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I, Andrew C. Singer, hereby declare the following:
I, INTRODUCTION

1. I, Andrew C. Singer, have been retained by counsel for Petitioners as a
technical expert in the above-captioned case. Specifically, I have been asked to
render certain opinions in regards to the IPR petition with respect to U.S. Patent
No. 6,059,576 (“the ’576 patent”). I understand that the Challenged Claims are
claims 1, 2, 4, 5, 7-14, 56-58, 140, 144, and 146. My opinions are limited to those
Challenged Claims.

2. My compensation in this matter is not based on the substance of my
opinions or the outcome of this matter. I have no financial interest in Petitioners. I
am being compensated at an hourly rate of $500 for my analysis and testimony in
this case.

3. In reaching my opinions in this matter, I have reviewed the following

materials:

e EXI1001 —U.S. Patent No. 6,059,576 to Brann (“the *576 patent™);
EX1003 - File History of Reexamination Request No. 90/013,201 (*°576
patent reexamination file history”);

EX1004 — U.S. Patent No. 5,978,972 to Stewart et al. (“Stewart”);
EX1006 — U.S. Patent No. 5,546,609 to Rush, III (“Rush™);

EX1007 — U.S. Patent No. 5,197,489 to Conlan (“Conlan”);

EX1008 — U.S. Patent No. 5,474,083 to Church et al. (“Church”);
EX1009 — U.S. Patent No. 5,976,083 to Richardson et al. (“Richardson™);
EX1011 — J.R.W. Morris, “Accelerometry — A Technique for the
Measurement of Human Body Movements,” J. Biomechanics, Vol. 6,
Pergamon Press (1973, pp. 729-736) (“Morris™);

e EXI1012 - U.S. Patent No. 3,797,010 to Adler et al. (“Adler”);
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e EXI1013 - U.S. Patent No. 5,803,740 to Gesink et al. (“Gesink”);

e EXI1014 — UK Patent Application No. GB 2,225,459A to Holder
(“Holder™);

e EXI1015 — C. Verplaetse, “Inertial proprioceptive devices: Self-motion-
sensing toys and tools,” IBM Systems Journal, Vol. 35, Nos. 3&4 (1996,
pp. 639-650) (“Verplaetse™);

e EXI1016 — Alan Freedman, The Computer Desktop Encyclopedia, The
Computer Language Company Inc. (1996) (“Freedman’); and

e EX1017 — Robert C Cantu, Head injuries in sport, Br J Sports Med 30
(289-296; 1996) (“Cantu™).

A. Background and Qualifications

4. I am currently a Professor in the Department of Electrical and
Computer Engineering, where I hold a Fox Family endowed Professorship. I also
serve as Director of the Technology Entrepreneur Center for the College of
Engineering at the University of Illinois at Urbana Champaign.

5. Ireceived a Bachelor of Science degree in Electrical Engineering and
Computer Science from Massachusetts Institute of Technology in 1990; a Master
of Science degree in Electrical Engineering and Computer Science from
Massachusetts Institute of Technology in 1992; and a Ph.D. in Electrical
Engineering from Massachusetts Institute of Technology in 1996.

6. Since 1990, I have been active in the signal processing and
communications fields. I have authored and/or co-authored numerous
publications, including books and refereed journal publications and conference

articles on the topic of signal processing and communication systems and devices.
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A focus of many of these publications is on methods for improving efficiency,
reducing power and preserving battery life in such systems.

7. 1 have designed, built, and patented various components of
communication and signal processing systems. These include various radio-
frequency, SONAR, LIDAR, air-acoustic and underwater acoustic signal
processing systems as well as wire-line, wireless, optical and underwater acoustic
communication systems. An important aspect in many of these systems is the
design of low power systems and the use of algorithms and methods to reduce
power and preserve battery life.

8. I have taught both undergraduate and graduate level courses in signal
processing, and communication systems. For example, I have taught Digital Signal
Processing and Embedded DSP Laboratory classes. Additional examples of
courses 1 have taught at the University of Illinois at Urbana Champaign include:
Advanced Digital Signal Processing; Digital Signal Processing; Digital Signal
Processing Laboratory; Probability with Engineering Applications; Random
Processes; Optical Communication Systems; Advanced Lectures in Engineering
Entrepreneurship; Embedded DSP Laboratory; Developing Design Thinking;
Technology Commercialization; and Senior Design Laboratory. I have also
overseen numerous PhD and Master’s students researching topics related to signal

processing and communication systems.
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9. I was the co-founder and CEO of Intersymbol Communications, Inc., a
communications component manufacturer focused on the development of signal
processing-enhanced components used in optical communication networks.
Intersymbol Communications, Inc. was acquired by Finisar Corporation, the
world's largest supplier of optical communication modules and subsystems.

10. I was appointed the Director of the Technology Entrepreneur Center
(TEC) in the College of Engineering, where I direct a wide range of
entrepreneurship activities. The TEC directs the campus-wide Illinois Innovation
Prize, celebrating our most innovative students on campus, as well as our annual
Cozad New Venture Competition. I am also the Principal Investigator for the
National Science Foundation’s Innovation Corps Sites program at the University of
Ilinois, working with faculty and student startup companies.

11. My research and commercial experience led to my authoring of
numerous papers. I have authored over 200 papers on digital signal processing and
communication systems, several of which were voted “Best Paper of the Year” by
technical committees of the IEEE. Citing these and other contributions, I was
elected Fellow of the Institute of Electrical and Electronics Engineers (“IEEE”)
“for contributions to signal processing techniques for digital communication.” I

was also selected as a Distinguished Lecturer of the Signal Processing Society.
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12. T hold ten granted U.S. patents, all in the field of communication
systems.

13. In summary, I have over 25 years of experience related to signal
processing and communication systems.

14. I have attached my curriculum vitae as Appendix A, which includes a

list of all publications I have authored within the last ten years.

II. LEGAL FRAMEWORK

15. Iam a technical expert and do not offer any legal opinions. However, I
have been informed that the *576 Patent has expired and that, in such a case, the
words of a claim are given their ordinary and customary meaning as would have
been understood by a person of ordinary skill in the art at the time of the invention
(November 1997).

16. I have also been informed that the implicit or inherent disclosures of a
prior art reference may anticipate the claimed invention. Specifically, if a person
having ordinary skill in the art at the time of the invention would have known that
the claimed subject matter is necessarily present in a prior art reference, then the
prior art reference may “anticipate” the claim. Therefore, a claim is “anticipated”
by the prior art if each and every limitation of the claim is found, either expressly

or inherently, in a single item of prior art.
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17.  Counsel has also informed me that a person cannot obtain a patent on
an invention if his or her invention would have been obvious to a person of
ordinary skill in the art at the time the invention was made. A conclusion of
obviousness may be founded upon more than a single item of prior art. In
determining whether prior art references render a claim obvious, counsel has
informed me that courts consider the following factors: (1) the scope and content
of the prior art, (2) the differences between the prior art and the claims at issue, (3)
the level of skill in the pertinent art, and (4) secondary considerations of non-
obviousness. In addition, the obviousness inquiry should not be done in hindsight.
Instead, the obviousness inquiry should be done through the eyes of one of skill in
the relevant art at the time the patent was filed.

18. In considering whether certain prior art renders a particular patent
claim obvious, counsel has informed me that courts allow a technical expert to
consider the scope and content of the prior art, including the fact that one of skill in
the art would regularly look to the disclosures in patents, trade publications,
journal articles, industry standards, product literature and documentation, texts
describing competitive technologies, requests for comment published by standard
setting organizations, and materials from industry conferences. I believe that all of

the references that my opinions in this IPR are based upon are well within the
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range of references a person of ordinary skill in the art would consult to address the
type of problems described in the Challenged Claims.

19. I have been informed that the United States Supreme Court’s most
recent statement on the standard for determining whether a patent is obvious was
stated in 2007 in the KSR decision. Specifically, [ understand that the existence of
an explicit teaching, suggestion, or motivation to combine known elements of the
prior art is a sufficient, but not a necessary, condition to a finding of obviousness.
Thus, the teaching suggestion-motivation test is not to be applied rigidly in an
obviousness analysis. In determining whether the subject matter of a patent claim
is obvious, neither the particular motivation nor the avowed purpose of the
patentee controls. Instead, the important consideration is the objective reach of the
claim. In other words, if the claim extends to what is obvious, then the claim is
invalid. I further understand the obviousness analysis often necessitates
consideration of the interrelated teachings of multiple patents, the effects of
demands known to the technological community or present in the marketplace, and
the background knowledge possessed by a person having ordinary skill in the art.
All of these issues may be considered to determine whether there was an apparent
reason to combine the known elements in the fashion claimed by the patent.

20. Thave also been informed that in conducting an obviousness analysis, a

precise teaching directed to the specific subject matter of the challenged claim
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need not be sought out because it is appropriate to take account of the inferences
and creative steps that a person of ordinary skill in the art would employ. I
understand that the prior art considered can be directed to any need or problem
known in the field of endeavor at the time of invention and can provide a reason
for combining the elements of the prior art in the manner claimed. In other words,
the prior art need not be directed towards solving the same specific problem as the
problem addressed by the patent. Further, the individual prior art references
themselves need not all be directed towards solving the same problem. Under the
KSR obviousness standard, common sense is important and should be considered.
Common sense teaches that familiar items may have obvious uses beyond their
primary purposes.

21. Ihave been informed that the fact that a particular combination of prior
art elements was “obvious to try” may indicate that the combination was obvious
even if no one attempted the combination. If the combination was obvious to try
(regardless of whether it was actually tried) or leads to anticipated success, then it
is likely the result of ordinary skill and common sense rather than innovation. I
further understand that in many fields it may be that there is little discussion of
obvious techniques or combinations, and it often may be the case that market

demand, rather than scientific literature or knowledge, will drive the design of an
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invention. I understand that an invention that is a combination of prior art must do
more than yield predictable results to be non-obvious.

22. 1 have also been informed that for a patent claim to be obvious, the
claim must be obvious to a person of ordinary skill in the art at the time of the
invention. I understand that the factors to consider in determining the level of
ordinary skill in the art include (1) the educational level and experience of people
working in the field at the time the invention was made, (2) the types of problems
faced in the art and the solutions found to those problems, and (3) the
sophistication of the technology in the field.

23. I have been informed that at least the following rationales may support

a finding of obviousness:

. Combining prior art elements according to known methods to yield
predictable results;

. Simple substitution of one known element for another to obtain
predictable results;

J Use of a known technique to improve similar devices (methods, or

products) in the same way;

J Applying a known technique to a known device (method, or product)
ready for improvement to yield predictable results;

. “Obvious to try”—choosing from a finite number of identified,
predictable solutions, with a reasonable expectation of success;

. A predictable variation of work in the same or a different field of
endeavor, which a person of ordinary skill would be able to
implement;

® If, at the time of the alleged invention, there existed a known problem
for which there was an obvious solution encompassed by the patent’s
claim;
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. Known work in one field of endeavor may prompt variations of it for
use in either the same field or a different one based on technological
incentives or other market forces if the variations would have been
predictable to one of ordinary skill in the art; and/or

o Some teaching, suggestion, or motivation in the prior art that would
have led one of ordinary skill to modify the prior-art reference or to
combine prior-art reference teachings to arrive at the claimed
invention.

24. 1 have been informed that even if a prima facie case of obviousness is
established, the final determination of obviousness must also consider “secondary
considerations” if presented. In most instances, the patentee raises these secondary
considerations of non-obviousness. In that context, the patentee argues an
invention would not have been obvious in view of these considerations, which
include: (a) commercial success of a product due to the merits of the claimed
invention; (b) a long-felt, but unsatisfied need for the invention; (c) failure of
others to find the solution provided by the claimed invention; (d) deliberate
copying of the invention by others; (e) unexpected results achieved by the
invention; (f) praise of the invention by others skilled in the art; (g) lack of
independent simultaneous invention within a comparatively short space of time;
(h) teaching away from the invention in the prior art.

25. I have further been informed that secondary considerations evidence is
only relevant if the offering party establishes a connection, or nexus, between the
evidence and the claimed invention. The nexus cannot be based on prior art

features. The establishment of a nexus is a question of fact. While I understand
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that Patent Owner has not offered any secondary considerations at this time, I will
supplement my opinions in the event that Patent Owner raises secondary

considerations during the course of this proceeding.

III. OPINION
A.  Background of the Technology

26. Inertial sensors, such as accelerometers and gyroscopes, have been
used to monitor human motion for several decades. For example, researchers
began using accelerometers to measure human movement as early as the 1950s.
EX1011, Morris at 729 (“Many bioengineers involved with the study of human
movement have at some time attempted to use an accelerometer for that
quantitative measure of that movement. Some of the attempts have been reported
(Saunders et al., 1953; Gage, 1964) ...”).

27. By the early 1970s, accelerometers attached to the human leg were
being used to measure movements in multiple degrees of freedom for purposes of
gait analysis. Id. at 731 (“Accelerometers of the type shown in Fig. 2 are used to
obtain data on the accelerations of the leg between the knee and ankle . . . Five
accelerometers are mounted on the perspex platform shown in Fig. 3. . . The
platform is mounted over the flat, antero-medial surface of the tibia.”). As shown
in the following figure, the sensor platform was small enough so as to not impede

the subject’s movements:
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Fig. 3. The accelerometer mounting platform, showing five accelerometers and other as-
sociated electrical components.

Id. at Fig. 3.

28. The signals output by the accelerometers were stored in a portable
recorder held by the subject and subsequently analyzed by a computer. Id. at 731
(“Signals from the accelerometers can be recorded either on a portable subject-
carried tape recorder . . . . The entire analysis of the signals is done on a small
interactive digital computer with analogue input facilities and a visual display.”).

29. By the 1970s, “jogging computers,” such as that described by U.S.
Patent No. 3,797,010 to Adler et al., were also being developed “for measuring and

indicating physical exercise achievement attained through exercises, for example,
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walking, running and/or jogging in place or over a distance course in accordance

with a predetermined exercise regimen.” EX1012, Adler, at Abstract.

Id at Fig. 1.

30. Adler’s portable device included “a digital computer to which is fed
the output from an electromechanical sensor adapted to generate an electrical
impulse in response to each step taken by an individual while walking, running or

jogging at or above a predetermined rate.” Id. at Abstract.
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Id. atFig. 2.

31. Adler’s device “accumulated” input data integrated across a measured
exercise and “compared the level of the integral to a pre-programmed exercise
regimen schedule.” Id. at 3:8-10. When the compared level reached a user-defined
“threshold level,” a signal could be presented to the exerciser to help “avoid the
possibility of inadvertently over-exercising.” Id. at 3:11-25, 4:37-57.

32. Versions of human movement monitoring devices available in the
1990s could sense displacement from walking as well as rotation of orientation in
order to determine if a threshold amount of “veer” had been surpassed. EX1013,
Gesink at 2:45-56, 13:53-59, 16:16-31. Particularly, the device taught by Gesink

allowed for a user to enter a custom level of allowed veer, and announced the time
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at which that allowed level was exceeded. Id. at 13:53-59. Gesink’s device also
included memory to “facilitate the storage of information regarding the use” of the
device “so this data can later be downloaded to an external storage device.” Id. at
18:62-67.

33. By this time, such storage of data captured regarding the state of a user
was well known to persons of ordinary skill. For instance, devices known since
the 1980s, such as that described in GB 2225459 to Holder, monitored human
physical conditions such as temperature, respiration rate, and oxygen level, and
store information in non-volatile memory when a preset alarm limit is crossed.
EX1014, Holder at pp.1-2. Further, Holder’s device stored real-time clock data
alongside the sensed physical data for analysis, thus “time stamping” the data. /d.
atp.1l.

34. In 1996, Verplaetse proposed a motion-sensing “proprioceptive
device” that could be incorporated into common objects such as shoes. EX1015,
Verplaetse at 642. Verplaetse’s proprioceptive device included accelerometers and
gyroscopes for sensing motion in six degrees of freedom. Id. at Fig. 2. The sensor
signals were input into a microcontroller that “either stores the sensor data for later
use, or it performs some type of real-time analysis and invokes the appropriate

output.” Id. at 643.
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Figure 2 Schematic of general proprioceptive system
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Id. at 644.

35. When incorporated into shoes, for example, Verplaetse envisioned “a
proprioceptive shoe system [that] could not only tell its wearer how far and fast he
or she is walking, but could also diagnose gait abnormalities or alert the wearer

that it is time to replace the shoe soles.” Id. at 642.
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36. Therefore, by 1997, the field of portable, motion sensing devices was
well developed, and devices that both recorded the sensed data and analyzed the
sensed data for purposes of alerting the user to user defined events were well
known.

B. Level of a Person Having Ordinary Skill in the Art

37. In determining the characteristics of a hypothetical person of ordinary
skill in the art of the 576 Patent at the time of the claimed invention, which
counsel has informed me is November 21, 1997, I considered several factors,
including the type of problems encountered in the art, the solutions to those
problems, the rapidity with which innovations are made in the field, the
sophistication of the technology, and the education level of active workers in the
field. I also placed myself back in the time frame of the claimed invention and
considered the colleagues with whom I had worked at that time.

38. In my opinion, a person of ordinary skill in the art would be a person
with a Bachelor of Science Degree in Electrical Engineering or Computer
Engineering or equivalent, and at least two years of experience in embedded signal
processing systems or a related field.

39. Based on my education, training, and professional experience in the
field of the claimed invention, I am familiar with the level and abilities of a person

of ordinary skill in the art at the time of the claimed invention. In my 25 years
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active in the industry, I have developed and performed research related to many
embedded signal processing systems, including systems for United States Army
and Navy for the purpose of detecting and tracking airborne, land-based, and
underwater objects. These included self-contained systems for use on the
battlefield, as well as embedded systems that were connected to aircraft and subsea
vehicles. I have also developed systems that employed SONAR, LIDAR, and
ultrasound for sensing, communications, and localization of and between objects. I
have taught courses in embedded processing, including Embedded Digital Signal
Processing, Digital Signal Processing Laboratory, and senior Design, each of
which cover aspects of the design, construction, and testing of such embedded
electronics and signal processing systems. Thus, I was at least a person having
ordinary skill in the art as of the priority date of the ’576 Patent.

C. Stewart Inherently Discloses a Real-Time Clock

40. It is my understanding that certain claims of the *576 patent, including
claims 1 and 13, require a real-time clock. Petitioners have asked me to opine on
whether or not a real-time clock is an inherent feature of Stewart’s disclosure
(EX1004). For the reasons discussed below, it is my opinion that Stewart’s
monitoring device necessarily includes real-time clock.

41. Stewart describes “[a] system designed to measure and record in real

time data relating to translational and angular acceleration of an individual’s head
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during normal sporting activity.” EX1004, Stewart at Abstract (emphasis added).
Stewart’s system includes a monitoring device incorporated into conventional
sporting gear, such as a helmet. Id at 4:45-46 (“The HAT is designed as a
standard component of otherwise conventional sporting gear, in particular the
helmet.”), Fig. 2A. The monitoring device includes at least three orthogonal
accelerometers that detect motion in three dimensions and output analog readings
to an A/D converter. Id at 6:13-16 (“It is found that a minimum of three
orthogonal accelerometers 10-12 are sufficient to provide data which corresponds
directly to motion of the head in three dimensional space . . . .”); 8:40-43 (“The
output of the first accelerometer 10 is input to channel 0 of the A/D converter 46,
the output of the second accelerometer 11 is input to channel 1, and the output of
the third accelerometer 12 is input to channel 2.”), Fig. 1.

42. A “processor 52 controls the storage of the data from the A/D

converter 46 to the data storage 51.” Id. at 8:58-59.
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Id atFig. 1.

43. “The processor 52 comprises any conventional processor device,
including a microcontroller or a microprocessor, and controls the operation of the
HAT system.” Id. at 8:59-62.

44, Stewart also discloses that the processor executes time-based, user-
defined commands that “set the general parameters of the data storage operation of
the HAT.” Id. at 11:53-54; see also, id. at 11:30-33 (“Storage of data from the
outputs of the accelerometers 10-12 is started and stopped by the processor 52 via
commands transmitted through the serial control interface 42.”). For the reasons
explained below, a person having ordinary skill in the art at the time of the 576

patent would recognize Stewart’s disclosure of user-defined time commands as
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necessarily requiring the processor to access a real-time clock to determine when
to start and stop recording data.
45. Stewart discloses the following exemplary time-based commands that
cause the processor to perform time-based functions:
e “‘1 SET _MS’ : sets the sample time to 1 ms. (Note that other sampling rates
greater or less than 1 ms sampling can be implemented.)” Id. at 12:20-22
e “n R INTERVAL C!’ : sets the number of minutes n between each round
of data being collected.” Id. at 12:31-32.
e ““GO’: prompts the user for the present time and start time for data
collection.” Id. at 12:43-44.
46. Regarding the “GO” command, the a skilled artisan would understand
that the processor could not perform the function of setting the present time to a
time provided by the user without a real time clock. Once the user sets the present-
time, if a start time of data collection is to be inferred, by necessity a real-time
clock must be present to measure that start time. In other words, this command
inherently requires the capability for real-time measurement, including the
capability to know the real time against which to measure the start time for data
collection. Thus, a person having ordinary skill would expect and understand that
Stewart’s processor necessarily accesses a real-time clock to implement this

command.
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47. Regarding the “1 SET _MS” command, for example, the processor 52
in Stewart’s monitoring device would necessarily require a real-time timer in order
to determine when 1 millisecond has passed and data received from the A/D
converter should be sampled. Additionally, once the time has been set by the user
(as discussed with reference to the GO command), the real-time timer would
become a real-time clock.

48. Regarding the “n R_INTERVAL C!” command, the processor 52
would necessarily require a real-time timer in order to determine if n minutes have
passed between data collection intervals. And again, once the time has been set by
the user (as discussed with reference to the GO command), the real-time timer
would become a real-time clock.

49. Thus, a person having ordinary skill in the art would recognize that
Stewart’s disclosure of a user programming the processor to start and stop data
collection at specific times inherently discloses a real-time clock.

50. Alternatively, it would have, at a minimum, been obvious to a person
having ordinary skill in the art at the time of the *576 patent to include a real-time
clock as part of Stewart’s monitoring device for all of the above reasons. As
discussed above, the processor must be able to set the present time and keep track
of time in order to implement the user-defined commands disclosed by Stewart.

Accessing a real-time clock would have been an obvious and predictable way of
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enabling the processor determine the current time thereby allowing it to compare
the current time to the start/stop times dictated by the user-defined time commands.
Therefore, a skilled artisan would be motivated to include a real-time clock in
order to enable the processor to perform the disclosed time-based commands.

D. Obvious to Combine Stewart and Rush

1. Claim 1
a. receiving, interpreting, storing and responding to said
movement data based on user-defined operational
parameters

51. Claim 1 recites the limitation, “receiving, interpreting, storing and
responding to said movement data based on user-defined operational parameters.”
As I discussed above, Stewart’s user-defined commands “set the general
parameters of the data storage operation of the HAT.” EX1004, Stewart at 11:53-
54. Stewart also describes an embodiment where the processor “record[s] in real-
time detailed data only when the accelerations exceed a defined threshold.” Id. at
5:4-7; see also, id. at 14:6-11 (“[I]n boxing, it is possible to correlate certain
responses of the accelerometers 10-12 with desirable punches exceeding a
predetermined threshold. . . It might also be possible to determine if a football
player is improperly using his helmet (e.g., illegal spearing).”).

52. The processor receives accelerometer data from the A/D converter 46

and then interprets the acceleration data to determine if the accelerations exceed
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predetermined threshold. Id. at 8:64-67, 5:4-7, 14:6-11. 1If the accelerations do
exceed the thresholds, then the processor stores the associated “real-time detailed
data.” Id. at 5:4-7.

53. While Stewart discloses that the acceleration thresholds are “defined”
and “predetermined,” Stewart does not disclose who defines/predetermines the
thresholds. Rush also describes a monitoring device incorporated into a football
helmet that uses a sensor for detecting “an axial load caused, for example, by a
spearing movement of the wearer.” EX1006, Rush at 9:40-54. The threshold
value for detecting a spearing movement is “preferably adjustable so that the
magnitude of the axial impact experienced may be varied to accommodate players
of different ages and sizes and to minimize the accidental actuation of the signal.”
Id. at 9:54-58; see also, id. at 3:13-18 (“In another embodiment, it is a still further
object of this invention to provide a helmet with a signal device to sound an
audible alarm signal or to display a visual indication when the helmet wearer
experiences an axial compressive force above a selected force level such as occurs
when the wearer engages in head spearing.”).

54. Based on the teachings of Rush, it would have been obvious to a
person having ordinary skill in the art to enable the user to define Stewart’s
acceleration thresholds. A skilled artisan would have been motivated to enable

Stewart’s thresholds to be adjusted in order to accommodate different players as
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taught by Rush. This modification would have predictably resulted in Stewart’s
processor receiving, interpreting, and storing the acceleration data based on user-
defined acceleration thresholds.

55. Stewart already discloses that the data collection operations performed
by the processor 52 are based on user-defined commands. EX1004, Stewart at
11:30-33 (“Storage of data from the outputs of the accelerometers 10-12 is started
and stopped by the processor 52 via commands transmitted through the serial
control interface 42.”); 11:53-54 (“These commands set the general parameters of
the data storage operation of the HAT.”); 12:4-59. As such, it would have been
obvious to enable the user to adjust the acceleration thresholds using Stewart’s
disclosed user-defined commands. This would have predictably resulted in
allowing the user to further customize the data collection operations performed by
Stewart’s monitoring device. This modification to Stewart would not have
changed the principle of operation or rendered it inoperable for its intended
purpose.

56. Rush’s helmet also includes “a signal device 103 which may be
audible but may also or in the alternative provide a visual signal.” EX1006, Rush
at 9:42-45. The signal device may be a light and/or small speaker. Id. at 9:46-48
(“A small speaker 107 and/or a light 109 is installed such as at the rear of the

helmet opposite the face mask.”). The signal device is activated whenever a
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spearing movement is detected. Id. at 9:48-54 (“In use, the sensor 100a, when
activated by an axial load caused, for example, by a spearing movement of the
wearer, will function to close the circuit 111 between the battery and the device
103 to produce the audible and/or visual signal so that the supervisor or coach will
be alerted to the spearing action of the wearer and thus be able to caution the
individual against such action.”); 10:31-41; Figs. 19, 20.

57. Based on the teachings of Rush, it would have similarly been obvious
to a person having ordinary skill in the art to enable Stewart’s helmet to respond to
acceleration data exceeding a predetermined threshold by producing an audible or
visual signal. Specifically, it would have been obvious to similarly include a signal
device, such as a light and/or speaker, connected to Stewart’s processor to provide
an audible and/or visual alert whenever the processor detects that the acceleration
data exceeds a predetermined threshold indicative an event, such as a spearing
event. This modification would have predictably enabled Stewart’s monitoring
device to provide real-time feedback to the user whenever a spearing event is
detected.

58. A skilled artisan would have been motivated to use Stewart’s
monitoring device to respond to detected events by providing output to the user
when dangerous motions, such as spearing motions in football, are detected in

order to prevent serious head injuries and provide a real-time indication to the user
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when one may have occurred. For example, it would have been obvious to enable
Stewart’s processor to detect a spearing event by comparing the accelerometer data
with a predetermined threshold and subsequently respond by activating a signal
device in order to alert the wearer and/or the wearer’s coach as to the occurrence of
the event. This modification would have had the benefits of alerting the user
and/or the user’s coach as to the occurrence of a potential head injury in real time
while also providing real-time feedback to allow the user to more effectively self-
monitor his or her behavior and improve his or her tackling technique.

b. detecting a _first user-defined event based on the

movement data and at least one of the user-defined
operational parameters regarding the movement data

59. Claim 1 recites the limitation “detecting a first user-defined event
based on the movement data and at least one of the user-defined operational
parameters regarding the movement data.” Stewart discloses “detection of the
precise motions of the head which precede the occurrence of a severe head injury.”
EX1004, Stewart at 5:2-3. For example, Stewart discloses that the processor is
able to detect events, such as “if a football player is improperly using his helmet
(e.g., illegal spearing)” based on determining whether or not the accelerometer data
exceeds a predetermined threshold. Id. at 14:6-11 (“[I]n boxing, it is possible to
correlate certain responses of the accelerometers 10-12 with desirable punches

exceeding a predetermined threshold. . . It might also be possible to determine if a
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football player is improperly using his helmet (e.g., illegal spearing).”); see also,
id. at 5:4-7 (“For this purpose HAT could be modified to record in real-time
detailed data only when the accelerations exceed a defined threshold.”). For the
reasons discussed above, it would have been obvious to a person having ordinary
skill in the art to enable the user to define Stewart’s acceleration thresholds based
on the teachings of Rush. See, {{53-55. This would have predictably resulted in
Stewart’s processor detecting a first user-defined event, such as a spearing
movement, based on the acceleration data and the user-defined acceleration
threshold value.
& storing first event information related to the detected first
user-defined event along with _first time stamp

information reflecting a time at which the movement data
causing the first user-defined event occurred

60. Claim 1 recites the limitation “storing first event information related to
the detected first user-defined event along with first time stamp information
reflecting a time at which the movement data causing the first user-defined event
occurred.” Stewart’s processor stores acceleration data in memory 51. EX1004,
Stewart at 8:58-59 (“The processor 52 controls the storage of data from the A/D
Converter 46 to the data storage 51.”). In one embodiment, the processor stores
“real-time detailed data only when the accelerations exceed a defined threshold.”
Id. at 5:4-7. For the reasons discussed above, it would have been obvious to enable

Stewart’s processor to detect a first user-defined event, such as a spearing

IPR2018-00565
Garmin EX1010 Page 29



movement, based on the acceleration data and a user-defined acceleration threshold
value. See, 59. Thus, Stewart teaches storing information related to a detection
of a first user-defined event, such as a spearing movement. However, Stewart does
not disclose whether or not any additional information, such as time stamp
information, is stored with the acceleration data.

61. Rush’s monitoring device is in wireless communication with a
recording means, such as a hard disk drive, that is used “to record instances in
which the potentially injurious activity has taken place.” EX1006, Rush at 9:61-
10:2, 10:14-23. Rush expressly discloses storing “time and date of each instance
in which the potentially injurious activity occurs.” Id. at 10:26-28 (emphasis
added).

62. Based on the teachings of Rush, it would have been obvious to modify
Stewart’s processor to store a first timestamp, including the time and date the
spearing event was detected, in memory with the acceleration data. One purpose
of Stewart’s system is providing “real-time storage of data over a length of time
such that cumulative exposure effects and thus limits can be established for further
or future participation in the sport by the individual wearing the helmet equipped
with the present invention.” EX1004, Stewart at 4:65-5:2. Stewart states that the
system can also be used to “detect[] the precise motions of the head which precede

the occurrence of a severe head injury.” Id. at 5:2-4.
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63. A skilled artisan would have appreciated that well-known medical

guidelines at the time dictated specific timelines for returning to a sport after

confirmed head injuries:

Table 6 Guidelines for return to sports after concussion

First . Second. Third
concussion concussion concusson
Grade 1 May return to  Return to Terminate
(mild) play if play in 2 season; may
asymptomatic weeks if return to play
for 1 week asymptomatic next season if
at that time asymptomatic
for 1 week
Grade 2 Return to Minimum of Terminate
(moderate) play after 1 month; may season; may
asymptomatic return to play return to play
for 1 week then if next season if
asymptomatic asymptomatic
for 1 week;
consider
terminating o
season
Grade 3 Minimum of Terminate
(severe) 1 month; may season; may
then return to  return to play
play if next season
asymptomatic

EX1017, Cantu at 294.

64. Storing the date/time of each detected potential head injury would have

predictably aided in the determination of appropriate limits for future participation

in sports based on the recorded dates/times of the detected events. Therefore, a

person having ordinary skill in the art would have been motivated to enable

Stewart’s processor to include a timestamp reflecting the date/time of each

detected event.
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65. As discussed above, Stewart’s monitoring device inherently includes
(or alternatively, it would have been obvious to include) a real-time clock. See,
40-50. A skilled artisan would have appreciated that it would have been simple to
program Stewart’s processor to retrieve and store a date/time stamp from the real-
time clock whenever an acceleration threshold is exceeded.

66. A person having ordinary skill would have also understood that this
simple modification to Stewart’s monitoring device would not have changed its
principle of operation or rendered it inoperable for its intended purpose.

d. an output indicator connected to said microprocessor for
signaling the occurrence of user-defined events

67. Claim 1 recites the limitation “an output indicator connected to said
microprocessor for signaling the occurrence of user-defined events.” For the
reasons discussed above, it would have been obvious to a person of ordinary skill
to similarly include a signal device (i.e., “output indicator”), such as a light and/or
speaker, connected to Stewart’s processor to provide an audible and/or visual alert
whenever the processor detects that the acceleration data exceeds a predetermined
threshold indicative an event, such as a spearing event. See, Y{56-58. This
modification would have predictably enabled Stewart’s processor to signal the

occurrence of user-defined events such as a spearing event.
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E. Obvious to Combine Stewart, Rush, and Church

1. Claim 11

68. Claim 11 recites the limitation, “The device of claim 1 wherein said
output indicator is tactile.” For the reasons discussed above, it would have been
obvious to a person having ordinary skill in the art to include a signal device (i.e.,
“output indicator”), such as a light and/or speaker, in Stewart’s helmet to provide a
visual and/or audible alerts based on the teachings of Rush. See, §67. However,
Rush does not disclose providing tactile feedback.

69. Church describes “a microprocessor based system utilizing
electromyographic sensor to monitor muscle force for lift training and exercise
training.” EX1008, Church at Abstract. Church’s monitoring device may be worn
on a belt “secured to just above the waist of a user.” Id. at 3:15-16. The
monitoring device includes a microprocessor “coupled to a indicator means 27,
which can be auditory and/or vibrational for indicating to the user a lifting
condition which exceeds preset parameters programmed into the microprocessor.”
Id. at 3:47-51.

70. Based on the teachings of Church, a person having ordinary skill in the
art would have understood that Stewart’s device could be further modified to
provide vibrational (i.e., “tactile”) feedback. Designing user interfaces to

communicate information to the user was a well-known problem in the field of
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electronics at the time of the *576 patent for which there was a finite number of
well-known and often used solutions. A skilled artisan would have understood that
providing tactile feedback was one Well-known way to communicate information
to a user (with the other ways including visual and audible feedback).

71. A person of ordinary skill could have included an actuator in Stewart’s
device capable of producing vibrations when activated. This would have
predictably enabled the processor to activate the actuator to provide vibrational
feedback whenever the acceleration threshold is exceeded. This would have
predictably enabled the device to “buzz” the user whenever the processor detects a
spearing event thereby successfully signaling the occurrence of the event to the
user.

F. Obvious to Combine Richardson and Stewart

1. Claims I and 13

a. a movement sensor capable of measuring data associated
with unrestrained movement in any direction and
generating signals indicative of said movement

72. Claims 1 and 13 recite the limitation “a movement sensor capable of
measuring data associated with unrestrained movement in any direction and
generating signals indicative of said movement.” I have been informed that

counsel is applying two different interpretations to this limitation including an
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interpretation where “measuring data associated with unrestrained movement in
any direction” means measuring the user’s movement in three dimensions.

73. Richardson describes “a personal fitness monitoring device that may
be worn by an individual while the individual is exercising.” EX1009, Richardson
at 1:6-8. The monitoring device is portable and includes “an accelerometer for
measuring and outputting data representing the vertical accelerations caused by
each step of the individual as the individual is walking or running.” Id. at 1:27-31;
see also, id. at Title (“Portable aerobic fitness monitor for walking and running.”).

74. The monitoring device may be worn on the user’s chest or on the

user’s head and is self-contained in a housing 092:

._// T

Id. at Fig. 7.

FIG. 7 shows how one preferred embodiment of a fitness
monitor 001 invention is worn on the human body. A system
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housing 092 is held around the chest, just below the breasts, by
an elastic chest strap 090.

Id. at 15:29-32.
In another physical embodiment, the present invention might be
entirely worn on the user’s head. A headband could hold an
accelerometer 122 tightly, while also holding an electronics

assembly and being connected to, and partially supporting,
another assembly in the external ear opening.

Id. at 16:42-46.

75. Thus, Richardson suggests an embodiment where the monitoring
device is “entirely worn on the user’s head.” However, Richardson also
acknowledges that a more advanced accelerometer would be needed for the
embodiment where the monitoring device is attached to the user’s head. Id. at
16:51-54.

76. Stewart’s monitoring device was specifically designed to be placed on
the user’s head and teaches using up to nine accelerometers to measure the angular
and translational movements of a monitored body part or the user’s body in general
in three dimensions. EX1004, Stewart at 4:45-59, 6:10-45. Like Richardson,
Stewart also teaches monitoring a user while the user is running. /d. at 5:13-17
(discussing applying the device to study accelerations experienced by sprinters).
Based on the teachings of Stewart, it would have been obvious to a person having

ordinary skill to substitute Richardson’s accelerometer with Stewart’s at least three
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accelerometers in order to enable Richardson’s device to measure the user’s
movements in three dimensions.

77. As I discussed above in the Background of the Technology section
above, motion sensing devices sensing user’s movements in a full six degrees of
freedom were well known in the art prior to the invention of the *576 patent. See,
99 34-35. Moreover, a person having ordinary skill would have appreciated that
adding additional accelerometers capable of measuring the user’s movement in a
full three dimensions would have advantageously allowed Richardson’s
monitoring system to analyze additional aspects of the user’s movement. As
suggested by Stewart, substituting Richardson’s accelerometer subsystem for the
accelerometers taught by Stewart would have enabled Richardson’s device to
perform a more detailed analysis of a sprinter’s movement when coming off
starting blocks, for example. For these reasons, a person having ordinary skill in
the art would have been motivated to include accelerometers capable of measuring
movement in three dimensions in Richardson’s monitoring device.

78. Richardson explicitly envisions other methods of determining position
and movement, including global positioning systems or the use of Doppler
measurements as well as augmenting the system with additional components:

Similarly, pedometer 015 is not a requirement of the invention
because other methods of detecting and reporting distance

traveled, speed of traveling, or expended energy in general
might be employed, such as global positioning systems or
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Doppler sound ranging techniques. In a like manner, fitness
prediction arrangement 019 is not a requirement of the
invention because the fitness monitoring function can be fully
realized by computing and reporting the user’s current fitness
without regard to or need to predict the future trends in fitness.
In summary, the constituent components of this invention can
be assembled into numerous configurations by including some
components and leaving others out. All such useful
combinations would be consistent with the invention. On the
other hand, the invention may be augmented with additional
components without changing the nature of this invention.

EX1009, Richardson at 5:19-35.

b. wherein said movement sensor measures the angle and
velocity of said movement

79. Claims 1 and 13 also recite the limitation, “wherein said movement
sensor measures the angle and velocity of said movement.” For the reasons
discussed above, it would have been obvious to substitute Richardson’s
acceleration subsystem with the accelerometers taught by Stewart, which measures
translational and angular movement in three dimensions. See, §72-77.

80. Stewart also discloses using accelerometers “which perform on-board
calculation of velocity and displacement . . . to track events and permit additional
kinematic and kinetic analyses to be performed.” EX1004, Stewart at 7:35-38.
Based on the teachings of Stewart, it would have been obvious to a person having
ordinary skill in the art to similarly include an accelerometer subsystem in
Richardson’s monitoring device that measures translational and angular motions in

multiple dimensions and performs on-board calculation of velocity and
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displacement. Such accelerometers and arrangements of accelerometers were well
known in the field of motion tracking before the invention of the *576 patent.

81. Moreover, this simple substitution Richardson’s accelerometer
subsystem with Stewart’s accelerometers would have yielded predictable results.
In particular, a person of ordinary skill would understand that incorporating a
motion sensor capable of on-board calculation of velocity into Richardson’s device
would have predictably removed the need for Richardson’s microprocessor to
calculate the velocity thereby reducing the processing demands on the
microprocessor. When incorporating a motion sensor that performs on-board
calculation of velocity into Richardson’s device, a skilled artisan would have
appreciated that the “monitor sensors process 154” could be modified to scan the
accelerometer subsystem for both acceleration and velocity outputs. Given the
amount of additional analysis performed by Richardson’s monitoring device, a
PHOSITA would have been motivated to reduce the computational demands on the
microprocessor to ensure timely processing and interpretation of each detected
step.

82. As indicated in paragraph 78 above, Richardson envisioned “other
methods of detecting and reporting distance traveled, speed of traveling, or
expended energy in general might be employed, such as global positioning systems

or Doppler sound ranging techniques.” Not only are position, velocity, and
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acceleration related through known laws of physical motion, such that position and
velocity may be calculated from measurements of acceleration by means of an
accelerometer, but it was also well known at the time of the invention how to build
systems employing sensors and other measurement means for estimating any of
these quantities based on measurements, calculations, and combinations of the two.

G a computer running a program capable of interpreting

and reporting said movement data based on said
operational parameters

83. Claim 13 recites the limitation “a computer running a program capable
of interpreting and reporting said movement data based on said operational
parameters.” Richardson teaches a reporting program capable of interpreting the
movement data and generating a variety of reports, including, for example, “a prior
week report, a prior month report, a distance history report, an energy history
report, and a fitness history report.” EX1009, Richardson at 19:11-14. Reports are
generated based on the user’s personal data (i.e., “operational parameters™) and the
movement data. For example, one report “calculates the fitness of the individual as
the individual exercises using personal data provided by the individual in
combination with the data outputs of the pedometer and the heart rate monitor
without requiring a predetermined exercise regime.” Id. at 1:22-26.

84. In the primary embodiment, software on Richardson’s monitoring

device generates the reports and then delivers them to the user via the audio
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subsystem. Id. at 19:7-15. Richardson also discloses that output may be reported
“as a text display” and that “the format of the output is not a requirement of the
invention and it may vary considerably.” Id. at 4:46-49. Richardson does not
disclose running the reporting software on a separate computer. However,
Richardson does disclose that the movement data may be transmitted to a remote
computer. Id. at 5:43-47.

85. Stewart’s system includes an external computer and teaches
transferring the movement data from the monitoring device to the computer “for
further processing.” EX1004, Stewart at 13:9-12. In one embodiment, the
computer runs a program convert the data into a format suitable for observation.
Id. at 13:20-24. Based on the teachings of Stewart, it would have been obvious to
a person having ordinary skill in the art to include a computer capable of running
Richardson’s reports as part of Richardson’s system. A skilled artisan would have
understood that the user might prefer to receive reports via a display instead of
audibly via Richardson’s audio subsystem. Therefore, a skilled artisan would have
been motivated allow the user to transfer the movement data to a computer capable
of running the reports. This would have predictably improved the usability and
flexibility of the system thereby increasing user satisfaction by giving the user the

option of seeing rather than hearing their reports.
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d. a_download device electronically connected to said
movement measuring device and said computer for
transmitting _said movement data and operational
parameters between said movement measuring device
and said computer for analysis, reporting and operation

purposes

86. Claim 13 also recites “a download device electronically connected to
said movement measuring device and said computer for transmitting said
movement data and operational parameters between said movement measuring
device and said computer for analysis, reporting and operation purposes.” As I
discussed above, it would have been obvious to enable the user to transmit
movement data from Richardson’s device to a computer for analysis/reporting
purposes. See, 183-85.

87. Stewart also discloses an embodiment where the monitoring device
and a PC are electronically connected via a RS-232 cable (i.e., “download
device”). EX1004, Stewart at Fig. 1. In this embodiment, the movement data may
be transmitted from the monitoring device to the computer and user-defined
commands may be transmitted from the computer to the monitoring device. Id. at
11:33-39, 11:51-58, 11:64-12:3. It would be similarly obvious to enable the user
to enter his or her personal information and desired alarm parameters via a
computer as taught by Stewart. A skilled artisan would appreciate that the user’s
information and alarm settings could then be transmitted from the computer to

Richardson’s monitoring device via a RS-232 cable as taught by Stewart.
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88. A person having ordinary skill would understand that users may prefer
to input their personal data and alarm settings via a computer rather than through
making use of Richardson’s audio interface. As such, a skilled artisan would have
been motivated to modify Richardson in this way in order to improve the usability
of the system. This would have predictably increased user satisfaction by making
it easier for users to enter their personal data and customized alarm parameters.

89. Richardson envisioned a variety of means of the user entering
“personal data:”

Current option presentation signal 047 may be presented in any
of a number of modalities, including but not limited to an audio
output 003 of recorded or synthesized speech as described

above. Alternatively, an LCD display or other conventional
output device could be employed instead.

EX1009, Richardson at 10:1-5. While the audio interface was envisioned as a
means of simplifying the user interface, it was well known at the time how to use
buttons, keyboards, or other means in combination with an “LCD display” as
indicated above for entering such data. It would have been obvious to consider use
of a computer with such an interface for simplifying entry of such personal data.

IV. CONCLUSION

90. Ideclare that all statements made herein of my knowledge are true, and
that all statements made on information and belief are believed to be true, and that

these statements were made with the knowledge that willful false statements and
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the like so made are punishable by fine or imprisonment, or both, under Section

1001 of Title 18 of the United States Code.

Date: 2eo0z018

By: _ AndC
Andrew C. Singer
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Fox Family Professor with primary academic appointment as Professor in the Electrical
and Computer Engineering Department. Research sponsors include the Office of Naval
Research, the National Science Foundation, Department of Energy, Defense Advanced
Research Projects Agency, and commercial industry. Assistant Director and Stochastic
Information Processing Systems theme-lead for the Systems on Nanoscale Information
fabriCs (SONIC) Center, one of six STARNET centers funded by DARPA and SRC.
Director, Signal Processing and Communication Systems Laboratory.

University of Illinois at Urbana-Champaign, Urbana, IL

Interim Director, Siebel Center for Design; Director, Technology Entrepreneur Center;
Unit Head, Innovation, Leadership, and Engineering Entrepreneurship; Special Advisor
to the Dean for Innovation and Entrepreneurship, College of Engineering; Championed
the creation of and oversee all activities in the College of Engineering relating to the new
bachelor’s degree in Innovation, Leadership, and Engineering Entrepreneurship (ILEE),
and all curricula for undergraduate and graduate and distance learning programs for
entrepreneurship and innovation. Oversee the Faculty Entrepreneurial Fellows
Program, as well as the activities of the Innovation Living Learning Community, the
Illinois Innovation Prize, the V. Dale Cozad New Venture Competition, Silicon Valley
and Chicago Student Trips, among a host of other on-campus student and faculty-
oriented activities. Co-chair for the Campus Roundtable on Entrepreneurship. Chair of
the Provost’s Core Committee for the creation of the Siebel Center for Design. Interim
Innovation Thread Lead, Carle-Illinois College of Medicine.

University of Illinois at Urbana-Champaign, Urbana, IL

Professor in the Electrical and Computer Engineering Department and the Coordinated
Science Laboratory. Network Connectivity theme leader across the five centers of the
Microelectronics Advanced Research Corporation (MARCO) Focus Center Research
Program. Co-PI for ONR Multi-University Research Initiative on Underwater Acoustic
Communications.

Finisar Corporation, Champaign, IL

Sr. Scientist in Optical Products Division (upon acquisition of Intersymbol
Communications, Inc., 3/2007). Research and development in new product areas and
Director of the Intersymbol Communications division.

Intersymbol Communications, Inc., Champaign, IL

Co-Founder and Chief Executive Officer. Co-founded and raised over $10M for a
venture capital-backed integrated circuit (IC) company creating signal processing-
enhanced optical communications ICs. Designed and built the world’s first 10Gb/s
adaptive MLSE-based receivers for electronic dispersion compensation in high-speed
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8/03-8/08

8/98-8/03

9/96-8/98

5/96-9/96

optical communications. Intersymbol was acquired by Kodeos Communications in
March, 2006 and by Finisar Corporation (NASDAQ:FNSR) in March, 2007.

University of Illinois at Urbana-Champaign, Urbana, IL
Associate Professor in the Electrical and Computer Engineering Department and the
Coordinated Science Laboratory.

University of Illinois at Urbana-Champaign, Urbana, IL
Assistant Professor in the Electrical and Computer Engineering Department and the
Coordinated Science Laboratory.

Sanders, A Lockheed Martin Company (Now BAE Systems), Nashua NH

Principle investigator under the Army Research Laboratory Program for Advanced
Telecommunications. Signal processing lead for ATD-111 Airborne LIDAR mine and
submarine detection program. Research areas include underwater acoustic and wireless
RF communications; detection systems; real-time algorithm development and
implementation, and multi-sensor data fusion. Air-acoustic and underwater acoustic
adaptive beamforming and automatic target detection and classification systems.

Research Laboratory of Electronics (RLE), MIT, Cambridge, MA
Postdoctoral Affiliate in the Digital Signal Processing Group at RLE.
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N. Shanbhag, A.C. Singer, and H-M Bae, “Signal Processing for High Speed Links,”
Section for Chapter on “Applications,” Handbook of Signal Processing Systems, Edited by
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A.C. Singer, S.S. Kozat, and M. Feder, "Universal linear least squares prediction:
upper and lower bounds," IEEE Transactions on Information Theory, vol. 48, no. 8, pp.
2354-2362, August 2002.
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Dual Channels," IEEE Transactions on Communications, pp. 860-864, June 2003.

Y. Jiang, R. Koetter, and A.C. Singer, "On the Separability of Demodulation and
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M. Tuechler, R. Koetter, and A.C. Singer, "Graphical models for coded data
transmission over intersymbol interference channels," European Transactions on
Telecommunications, v. 15, n. 4, July/August 2004, Selected Papers from the 5th
International ITG Conference on Source and Channel Coding, pp. 307-321.

S. Song, A.C. Singer, and K.-M. Sung, "Soft input channel estimation for turbo
equalization," IEEE Transactions on Signal Processing, vol. 52, no. 10 , Oct. 2004, pp.
2885 — 2894.
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Singer, A.C.; Yu, B.; Guest Editorial: Special Issue on Machine Learning Methods in
Signal Processing; IEEE Transactions on Signal Processing, vol. 52, no. 8, Aug. 2004, pp.
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S.-J. Lee, N.R. Shanbhag, and A.C. Singer, "Area-Efficient, High-Throughput MAP
Decoder Architectures," IEEE Transactions on Very Large Scale Integration (VLSI)
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2541 — 2554.
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Affine Combinations,” IEEE Transactions on Signal Processing, vol. 59, no. 12, pp. 6227
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Maximum Information Rate in Channels with Memory,” IEEE Transactions on
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J. W. Choi, B. Shim, and A.C. Singer, "Efficient Soft-Input Soft-Output Tree Detection
via an Improved Path Metric," IEEE Trans. Information Theory," vol. 58, pp. 1518-1533,
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R.J. Drost, and A.C. Singer, “Fast Recursive Equalizers for 1D and 2D Linear
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A.C. Singer, G.W. Wornell, and A.V. Oppenheim, "Codebook Prediction: A
Nonlinear Signal Modeling Paradigm," Proceedings of the International Conference on
Acoustics, Speech, and Signal Processing, pp. 325-8, vol. 5, San Francisco, CA, March
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Speech, and Signal Processing, pp. 565-8, vol. 5, San Francisco, CA, March 1992.
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Istanbul, Turkey, vol. 1, 2000, pp. 13-16.

A.C. Singer and S. Kozat, "Multi-Stage Adaptation Algorithms for Filtering Processes
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Ocean Mines from Real and Simulated LIDAR Returns," SPIE 46th Annual Meeting:
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S.-J. Lee, N. R. Shanbhag, and A.C. Singer, "A low-power VLSI architecture for Turbo
decoding," Proceedings of IEEE International Symposium on Low Power Electronics
Design (ISLPED'03), 2003, pp. 366-371

A. Sen Gupta and A.C. Singer, "Linear complexity multi-user detector using joint
successive interference cancellation," Proceedings of Asilomar Conference on Signals,
Systems, Computers, Pacific Grove, CA, November 9-12, 2003. 2003, pt. 1, pp. 157-61
vol. 1.

M. Tuechler, R. Koetter, and A.C. Singer, "Graphical models for coded data
transmission over intersymbol interference channels," in Proceedings of the 5th ITG
Conference on Source and Channel Coding, Erlangen, Germany, January 2004.

C. J. Lam and A.C. Singer, "Fast Adaptive Bayesian Beamforming using the FFT,"
Proceedings of the IEEE Workshop on Statistical Signal Processing, St Louis, MO,
September 2003.

R. J. Drost and A.C. Singer, "Image Segmentation Using Factor Graphs," 2003 IEEE
Workshop on Statistical Signal Processing, St. Louis, MO, September 28 - October 1,
2003, pp. 150-153.

SJ. Lee and A.C. Singer, "Convergence Analysis of Linear Turbo Equalizer,"
Proceedings of the 37th Asilomar Conference on Signals, Systems, and Computers,
November 2003, pt. 1, pp. 667-71, vol.1.
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49.

50.

51.

52.

53.

54.

55.

S.J. Lee, N.R. Shanbhag, and A.C. Singer,"Area-efficient high-throughput VLSI
architecture for MAP-based Turbo equalizer," Proceedings of IEEE Workshop
on Signal Processing Systems, 2003, pp. 87-92.

Y. Jiang, R. Koetter, and A.C. Singer, "On the Gaussian Approximation in the
Analysis of Iterative MIMO Processing," Proceedings of the 37th Asilomar Conference on
Signals, Systems and Computers, November 2003, pt. 1, pp. 1105-1109, vol. 1.

J.K. Nelson and A.C. Singer, “Asymptotic efficiency of a blind maximum likelihood
sequence detector” Proc. Asilomar Conference on Signals, Systems and Computers, 2003,
pp- 1667-1671.

A. Sen Gupta and A.C. Singer, " Near-far resistant multi-user detector using energy
contours," Proc. ICASSP 2004, Montreal, Canada, May 21-24, 2004, pp. IV-993-IV-996.
C.J. Lam and A.C. Singer, "Performance Analysis of the Bayesian Beamformer," Proc.
of ICASSP 2004, Montreal, Quebec, Canada, vol. 2, pp. 11197-11200.

D. Baron, A.C. Singer, and R. G. Baraniuk, "Probability Assignments with Worst-
Case Coding Length Constraints," Proceedings of the Conference on Information Sciences
and Systems, Princeton, NJ, March 17-19, 2004.

S.S. Kozat and A.C. Singer, "Minmax Optimal Prediction with Side Information,"
Proc. of ICASSP 2004, Montreal, Quebec, Canada, pp. V-469-V-472.

S.-J. Lee; N.R. Shanbhag, and A.C. Singer "Switching methods for linear turbo
equalization," 2004 IEEE International Symposium on Circuits and Systems, 2004, pt. 3,
pp- 111-601-4, vol. 3.

S.J. Lee, A.C. Singer and N.R. Shanbhag, “Switching LMS linear turbo equalization”
Proc. IEEE International Conference on Acoustics, Speech and Signal Processing, 2004, pp.
IV-641-1V-644.

D. Luengo, S.S. Kozat, and A.C. Singer, “Universal piecewise linear least squares
prediction” Proc. IEEE International Symposium on Information Theory, 2004, p. 198.

R.J. Drost, A.C. Singer, ‘Linear equalization via factor graphs”, Proceedings - 2004
IEEE International Symposium on Information Theory, 2004, p. 129.

J.K. Nelson, A.C. Singer, U. Madhow, “Multi-directional decision feedback for 2D
equalization” Proc. IEEE International Conference on Acoustics, Speech and Signal
Processing, 2004, pp. IV-921-1V-924.

J. W. Choi, B. Shim, A.C. Singer, and N.I. Cho, “Energy-efficient digital filtering
using ML-based error correction (ML-EC) technique,” 2005 IEEE International
Conference on Acoustics, Speech, and Signal Processing, 2005, pt. 4, pp. iv/733-6, vol. 4.

Y. Jiang, A. Ashikhmin, R. Koetter, A. C. Singer, “Extremal Problems of Information
Combining,” Proc. IEEE International Symposium on Information Theory, pp. 1236 -
1240, Sep. 2005.

A. Sen Gupta, A.C. Singer, “Maximal conditional efficiency successive interference
cancellation”, Proc. International Conference on Acoustics, Speech and Signal Processing,
2006. vol. 4, 2006, pp. IV-785 - IV-788.
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59.
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61.

62.

63.

64.

65.

66.

67.

68.

69.

A. Sen Gupta and A.C. Singer, “Successive interference annulment for multi-user
systems with known non-linearity”, 40th Annual Conference on Information Sciences
and Systems, March 2006, pp. 442 — 446.

C.J. Lam and A.C. Singer, “Adaptive Bayesian Beamforming for Steering Vector
Uncertainties with Order Recursive Implementation” Proc. IEEE International
Conference on Acoustics, Speech and Signal Processing, May 2006, vol. 4, 2006, pp. IV-997
- IV-1000.

K. Guan and A. C. Singer, “A Level-Crossing Sampling Scheme for Non-Bandlimited
Signals,” Proc. International Conference on Acoustics, Speech and Signal Processing, 2006.
Vol. 3, 21-24 May 2006 pp. 11I-381 - III-383.

K. Guan and A.C. Singer, “A Level-Crossing Sampling Scheme for both
Deterministic and Stochastic Non-Bandlimited Signals,” Proc. Sarnoff Symposium,
2006.

J. W. Choi, A.C. Singer, N. I. Cho, “Low-Power Adaptive Equalizer via soft Error
Cancellation,” Proc. 2006 International Conference on Acoustics Speech and Signal
Processing, vol. 4, 2006, pp. IV-433 - IV-436.

H.-M. Bae, J. Ashbrook, J. Park, N. Shanbhag, A.C. Singer, and S. Chopra, “An MLSE
receiver for electronic-dispersion compensation of OC-192 links,” Proc. 2006
International Solid-State Circuits Conference, pp. 234-235, San Francisco, February 2006.
S.S. Kozat and A.C. Singer, “Universal Switching Linear Least Squares Prediction,”
Proc. of the 2006 Information Theory and its Applications Workshop, UCSD, Feb. 6-10, La
Jolla, CA.

J. K. Nelson and A.C. Singer, “Bayesian ML Sequence Detection for ISI Channels,”
Proceedings of CISS 2006, March 2006, pp. 693-698.

A.C. Singer and S. S. Kozat, “Universal Context Tree Least Squares Prediction,” Proc.
ISIT 2006, July 2006 pp. 426 - 430.

J.K. Nelson and A.C. Singer, “Bayseian Sequential Detection for the BSC with
Unknown Crossover Probability,” Proceedings of International Symposium on
Information Theory, March 2006 pp. 693 — 698.

N.C. Soldner, C.J. Lam, A.C. Singer, and J.T. Bernhard, “Beamforming in intelligent
randomly distributed sensor networks using electrically-small dual-sector antennas
for planetary exploration Space Mission Challenges for Information Technology”
Proc. SMC-IT 2006, 17-20 July 2006, pp. 7.

A. Sen Gupta and A.C. Singer, “Multi-stage Detection Using Constellation
Structure”, Proc. Asilomar Conference on Signals, Systems and Computers, Pacific Grove,
CA, Oct 2006.

A.C. Singer, S.S. Kozat, and G.C. Zeitler, “Universal Context Tree PTH-Order Least
Squares Prediction” Proc. IEEE Workshop on Machine Learning for Signal Processing,
2006. pp. 141 - 146.

KM. Guan and A.C. Singer, “Opportunistic sampling by level-crossing,” Proc.
ICASSP, Honolulu, Hawaii, April 2007, pp. I111513-1111516.
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72.

73.

74.

75.

76.

77.

78.

79.
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81.

82.

83.

84.

KM. Guan and A.C. Singer, “Opportunistic sampling by level-crossing - an
information theoretic approach,” Proc. CISS, Baltimore, MD, March 2007.

A.C. Singer and S. Kozat “Switching Universal Portfolios” Proceedings of the 2007
Workshop on Information Theory and its Applications, UCSD, La Jolla, CA, 2007.

G.C. Zeitler, A.C. Singer, S.S. Kozat, “Universal Piecewise Linear Regression of
Individual Sequences: Lower Bound”, Proc. ICASSP, Honolulu, 2007, pp. I11-841-4.
S.S. Kozat and A.C. Singer, “Universal Constant Rebalanced Portfolios with
Switching” Proceedings of ICASSP, Honolulu, 2007. pp. 1111129-1111132.

R. Drost and A.C. Singer “Complexity Constrained Generalized Context Tree
Algorithms,” Proc. Statistical Signal Processing Workshop, Madison, W1, 2007.

G. Zeitler and A.C. Singer “Universal Linear Least-Squares Prediction in the
Presence of Noise,” Proc. Statistical Signal Processing Workshop, Madison, W1, 2007.
KM. Guan and A.C. Singer, “Sequential placement of reference levels in a level-
crossing analog-to-digital converter” Proc. CISS 2008, The 42nd Annual Conference
on Information Sciences and Systems, 2008, pp. 464-469.

J.W. Choi, A.C. Singer, ].W. Lee and N.I. Cho “An improved soft feedback v-blast
detection technique for turbo-MIMO systems” Proc. IEEE International Conference on
Acoustic, Speech and Signal Processes, 2008, pp. 3181-4.

A. Sen Gupta and A.C. Singer, “Interference suppression for memoryless nonlinear
multiuser systems using constellation structure” IEEE Transactions on Signal
Processing, vol. 56, no. 11, Nov. 2008, pp. 5589-604.

CJ. Lam and A.C. Singer, “A recursive filter approach to adaptive Bayesian
beamforming for unknown DOA” Proc. 2008 IEEE Sensor Array and Multichannel
Signal Processing Workshop (SAM), July 2008, pp. 307-310.

JJW. Choi, B.H. Shim and A.C. Singer “A low-complexity near-ml decoding
technique via reduced dimension list stack algorithm” Proc. SAM 2008 - 5th IEEE
Sensor Array and Multichannel Signal Processing Workshop, SAM 2008 - 5th IEEE Sensor
Array and Multichannel Signal Processing Workshop, 2008, pp. 41-44.

JW. Choi, RJ. Drost, A.C. Singer and J.C. Preisig, “Iterative multi-channel
equalization and decoding for high frequency underwater acoustic communications”
Proc. 2008 IEEE Sensor Array and Multichannel Signal Processing Workshop (SAM), July
2008, pp. 127-130.

S.S. Kozat, A.C. Singer and A.]J. Bean, “Universal portfolios via context trees” Proc.
IEEE International Conference on Acoustic, Speech and Signal Processes, 2008, pp. 2093-
2096.

S.S. Kozat and A.C. Singer “Universal switching portfolios under transaction costs”
Proc. ICASSP 2008, IEEE International Conference on Acoustics, Speech and Signal
Processing, pp. 5404-5407.

A.C. Singer, N.R. Shanbhag and H.M. Bae, “Electronic equalization of fiber optic
links” Proc. International Zurich Seminar on Digital Communications, Proceedings - 2008
International Zurich Seminar on Communications, IZS, 2008, p 48-51.
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86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

H.M. Bae, A.C. Singer, J.A. Ashbrook and N.R. Shanbhag, “10Gb/s MLSE-based
Electronic-Dispersion-Compensation IC with Fast Power-Transient Management for
WDM Add/Drop Networks,” IEEE International Solid-State Circuits Conference, 2008
(ISSCC) Digest of Technical Papers, Feb. 2008, pp. 234 — 609.

S. Kozat and A.C. Singer "A Performance Weighted Mixture of LMS Filters,"
Proceedings of the IEEE International Conference on Acoustics Speech and Signal
Processing (ICASSP) April, 2009, Tai Pei, pp. 3101 - 3104.

A.T. Erdogan, S.S. Kozat and A.C. Singer, "Comparison of Convex Combination and
Affine Combination of Adaptive Filters," Proceedings of the IEEE International
Conference on Acoustics Speech and Signal Processing (ICASSP) April, 2009, Tai Pei, pp.
3089 - 3092.

JW. Choi, K. Kim, T.J. Riedl, A.C. Singer, “Doubly-selective Multi-input Multi-
output (MIMO) Channels,” Proceedings of the Forty-Third Asilomar Conference on
Signals, Systems and Computers, November 1 - 4, 2009, Pacific Grove, CA.

T.J. Riedl, ].W. Choi, and A.C. Singer, “Channel Estimation by Inference on Gaussian
Markov Random Fields,” Proceedings of the Forty-Third Asilomar Conference on Signals,
Systems and Computers, November 1 - 4, 2009, Pacific Grove, CA.

A.]. Bean and A.C. Singer, “Factor Graphs for Universal Portfolios,” Proceedings of

the Forty-Third Asilomar Conference on Signals, Systems and Computers, November 1 - 4,
2009, Pacific Grove, CA.

K. Kim, J.W. Choi, A.C. Singer, and K. Kim, "A New Adaptive Turbo Equalizer with Soft
Information Classification," Proc. IEEE International Conference on Acoustics, Speech and
Signal Processing, 2010, pp. 3206-3209.

A.C. Singer, A.J. Bean, and J.W. Choi, "Mutual Information and Time Interleaved
Analog to Digital Converters," Proc. IEEE Workshop on Information Theory and its
Applications, January 2010, pp. 1-5.

AlJ. Bean and A.C. Singer, "Universal switching and side information portfolios
under transaction costs using factor graphs," IEEE International Conference on
Acoustics Speech and Signal Processing (ICASSP), 2010, pp. 1986 — 1989.

A.C. Singer and S.S. Kozat, "A competitive algorithm approach to adaptive filtering,"
7th International Symposium on Wireless Communication Systems (ISWCS), 2010, pp. 350
- 354.

J.W. Choi, TJ. Ried], E.L. Daly, K. Kim, A.C. Singer, and J.C. Preisig, "Adaptive linear
turbo equalization of large delay spread time-varying channel responses," IEEE
Sensor Array and Multichannel Signal Processing Workshop (SAM), 2010, pp. 77 — 80.

K. Kim, J.W. Choi, A.C. Singer, K. Kim, "A new adaptive turbo equalizer with soft
information classification," IEEE International Conference on Acoustics Speech and Signal
Processing (ICASSP), 2010, pp. 3206 - 3209.

R. Narasimha, N. Shanbhag, and A.C. Singer, "BER-based adaptive ADC-equalizer
based receiver for communication links," 2010 IEEE Workshop on Signal Processing
Systems (SIPS), 2010, pp. 64 - 69.
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105.
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107.

108.

109.

110.

H. Wan, R.R. Chen, J.W. Choi, A.C. Singer, J.C. Preisig, B. Farhang-Boroujeny,
"Markov Chain Monte Carlo detection for underwater acoustic channels," Information
Theory and Applications Workshop (ITA), 2010, pp. 1 - 5.

H. Wan, R.R. Chen, J.W. Choi, A.C. Singer, ]J.C. Preisig, B. Farhang-Boroujeny, "Joint
channel estimation and Markov Chain Monte Carlo detection for frequency-selective
channels," 2010 IEEE Sensor Array and Multichannel Signal Processing Workshop (SAM),
2010, pp. 81 - 84.

J.W. Choi, B. Shim, and A.C. Singer, "Linear estimate-based look-ahead path metric
for efficient soft-input soft-output tree detection," 2010 IEEE International Symposium
on Information Theory Proceedings (ISIT), 2010, pp. 804 - 808.

J.C. Preisig, A.C. Singer, G.W. Wornell, "Reduced bandwidth frequency domain
equalization for underwater acoustic communications," 2010 IEEE Sensor Array and
Multichannel Signal Processing Workshop (SAM), 2010, pp. 93 - 96.

H. Wan, R.R. Chen, J.W. Choi, A.C. Singer, J.C. Preisig, B. Farhang-Boroujeny,
"Stochastic Expectation Maximization Algorithm for Long-Memory Fast-Fading
Channels," 2010 IEEE Global Telecommunications Conference (GLOBECOM 2010), 2010,
pp-1-5.

T.J. Riedl, A.C. Singer, J]. W. Choi, "Learning in Gaussian Markov random fields,"
2010 IEEE International Conference on Acoustics Speech and Signal Processing (ICASSP),
2010, pp. 3070 - 3073.

J.W. Choi, B. Shim, A.C. Singer, A.C., "On the improved path metric for soft-input
soft-output tree detection," 2010 Information Theory and Applications Workshop (ITA),
2010, pp. 1-5.

M. Lu, N. Shanbhag, and A.C. Singer, "BER-optimal analog-to-digital converters for
communication links," Proceedings of 2010 IEEE International Symposium on Circuits
and Systems (ISCAS), 2010, pp. 1029 - 1032.

J.W. Choi, TJ. Riedl, K. Kim, A.C. Singer, and ]J.C. Preisig, "Practical application of
turbo equalization to underwater acoustic communications," 7th International
Symposium on Wireless Communication Systems (ISWCS), 2010, pp. 601 - 605.

T.J. Riedl, and A.C. Singer, “Iterative state estimation” Conference Record of the Forty
Fourth Asilomar Conference on Signals, Systems and Computers (ASILOMAR), 2010, pp.
1956 — 1958.

J.W. Choi, B. Shim, J.K. Nelson, and A.C. Singer, “Efficient Soft-Input Soft-Output
MIMO Detection via Improved M-Algorithm,” 2010 IEEE International Conference on
Communications (ICC), pp. 1 -5.

E.L. Daly, A.C. Singer, ].W. Choi, and ]J.C. Preisig, “Linear turbo equalization with
precoding for underwater acoustic communications,” 2010 Conference Record of the
Forty Fourth Asilomar Conference on Signals, Systems and Computers (ASILOMAR), pp.
1319 —1323.

G. Zeitler, A.C. Singer, and G. Kramer, “Low-precision A/D conversion for
maximum information rate in channels with memory,” 2011 IEEE International
Symposium on Information Theory Proceedings (ISIT), pp. 2602 — 2606.
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A.]. Bean, and A.C. Singer, “Factor graph switching portfolios under transaction
costs,” 2011 IEEE International Conference on Acoustics, Speech and Signal Processing
(ICASSP), pp. 5748 — 5751.

A.J. Bean and A.C. Singer, “Portfolio selection via constrained stochastic gradients,”
2011 IEEE Statistical Signal Processing Workshop (SSP), pp. 37 — 40.

N. Kalantarova, K. Kim, S.S. Kozat, and A.C. Singer, “Nonlinear turbo equalization
using context trees,” 2011 Information Theory and Applications Workshop (ITA), pp. 1-5.
T.J. Riedl, T.P. Coleman, and A.C. Singer, “Finite block-length achievable rates for
queuing timing channels,” 2011 IEEE Information Theory Workshop (ITW), pp. 200-204.
A. Gupta, A.C. Singer, and N.R. Shanbhag, “Least squares approximation and
polyphase decomposition for pipelining recursive filters,” 2011 IEEE International
Conference on Acoustics, Speech and Signal Processing (ICASSP), pp. 1661 — 1664.

N.R. Shanbhag and A.C. Singer, “System-assisted analog mixed-signal design,”
Design, Automation & Test in Europe Conference & Exhibition (DATE), 2011, pp. 1 - 6.
A.]. Bean and A.C. Singer, “Cooperative Estimation in Heterogeneous Populations,”
2011 Conference Record of the Forty Fifth Asilomar Conference on Signals, Systems and
Computers (ASILOMAR), 2011.

A.J]. Bean and A.C. Singer, “A deflection criterion for time-interleaved analog-to-
digital converters,” 2011 IEEE International Conference on Acoustics, Speech and Signal
Processing (ICASSP), pp. 5748 — 5751.

Narasimha, R.; Zeitler, G.; Shanbhag, N.; Singer, A.C.; Kramer, G., "System-driven
metrics for the design and adaptation of analog to digital converters," 2012 IEEE
International Conference on Acoustics, Speech and Signal Processing (ICASSP), pp. 5281-
5284, 25-30 March 2012.

Pinero, G.; Singer, A.C., "MMSE beamformer based on partial FFT demodulation for
OFDM underwater acoustic communications," 2012 Proceedings of the 20th European
Signal Processing Conference (EUSIPCO), pp.2308-2312, 27-31 Aug. 2012.

Bean, A.; Kairouz, P. Singer, A. "Convergence rates for cooperation in
heterogeneous populations," 2012 Conference Record of the Forty Sixth Asilomar
Conference on Signals, Systems and Computers (ASILOMAR), pp.531-534, 4-7 Nov. 2012.
Bean, A],; Singer, A.C., "The SGC: A simple architecture for gathering statistics in
communication links," 2013 IEEE Workshop on Signal Processing Systems (SiPS),
pp-306-311, 16-18 Oct. 2013.

Kairouz, P.; Aolin Xu; Shanbhag, N.; Singer, A., "A sphere decoding approach for the
vector Viterbi algorithm," Conference Record of the Forty Sixth Asilomar Conference
on Signals, Systems and Computers (ASILOMAR), 2012, vol., no., pp.114-118, 4-7 Nov.
2012.

Radhakrishnan, C.; Singer, A.C., "Stochastic adaptive filtering using model
combinations," 2012 Conference Record of The Forty Sixth Asilomar Conference on
Signals, Systems and Computers (ASILOMAR), pp.1792,1796, 4-7 Nov. 2012.
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Riedl, T.; Singer, A., "MUST-READ: Multichannel sample-by-sample turbo
resampling equalization and decoding," OCEANS - Bergen, 2013 MTS/IEEE, pp.1-5,
10-14 June 2013.

A. Houmansadr, T. Riedl, N. Borisov, A.C. Singer, "I want my voice to be heard: IP
over Voice-over-IP for unobservable censorship circumvention," Proceedings of the
20" Annual Network & Distributed System Security Symposium (NDSS 2013).

A.J. Bean and A.C. Singer, "The SGC: A Simple Architecture for Gathering Statistics
in Communication Links," SIPS 2013, Taipei, Taiwan, 16-18 October, 2013.

A.]. Bean and A.C. Singer, "Statistics gathering converters: system level metrics,
simulated performance, and process variation robustness," IEEE International
Conference on Acoustics, Speech and Signal Processing (ICASSP), pp. 8365-8369, 2014.
R.M. Corey and A.C. Singer,"Scalar estimation from unreliable binary observations,"
IEEE 8th Sensor Array and Multichannel Signal Processing Workshop (SAM), pp. 145-8,
2014.

R.M. Corey, A.C. Singer, S. Tao, and N. Verma, "A low complexity estimation
architecture based on noisy comparators," 2014 IEEE Workshop on Signal Processing
Systems (SiPS), pp. 1-6, 2014.

T. Riedl, and A.C. Singer, "Towards a video-capable wireless underwater modem:
Doppler tolerant broadband acoustic communication," 2014 Underwater
Communications and Networking (UComms), pp. 1-5 pp., 2014.

M.A. Donmez and A.C. Singer, “Sequential prediction of individual sequences in the
presence of computational errors,” 2014 48th Asilomar Conference on Signals, Systems
and Computers, pp. 1773 - 1778.

N. C. Seviiktekin and A. C. Singer, "LL.D. stochastic analysis of PWM signals," 48th
Asilomar Conference on Signals, Systems and Computers, Pacific Grove, CA, 2014, pp.
1885-1889.

N.C. Sevuktekin and A.C. Singer, “I.LD. stochastic analysis of PWM signals,” 48th
Asilomar Conference on Signals, Systems and Computers, pp. 1885 — 1889, 2014.

N. Sevuktekin and A.C. Singer, “A Performance Bound On Low-Pass Reconstruction
From PWM Signals,” 2015 IEEE International Conference on Communications (ICC), pp.
4931 - 4936, 2015.

T. Arikan, T.J. Riedl, A.C. Singer, and J. Younce, "Comparison of OFDM and Sing]le-
Carrier Schemes for Doppler Tolerant Acoustic Communications," OCEANS 2015.

A. Singer, M. Oelze and A. Podkowa, "Mbps Experimental Acoustic Through-Tissue
Communications: MEAT-COMMS," The 17th IEEE International workshop on Signal
Processing advances in Wireless Communications, July 3rd - July 6th, 2016, Edinburgh,
UK.

A. Singer, A. Podkowa, and M. Oelze, “Experimental ultrasonic communications
through tissues at Mbps data rates” 2016 IEEE International Ultrasonics Symposium.
Tours, France, September 18-21, 2016.
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PATENTS GRANTED

Andrew Singer and Ralf Koetter.  “Iterative MMSE equalization-decoder soft
information exchange decoding method and device.” US Patent Number 7,016,440, Filed
on Aug. 16, 2000, Issued on March 21, 2006.

R. Hegde, A.C. Singer, and ]. Janovetz, “Method and apparatus for delayed recursion
decoder,” Filed on June 24, 2003, issued April 17, 2007, US Patent Number 7,206,363.

R. Hegde, A.C. Singer, and J. Janovetz, “Method and apparatus for delayed recursion
decoder,” Filed on April 17, 2007, continuation from June 24, 2003, issued December 27,
2011, US Patent Number 8,085,883.

Hyeon Min Bae, Naresh Shanbhag, Andrew Singer, Jonathan Ashbrook, "Phase Detector
Utilizing Analog-to-Digital Converter Components," Granted 2008. US Patent Number
7,750,831, Filed Feb. 28, 2008, Granted July 6, 2010.

Daniel Mahgerefteh; Xueyan Zheng; Yashiro Matsui; Parviz Tayebati and Andrew
Singer, “Chirped Laser with Passive Filter Element for Differential Phase Shift Keying
Generation,” US Patent Number 7,991,297, Filed January 15, 2008, Granted Aug. 2, 2011.

Christopher Cole, Daniel Mahgerefteh, The'Linh Nguyen, Andrew Singer, Naresh
Shanbhag, "Phase Shift Keyed Modulation of Optical Signal Using Chirp Managed
Laser," Filed 2008, US Patent Number 8,068,742, Filed July 10, 2008, Granted Nov. 29,
2011.

Jonathan B. Ashbrook, Andrew C. Singer, Naresh R. Shanbhag, Robert J. Drost, "Tuning
System and Method Using a Simulated Bit Error Rate for Use in an Electronic Dispersion
Compensator," US Patent Number 8,102,938, Filed April, 2008, Granted, Jan. 24, 2012.

A.C. Singer and N.R. Shanbhag, “Method and System Having Adjustable Analog-To-
Digital Conversion Levels,” Filed May 19, 2011, issued June 11, 2013, US Patent Number
8,462,037.

Hyeon Min Bae, N.R. Shanbhag, A.C. Singer, "Baseband Phase-Locked Loop," Filed
2007, issued Jan. 22, 2013. US Patent number US8358729 B2.

T.J. Ried], A.C. Singer, "System and method for broadband doppler compensation,” US
Patent number 9,608,738, issued Mar 28, 2017.

UNIVERSITY SERVICE (past 5 years)

Interim Director of the Siebel Center for Design. Campus Core Committee Chair, Design
Center Initiative and Building. Oversee $48MM project for the development, design, and
construction of a new campus-wide design center.

Innovation, Leadership, and Engineering Entrepreneurship (ILEE) degree and academic
unit founding Director and Unit Head.

Director, Technology Entrepreneur Center and Special Advisor to the Dean on
Innovation and Entrepreneurship, College of Engineering, providing undergraduate
and graduate curricula and activities in engineering entrepreneurship and innovation
for COE students with over 5000 students enrolled in courses and programs annually.

Organizer and host of annual Illinois Innovation Prize, Cozad New Venture
Competition, and NSF I-Corps Site, supervise operation of the Student Innovation
Incubator and the Innovation Living Learning Community.

Departmental Committees: ECE Advisory Committee, ECE Faculty Representative to
the Faculty Senate, Chair, ECE Conflict Management Oversight committee.
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College Committees: Chair, Center for Innovation and Design; Co-Chair Provost’s
Roundtable on Entrepreneurship.

National Science Foundation Innovation Corps (NSF I-Corps) Program (PI for Illinois I-
Corps Site and co-P1I for Illinois-Michigan-Purdue Regional Node).

PROFESSIONAL SOCIETY SERVICE

Computing in Science and Engineering, Editorial board member, IEEE Signal Processing
Society liaison.

Inaugural Curation Board Member of the National Center for Engineering Pathways to
Innovation (Epicenter), an initiative funded by the National Science Foundation.

Invited participant on National Science Foundation review panels for Information
Technology Research, Signal Processing, Mathematical Foundations, Career Award,
Small Business Innovative Research, Engineering, and Computer Communications
Research.

Invited reviewer for science funding agencies from the United States, Canada, Israel,
Switzerland and the European Union.

Invited annual reviewer for Venturewell (formerly National Collegiate Inventor and
Innovators Alliance) proposals.

Invited external reviewer of graduate thesis research and served as Doctoral dissertation
outside international expert for theses in Norway on Underwater Acoustic
Communications and Turbo Equalization (Norwegian University of Science and
Technology, Trondheim), Germany on Turbo Equalization (Technical University of
Munich) and Information-Theoretic Quantization and Analog/Digital Conversion
(Technical University of Munich), Israel on Generalized Sampling Theory (Tel Aviv
University) and Switzerland on Digital Estimation (ETH).

MIT Educational Council Regional Chair, 2017-present, member, 1994-present.

Associate Editor, IEEE Transactions on Signal Processing (2 terms), Guest Editor-In-Chief,
IEEE Transactions on Signal Processing -- Special Issue on Machine Learning Methods in
Signal Processing, Guest Associate Editor IEEE Transactions on Information Theory — Special
Issue on Facets of Coding Theory: From Algorithms to Networks, 2010. Guest Editor-In-Chief,
IEEE Journal on Special Topics in Signal Processing — Special Issue on Special Issue on Soft
Detection for Wireless Transmission, 2011.

Program committee for IEEE DSP Workshop, annually 2004-2012, IEEE Statistical Signal
Processing Workshop, annually 2003-2012, IEEE International Conference on Acoustic Speech
and Signal Processing, annually 2003-2012, IEEE International Symposium on Information
Theory, 2008, 2011, 2012.

Member of IEEE Signal Processing Society, IEEE Communications Society, IEEE
Information Theory Society, IEEE Oceanic Engineering Society.

Conference organizing committee and Publicity Chair, IEEE International Symposium on
Information Theory, 2004, Technical Co-Chair Allerton Conference on Communications,
Computing, and Control, 2005, General Co-Chair, Allerton Conference on Communications,
Computing, and Control, 2006, Publicity Chair, IEEE International Conference on Acoustics
Speech and Signal Processing, 2008.

Member of the Signal Processing Theory and Methods (SPTM) technical committee of
the IEEE Signal Processing Society, 2004-2011, and the IEEE Machine Learning for Signal
Processing technical committee of the IEEE Signal Processing Society, 2007-2012.
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Regularly review articles for IEEE Transactions on Signal Processing, IEEE Signal
Processing Letters, IEEE Journal on Special Topics in Signal Processing, IEEE Transactions on
Information Theory, IEEE Transactions on Circuits and Systems, IEEE Transactions on
Communications, IEEE Journal of Oceanic Engineering, Acoustical Society of America, Eurasip
Journal on Signal Processing, Journal of Applied Optics, Journal of the Optical Society of
America, Physica D, SIAM, and others.

BACKGROUND AND OTHER INTERESTS

United States citizen. Married. Enjoy swimming, biking, running, triathlon, ultra-
distance running and triathlon, and trail running.
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