting network coding at the MAc 
layer of the nodes. theoretical results show that by simple 
xOR operation at the MAc layer, the number of time slots 
needed to exchange data can be decreased. the MAc layers 
have already been modified accordingly such that nodes are 
able to distinguish network coding packets, perform xOR 
operation and extract desired information. eeK11

ZIxIA hu & hAMed FIROOZ — Graduate students (ee); AMIR AGhdAsI — undergaduate student (ee)



Researchers in the uW ee’s Wind Integration Research Lab (WIRL) are exploring 
and modeling power system operation with high levels of wind power and other 
stochastic generation. 

KARen studARus — Graduate student (ee)

Renewable energy sources and demand response offer the 
promise of reduced air polluting emissions (cO2, nOx, sOx 
and particulate). however, the high variability and lower 
predictability of these increasingly utilized sources causes 
the power system to operate as never before; fossil-fuel 
burning thermal plants now have a financial incentive 
to operate at less than full power and to ramp quickly 
in response to sudden mismatches in load and available 
generation.  

these new operating regimes challenge the appropriateness 
of conventional policies. As the most mature among 
stochastic renewable technologies, wind power is the 
obvious first choice for close analysis of integration. Wind 
events (like big gusts and lulls) are primary drivers of 
thermal plant cycling events in regions that rely heavily 
on wind power. WIRL examines the consequences of large 
quantities of wind (actual, planned and theoretical) in 
diverse regional power systems.   

FAcuLty AdVIsORs: Rich christie 
cOLLABORAtORs: Graduate student cesar silva, Affiliate Assistant Professor henry Louie (seattle university)
ReseARch AReA: energy systems
GRAnt/FundInG sOuRce: Grainger Fellowship

using statistical analysis of observed emissions from all 
thermal plants in the united states, some of WIRL’s work 
explores whether currently employed models of thermal 
plant emissions, developed for multi-objective optimal 
generation dispatch in the 1980’s, sufficiently capture 
transients induced by high variance operation.

Modeling the emissions consequences 
of Fossil Fuel Generator Ramping

An accurate and concise characterization of the emissions 
consequences of novel power system operating regimes will 
inform power system operation, energy market design, and 
environmental policy. An emissions minimizing dispatch can 
only be as good as its underlying emissions model. eeK11

12

A simulated cost minimizing example system 
dispatch is shown with 30% wind energy 
penetration. In response to a rapid increase in wind 
velocity, some wind power is “spilled,” natural gas 
fueled units respond quickly by shutting down, 
base load generation reduces output, and excess 
energy is sold to neighboring markets (data source: 
Bonneville Power Administration).

The power output of a coal generator with 
corresponding observed CO2 emissions. This figure 
details one example among 1.5x105 ramping events 
under consideration (data source: US Department of 
Energy).
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uW ee students and faculty are actively engaged in turning innovative ideas and 

technologies developed in the laboratory into tangible products and services for consumers. 

By making commercially relevant innovation accessible to society and the marketplace, the 

uW ee community is profoundly contributing to new consumer products, energy savings 

devices, new healthcare and transportation options, as well as communication, information 

and software products. this transformation from laboratory and computational prototypes 

to products is a core aspect of electrical engineering practice. At uW ee, it provides an 

opportunity for engineering education at its best. the articles that follow provide a 

sampling of such entrepreneurial activities occurring at uW ee from the perspectives of 

student, faculty and the uW center for commercialization.

From uW ee Labs to Market
21st century entrepreneurship – 

A tangible Impact



c4c Guides ee Innovators Along the Path 
         to commercialization
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Assistant Professor shwetak Patel’s ubicomp research lab 
technology could enable a new class of low-cost and easy-
to-deploy sensing systems for homes. If this system gets 
to the market, it could revolutionize home monitoring, 
alerting homeowners to humidity or moisture in the attic, 
plumbing that could spring a leak, or the presence of 
carbon monoxide.

Professor Patel and uW researchers like him in hundreds 
of labs across campus are making extraordinary discoveries 
that could positively impact millions of people. the process 
of bringing an innovation to market can be as equally 
rewarding and fun as carrying out the research behind 
it—whether the technology is licensed to an existing 
business or start-up. entrepreneurial researchers work 
with uW’s center for commercialization (c4c) on market 
analysis, patent searches, and management of intellectual 
property. Where there’s a decision to launch a startup, they 
participate in business plan development, recruitment of 
management, and capital formation. 

Patel’s past venture on residential energy monitoring 
led to a successful acquisition of his startup company in 
2010. he has been engaged with c4c for over a year, most 
recently supported by c4c technology Manager Mike 
clarke. By engaging with c4c at the earliest stages of his 
research, Patel has enabled c4c to funnel more resources—
commercialization grants and expertise—for his projects. 

the recently developed home sensing technology, 
nicknamed snuPI (sensor notes utilizing Powerline 
Infrastructure), showed early promise for the commercial 
market, so c4c, strategizing with Patel and the other 
inventors, filed a patent application. snuPI inventors 
include Patel’s advisee in the ubicomp lab, ee Phd student 
Gabe cohn, and their collaborators in the Wireless sensing 
Lab, ee Assistant Professor Brian Otis and his Phd advisee 
Jagdish Pandey.  

technology Manager clarke worked with Patel to secure 
a commercialization Gap Fund (cGF) grant this past fall—
funded by c4c and the Washington Research Foundation 
(WRF)—for $50,000 to build a demonstration unit that 
could help attract private investors. during the grant 
process, Patel and his team also received advice on market 
applications from c4c entrepreneurs-in-Residence (eIRs) 
Ken Meyer, a technology industry expert with 20 years 
of experience leading both start-up and Fortune 100 
companies, and henry Berg, a director with A3 Alliance, 
which makes convertible debt investments in start-up and 
early-stage technology companies.  

“ultra low-power wireless sensor networking is an area 
where we are focusing c4c’s resources and developing a 
strong IP portfolio,” said clarke. “snuPI is a remarkable 
achievement in this space. It optimizes the size, cost, and 
power of the sensing node for real-world commercial 
usability, while taking advantage of existing home wiring 
as a receiving antenna and transmission line to extend its 
effective communication range.” 

 With backing from c4c, snuPI is on the road to being the 
focus of a start-up company that positions the technology 
as a replacement for wired or battery-powered in-home 
fire alarms and other sensors. An advantage over current 
products is that snuPI-based systems can function for 
20 years or more without the need to change batteries. 
Insurance companies should have great interest in these 
products, as they receive large claims as a result of fires, 
water damage if a refrigerator hose breaks, or a leaky roof 
that leads to a mold problem in the attic. snuPI has already 
generated media attention in publications such as MIt’s 
Technology Review. 

the uW center for commercialization 
(c4c) is committed to uW research 
innovations, enabling the introduction 
of new or advances in existing products, 
services, diagnostics, and therapies. 
c4c has commercialized more than 100 
projects and spinout companies since 
2005, including awarding over $4 million 
in grants for uW researchers. 

SNUPI (Sensor Notes Utilizing Powerline Infrastructure).
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c4c Guides Innovations from 
Lab to Market
technology Manager Mike clarke is a member of c4c’s 
50-person team. c4c technology Managers are the 
primary contact for uW researchers, responsible for 
directing technology-specific resources to each project. uW 
researchers are experts in their research area, while c4c is 
uW’s proactive service organization, providing leadership 
and support in the movement of research into products 
available to consumers and patients.  

Led by Linden Rhoads, uW Vice Provost and a technology 
entrepreneur, c4c engages with researchers as early as 
possible—months or even years before a technology 
disclosure. c4c staff proactively build connections with 
researchers to understand their work and brainstorm on 
potential applications. early engagement means c4c can 
consult industry experts on industry needs, identify potential 
commercial partners, map out the competitive landscape, 
provide early intellectual property analyses, and more. the 
result? More commercially relevant innovations in the uW 
commercialization pipeline.

Partnering with c4c 
c4c’s programs provide assessment of commercialization 
potential and guidance on project development. the first 
step is the evaluation of the opportunity. At an initial 
meeting, the technology Manager discusses the research 
and begins working with the research team to establish 
whether there is commercialization potential, asking 
questions such as:

• What is the technology and its stage of development?

• how defensible is the IP position?  

• how large are the applicable market(s)? 

• Who is the competition? 

• Is there a viable go-to-market strategy?

If the innovation seems promising, c4c experts work 
with the researcher to pursue IP and engage with a 
commercialization team assigned to see the innovation 
move from lab to application. Assistance can include 
leadership or guidance from c4c’s new Ventures Program, 
created specifically to support uW start-ups. new Ventures 
connects researchers with entrepreneurs-in-Residence (eIRs), 
local business executives, attorneys, and investors for advice, 
education, and mentorship.  

Other collaboration between ee and c4c include Assistant 
Professor Brian Otis’ emerging low-power sensing 
technology and the late-stage commercialization of 
Professor Vikram Jandhyala’s high-speed solutions that 
enhance modeling and design of semiconductors.

the Bumblebee: From Lab to 
Market to next Big technology 
Wave 
In the world of wireless sensors, size matters—and for 
many applications, the tinier the better. On a quest for the 
ultra-small and lightweight, Assistant Professor Brian Otis 
and his students have designed a low-power wireless sensor 
called the Bumblebee, which is more energy efficient than 
commercially available Ics with similar frequency and range. 
the Bumblebee is targeted at body-worn devices in home 
health monitoring or rehabilitation settings. It has also 
received interest from chemical processing, sports fitness, 
and aviation companies with needs in miniaturized low 
power wireless sensors.

Assistant Professor Brian Otis with the Bumblebee.

From Raw Research to IP 
Protection
If a researcher’s innovation is potentially 
patentable, the technology Manager directs the 
c4c IP Management group to perform patentability 
search and analysis. Where the decision is to 
proceed, c4c will prepare, file, and prosecute the 
eventual patent application. the likelihood of 
significant commercial opportunity is a major factor 
in deciding where to seek patent protection. c4c’s 
patenting committee (involving other technology 
Managers and IP Management staff) examines all 
relevant data and makes final determinations as 
to whether the technology meets the required 
criteria. In many cases, the finding is that additional 
experiments and data are needed. c4c will advise 
researchers on meeting these requirements before 
filing for patent protection.



the Bumblebee technology is already being deployed 
in various test settings. c4c’s Mike clarke has led the IP 
strategy and c4c has filed provisional patent applications. 
In addition, c4c has funded prototype development 
and demonstrations allowing real-world deployments of 
Bumblebee chips.  

“c4c has connected us with relevant industries, and they 
are finding applications for our current technology while 
helping define our research goals moving forward,” says 
Otis.

staff in c4c’s new Ventures unit and eIR Ken Myer have 
been working with the team to explore business models, 
partnering options, and how and when to pursue additional 
funding. Beyond biomedical applications, Myer sees even 
wider potential for next-generation Bumblebee sensors. 

“We are just at the beginning of the next big technology 
wave—a revolution in wireless sensor networks. As the 
technology becomes cheaper, sensors will be embedded 
everywhere and we can’t even begin to imagine all the 
applications,” Myer said.

Physware—the Formation of 
a semiconductor software 
company  
Professor Vikram Jandhyala and students at his Applied 
computational engineering (Ace) Lab in uW ee developed 
algorithms and software that can predict the electrical and 
electromagnetic behavior of complex electronics systems 
with unprecedented speed, scale, and accuracy—the 
foundation for start-up company Physware. this work, 
conducted from 2001 to 2006, received funding from 
dARPA, nsF, nAsA, and industry collaborations, and led to 
many publications and recognition through research awards. 

Led by c4c’s Fred holt and Patrick shelby, c4c provided 
resources at every step in creating Physware—from 
protecting IP, to focused funding through a cGF grant and 
RRF, to helping secure start-up funding from Madrona 
Venture Group and Washington Research Foundation 
capital.  upon Physware’s founding in June 2006, Jandhyala 
took a two-year leave from the uW faculty to serve as the 
company’s ctO and then ceO.  Initial successes with high-
profile customers enabled the start-up to attract senior 
business and technical leaders from the electronic design 
community.  Jandhyala recently returned to the uW but 
continues to serve Physware as chief technologist and 
chairman of the board.  Major customers include texas 
Instruments, toshiba, Panasonic, tabula, and Vitesse. 

“c4c was instrumental in helping me and my students take 
a complex array of Ace Lab innovations and build these into 
the foundation for a successful venture-funded start-up,” 
Jandhyala said. “Our software helps electronics companies 
design products cheaply and get them to market quickly.” 
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c4c was instrumental in helping me and 

my students take a complex array of Ace 

Lab innovations and build these into 

the foundation for a successful venture-

funded start-up.      — Vikram Jandhyala

“

“
Getting started with c4c
Ready to share your innovation? Or interested in 
learning more about how c4c can help you on 
the path to commercialization? talk to c4c at 
206.543.0905 or email uwc4c@uw.edu. 

Jandhyala adds, “I am also excited that my involvement in 
every stage of the technology and company development 
generated knowledge beneficial to other uW ee faculty 
and students.” 

“I believe I have a repeatable model that can help others 
build deep computational IP into high-tech software 
companies. In my own lab, we are enhancing scalable 
algorithms to focus on important problems in cloud 
computing, large-scale internet computation, and social 
network applications that could lead to future licensable IP 
and start-ups.”

The Physware core team, with Professor Vikram Jandhyala 
(3rd from left), UW EE ACE Lab alumni Dr. Dipanjan Gope 
(far left), Devan Williams (2nd from left), Dr. Xiren Wang 
(5th from left), Dr. James Pingenot (4th from right), and Dr. 
Swagato Chakraborty (5th from right). Dr. Junho Cha, far 
right, is also a UW EE alumnus.
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c4c Organization & Roles
Over the past two years, c4c has enhanced its services at 
every stage of commercialization to better support uW 
researchers. c4c technology managers devote their full 
energies to researcher relationships, support, and outreach. 
their work is complemented by talented specialists, 
including patent agents, veteran venture capitalists, 
entrepreneurs-in-residence, industry relations officers, and 
an sBIR grant writer. c4c is organized as follows: 

  technology Licensing
c4c is organized with ease-of-use for researchers in mind.  
each researcher is assigned to an individual technology 
Manager with knowledge of their discipline area. the 
technology Manager is a researcher’s advocate from the 
first steps of exploration through the entire journey to 
market, funneling technology-specific resources to a project. 
As the primary link into c4c, the technology Manager 
introduces the researcher to other specialists at c4c and 
c4c programs providing commercial funding such as the 
commercialization Gap Fund (cGF) and commercialization 
post-doctoral fellows. 

  IP Management
the IP Management team is staffed to support multiple 
forms of IP assets, including patents, confidentiality and 
non-disclosure agreements, copyrights, trademarks, service 
marks, and certification marks. c4c’s in-house patent agents 
can conduct a comprehensive search for patents and patent 
applications in a researcher’s technical discipline, or file 
a provisional patent for a researcher who is presenting 
patentable research at an upcoming symposium.

  Industry Relations
the c4c Industry Relations team identifies and introduces 
potential industry partners to uW researchers. c4c Industry 
Relations Officers work with department chairs and, in 
many cases, interdisciplinary research teams to design 
and administer corporate affiliate programs (cAPs). cAP 
membership can provide revenue for research and lead to 
sponsored research. 

  new Ventures
the c4c new Ventures program provides a suite of services, 
including consultation with experienced entrepreneurs and 
advisors, to spin-out uW start-ups. new Ventures services are 
intended to:

1. increase the value of uW start-ups by finding quality 
leadership, investors, and financing

2. address risks associated with:

  • technology prototype/proof of concept

  • intellectual property

  • management and/or team

  • market evaluation

  • regulatory and clinical strategy

  • ability to garner financing

Mike clarke joined c4c in February 
2010 to focus on engineering 
innovations, especially in the electrical, 
mechanical, computer science, and 
materials science fields. his portfolio of 
technologies includes sensors, wireless 
devices, smart grid, nanophotonics, 
and self-assembly. Mike brings 
experience as a design engineer, 
project manager, and producer in 
multiple startup companies, in medium 
and large firms, and as an independent 
consultant. Mike earned a Bs in 
mechanical engineering, an Ms in 
smart product design from stanford 
university, and a certificate in IP 
management from uW extension.

Mike clarke
engineering technology Manager 

for c4c



students

students’ Water-testing tool Wins $40,000,    
        Launches nonprofit 
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Winning the contest means the students’ 
efforts may improve the health of 
children around the world. the challenge 
called for designs costing less than $10. 
the uW students estimate their parts 
would retail for $3.40, and bulk buying 
could reduce the cost further. 

Students Chin Jung Cheng, Howard Chizeck (Faculty 
Advisor), Jacqueline Linnes, Penny Huang and Charlie 
Matlack designed a way to know when water left in a 
plastic water bottle in the sun is safe to drink.



university of Washington engineering students chin Jung 
cheng, charlie Matlack, Penny huang and Jacqueline 
Linnes have won an international contest for their design to 
monitor water disinfection using the sun’s rays. the students 
shared in a $40,000 prize from the Rockefeller Foundation. 
A nonprofit organization is being established to turn their 
design concept into reality.

solar disinfection of water in plastic bottles, also called 
sOdIs is actually an old concept, and it has been promoted 
by many nonprofits. the competition was hosted by 
Innocentive Inc., a Boston-based company that since 
2001 has provided a website where organizations can 
post technical challenges with prize money and anybody 
can submit a solution. In this case, even the challenges 
themselves were solicited on the web. GlobalGiving 
Foundation Inc., a Washington, d.c. nonprofit that acts as 
a clearinghouse for charitable donations, asked nonprofits 
around the world to submit technical challenges relating 
to water quality. It then chose five to post to Innocentive, 
and the Rockefeller Foundation supplied prize money. the 
competition to design such an indicator was for Fundación 
sOdIs, a Bolivia-based nonprofit dedicated to testing and 
promoting this method. the sodis Foundation evaluated 
more than 70 proposals before choosing the uW’s.

solar disinfection in water bottles offers a cheap and easy 
way to reduce some of the roughly 1.5 million diarrhea-
related children’s deaths each year because it removes more 
than 99.9 percent of bacteria and viruses, with results similar 
to chlorination. But global adoption has been slow, partly 
because it is hard to know when the water is safe to drink. 
the uW device lets users know when the sun’s rays have 
done their job.

Jacqueline Linnes began working on the problem, motivated 
by her experiences in Bolivia with engineers Without 
Borders (eWB). Other eWB members Penny huang, a senior 
in chemical engineering, and chin Jung cheng, then an 
undergraduate in chemical engineering (now a uW doctoral 
student in bioengineering) joined her in the project. At first, 
the students focused on developing a chemical test strip. 
But they decided instead to develop an electronic sensor 
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that would be outside of the bottle, which wouldn’t require 
users to open of the bottles. For this effort, they contacted 
charlie Matlack, a uW doctoral student in electrical 
engineering.

together they built a low cost, reusable and electronic 
system that is able to detect when the bottle has been 
exposed to sufficient light to provide the required 
sterilization of the water inside. “It has all the same 
components that you’d find inside a dirt-cheap solar 
calculator, except programmed differently,” Matlack said. 
the electronics monitor how much light is passing through 
the bottle and whether a water-filled bottle is present, so 
the system knows when to stop or start recording data.

Winning the contest means the students’ efforts may 
improve the health of children around the world. the 
challenge called for designs costing less than $10. the uW 
students estimate their parts would retail for $3.40, and 
bulk buying could reduce the cost further. “this is part of 
what engineering education should be,” said faculty advisor 
howard chizeck, an electrical engineering professor. “It’s 
educating students with the skills and the desire to make 
things better.”

the sodis Foundation has been given a nonexclusive license 
to develop the technology. It is also focusing on larger-scale 
systems that could be used in situations such as disaster 
relief. A sodis Foundation donor is providing charlie 
Matlack with funding to continue developing and refining 
the water bottle indicator.

Linnes, Matlack and tyler davis, a doctoral student in the 
uW evans school of Public Affairs, are setting up a nonprofit 
organization to manufacture and market the device (http://
www.potavida.org). they have recruited uW faculty and 
local nonprofits as partners (and potential partners), to 
draw on a broad range of expertise for the development 
of this solution to an important health need. “We’re at a 
point where we recognize the need for work on this beyond 
engineering,” Matlack said. “ultimately, the hardest part is 
going to be to get people to use it.”

An example SODIS 
indicator function.



After joining uW ee in 2000, Jandhyala recruited top-
class graduate students, and obtained sufficient funding 
through nsF, dARPA and nAsA where he led projects as 
PI and co-PI. In the first five years of these projects, he 
developed detailed implementations and prototypes of new 
fast algorithms for use in ceM, which were described in 
more than a 100 journal and conference papers. Additional 
grants from sBIR and industry, as well as focused projects 
from uW’s tGIF and RRF, and gifts from WRF subsequently 
followed. specifically, Jandhyala’s team was able to develop 
scalable, structured dense matrix solvers which could solve 
large systems in only O(n log n) time and memory in a 
robust and error-controllable manner. they made these 
algorithms as parallel as possible from the ground up, which 
now has new implications in the world of public cloud 
computing.

In late 2006, dr. Luciana simoncini from the Washington 
Research Foundation visited uW ee and asked former chair, 
dr. david Allstot, for examples of interesting technologies. 
Allstot mentioned Jandhyala’s name, and through his 
meeting with simoncini, he was able to connect with uW 
technology transfer (uWtt, now c4c) and, in particular, 
with dr. Fred holt who played an invaluable role in the 
formation of Physware.  dr. holt helped develop an 
IP strategy to protect the algorithm implementations 
through patents and copyrighting, and also assisted with 
introductions to the local venture capital community. As a 
result, two large edA companies were interested in licensing 
the algorithms and software.

With help from uWtt, Jandhyala started to navigate the 
path towards forming a startup. Along the way, Jandhyala 
was able to call on experienced faculty including dean Matt 
O’donnell, former Associate dean Mani soma, and former 
cs chair dr. ed Lazowska for guidance. dr. holt helped 
set up multiple meetings with local Vcs, and they raised 
funding (after following points 1-5 in the recommended 
keys in the inset) from Madrona Venture Group and 
Washington Research Foundation capital, with additional 
seed funding. 

the process accelerated and they recruited an accomplished 
business person and also recruited an excellent technical 
team based on Ace Lab alumni including two of the 
initial developers of the core IP, dr. dipanjan Gope and dr. 
swagato chakraborty, as well as dr. James Pingenot, devan 
Williams, and later dr. xiren Wang.  this team handled 
all technical expertise, from fast algorithms, full solver 
implementations, parallelization strategies, front-end and 
mesh development, and user interface design.

Physware: From university Research to Building & 
Leading a successful Venture-Funded high-tech startup
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Vikram Jandhyala developed fast 
computational algorithms for 
electromagnetics during his Phd at 
the university of Illinois, for which he 
received graduate research awards 
from Ieee and uIuc. subsequently, he 
developed algorithms and products 
for Ansoft corporation, which was 
sold to Ansys corporation for $850 
million. this showed Jandhyala 
first-hand the industrial benefits of 
efficient computational algorithms 

for electronic design automation (edA). At uW 
ee, Jandhyala and his Applied computational 
Lab developed a host of paradigm-shifting novel 
computational algorithms and implementations 
which were of interest to several companies. this 
led to research funding from nsF, dARPA, nAsA, 
sBIR and industry, and recognition through awards 
from nAsA, uW and nsF. With his students and a 
top-class business team, Jandhyala led the formation 
of Physware, a venture-funded startup that now 
counts among its customers top semiconductor 
companies including texas Instruments, toshiba, 
Panasonic, Renesas, Micron, etc. Physware is at the 
forefront of cloud-based scalable edA for high-
speed, low-cost electronic system and design.  here, 
Jandhyala describes the research and IP development 
process, the formation of Physware, the industrial 
development/academic research interface, and the 
lessons learned for the future.

Professor Vikram Jandhyala
director, Applied computational 

engineering Lab; uW c4c Inaugural 

entrepreneurial Faculty Fellow; chair, 

uW ee Professional Masters Program; 

chairman and chief technologist, 

Physware Inc.
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Keys to developing a startup from 
university Research

1. develop and protect deep IP
2. critically evaluate the true benefits of your IP
3. Obtain early adoption and industrial feedback
4. Be aware of the bigger industry picture
5. Build a short slide deck to crystallize business 

ideas
6. Raise money for the right reasons
7. Build the right core and extended team
8. understand and evaluate competition 

realistically
9. Adapt when situations change
10. share the experience with others

are made to focus on technically deep and long-term 
challenges that academia has excelled at. uW ee is then well 
situated to maintain and build respect as a top department 
that generates world-class ideas, papers, graduates and 
companies. 

the lessons learned from developing Physware are 
something that Jandhyala believes would be invaluable 
for graduates and undergraduates interested in 
pursuing entrepreneurship. he is currently developing an 
“entrepreneurship for ee’s” seminar course for 2011-12. 
Jandhyala believes that meaningful entrepreneurship is a 
strong “fourth wheel” for the faculty vehicle, along with 
the research-teaching-service triumvirate. uW ee can be 
a leader in this direction given the quality and zeal of the 
faculty and students.

Jandhyala took leave from uW ee to play the roles of ctO 
and ceO at various times, spent significant time at customer 
sites (including ten visits to Japan in little over a year), 
and worked to understand negotiations between uWtt 
and Physware in terms of licensing agreements, potential 
conflicts of interest, and creating a firewall between 
the Ace lab and Physware. It was an extremely fruitful 
experience for Jandhyala and for Physware as well as for 
Jandhyala’s former students. 

At the time of returning full-time to uW ee in fall 2010, 
Physware has built a cache of customers that include many 
of the top semiconductors companies around the world, 
and has recently stepped to another level. Physware has 
attracted top-class business and technical leadership from 
synopsys (a $1B+ company and the world’s largest and most 
respected edA company), raised further venture funding, 
is building up many existing customers to enterprise level, 
and is now using the power of its parallel algorithms to 
make a stake as the world’s first cloud-computing based 
edA provider, a potentially paradigm-shifting move on both 
business and technical fronts. Jandhyala has completed the 
process of building and leading his startup through its first 
successful phase, and has now returned to academia to 
work on new research and follow-up applications at the Ace 
lab. this includes information theory for electromagnetics, 
parallel and cloud computing algorithms, fast solvers for 
computational finance, network and RFId applications, 
recommendation engines and matrix completion, and 
diffusion and search graph applications. 

Jandhyala believes that those who are interested in 
entrepreneurship can play a meaningful role in both 
academia and industry by leading innovative research, 
and developing startups that solve society’s most urgent 
issues, especially given today’s crucial economic times. uW 
ee is well equipped to have several startups emerge along 
these lines if the correct and sometimes difficult choices 

A snapshot from the Physware product. These 
software tools use advanced electromagnetic-circuit 
computational algorithms to simulate and design 
complex electronic systems.

Jandhyala named an Inaugural 
entrepreneurial Faculty Fellow by c4c
Professor Vikram Jandhyala was selected 
in november 2010 by the uW center for 
commercialization to be an inaugural 
entrepreneurial Faculty Fellow. candidates for 
this honor were nominated by department 
chairs and c4c technology managers. Jandhyala 
will work with the uW, venture, and angel 
communities to provide leadership and advising 
on commercialization and entrepreneurship 
related to uW technologies. For more 
information, visit: www.ee.washington.edu/
news/2010/entrepreneurial_fellow.html
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chRIstIe,  RIch
Associate Professor
energy systems
Ph.d., 1989 carnegie Mellon 
university
NSF Presidential Young Investigator

cRuM, LAWRence
Research Professor
Medical ultrasound
Ph.d., 1967 Ohio university
ASA Fellow

dAILey, dAnIeL J.
Research Professor
Intelligent transportation systems
Ph.d., 1988 university of 
Washington

dARLInG, R.  BRuce
Professor
devices, circuits, & sensors
Ph.d., 1985 Georgia Institute of 
technology

dunhAM, scOtt
Professor
Materials & devices
Ph.d., 1985 stanford university

eL-shARKAWI, MOhAMed
Professor
Intelligent systems & energy
Ph.d., 1980 university of British 
columbia
IEEE Fellow

FAZeL, MARyAM
Assistant Professor
control & Optimization, systems 
Biology
Ph.d., 2002 stanford university
NSF CAREER Award

Fu, KAI-MeI
Assistant Professor
Quantum Information & sensing
Ph.d., 2007 standford university

GuPtA, MAyA
Associate Professor
signal Processing
Ph.d., 2003 stanford university
ONR YIP Award, PECASE Award

hAnnAFORd, BLAKe
Professor
Biorobotics
Ph.d., 1985 uc-Berkeley
NSF Presidential Young Investigator, 
IEEE EMBS Early Career Achievement 
Award, IEEE Fellow

hAucK, scOtt
Professor
VLsI & digital systems
Ph.d., 1995 university of 
Washington
NSF CAREER Award, Sloan Research 
Fellowship

hOchBeRG, MIchAeL
Assistant Professor
nanophotonics
Ph.d., 2006 california Institute of 
technology
AFOSR YIP Award, PECASE Award

hWAnG, JenQ-nenG
Professor
signal & Image Processing
Ph.d., 1988 university of southern 
california
IEEE Fellow

JAndhyALA, VIKRAM
Professor
electromagnetics, Fast Algorithms, 
devices
Ph.d., 1998 university of Illinois
NSF CAREER Award

KIM, yOnGMIn
Professor
digital systems, Image Processing 
& Medical Imaging
Ph.d., 1982 university of 
Wisconsin - Madison
IEEE Fellow, IEEE/EMBS Early Career 
Achievement Award

KIRchhOFF, KAtRIn
Research Associate Professor
Multilingual speech Processing, 
Machine Learning
Ph.d., 1999 university of Bielefeld

KIRschen, dAnIeL
Professor
energy systems
Ph.d., 1985 university of 
Wisconsin – Madison

KLAVIns, eRIc
Associate Professor
controls & Robotics
Ph.d., 2001 university of Michigan
NSF CAREER Award

KuGA, yAsuO
Professor
electromagnetics
Ph.d., 1983 university of 
Washington
NSF Presidential Young Investigator 
Award, IEEE Fellow

LIn, LIh
Professor
Photonics, MeMs
Ph.d., 1996 uc-Los Angeles
IEEE Fellow

LIu, huI
Professor 
communications & signal 
Processing
Ph.d., 1985 university of texas, 
Austin
NSF CAREER Award, ONR Young 
Investigator Award, IEEE Fellow

MAMIsheV, ALex
Associate Professor
electric Power systems, MeMs, 
sensors
Ph.d., 1999 MIt
NSF CAREER Award

neLsOn, BRIAn
Research Associate Professor
Plasma Physics
Ph.d., 1987 university of Wisconsin 
- Madison

OstendORF, MARI
Professor & Associate Dean of 
Research
signal & Image Processing
Ph.d., 1985 stanford university
IEEE Fellow

OtIs,  BRIAn
Assistant Professor
RF/Analog Ic design
Ph.d., 2005 uc-Berkeley
NSF CAREER Award

PARVIZ, BABAK
Associate Professor
Microelectromechanical systems 
(MeMs)
Ph.d., 2001 university of Michigan
NSF CAREER Award

AFROMOWItZ, MARty
Professor
Microtechnology/sensors
Ph.d., 1969 columbia university
NIH Career Development Award

ALLstOt, dAVId
Professor
system-on-chip VLsI
Ph.d., 1979 uc-Berkeley
IEEE Fellow

AnAntRAM, M.P. 
Professor
nanotechnology, Materials & 
devices
Ph.d., 1995 Purdue university

ARABshAhI,  PAyMAn
Associate Professor
signal Processing & 
communications
Ph.d., 1994 university of 
Washington

AtLAs, Les
Professor
signal & Image Processing
Ph.d., 1984 stanford university
NSF Presidential Young Investigator, 
IEEE Fellow

BILMes, JeFF
Associate Professor
signal & Image Processing
Ph.d., 1999 uc-Berkeley
NSF CAREER Award

BöhRInGeR, KARL
Professor
Microelectromechanical systems 
(MeMs)
Ph.d., 1997 cornell university
NSF CAREER Award, IEEE Fellow

BushneLL, LIndA
Research Assistant Professor
controls & Robotics
Ph.d., 1994 uc-Berkeley
NSF ADVANCE Fellow

chIZecK, hOWARd
Professor
controls & Robotics
sc.d., 1982 MIt
IEEE Fellow, AIMBE Fellow
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seeLIG, GeORG
Assistant Professor
Biological circuits
Ph.d., 2003 university of Geneva
NSF CAREER Award, Sloan Research 
Fellowship

shAPIRO, LIndA
Professor
signal & Image Processing
Ph.d., 1974 university of Iowa
IEEE Fellow, IAPR Fellow

shI,  c.J .  RIchARd
Professor
VLsI & digital systems
Ph.d., 1994 university of Waterloo
NSF CAREER Award, IEEE Fellow

sMIth, JOshuA R.
Associate Professor
sensing, signal Professing & 
Power harvesting
Ph.d., 1995 MIt 

sOMA, MAnI
Professor & Associate Vice Provost 
for Research
Mixed Analog-digital system 
testing
Ph.d., 1980 stanford university
IEEE Fellow

sun, MInG-tInG
Professor
signal & Image Processing
Ph.d., 1985 uc-Los Angeles
IEEE Fellow

tsAnG, LeunG
Professor & Chair
electromagnetics, Remote sensing
Ph.d., 1976 MIt
IEEE Fellow, OSA Fellow

WILsOn, denIse
Associate Professor
circuits & sensors
Ph.d., 1995 Georgia Institute of 
technology
NSF CAREER Award

E m E r i t i

ALBRecht, ROBeRt
controls & Robotics
Ph.d., 1961 university of Michigan 

ALexAndRO, FRAnK
controls & Robotics
Ph.d., 1961 university of Michigan

AndeRsen, JOnny
circuits & sensors
Ph.d., 1965 MIt

BJORKstAM, JOhn L.
controls & Robotics
Ph.d., 1958 university of 
Washington

dAMBORG, MARK
energy systems
Ph.d., 1969 university of Michigan

dOW, dAnIeL G.
Ph.d., 1958 stanford university

GuILFORd, edWARd c.
Ph.d., 1960 uc-Berkeley

hARALIcK, ROBeRt
signal & Image Processing
Ph.d., 1969 university of Kansas
IEEE Fellow

heLMs, WARd
circuits & sensors
Ph.d., 1968 university of 
Washington

IshIMARu, AKIRA
electromagnetics & Waves in 
Random Media
Ph.d., 1958 university of 
Washington
IEEE Fellow, OSA Fellow, IOP Fellow, 
IEEE Heinrich Hertz Medal, URSI 
John Dillinger Medal and Member, 
National Academy of Engineering

JAcKsOn, dARReLL
Ph.d., 1977 california Institute of 
technology

JOhnsOn, dAVId L.
Ph.d., 1955 Purdue university

LAuRItZen, PeteR O.
Ph.d., 1961 stanford university

MORItZ, WILLIAM e.
Ph.d., 1969 stanford university

Peden, IRene
Ph.d., 1962 stanford university
NSF “Engineer of the Year” Member, 
National Academy of Engineering, 
IEEE Fellow, IEEE Harden Pratt Award, 
U.S. Army Outstanding Civilian 
Service Medal

PORteR, ROBeRt B.
Ph.d., 1970 northeastern 
university
ASA Fellow, OSA Fellow

POtteR, WILLIAM
Msee, 1959 us naval Postgraduate 
school

sIGeLMAnn, RuBens A.
Ph.d., 1963 university of 
Washington

sPIndeL, ROBeRt
signal Processing/Ocean Acoustics
Ph.d., 1971 yale university
IEEE Fellow, ASA Fellow, MTS Fellow, 
A.B. Wood Medal, IEEE Oceanic 
Engineering Society Technical 
Achievement Award

yee, sIncLAIR
Photonics, sensors
Ph.d., 1965 uc – Berkeley
IEEE Fellow

ZIcK, GReG
VLsI & digital systems
Ph.d., 1974 university of Michigan

congratulations to Vikram 
Jandhyala and Radha Poovendran 
who were promoted to full 
Professors.

We apologize for any errors, 
omissions or misspellings in 2011 
eeK. We would like to extend 
special appreciation to the faculty, 
staff and students who assisted 
in producing this publication and 
to the sponsors whose generosity 
made it possible.

PAteL, shWetAK
Assistant Professor
ubiquitous computing, sensors, 
embedded systems
Ph.d., 2008 Georgia Institute of 
technology

PecKOL, JAMes K.
Senior Lecturer
Ph.d., 1985 university of 
Washington

POOVendRAn, RAdhA
Professor
communications networks & 
security
Ph.d., 1999 university of Maryland
NSA Rising Star Award, NSF CAREER 
Award, ARO YIP & ONR YIP Awards, 
PECASE Award 

RIsKIn, eVe
Professor & Associate Dean
signal & Image Processing
Ph.d., 1990 stanford university
NSF Presidential Young Investigator, 
Sloan Research Fellowship, IEEE 
Fellow

RItcey, JAMes A.
Professor & Associate Chair for 
Education
communications & signal 
Processing
Ph.d., 1985 uc - san diego
IEEE Fellow

ROy, suMIt
Professor & Associate Chair for 
Research & Development
communications & networking
Ph.d., 1988 uc - santa Barbara
IEEE Fellow

RudeLL, JAcQues c.
Assistant Professor
RF Integrated circuits
Ph.d., 2000 uc-Berkeley

sAhR, JOhn
Professor & Associate Dean for 
UGrad Academic Affairs
electromagnetics & Remote 
sensing
Ph.d., 1990 cornell university
NSF Presidential Young Investigator, 
URSI Booker Fellow, URSI Young 
Scientist Award
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new Faculty
ee students hack Kinect
for surgical Robotics 
Research
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Kai-Mei Fu
Kai-Mei Fu received her Ph.d. from stanford 
university in 2007, and will join as an 
Assistant Professor of electrical engineering 
and Physics in Fall 2011. her research focuses 
on solid state spin systems coupled with 
optical fields for applications in quantum 
information processing and magnetic 
sensing. Particular material systems of 
interest include shallow impurities in 
semiconductors, color centers in diamond, 
and semiconductor quantum dots.  

daniel Kirschen
daniel Kirschen joins the department as 
a Full Professor and holds the donald 
W. and Ruth Mary close endowed 
Professorship in electrical engineering. his 
research focuses on how to balance the 
conflicting requirements for the supply of 
electrical energy, and in particular how to 
keep it cheap, reliable and facilitate the 
integration of renewable energy sources 
such a wind power. this encompasses the 
implementation of the communication and 
control technologies of what is called the 
“smart grid.” he is also very interested in 
understanding the mechanisms leading to 
blackouts and what can be done to prevent 
such catastrophes. Kirschen received his 
Ph.d. from university of Wisconsin–Madison 
in 1985.

Joshua smith
Joshua smith joined the departments of 
electrical engineering and computer science 
and engineering as an Associate Professor 
in Winter 2011. smith obtained his Ph.d. 
from MIt in 1995. As a doctoral candidate at 
the Massachusetts Institute of technology, 
smith invented an electric-field-based 
passenger airbag suppression system that is 
now standard equipment in all honda cars. 
smith currently leads projects on Personal 
Robotics, WReL (Wireless Resonant energy 
Link), and WIsP (Wireless Identification and 
sensing Platform).

Researchers and hobbyists have hacked the Kinect gaming 
system since its november launch to explore uses beyond 
video gaming. It is possible to tap into the Kinect to 
obtain a depth camera image of a scene—representing 
a dynamically changing image as a constantly changing 
“point cloud” of dots that include information about 
distance of objects from the camera. this provides an 
extraordinarily low cost way to collect such information. 

Research at the Biorobotics Lab (BRL) is exploring ways 
to provide haptic (sense of touch) feedback to surgeons 
using robotic tools. this surgery is performed by remotely 
controlling robot surgery tools, which pass through small 
holes into the patient. In currently used systems, the 
surgeon commands the device using hand controls, while 
looking at a video display from camera images in the body. 
there is no sense of touch for the surgeon. Professors 
Blake hannaford, howard chizeck, colleagues from the 
uW medical school and their students are working to 
change this. “In telerobotic surgery, surgeons are basically 
unable to feel what they’re suturing or cutting,” chizeck 
said. “We’d like to get that sense of feeling back.”

this work in telerobotic surgery aims to make it possible 
for surgeons to operate at a distance on patients in 
disaster areas, on battlefields or in other inaccessible 
places. use of the technology contained in Kinect can help 
meet this goal. It would be useful to provide surgeons 
with haptic feedback about “don’t cut” zones around 
protected areas of tissue. When trying to cut there with a 
robotic tool, the surgeon would feel resistance. But how 
can these zones be specified.

One difficult way would be to use pre-operative ct 
scans. But this is not easy to do, and can’t account for 
position changes as the patient breathes or moves. 
the Kinect, which can track the movement of objects, 
provides a tantalizing solution. “As soon as we saw the 
Kinect, it seemed like, yeah, let’s play around with it. It 
just seemed obvious and cool,” said hawkeye King, a 
doctoral student of the BRL. “We work in haptics, building 
virtual environments that touch remote locations. this is 
an interesting way for building virtual worlds from real 
worlds, and even combining the two.”

Among the so-called hackers is Fredrik Rydén, a visiting 
graduate student from sweden working with chizeck 
and hannaford. during a weekend in december, Rydén 
reprogrammed a Kinect to add sensory feedback. “I 
bought the Kinect on a Friday and was done on Monday 
morning,” Rydén said.



the year 2011 brings new excitement in research at uw ee. the 
department welcomes professor Daniel Kirschen as the first holder 
of the Donald w. and ruth mary close professorship. as the energy 
needs in the u.s. escalate, it is timely that professor Kirschen 
joins uw ee with his world-renowned expertise in smart grid, 
integration of renewable energies, electric power transmission, 
and economics of power systems. in addition to Kirschen, we 
are thrilled to have associate professor Josh smith, and assistant 
professor Kai-mei Fu join the department in 2011 as well.

two of our faculty members were recently elected ieee Fellows for 2011—
professors James ritcey and Karl böhringer. ritcey is well known in wireless 
communications and radar/sonar signal processing, while böhringer is known 
for his contributions in microelectromecnanical systems and engineered self-
assembly.  

the kick-off celebration of the opsis (optoelectronic systems integration in 
silicon) center occurred at the beginning of this year, and it provides new 
foundry services for silicon photonics. the center is fully equipped with a  state-
of-the-art e-beam lithography system, and professor michael hochberg is the 
Director of this new center. 

and finally, this year’s eeK edition continues to highlight the research projects 
of our top-notch undergraduate and graduate students. however, in addition to 
student research-driven articles, this issue also features some of the interesting 
entrepreneurial activities that our faculty and students are engaged in. 

—  l e u n g  t s a n g 
 chair and professor 
 Department of electrical engineering

electrical engineering Department of the university of washington

leung tsang, Chair
sumit roy, Associate Chair for Research & Development
James a. ritcey, Associate Chair for Education

Design 

sarah conradt
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going Viral — a timeline 

rydén and King recorded a video of the modified tool and 
posted it on Youtube. in the video, the Kinect’s infrared 
camera points at a table where rydén is seated. the upper 
right-hand corner shows King operating a stylus that gives 
force feedback, in the form of a push, when he meets an 
object in the virtual scene. the red dot shows where the 
stylus is positioned.

when the red dot moves over an object the stylus feels the 
resistance, a field known as haptics. the video shows that 
King can not only tap solid objects, like the table, but can 
also feel a new object (in this case a styrofoam head placed 
on the table) and even shake rydén’s hand in real time.

“the virtual world is generated in real time from the real 
world,” rydén explained. “in this case he was in the same 
room, but he could have been anywhere and seeing the 
information on the internet.” another bonus, he said: 
“Kinect is cheap because it comes from video games and it’s 
mass produced.”

the uw team is exploring the Kinect’s potential to improve 
surgical robotics by creating “virtual fixtures” around 
body parts that should not be touched. the Kinect’s simple 
interface, low cost and portability make it well suited for 
doing feasibility experiments. “we could have had students 
spend several quarters to do what one student has done 
in less than one quarter using the Kinect,” chizeck said. 
“this is just a very efficient way to track moving objects. it’s 
unlikely that any final device is going to have the Kinect in 
there,” chizeck added, “but it’s a way to test ideas quickly 
and develop them.”

a video demonstrating the haptics-
Kinect work conducted at uw ee’s brl 
has gone viral, grabbing the attention 
of the media. here is a brief timeline 
showing just how quickly public interest 
in the research of the brl spread:

12.16.2010 students post Youtube video 
demonstrating brl’s haptics-Kinect 
work: http://www.youtube.com/
watch?v=bcucDns_7Qc

12.31.2010 -1.5.2011
 local news cover brl’s work on radio 

and tv channels (Komo 4 news, Kiro 
7 radio, uw today)

1.7.2011 chief research and strategy officer 
of microsoft, craig mundie, speaks 
about the evolution of computing 
during a presentation at the 
cleveland clinic, which included a 
discussion about the haptics-Kinect 
work at brl

1.18.2011 popular science picks up the story 

1.25.2011 bloomberg businessweek: gigaom 
blog discusses the brl’s research 
with respects to the “power of big 
broadband”

1.31.2011 Youtube video receives 27,000 hits

2.15.2011 msnbc posts a video and article on 
brl research

welcome to eeK2011...
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