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1. My name is June Ann Munford. I am over the age of 18, have personal
knowledge of the facts set forth herein, and am competent to testify to the

same.

2. I earned a Master of Library and Information Science (MLIS) from the
University of Wisconsin-Milwaukee in 2009. I have over ten years of
experience in the library/information science field. Beginning in 2004, I
have served in various positions in the public library sector including
Assistant Librarian, Youth Services Librarian and Library Director. I have

attached my Curriculum Vitae as Appendix CV.

3. During my career in the library profession, I have been responsible for
materials acquisition for multiple libraries. In that position, I have cataloged,
purchased and processed incoming library works. That includes purchasing
materials directly from vendors, recording publishing data from the material
in question, creating detailed material records for library catalogs and
physically preparing that material for circulation. In addition to my
experience in acquisitions, I was also responsible for analyzing large

collections of library materials, tailoring library records for optimal catalog



search performance and creating lending agreements between libraries

during my time as a Library Director.

. T am fully familiar with the catalog record creation process in the library
sector. In preparing a material for public availability, a library catalog record
describing that material would be created. These records are typically
written in Machine Readable Catalog (herein referred to as “MARC”) code
and contain information such as a physical description of the material,
metadata from the material’s publisher, and date of library acquisition. In
particular, the 008 field of the MARC record is reserved for denoting the
date of creation of the library record itself. As this typically occurs during
the process of preparing materials for public access, it is my experience that

an item’s MARC record indicates the date of an item’s public availability.

. Typically, in creating a MARC record, a librarian would gather various bits
of metadata such as book title, publisher and subject headings among others
and assign each value to a relevant numerical field. For example, a book’s
physical description is tracked in field 300 while title/attribution is tracked in
field 245. The 008 field of the MARC record is reserved for denoting the
creation of the library record itself. As this is the only date reflecting the

inclusion of said materials within the library’s collection, it is my experience



that an item’s 008 field accurately indicates the date of an item’s public

availability.

. I'have reviewed Exhibit APPLE-1021, “Controller for Driving a
Piezoelectric Actuator at Resonance” by Jack Aldrich, et. al as published in

NASA Tech Briefs, April 2008.

. Attached hereto as Appendix ALDRICHOI is a true and correct copy of the
MARC record for a digital edition of NASA Tech Briefs as held by the Penn
State University library. I secured this record myself from the library’s
public catalog. The MARC record contained within Appendix ALDRICHO1
accurately describes the title, author, publisher, and ISSN number of NASA
Tech Briefs. The *Journal Details’ field on page 2 indicates this collection
contains the April 2008 edition of NASA Tech Briefs containing “Controller

for Driving a Piezoelectric Actuator at Resonance™.

. Attached hereto as Appendix ALDRICHO?2 is a true and correct copy of
“Controller for Driving a Piezoelectric Actuator at Resonance” as published
in NASA Tech Briefs as held by the Penn State University library. I secured
this PDF copy myself from the library’s digital collection. In comparing

Exhibit APPLE-1021 to Appendix ALDRICHO02, it is my determination that



Exhibit APPLE-1021 is a true and correct copy of “Controller for Driving a
Piezoelectric Actuator at Resonance” by Jack Aldrich, et. al as published in

NASA Tech Briefs April 2008.

9. The 008 field of the MARC record in Appendix ALDRICHO1 indicates the
date of record creation. The 008 field of Appendix ALDRICHO1 indicates
the Penn State University library first acquired this journal as of December
9, 1999 and holds the journal in perpetuity. Considering this information, it
1s my determination that the digital edition of NASA Tech Briefs April 2008
and therefore “Controller for Driving a Piezoelectric Actuator at Resonance”

was made available to the public shortly after its initial release in April

2008.

10.Attached hereto as Appendix ALDRICHO3 is a true and correct copy of the
MARC record for the physical edition of NASA Tech Briefs as held by the
Penn State University library. I secured this record myself from the library’s
public catalog. The MARC record contained within Appendix ALDRICHO03
accurately describes the title, author, publisher, and ISSN number of NASA4
Tech Briefs. The ‘Availability’ field on page 3 indicates this collection
contains the April 2008 edition of NASA Tech Briefs containing “Controller

for Driving a Piezoelectric Actuator at Resonance”.



11.Attached hereto as Appendix ALDRICHO04 is a true and correct copy of
“Controller for Driving a Piezoelectric Actuator at Resonance” as published
in NASA Tech Briefs as held by the Penn State University library. I secured
these scans myself from the library’s collection. In comparing Exhibit
APPLE-1021 to Appendix ALDRICHO04, it is my determination that Exhibit
APPLE-1021 is a true and correct copy of “Controller for Driving a
Piezoelectric Actuator at Resonance” by Jack Aldrich, et. al as published in

NASA Tech Briefs April 2008.

12.The 008 field of the MARC record in Appendix ALDRICHO3 indicates the
date of record creation. The 008 field of Appendix ALDRICHO3 indicates
the Penn State University library first acquired the physical edition of this
journal as of September 16, 1982 and held the journal until 2010.
Considering this information, it is my determination that the physical edition
of NASA Tech Briefs April 2008 and therefore “Controller for Driving a
Piezoelectric Actuator at Resonance” was made available to the public

shortly after its initial release in April 2008.

13.1 have been retained on behalf of the Petitioner to provide assistance in the

above-illustrated matter in establishing the authenticity and public



availability of the documents discussed in this declaration. I am being
compensated for my services in this matter at the rate of $200.00 per hour
plus reasonable expenses. My statements are objective, and my

compensation does not depend on the outcome of this matter.

14.1 declare under penalty of perjury that the foregoing is true and correct. |
hereby declare that all statements made herein of my own knowledge are
true and that all statements made on information and belief are believed to
be true; and further that these statements were made the knowledge that
willful false statements and the like so made are punishable by fine or
imprisonment, or both, under Section 1001 of Title 18 of the United States

Code.

Dated: 3/4/2024

sy

June Ann Munford
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June A. Munford
Curriculum Vitae

Education

University of Wisconsin-Milwaukee - MS, Library & Information Science, 2009
Milwaukee, WI

e Coursework included cataloging, metadata, data analysis, library systems,
management strategies and collection development.
e Specialized in library advocacy, cataloging and public administration.

Grand Valley State University - BA, English Language & Literature, 2008
Allendale, MI

e Coursework included linguistics, documentation and literary analysis.
e Minor in political science with a focus in local-level economics and
government.

Professional Experience

Researcher / Expert Witness, October 2017 — present
Freelance e Pittsburgh, Pennsylvania & Grand Rapids, Michigan

e Material authentication and public accessibility determination.
Declarations of authenticity and/or public accessibility provided upon
research completion. Experienced with appeals and deposition process.

e Research provided on topics of public library operations, material
publication history, digital database services and legacy web resources.

e Past clients include Alston & Bird, Arnold & Porter, Baker Botts, Fish &

Richardson, Erise IP, Irell & Manella, O'Melveny & Myers, Perkins-Coie,
Pillsbury Winthrop Shaw Pittman and Slayden Grubert Beard.

Library Director, February 2013 - March 2015
Dowagiac District Library @ Dowagiac, Michigan

e Executive administrator of the Dowagiac District Library. Located in



Southwest Michigan, this library has a service area of 13,000, an annual
operating budget of over $400,000 and total assets of approximately
$1,300,000.

e Developed careful budgeting guidelines to produce a 15% surplus during
the 2013-2014 & 2014-2015 fiscal years while being audited.

e Using this budget surplus, oversaw significant library investments
including the purchase of property for a future building site, demolition of
existing buildings and building renovation projects on the current facility.

e [ed the organization and digitization of the library's archival records.

e Served as the public representative for the library, developing business
relationships with local school, museum and tribal government entities.

e Developed an objective-based analysis system for measuring library
services - including a full collection analysis of the library's 50,000+
circulating items and their records.

November 2010 - January 2013
Librarian & Branch Manager, Anchorage Public Library ® Anchorage, Alaska

e Headed the 2013 Anchorage Reads community reading campaign
including event planning, staging public performances and creating
marketing materials for mass distribution.

® Co-led the social media department of the library's marketing team,
drafting social media guidelines, creating original content and instituting
long-term planning via content calendars.

e Developed business relationships with The Boys & Girls Club, Anchorage

School District and the US Army to establish summer reading programs for
children.

June 2004 - September 2005, September 2006 - October 2013
Library Assistant, Hart Area Public Library
Hart, MI

e Responsible for verifying imported MARC records and original MARC
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cataloging for the local-level collection as well as the Michigan Electronic
Library.

e Handled OCLC Worldcat interlibrary loan requests & fulfillment via
ongoing communication with lending libraries.

Professional Involvement

Alaska Library Association - Anchorage Chapter
e Treasurer, 2012

Library Of Michigan
e [ evel VII Certification, 2008
e [ cvel II Certification, 2013

Michigan Library Association Annual Conference 2014
e New Directors Conference Panel Member

Southwest Michigan Library Cooperative
e Represented the Dowagiac District Library, 2013-2015

Professional Development

Library Of Michigan Beginning Workshop, May 2008

Petoskey, MI
e Received training in cataloging, local history, collection management,
children’s literacy and reference service.

Public Library Association Intensive Library Management Training, October 2011
Nashville, TN
e Attended a five-day workshop focused on strategic planning, staff
management, statistical analysis, collections and cataloging theory.

Alaska Library Association Annual Conference 2012 - Fairbanks, February 2012
Fairbanks, AK
e Attended seminars on EBSCO advanced search methods, budgeting,
cataloging, database usage and marketing.
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Depositions

2019 e Fish & Richardson

Apple v. Qualcomm (IPR2018-001281, 39521-004211P, IPR2018-01282
and 39521-004211P2)

2019 e Erise IP
Implicit, LLC v. Netscout Systems, Inc (Civil Action No. 2:18-cv-53-JRQG)

2019 e Perkins-Coie

Adobe Inc. v. RAH Color Technologies LLC (Cases IPR2019-00627,
[PR2019-00628, IPR2019-00629 and IPR2019-00646)

2020 e O’Melveny & Myers
Maxell, Ltd. v. Apple Inc. (Case No. 5:19-cv-00036-RWS)

2021 e Pillsbury Winthrop Shaw Pittman LLP
Intel v. SRC (IPR2020-1449)

2022 e Perkins-Coie
Realtek v. Future Link (IPR2021-01182)

2023 e Fish & Richardson
Neuroderm Ltd. v. Abbvie, Inc (Case No. PGR2022-00040)

2023 e Fish & Richardson
Nearmap US Inc. v. Pictometry International Corp. (IPR2022-00735)

2023 e Fish & Richardson
Samsung Electronics v. MemoryWeb LLC (Case No. 39843-0136PS1)
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2023 e Pillsbury Winthrop Shaw Whitman LLP

Gravel Rating Systems v. Costco Wholesale Corp. (Civil Action No.
4:21-cv-149-ALM)

Limited Case and Clientele History

Alston & Bird
e Ericsson

v. Collision Communications (IPR2022-01233)

e Nokia
v. Neptune Subsea, Xtera (Case No. 1:17-cv-01876)

e Universal Electronics Inc

v. Roku Inc (IPR2022-00818)

Arnold & Porter
e [vantis

v. Glaukos (Case No. 8:18-cv-00620)

e Samsung

v. Jawbone (Case No. 2:21-cv-00186)

Benesch Friedlander Coplan & Aronoff
® Voyis
v. Cathx (Case No. 5:21-cv-00077-RWS)
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Erise I.P.
e Apple

v. Ericsson Inc. (IPR2022-00715)

v. Future Link Systems (IPRs 6317804, 6622108, 6807505, and
7917680)

v. INVT (Case No.20-1881)
v. Navblazer LLC (IPR2020-01253)

v. Qualcomm (IPR2018-001281, 39521-004211P, IPR2018-01282,
39521-004211P2)

v. Quest Nettech Corp (Case No. 2:19-cv-00118-JRG)
v. Telefonaktiebolaget LM Ericsson (IPR2022-00275)

e Fanduel

v. CGT (Case No. 19-1393)

e Garmin

v. Phillips North America LLC (Case No. 2:19-cv-6301-AB-KS)

e Netscout
v. Longhorn HD LLC (Case No. 2:20-cv-00349)
v. Implicit, LLC (Civil Action No. 2:18-cv-53-JRG)

e Sony Interactive Entertainment LLC
v. Bot M8 LLC (IPR2020-01288)
v. Infernal Technology LLC (Case No. 2:19-CV-00248-JRG)

e Unified Patents
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v. GE Video Compression (Civil Action No. 2:19-cv-248)

Fish & Richardson
e Apple
v. AliveCor (3:21-cv-03958)
v. LBS Innovations (Case No. 2:19-cv-00119-JRG-RSP)
v. Koss Corporation (IPR2021-00305)

v. Masimo (IPR 50095-0012IP1, 50095-00121P2, 50095-00131P1,
50095-00131P2, 50095-00061P1, 50095-01351P1)

v. Neonode (Case No. 21-cv-08872-EMC)

v. Qualcomm (IPR2018-001281, 39521-004211P, [IPR2018-01282,
39521-004211P2)

e Dell
v. Neo Wireless (IPR2022-00616)

e Dish Network
v. Entropic Communications, LLC (Case No. 2:2023-CV-01043)
v. Realtime Adaptive Streaming (Case No. 1:17-CV-02097-RB)J)
v. TQ Delta LLC (Case No. 18-1798)

e Evapco Dry Cooling
v. SPG Dry Cooling (IPR2021-00688)

e (Genetec

v. Sensormatic Electronics (Case No. 1:20-CV-00760)

e Huawei
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v. Bell Northern Research LLC (IPR2019-01174)

e Kianxis

v. Blue Yonder (Case No. 3:20-cv-03636)

e .G Electronics

v. Bell Northern Research LLC (Case No. 3:18-cv-2864-CAB-BLM)

® Metaswitch

v. Sonus Networks (IPR2018-01719)

® Microsoft

v. Throughputer Inc (IPR2022-00757)

e Mom Enterprises

v. Ddrops Company (Case No. 1:22-cv-00332)

e MLC Intellectual Property
v. MicronTech (Case No. 3:14-cv-03657-SI)

e Nearmap Inc

v. EagleView Technologies (IPR2022-01009)

e Neuroderm Ltd.

v. Abbvie, Inc (Case No. PGR2022-00040)

e Realtek Semiconductor
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v. Future Link (IPR2021-01182)

e Quectel

v. Koninklijke Philips (Case No. 1:20-cv-01710)

e Samsung
v. Aire Technology (IPR2022-00877)
v. Bell Northern Research (Case No. 2:19-cv-00286-JRG)
v. Communication Technologies Inc (IPR2022-01221)
v. Jawbone Innovations (IPR2022-00865)
v. MemoryWeb LLC (IPR2022-00885)
v. Dodots Licensing Solutions (IPR2023-00701)
v. Telefonaktiebolaget LM Ericsson (IPR2021-00615)

o Texas Instruments

v. Vantage Micro LLC (IPR2020-01261)

e Xilinx

v. Sentient Sensors LCC (Case No. 1:22-cv-00173)

Irell & Manella

e Curium
O’Melveny & Myers

e Apple
v. Maxell (Case No. 5:19-cv-00036-RWS)
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e Micron Technology Inc.

v. Besang Inc (IPR2023-00900)

e Samsung

v. Daedalus Prime LLC (1335 Investigation)

Perkins-Coie
e Heru Industries

v. The UAB Research Foundation (IPR2022-01148)
e Intel Corporation

v. BitMICRO (Case No. 5:23-cv-00625)

e Realtek Semiconductor
v. Future Link (IPR2021-01182)
e Twitter Inc

v. VOIP-Pal.com (Case No. 3:20-cv-02397-JD)

e TCL Industries

v. Koninklijke Philips NV (IPR2021-00495, IPR2021-00496
and IPR2021-00497)

Pillsbury Winthrop Shaw Pittman

e Intel

v. FG SRC LLC (Case No. 6:20-cv-00315)

e Gravel Rating Systems
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v. Costco (Case No. 4:21-cv-149)

v. Lowe’s Home Centers (Case No. 4:21-cv-150)
v. T-Mobile USA (Case No. 4:21-cv-152)

v. Kohl’s Inc. (Case No. 4:21-cv-258)

v. Under Armor (Case No. 4:21-cv-356)

Quinn Emanuel
e Wolfspeed
v. The Trustees of Purdue University (Case No. 1:2021-cv-00840)

Stern, Kessler, Goldstein & Fox

e Preliminary Research
Sheppard, Mullin, Richter & Hampton LLP

e Cadence Design Systems Inc.

v. Semiconductor Design Technologies (Case No. 3:23-cv-01001)
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© Using Transponders on the Moon to

Increase Accuracy of GPS
Ranging to the Moon would be unaffected by the terrestrial

atmosphere.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

It has been proposed to place laser or
radio transponders at suitably chosen
locations on the Moon to increase the
accuracy achievable using the Global
Positioning System (GPS) or other satel-
lite-based positioning system. The accu-
racy of GPS position measurements
depends on the accuracy of determina-
tion of the ephemerides of the GPS
satellites. These ephemerides are deter-
mined by means of ranging to and from
Earth-based stations and consistency
checks among the satellites. Unfortunately,
ranging to and from Earth is subject to
errors caused by atmospheric effects,
notably including unpredictable varia-
tions in refraction.

The proposal is based on exploitation
of the fact that ranging between a GPS
satellite and another object outside the
atmosphere is not subject to error-induc-
ing atmospheric effects. The Moon is such
an object and is a convenient place for a
ranging station. The ephemeris of the
Moon is well known and, unlike a GPS
satellite, the Moon is massive enough that
its orbit is not measurably affected by the
solar wind and solar radiation.

According to the proposal, each GPS
satellite would repeatedly send a short laser
or radio pulse toward the Moon and the
transponder(s) would respond by sending
back a pulse and delay information. The
GPS satellite could then compute its dis-
tance from the known position(s) of the
transponder(s) on the Moon.

Because the same hemisphere of the
Moon faces the Earth continuously, any
transponders placed there would
remain continuously or nearly continu-
ously accessible to GPS satellites, and so
only a relatively small number of
transponders would be needed to pro-
vide continuous coverage. Assuming
that the transponders would depend on
solar power, it would be desirable to use
at least two transponders, placed at dia-
metrically opposite points on the edges
of the Moon disk as seen from Earth, so
that all or most of the time, at least one
of them would be in sunlight.

This work was done by Konstantin
Penanen and Talso Chui of Caltech for
NASA’s Jet Propulsion Laboratory. For further
information, contact iaoffice@jpl.nasa.gov.
NPO-43160

© Controller for Driving a Piezoelectric

Actuator at Resonance

Unpredictable variations in resonance frequency are tracked.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A digital control system based partly on
an extremum-seeking control algorithm
tracks the changing resonance frequency of
a piezoelectric actuator or an electrically
similar electromechanical device that is
driven by a sinusoidal excitation signal and
is required to be maintained at or near res-
onance in the presence of uncertain,
changing external loads and disturbances.

www.techbriefs.com

Somewhat more specifically, on the basis of
measurements of the performance of the
actuator, this system repeatedly estimates
the resonance frequency and alters the
excitation frequency as needed to keep it at
or near the resonance frequency. In the
original application for which this con-
troller was developed, the piezoelectric
actuator is part of an ultrasonic/sonic

NASA Tech Briefs, April 2008
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drill/ corer. Going beyond this application,
the underlying principles of design and
operation are generally applicable to track-
ing changing resonance frequencies of
heavily perturbed harmonic oscillators.
Resonance-frequency-tracking analog
electronic circuits are commercially
available, but are not adequate for the
present purpose for several reasons:
® The input/output characteristics of
analog circuits tend to drift, often
necessitating recalibration, especially
whenever the same controller is used
in driving a different resonator.

¢ In the case of an actuator in a system
that has multiple modes characterized
by different resonance frequencies, an
analog controller can tune erroneous-
ly to one of the higherfrequency
modes.

® The lack of programmability of analog
controllers is problematic when faults
occur, and is especially problematic for
preventing tuning to a higherfrequen-
cy mode.
In contrast, a digital controller can be

programmed to restrict itself to a speci-

fied frequency range and to maintain
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stability even when the affected res-
onator is driven at high power and sub-
jected to uncertain disturbances and
variable loads.

The present digital control system (see
figure) is implemented by means of an
algorithm that comprises three main sub-
algorithms: a hill-climbing control algo-
rithm, an estimation-based extremum-
seeking control (ESC) algorithm, and a
supervisory algorithm. The hillclimbing
algorithm is useful for coarse tracking to
find and remain within the vicinity of the
resonance. The ESC algorithm is not
capable of coarse resonance tracking, but
is capable of fine resonance tracking once
the estimates of parameters generated by
the hillclimbing algorithm have con-
verged sufficiently. On the basis of the
parameter-estimation errors, the supervi-
sory algorithm switches operation to
whichever of the other two algorithms
performs best at a given time.

For the purpose of the control algo-
rithm, the performance of the actuator
is quantified in terms of the ratio
between the time-averaged drive-voltage
amplitude and the time-averaged drive
current amplitude during a sampling
time period. In the hillclimbing algo-
rithm, the excitation frequency during
the next sampling period is increment-
ed or decremented by an arbitrary fixed
step. If the increment or decrement
results in an increase in the
current/voltage ratio, then the direction
of change (increase or decrease, respec-
tively) of frequency is accepted and
another such change (increment or
decrement, respectively) is made during
the following sampling period. If, on the
other hand, the increment or decre-
ment results in a decrease in the cur-
rent/voltage ratio, then the direction of
change of frequency during the follow-
ing sampling period is reversed. The
process as described thus far is repeated,
causing the current/voltage perform-
ance to climb to one of the resonance
peaks and eventually to oscillate about
the peak. In order to prevent climbing
of one of the undesired higherfrequen-
cy resonance peaks, it is necessary to
choose the starting excitation frequency
near the desired peak and to impose a
limit on the excursion from the starting
frequency.

Once the excitation frequency has
begun to oscillate about the peak, the
supervisory algorithm switches operation
to the ESC algorithm, which uses past as
well as present input/output data to make
a leastsquares estimate of the resonance
frequency. The estimation task involves

NASA Tech Briefs, April 2008
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This Resonance-Tracking Controller includes three main subsystems that function together to effect a combination of coarse and fine frequency tracking
optimized to maintain operation at a desired resonance and avoid undesired resonances.

updating two scalar parameters of a quad-
ratic model that represents the input/out-
put map of the actuator resonance. After
each sampling period, the new input/out-
put data pair is added to the collection of
past data pairs, such that information
regarding the input/output relationship of
the actuator increases over time; in other
words, as the input/output information

comes in, the algorithm tries to improve
the fit between the quadratic model near
resonance and all the past input/output
data up to the current time. Once the esti-
mated parameters have converged suffi-
ciently, the excitation frequency is updated
according to a simple formula that repre-
sents a maximizer associated with the quad-
ratic model. In the event that the estimates

begin to diverge beyond a specified limit,
the supervisory algorithm switches opera-
tion back to the hill-climbing algorithm.

This work was done by Jack Aldrich, Yoseph
Bar-Cohen, Stewart Sherrit, Mircea Badescu,
Xiaoqi Bao, and Zensheu Chang of Caltech for
NASA’s Jet Propulsion Laboratory. For further
information, contact iaoffice@jpl.nasa.gov.
NPO-43519
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Electronics/Computers

@Using Transponders on the Moon to

Increase Accuracy of GPS

Ranging to the Moon would be unaffected by the terrestrial

atmosphere.

NASA’s Jet Propulsion Laboratory, Pasadena, California

It has been proposed to place laser or
radio transponders at suitably chosen
locations on the Moon to increase the
accuracy achievable using the Global
Positioning System (GPS) or other satel-
lite-based positioning system. The accu-
racy of GPS position measurements
depends on the accuracy ol determina-
tion of the ephemerides of the GPS
satellites. These ephemerides are deter-
mined by means of ranging to and from
Earth-based stations and consistency
checks among the satellites. Unfortunately,
ranging to and from Earth is subject to
errors caused by atmospheric effects,
notably including unpredictable varia-
tions in refraction.

The proposal is based on exploitation
of the fact that ranging between a GPS
satellite and another object outside the
atmosphere is not subject to error-induc-
ing atmospheric effects. The Moon is such
an object and is a convenient place for a
anging station. The ephemeris of the
Moon is well known and, unlike a GPS
satellite, the Moon is massive enough that
its orbit is not measurably affected by the
solar wind and solar radiation.

According to the proposal, each GPS
satellite would repeatedly send a short laser
or radio pulse toward the Moon and the
transponder(s) would respond by sending
back a pulse and delay information. The
GPS satellite could then compute its dis-
tance from the known position(s) of the
transponder(s) on the Moon.

Because the same hemisphere of the
Moon faces the Earth continuously, any
transponders  placed there would
remain continuously or nearly continu-
ously accessible to GPS satellites, and so
only a relatively small number of
transponders would be needed to pro-
vide continuous coverage. Assuming
that the transponders would depend on
solar power, it would be desirable to use
at least two transponders, placed at dia-
metrically opposite points on the edges
of the Moon disk as seen from Earth, so
that all or most of the time, at least one
of them would be in sunlight.

This work was done by Konstantin
Penanen and Talso Chui of Caltech for
NASA's Jet Propulsion Laboratory. For further
information, conlact iaoffice@pl. nasa.gov.
NPO-43160

@ Controller for Driving a Piezoelectric

Actuator at Resonance

Unpredictable variations in resonance frequency are tracked.
NASA's Jet Propulsion Laboratory, Pasadena, California

A digital control system based partly on
an extremums-seeking control algorithm

acks the changing resonance frequency of

a piezoelectric actuator or an electrically
similar electromechanical device that is
driven by a sinusoidal excitation signal and
is required to be maintained at or near res-
onance in the presence of uncertain,
changing external loads and disturbances.

www.techbriefs.com

Somewhat more specifically, on the basis of
measurements of the performance of the
actuator, this system repeatedly estimates
the resonance frequency and alters the
excitation frequency as needed to keep it at
or near the resonance frequency. In the
original application for which this con-
toller was developed, the piezoelectric
actuator is part of an ultrasonic/sonie
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drill/corer. Going beyond this application,
the underlying principles of design and
operation are generally applicable to track-

ing changing resonance frequencies of

heavily perturbed harmonic oscillators.
Resonance-frequency-tracking analog

electronic circuits are commercially

available, but are not adequate for the

present purpose for several r

* The input/output characteristics of
analog circuits tend to drift, often
necessitating recalibration, especially
whenever the same controller is used
in driving a different resonator.

VOIS

* [n the case of an actuator in a system
that has multiple modes characterized
by different resonance frequencies, an
analog controller can tune erroneous-
ly to one of the higher-frequency
modes.

The lack of programmability of analog
controllers is problematic when faults
occur, and is especially problematic for
preventing tuning to a higherfrequen-
cy mode.

In contrast, a digital controller can be
programmed to restrict itself to a speci-
fied frequency range and to maintain
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stability even when the affected res-
onator is driven at high power and sub-

jected to uncertain disturbances and

iable loads.

The present digital control system (see
figure) is implemented by means of an
algorithm that comprises three main sub-
algorithms: a hillclimbing control algo-
rithm, an estimation-based extremum-
seeking control (ESC) algorithm, and a
supervisory algorithm. The hillclimbing
algorithm is useful for coarse tracking to
find and remain within the vicinity of the
resonance. The ESC algorithm is not
capable of coarse resonance tracking, but

Vi

is capable of fine resonance tracking once
the estimates of parameters generated by
the hillclimbing algorithm have con-
verged sufficiently. On the basis of the
parameter-estimation errors, the supervi-
sory algorithm switches operation to
whichever of the other two algorithms
performs best at a given time.

For the purpose of the control algo-
rithm, the performance ol the actuator
is quantified in terms of the ratio
between the time-averaged drive-voltage
amplitude and the time-averaged drive
current amplitude during a sampling
time period. In the hill-climbing algo-
rithm, the excitation frequency during
the next sampling period is increment-
ed or decremented by an arbitrary fixed
step. If the increment or decrement
results  in  an the
current/voltage ratio, then the direction
of change (increase or decrease, respec-
tively) of frequency is accepted and
another such change (increment or
decrement, respectively) is made during
the following sampling period. If, on the
other hand, the increment or decre-
ment results in a decrease in the cur-
rent/voltage ratio, then the direction of
change of frequency during the follow-
ing sampling period is reversed. The
process as described thus far is repeated,
causing the current/voltage perform-
ance to climb to one of the resonance
peaks and eventually to oscillate about
the peak. In order to prevent climbing
of one of the undesired higher-frequen-
cy resonance peaks, it is necessary to
choose the starting excitation frequency
near the desired peak and to impose a
limit on the excursion from the starting
frequency.

Once the excitation frequency has
begun to oscillate about the peak, the
supervisory algorithm switches operation
to the ESC algorithm, which uses past as
well as present input/output data to make
a leastsquares estimate of the resonance
frequency. The estimation task involves

increase in
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This Resonance-Tracking Controller includes three main subsystems that function together to effect a combination of coarse and fine frequency tracking
optimized to maintain operation at a desired resonance and avoid undesired resonances.

updating two scalar parameters ol a quad- -

ratic model that represents the input/out-
put map of the actuator resonance. After
cach sampling period, the new input/out-
put data pair is added 1o the collection of
past data pairs, such that information
regarding the input/output relationship of
the actuator increases over time; in other
words, as the input/output information

comes in, the algorithm tries to improve
the fit between the quadratic model near
resonance and all the past input/output
data up to the current time. Once the esti-
mated parameters have converged suffi-
ciently, the excitation frequency is updated
according to a simple formula that repre-
sents a maximizer associated with the quad-
ratic model. In the event that the estimates
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begin to diverge beyond a specilied limit,
the supervisory algorithm switches opera-
tion back to the hill-climbing algorithm.

This work was done by Jack Aldvich, Yoseph
Bar-Cohen, Stewart Sherrit, Miveea Badescu,
Xiaogi Bao, and Zenshen Chang of Caltech for
NASA's Jet Propudsion Laboratory. For furthe
information, contacl iaoffice@jpl. nasa. gov.
NPO-43519
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