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MEETING ORGANIZERS

TruNav

Conference Meals and Special Events

The following events are included in all full-conference
and student registrations. Single-day registrations include
events taking place on the day the attendee is registered.

Monday Tutorial Attendee Buffet Luncheon
(for tutorial attendees only)
12:30 p.m. - 1:30 p.m.
Terrace Room

Tuesday Informal Buffet Luncheon
12:15 p.m.- 1:15 p.m.
Grand Ballroom

Student and Early Career Social Event
(for registered students and early career attendees only)
6:00 p.m.-7:00 p.m.
North Garden Patio

Sponsored by QuNav

nl Ikln‘ /4
AHuiNayv

Wednesday Informal Buffet Luncheon
12:15 p.m.- 1:15 p.m.
Grand Ballroom

Thursday Annual Awards Luncheon
12:15 p.m. - 1:45 p.m.
Late arrivals will not be served after 12:30 p.m.
Vegetarian and other meal accomodations must be
requested three days in advance.
Grand Ballroom

View On-Demand Paper Presentations

for all sessions at ion.org

ITM General Chair ITM Program Chair PTTI Program Chair PTTI Tutorials Chair
Dr. Andrew Neish Dr. Samer Khanafseh Dr. Giancarlo Cerretto Dr. Thejesh Bandi
Reliable Robotics Winois Institute Istituto Nazionale di The University of

of Technology/ Ricerca Metrologica Alabama

CONFERENCE INFORMATION

Special Events for Speakers/Session Chairs
All session chairs and the presenting author of primary
and alternate presentations should attend the Speakers’
Breakfast taking place in the Terrace Room on the day of
their presentation. Names will be checked at the door. If
you did not upload your bio to AMP by January 5, bring
a printed copy for your session chair. Self-service printers
are available in the registration area.

Internet and Parking

Guestroom internet is free for meeting attendees.
Overnight parking is discounted 10% over published rates
for overnight hotel guests who booked within the ITM/
PTTI block. To obtain the discount, bring your parking
ticket to the hotel front desk.

ITM/PTTI Website (ion.org)
« Access on-demand presentations
- Read full technical papers
« Learn about ITM/PTTI exhibitors

Complimentary Internet in Meeting Rooms
Network ID: Hyatt_meeting

Password: ion2026

Photography Policy

Your presence at ITM/PTTI constitutes your agreement
to be photographed, filmed, videotaped or otherwise
recorded by conference management, or its agents,
and your agreement that your image or voice may

be distributed in print or electronic communications
media without any compensation being paid to you.
Video recording by participants is not allowed without
written permission of ION during any portion of the
conference. Photographs of copyrighted presentations
are for personal use only and are not to be reproduced
or distributed. Do not photograph any images labeled
as proprietary. Flash photography, or any form of
photography, that disturbs those around you, is
prohibited.



EXHIBIT HALL INFORMATION

Current Exhibitors: Exhibit Hall Floor Plan:

- CAST Navigation, LLC (Booth 208) % T
+ Cycle GmbH (Booth 308)

« Frequency Electronics, Inc. (Booth 202) %
« GuideTech, Inc. (Booth 209)

« LKD Aerospace (Booth 108)

« Masterclock, Inc. (Booth 109)*

- Meinberg USA Inc. (Booth 300) 108 109|208 209 | 308 309 Attendee
« Menlo Systems (Booth 301) Dining

« Microchip Technology Inc. (Booth 303) % Coffee Breaks Tables

« Oscilloquartz (Booth 201) %
« Pendulum Instruments, Inc. (Booth 102) 102 103|202 203|302

- Precise Time and Frequency, LLC (Booth 103) 100 101/ 200 201/ 300 301
« Safran - Electronics & Defense (Booth 101) *
« SpectraDynamics (Booth 302) *

« Stable Laser Systems (Booth 203) Aﬂkﬂ_Ebfgf‘\C_r'v N R PN VX B
« TimeTech GmbH (Booth 200)

« Vector Atomic (Booth 100) * L
. Vescent (Booth 309) Exhibit Hall Hours:

=ION Corporate Member Tuesday, January 27
8:30 a.m.-9:30a.m. Exhibit Hall Open to Exhibitors
9:30 a.m.-4:00 p.m. Exhibit Hall Open to Attendees

Lunch Buffets

Wednesday, January 28

9:00 a.m. - 10:00 a.m. Exhibit Hall Open to Exhibitors
10:00 a.m. - 4:00 p.m. Exhibit Hall Open to Attendees
4:00 p.m.-7:00 p.m. Exhibit Hall Teardown

%ION ION ONLINE JOB BOARD

A Resource for Recruiting Qualiﬁei’NT Professionals
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Looking for talent? Looking for anew career opportunity7




PTTI TUTORIALS

Monday, January 26, Royal Ballroom AB

Dr. Elisa Felicitas
Arias, CNRS,
Observatoire de Paris,
Université PSL

Dr. Jeff Sherman
NIST

Dr. John Kitching
NIST

Time Scales - Continuous UTC, Redefinition of the Sl Second and Plans for a Lunar Time

8:30a.m.-9:45 a.m.

This tutorial will detail the future evolution of Coordinated Universal Time (UTC) and their consequences; and will
report on the activity around the establishment of a time reference for the Moon.

UTC, the international reference time scale derived from International Atomic Time (TAl), is on the way to suffer
changes that will give it long-term uniformity and optimized accuracy.

« Its present non-continuity, coming from the insertion of leap seconds at irregular intervals to limit its departure
from the time derived from Earth’s Rotation (UT1) within 0.9 s. The artificial steps of UTC have negative impact
on the modern systems of time transmission and dissemination, and on associated technologies that became
essential to human activities. The work and discussions finally converged to an increase of the maximum value of
UT1 - UTC that will preserve the continuity of UTC, maybe forever.

«  Itsaccuracy, represented by the accuracy of the second of the International System of Units (SI) and its
realizations. The present definition of the second is based on the period of a Caesium 133 transition, realized
with an accuracy of parts in 1016. Work in time metrology laboratories made it possible to develop frequency
standards based on different species and transitions, operating frequencies higher than that of the Caesium.
Some of these standards proved their capacity to reach some 10-18 accuracy, representing a challenge to physics
and metrology. Some of these new transitions have been recommended as secondary representations of the
second. One, or an ensemble of them will provide in the term of 5 - 10 years a new definition of the second.

Space agencies started projects and programmes to enhance the exploration of the Moon, demanding the
establishment of references for positioning on the lunar surface (emulating the geodetic references), and of a time
reference for events on and around the Moon, and communication also between the Moon and the Earth.

Dr. Elisa Felicitas Arias, was director of the Time Department at the Bureau International des Poids et Mesures (1999-2017), responsible for

the computation of Coordinated Universal Time UTC. She retired at the end of 2017 but continues her professional activities in astronomy
and time and frequency metrology at Paris Observatory.

GNSS Time and Frequency Transfer Techniques and Alternate PNT Methods to GNSS

9:45a.m.-11:00 a.m.

GNSS, like GPS, offer wide and inexpensive dissemination of time signals with nanosecond-level precision and
accuracy. By far the most successful use of atomic clocks, GNSS supports billions of dollars of economic activity
monthly in the United States alone. We will review the physical basis and common techniques of GNSS time
dissemination and time transfer by using GNSS signals as a transfer standard. We highlight the few weaknesses of
GNSS: low signal amplitude at Earth's surface admits accidental or purposeful interference; space-borne assets in
general are vulnerable to space weather or other failures. What alternatives exist for nanosecond-level time transfer?
We will review protocols and techniques for time transfer over computer networks, terrestrial broadcasts and point-to-
point transmissions, other space-borne constellations, and direct fiber optic links.

Dr. Jeff Sherman currently leads the Time Realization and Distribution Group at the National Institute of Standards and Technology (NIST).

The group maintains and improves NIST systems that produce and distribute official U.S. time, time-interval, and frequency signals based
on an ensemble of atomic clocks and frequency references.

Break: 11:00 a.m.-11:15 a.m.

Chip-Scale Atomic Devices

11:15a.m. - 12:30 p.m.

Chip-scale atomic clocks are now successful commercial products and research within this scientific field continues
to be highly active. This tutorial will cover the design, fabrication and performance of chip-scale atomic devices
including frequency stability, size, weight, power and manufacturability. The key physics elements that underlie these
instruments will be discussed, as well as the most important application spaces in which these devices are used.
Current trends in the area of chip-scale atomic devices will be presented and some speculation for the future will be
discussed.

Dr. John Kitching is the leader of the Atomic Devices and Instrumentation Group in NIST’s Physical Measurements Laboratory and a NIST

Fellow. He and his group pioneered the development of microfabricated “chip-scale” atomic devices for use as frequency references,
magnetometers and other sensors. He is a Fellow of the American Physical Society, the IEEE, and the National Academy of Inventors.

Tutorial Attendee Lunch Buffet Served, 12:30 p.m. - 1:30 p.m., Terrace Room

TUTORIAL LISTING CONTINUES ON NEXT PAGE



PTTI TUTORIALS

Monday, January 26, Royal Ballroom AB

Deep-Space Positioning, Navigation, and Timing

1:30 p.m. — 2:45 p.m.

This tutorial covers the basics of deep space navigation including its measurements, methods, and the typical
performance realized in the different phases of a space mission. Focus will be on navigating to the Moon and Mars,

in orbit about them, and, when on their surface, positioning. Key factors contributing to a reliable trajectory solution
such as geometric diversity, complimentary data types, accurate error modeling/compensation will be highlighted.
Throughout, the role of clocks and the navigation capabilities that could be enabled by the ready availability of stable

Dr.Todd Ely space clocks will be discussed.
JPL-NASA

Dr. Todd Ely has been at the Jet Propulsion Laboratory since 1999 where he has been developing and implementing navigation systems
and architectures for many projects; his current focus is on lunar and Mars navigation, space based VLBI, and the advancement of
atomic clocks and autonomous navigation technologies. Dr. Ely is the recipient of JPL's Magellan Award and NASA’s Outstanding Public
Leadership Medal for his work on DSAC.

Break: 2:45 p.m. -3:00 p.m.

Optical Atomic Clocks and Frequency Combs

3:00p.m.—4:15 p.m.

Optical atomic clocks can greatly improve the performance of precision timing systems compared to those that rely on
microwave-based atomic clocks. Practical optical clock implementations are only possible when the optical output is
divided to the microwave regime using optical frequency comb technology. This tutorial will present the fundamental
principles that led to the development of both technologies. It will include a comparison of optical clocks designed for
portability versus those optimized for precision and review the key systematic shifts that must be well-understood and
Dr. Cort Johnson well-controlled to achieve high accuracy. It will also provide a survey of applications beyond timekeeping that utilize
Draper the unique spectral properties of optical frequency combs.

Dr. Cort Johnson is a staff scientist at Draper in the quantum applications group. Over the past decade he has led efforts to design,
fabricate, and test compact optical atomic clocks. Prior to joining Draper in 2013, he was a member of the technical staff at Sandia
National Laboratories.

Nuclear Clocks and Tests of Fundamental Physics

4:15p.m. —5:30 p.m.

Clocks based on hyperfine and electronic transitions in laser-cooled atoms, with fractional inaccuracy and instability
now reaching below 1e-18, have revolutionized positioning, navigation, and timekeeping (PNT) and serve as one of
o the experimental foundations on which the Standard Model of particle physics was built. A new type of clock based
. "W  on the internal transitions of atomic nuclei, dubbed nuclear clocks, was proposed by Peik and Tamm in 2003. Among
' u.lm nuclei, the thorium-229 nucleus is unique in having a transition at low enough energy to be accessible with present-
Dr. David Leibrandt ~ day laser technology, and laser spectroscopy of the thorium-229 nuclear isomer transition was first demonstrated
UcLA by three groups nearly simultaneously in 2024. The race is now on to build the first nuclear clocks, which have the
potential for transformative advances in PNT and searches for physics beyond the Standard Model (BSM).

This tutorial will discuss the two types of thorium nuclear clocks that are being pursued. Solid-state thorium clocks
are based on spectroscopy of thorium doped into a crystal or thin film. This is uniquely possible with nuclear
transitions because atomic nuclei are shielded from the solid-state environment by their core electrons, and enables
clocks based on Avogadro's number of atoms with quantum-projection-noise-limited instability orders of magnitude
below atomic clocks typically based on less than one million laser-cooled atoms. Due to their relative simplicity, it
might also be possible to make low size, weight, and power (SWaP) solid-state nuclear clocks that can be deployed
outside the laboratory. Trapped-ion thorium clocks are based on well-isolated trapped and laser cooled thorium ions.
Because nuclei are much smaller than atoms, nuclear transitions are much less sensitive than hyperfine and electronic
transitions to environmental electromagnetic fields that limit atomic clock accuracy. Trapped-ion nuclear clocks may
thus reach inaccuracies well beyond the best atomic clocks.

The tutorial will conclude by discussing the fundamental physics reach of thorium nuclear clocks. Due to the higher
energy scales and additional fundamental interactions present in the nucleus, nuclear transitions are much more
sensitive to small deviations from the predictions of the Standard Model than atomic transitions. Beyond their
applications in PNT, thorium nuclear clocks may offer insights about the nature of dark matter or other hints about
what lies beyond the Standard Model.

Dr. David Leibrandt is a professor in the Department of Physics & Astronomy at UCLA. Prior to moving to UCLA in 2022, he was an

associate professor adjoint at the University of Colorado and led the trapped-ion optical atomic clock and precision measurement
experiments within the lon Storage Group at the National Institute of Standards and Technology in Boulder, CO.



ITM/PTTI PLENARY SESSION

Tuesday, January 27, 8:30 a.m. - 12:15 p.m., Royal Ballroom CE

WELCOME AND INTRODUCTIONS
8:30a.m. - 8:45 a.m.

Dr. Gary McGraw
ION President
Genova Technologies

Dr. Giancarlo Cerretto
PTTI Program Chair
Istituto Nazionale di
Ricerca Metrologica

Dr. Samer Khanafseh
ITM Program Chair
lllinois Institute of
Technologies/TruNav

8:45a.m. - 9:45 a.m.

ITM Keynote: Safety and Innovation

Navigation has seen a series of cataclysmic changes starting with the commercialization of GPS processing.
The field may be on the cusp of another, with increasing prevalence of disruptions to satellite navigation

and the potential for machine learning to reduce the barriers for alternate sensing technologies. What is the
prognosis for navigation in aviation, and what lessons can be applied from how we got to today’s systems and
operations?

Bruce DeClenne Bruce DeCleene is the Director of the office of Senior Technical Experts in the FAA's office of Aviation Safety. He leads Chief Scientific and
Director, Office of Senior Technical Advisors in a range of disciplines to safely advance technologies through policy, standards and research. He has spent his
Technical Experts, FAA career at the intersection of safety and innovation and is passionate about meeting public expectations for safety while harnessing new
(Invited) technologies to improve safety and efficiency.

9:45 a.m. - 10:15 a.m.: Break in Exhibit Hall
10:15a.m.-11:15a.m.
PTTI Keynote: Biological Clocks and the Importance of Timing in Biology

Biological clocks govern most vital biological functions across all life forms. This talk explores the mechanisms
of internal timing and how humans synchronize physiology with our 24-hour environment.

Dr. Emily N.C. Manoogian studies the intricate interaction between our body’s biological rhythms and the timing of our daily habits,
including when and how much we sleep, eat, and exercise.

Dr. Emily N.C. Manoogian
Senior Staff Scientist,
Salk Institute for Biological
Studies

EXHIBITOR PRESENTATIONS

11:15a.m.-12:15 p.m.

Moderated/organized by

Exhibitors shall have three minutes each to describe new commercial applications available for viewing in their
exhibit booth.

Peter Cash
Microchip

Dr. Joshua Hill
U.S. Army Research Laboratory

Attendee Lunch Buffet Served, 12:15 p.m. - 1:15 p.m., Exhibit Hall/Grand Ballroom




View On-Demand Paper Presentations

for all sessions ation.org

TUESDAY AFTERNOON SESSIONS

Session A1: PNT Solutions for Space
Applications

Room: Royal Ballroom CE

1:45 p.m. - 5:50 p.m.

Dr. Sabrina Dr. Nathan
Ugazio ’ Green
Ohio ' 5 Relativity
University 2t Space

1:50 Assessment of GNSS Availability in Cis-Lunar Space
Using LuGRE 1Q Samples: Experimental Results,
Simulations and New Records: L. Sciacca, Politecnico
diTorino; L. Canzian, S. Guzzi, G. Campagnolo, Qascom
s.r.l.; A. Minetto, A. Nardin, F. Dovis, Politecnico di Torino;
M. Musmeci, C. Facchinetti, Agenzia Spaziale Italiana

2:12 Reduced-Dynamic Filtering for GNSS-Only Orbit
Determination in Cislunar Space: An Experimental
Assessment with LuGRE Data: . Cossu, 0. Vouch, A.
Minetto, F. Dovis, Politecnico di Torino; M. Musmeci, C.
Facchinetti, Agenzia Spaziale Italiana

2:35 Analysis of GNSS-Based Navigation Performance
Throughout a Ballistic Lunar Transfer: B. C. Peters, R.
McKnight, S. Ugazio, Ohio University

2:58 Constellation Design of the Lunar Navigation
Satellite System: Hybrid Frozen Constellation for
Global PNT Services: J. Woong Hwang, Seoul National
University; M Kang, Korea Air Force Academy; H. Jeong, J.
Park, C. Kee, Seoul National University

3:25 - 3:55, Break. Refreshments in Exhibit Hall

4:00 Elementary Effects Sensitivity Analysis of Lunar PNT
Performance Metrics: A.S. Gabhart, B. E. Robertson,
and D. N. Mavris, Georgia Institute of Technology

4:23 Design of a Multi-Layered Lunar PNT System
with Two-Way Inter-Satellite Measurements for
Autonomous Orbit Determination: J. Oh, S. Kim, B.
Park, Sejong University

4:46 Experimental Study of an Orbital Filter in Hybrid
Lunar Navigation with Ground-Based Clock
Synchronization: S. Nishimoto and J. Kawaguchi,
Australian National University

5:08 A Hybrid Timing System for Small Satellite Missions:
V. lyer, E. Gokie, and T. N. Bandi, The University of
Alabama

5:30 Motion-Aware Restoration of Smeared Star Tracker
Images for High-Performance Satellite Attitude
Determination: Y-C.Tseng, S-S. Jan, National Cheng
Kung University

Alternate

1. REFLECT-HORIZON: Refracted Emissions for Fragment
Location and Enhanced Catalog Tracking from the
Horizon: R. Bhatia, West Virginia University; A. Chandran,
University of Colorado Boulder; C. Vaudrin, CesiumAstro
Inc.

Student & Early Career
Social Event
6:00 p.m. - 7:00 p.m.
North Garden Patio

(rain location: Garden Room 4)
Co-Sponsored by QuNav
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Tuesday, January 27, 1:45 p.m. - 5:30 p.m.

Session B1a: Autonomous Navigation and
Safety-Critical Applications

Room: Royal Ballroom DF

1:45 p.m. - 3:25 p.m.

i Dr.Hadi
Wassaf
DOT Volpe
Center

Andrew
Videmsek
Reliable
Robotics

1:50 Efficient Monitoring of Constellation Clock Offset
Faults in Advanced RAIM and Related Systems: J.
Blanch and T. Walter, Stanford University

2:12 A Comparative Analysis of Robust Cost Functions in
a Factor Graph Optimization Framework and RAIM:
C. Taylor, Air Force Institute of Technology; J. Gross, West
Virginia University

2:35 Towards Safe Lidar Positioning — Statistical
Bounding of Lidar Pose-Error Covariance Using a
Map-based Prediction: H.S.Wassaf and J. Poage,
USDOT Volpe Center; J. H. Rife, Tufts University

2:58 Fault-Mode Aware Integrity Monitoring for
Collaborative CAV Localization: S. Kuwada, lllinois
Institute of Technology; M. Joerger, Virginia Tech; M.
Spenko, lllinois Institute of Technology

Alternates

1. Uncertainty-Aware GRU-Enhanced INS for Robust
Navigation in Al-Based Autonomous Vehicles: Y-H.
Lee, J-U. Lee, J-H. Won, Inha University

2. Multi-Constellation Multi-Satellite FDE for Tightly
Coupled GNSS/INS Navigation Systems: B. Kujur, S.
Khanafseh, and B. Pervan, Illinois Institute of Technology

3:25 - 3:55, Break. Refreshments in Exhibit Hall

Session B1b: Resilient Navigation for Civil
Aviation

Room: Royal Ballroom DF

3:55 p.m. - 5:50 p.m.

Dr. Okuary
Osechas # Glenn Colby
ZHAW | & CatShot Group

4:00 CoSAA: The Cockpit Spoofing Alert App for Electronic
Flight Bags — Concept and Simulation: P. Rudnik,
A. Winterstein, German Aerospace Center (DLR); T.
Dautermann, DLR, Institute of Flight Guidance; M. Cuntz,
and M. Meurer, DLR & RWTH Aachen University

4:23 Performance of Multi-DME Navigation to Support RNP
for Arrivals and Departures at Select Terminal Areas: S.
Narayanan, Collins Aerospace; 0. Osechas, Zurich University
of Applied Sciences (ZHAW)

4:46 Assessment of Integrity Monitor Impacts on GBAS
Performance Under lonospheric Scintillation: A. K.
Sun, Jiyun Lee, Korea Advanced Institute of Science and
Technology; S. Pullen, Stanford University; M. Caamano,
DLR

5:08 Testing Real-Time Anti-Spoofing Algorithms, Results
of Intentional Interference Tests at JRC for Airborne
Receivers: A. Rovira- Garcia, J. Sanz, Universitat Politecnica
de Catalunya; M. Pini, M. Nicola, G. Marucco, Civitanavy
Systems by Honeywell; S. Damy, L. Cucchi, J. Tegedor,
European Commission, JRC

5:30 Evolving Threats of GNSS Interference in Aviation —
Jamming, Spoofing and TCAS Anomalies: M. Felux, 0.
Osechas, V. Fischer, S. Fischer, M. Nietlispach, ZHAW

Alternate

1. Ground Station Pseudorange Pre-Smoothing
and Error Model Development for DFMC GBAS: M.
Nietlispach, ZHAW; G. A. McGraw, Genova Technologies &
Consultant to DLR; M. Caamano, DLR; M. Felux, ZHAW

Session P1a: Transitioning to a New
Definition of the SI Second

Room: Royal Ballroom AB

1:45 p.m. - 3:25 p.m.

Matsakis
Masterclock

Dr. Nils Nemitz
NICT

1:50 Towards the Redefinition of the Second: D. Calonico,
INRIM; P. Tavella, BIPM; N. Dimarcg, ARTEMIS, Université
(ote d’Azur, OCA, CNRS

2:12 An Accessible Formulation for an SI Second
Based on Multiple Atomic Transitions: N. Nemitz,
National Institute of Information and Communications
Technology (NICT); C. E. Calosso, Istituto Nazionale di
Ricerca Metrologica (INRiM)

2:35 Redefining the SI Second: A Simple Mathematical
Insight into the Ensemble Option: C.E. Calosso, Istituto
Nazionale di Ricerca Metrologica (INRIM); N. Nemitz,
National Institute of Information and Communications
Technology (NICT)

2:58 New Definition of the SI Second — Discussion
Moderated by the Session Chairs

3:25 - 3:55, Break. Refreshments in Exhibit Hall

Session P1b: Advances in Ground Atomic
Clocks

Room: Royal Ballroom AB

3:55 p.m. - 5:50 p.m.

Dr. Shimon
Kolkowitz
UC Berkeley

8 Dr. Daphna
Enzer
JPL, CALTECH

4:00 Low-Cost Optically-Pumped Cesium Beam Clock:
P. Berthoud, V. Dolgovskiy, F. Kroll, M. Haldimann,
Oscilloquartz

4:23 Radium ion Optical Clocks: A. M. Jayich, UC Santa
Barbara

4:46 Universal Quantum Operations and Ancilla-Based
Readout for Tweezer Clocks: R. Finkelstein, R. B-S. Tsai,
X. Sun, P. Scholl, S. Direkdi, T. Gefen, California Institute
of Technology (Caltech); J. Choi, Stanford University; A. L.
Shaw, and M. Endres, Caltech

5:08 Cold-Atom Two-Photon Clock of 88Sr on the 150-1D2
Transition with Magic Polarization: K. Suekane, H.
Katori, The University of Tokyo

5:30 A Narrow-Linewidth Brillouin Laser Used to
Reduce the Intermodulation Noise in a Two-Photon
Rubidium Frequency Standard: K. W. Martin, R. Beard,
AV Incorporated; A. Isichenko, D. J. Blumenthal, UCSB;
K. Campbell, S. Erickson, and S. Krzyzewski, Air Force
Research Lab



WEDNESDAY MORNING SESSIONS

Wednesday, January 28, 8:30 a.m. - 12:15 p.m.

View On-Demand Paper Presentations
for all sessions ation.org

Session A2: Alternatives, Backups,
Complements to GNSS 1

Room: Royal Ballroom AB

8:30 a.m.-12:15 p.m.

- Dr.
] Thyagaraja
: Marathe
Dr. Joshua Xona Space
s Morales Systems
StarNav LLC Canada Inc.

8:35 Decorrelation Analysis of Differential LEO Range
Corrections: L. Boyd, D. M. Bevly, Auburn University

8:57 FFT Based DPD Localization Using LEO Signal
Without Signal Tracking: K. Kobayashi, A. Fukuhara,
N. Kubo, Tokyo University of Marine Science and
Technology; R. Takahashi, S. Adachi, S. Granell Escalfet,
ArkEdge Space Inc.

9:20 Comparison of Two-Way Satellite Time and
Frequency Transfer (TWSTFT) and PTP Over Long
Distances: A. Osman, Oak Ridge National Laboratory

9:43 Remarks on Tracking 5G NTN Signals with a GNSS-
Centric SDR: CRLB, GPU/CPU-Based Correlation
and C/NO-Estimation: F. Binder, M. S. Hameed, C. A.
Lichtenberger, University of the Bundeswehr Munich;
0. M. Picchi, External consultant for the JRC, European
Commission; J. Winkel, Winkel Consulting SLF; M.
Rotoloni, Qascom; F. Soualle, Airbus Defense and Space;
T. Pany, University of the Bundeswehr Munich

10:05-10:35, Break. Refreshments in Exhibit Hall

10:40 Optimized Ground Segment Scheduling and URE Per-

formance Analysis for Regional LEO-PNT Architec-
ture: K. Kim, Sejong University; D. Kim, S. Kim, Agency
for Defense Development; 0-J. Kim, Sejong University

11:03 Evaluation of the Broadcast Positioning System
(BPS) Signals as a GNSS Alternative: J. Verma, T.
Roden, The University of Alabama; J. A. Sherman,
National Institute of Standards and Technology (NIST);
T.N. Bandi, The University of Alabama

11:26 Orbit Determination and Time Synchronization
Using Navigation Ground Nodes for GNSS-Indepen-
dent LEO PNT: M. Murata, E. Galletti, K. Akiyama, and
S. Kogure, Japan Aerospace Exploration Agency

Session T2b: Updates and Insights from
Metrology Institutions and Broader
Scientific/Regulatory Communities
Room: Imperial Room

10:35a.m. - 12:15 p.m.

Dr. Jeff A.
Sherman
NIST

Dr. Joseph
Achkar
LNE OP/ITU

10:40 ACES Space to Ground Frequency Comparisons for
Extracting Gravitational Redshift: D. G. Enzer and N.
Yu, Jet Propulsion Laboratory, Caltech

Session B2: GNSS Security 1: Interference,
Jamming, and Spoofing

Room: Royal Ballroom CE
8:30a.m.-12:15 p.m.

Dr. Sanjeev
Gunawardena
Air Force
Institute of
Technology
8:35 Improved Frequency Tracking with Adaptive
Moments for Narrowband Interference Mitigation in
GNSS: B. Soner, sobu Labs & EDGE Microwave; A. Uzun,
E. Uzun, EDGE Microwave
8:57 GNSS Interference Direction Improvement Using
Signal Space: J. E Piper, Advanced Array Solutions
9:20 GNSS Spoofing Detection and DOA Estimation
with an Array Receiver and its Digital Twin: Field
Test at Jammertest 2025 in Norway: L. Danelli, A.
Emmanuele, N. Pastori, R. Colombo, P. lacone, L. Marradi,
L. Siniscalco, Thales Alenia Space Italia
9:43 GNSS Jamming Mitigation with a Pilot Signal Aided
Deep Integration Framework: K. Nagai, S. Khanafseh,
B. Pervan, lllinois Institute of Technology

10:05-10:35, Break. Refreshments in Exhibit Hall

10:40 Post Quantum Cryptography and GNSS: C. 0'Driscoll,
Independent Consultant; I. Fernandez-Hernandez, Euro-
pean Commission; J. Winkel, Independent Consultant; T.
Willems, European Commission Advisor

11:03 Real-time Pre-Correlation GNSS Interference Clas-
sification with Lightweight Learned Algorithms: B.
Soner, sobu Labs & EDGE Microwave; C. Aksoy, E. Halagli,
EDGE Microwave

11:26 Real-Time Global GNSS Signal Monitoring for Prompt
Detection of Anomalous Events: G. Allende-Alba, Ger-
man Aerospace Center (DLR); S. Thoelert, DLR & RWTH
Aachen University; P. Steigenberger, German Space
Operations Center & DLR; A. De la Rosa, Autonomous
University of Barcelona

11:48 Impact of GPS Signal Spoofing on Integrated INS/
GPS Localization System: M. U. Ahmad, S. Dasqupta,
M.S. Irfan, and M. Rahman, The University of Alabama

Dr. Birendra
Kujur

Illinois Institute
of Technology

11:03 OptAsia — Collaborating to Keep Time with Optical
Clocks: N. Nemitz, National Institute of Information and
Communications Technology (NICT); D-H. Yu, J. H. Rhee,
G.W. Choi, Y. K. Lee, H. Kim, C. Y. Park, D. Kwon, M-S.
Heo, H. G. Lee, W-K. Lee, Korea Research Institute of
Standards and Science (KRISS); M. Tennes, H. Hachisu, N.
Ohtsubo, Y. Kozuki, T. Ido, NICT; S. Manandhar, I. C. Seo,
Y.Y. Liu, Y. C. Tan, Y. Meng, National Metrology Centre,
Singapore (NMC); T. Kobayashi, S. Nagase, T. Tanabe, A.
Nishiyama, A. Kawasaki, M. Yasuda, NMIJ

11:26 Time and Frequency Operations, Research, and
Development at the Jet Propulsion Laboratory: J.
McKelvy, Jet Propulsion Laboratory, California Institute
of Technology

11:48 Ultrastable Transfers Over Large Telecom Networks:
J.Vojtech, J. Radil, M. Spacek, J. Sima, T. Novak, V.
Smotlacha, 0. Havlis, E. Andriantsarazo, R. Vohnout,

M. Slapak, D. Verner, L. Altmannova, R. Velc, P
Pospisil, M. Hazlinsky, CESNET; M. Spacek, T. Novak, E.
Andriantsarazo, J. Roztocil, Czech Technical University

Session P2a: Advances in Space Atomic Clocks
Room: Royal Ballroom DF
8:30a.m.-10:05 a.m.

Dr. James
Camparo

The Aerospace
Corporation

4 Dr.Jacopo Belfi
Leonardo SPA

8:35 Leonardo’s Atomic Clock Technologies for GNSS and
Beyond: R. Allievi, 0. Artesani, M. Barela, J. Belfi, S.
Beretta, F. Bettinardi, D. Bisconti, G. Boari, E. Bruschini,
P. Calcaterra, A. Campa, S. Campadelli, L. Carnaghi, G.
Cassani, G. Cavallo, A. Chierici, E. Cillario, L. Cocciolo, G.
Di Nepi, A. Dolzan, F. Ferruccio Era, R. Fabbri, L. Ferrante,
P. Franchi, D. Gallibariggio, U. Giacomelli, M. Gioia, C.
Grova, L. Levati, R. Lirato, F. Marrese, M. Maspero, M.
Massari, G. Mazzei, G. Meogrossi, M. Montanari, A.
Padelli, E. Pancini, A. Piana, G. Pisani, K. A. Quinones
Valencia, P. Radaelli, G. Raffaele, M. Rakic, F. Romano, A.
Rossetti, F. Sabatini, S. Savoldelli, R. Villa, G. Zappacosta,
Leonardo SpA.

8:57 Experimental Results on Lifetime Studies of
Commercially-Manufactured rf-Discharge Lamps
for Mercury-ion Atomic Clocks: R. Jatulis, A. Little, K.
Harpenau, C. M. Klimcak, I-T. Bae, B. Jaduszliwer, J. C.
Camparo, The Aerospace Corporation

9:20 BHEX Mini: Space-Space VLBI at 86 GHz: R. Bari, A.
Frickey, G. Neely, K. DeGennaro, Brown University

9:43 Advancements in Low SWaP Atomic Clocks for Space
Environments: C. Higgins, W. Emanuel, W. Krzewick, J.
Bollettiero, and M. Silveira, Microchip Technology

10:05-10:35, Break. Refreshments in Exhibit Hall

Session P2b: Advances in Low-SWaP Atomic
Clocks

Room: Royal Ballroom DF

10:35a.m. - 12:15 p.m.

Peter Cash
Microchip

10:40 Next Generation Teledyne Chip Scale Atomic Clock
(TCSAC) Manufacturability and SWAP Performance
Improvements: N. Kotsianas, K. Tyler, R. Dupuis, J.
Partee, R. Borwick I, Teledyne Technologies

11:03 Updated Performance of the Timing Unit Rubidium
Oscillator (TURbO) a Compact, High Performance
Atomic Clock in Dynamic Environments: H. Ascarrunz,
C.Varuolo, J. M. Jones, T. McClelland, Frequency
Electronics, Inc.

11:26 Next Generation lodine Clocks with 5- and 1-liter
Form Factor: A. Cingoz, P. Patel, G. Partridge, A.
Kowligy, M. Ledbetter, S. Moore, J. Fujita, E. Pashollari,
D. Sheredy, M. K. Pasha, A. Dowd, G. Skualson, A.
Rakholia, M. Boyd, J. Abo-Shaeer, and J. Roslund, Vector
Atomic

11:48 Portable Photonic Microwave Source in a 3HU Rack-
Mounted Apparatus with State-of-the-Art Phase
Noise Performance: M. Giunta, B. Rauf, S. Afrem, P.
Adel, F. Boehle, M. Lezius, M. Fischer, Menlo Systems
GmbH; R. Holzwarth, Menlo Systems GmbH, MPQ

Dr. Jenna Chan
ARL DEVCOM

Attendee Lunch Buffet Served, 12:15 p.m. - 1:15 p.m., Exhibit Hall/Grand Ballroom
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Session A3: Alternatives, Backups, Session B3: GNSS Security 2: Interference, Session P3a: Established and Novel T&F Transfer
Complements to GNSS 2 Jamming, and Spoofing Technologies A
Room: Royal Ballroom AB Room: Royal Ballroom CE Room: Royal Ballroom DF
1:45 p.m. - 5:50 p.m. 1:45 p.m. - 5:50 p.m. 1:25 p.m. —3:25 p.m.
Dr.Tim Sahil Ahmed
Needham Dr. Eric Illinois Calvin Lin
Ali Abdallah y Ohio Vinande Institute of ' Telecommuni- Dr. Josef Vojtech
Google £ University AFRL Technology AR | cation Labs CESNET
1:50 Xona Pulsar Single-Satellite Positioning: System 1:50 Geometrical Constraints of Spoofing Unpredictable  1:28 Feasibility Study of the Proposed EU CPNT by Combining
Perspective and Experimental Validation: T. Marathe, Signals and Application to Galileo OSNMA: I. Terrestrial, LEO and GEO Based UTC Time Transfer: L.
T. Reid, S. Tantry, M. 0'Meara, Xona Space Systems Fernandez-Hernandez, C. 0'Driscoll, J. Winkel, T. Willems, Bonenberg, European Commission Joint Research Center (EC
2:12 Evaluation of Legacy Integrity Features in DME European Commission; A. Galan-Figueras, KU Leuven JRQ); T. Landon, C. Meyer, Iridium; J-H. Rognskog, R. de Vries,
Navigation: 0. Osechas, ZHAW Zurich Univ. of Applied 2:12 Spoofer Bearing Estimation Using Weighted C/NO Fugro Satellite Positioning Norway AS
Sciences; S. Narayanan, Collins; B. Kujur, lllinois Institute of Measurements of a Directional Antenna: V. Fischer, S. 1:50 Common-view Comparison Using two Iridium STL
Technology (IIT); V. Vitan, EUROCONTROL; S. Khanafseh, IIT Fischer, M. Felux, Zurich Univ. of Applied Sciences (ZHAW) (Satellite Time and Location) Receivers at National
2:35 Navigation in GNSS-Denied Environments Using 2:35 Field Detection of GNSS Interference Using Laboratories with a Very Long Baseline: A. N. Novick,
MEMS-Grade Sensors and Geophysical Anomalies: A Smartphones at Jammertest 2025: J. Tegedor, A. National Institute of Standards and Technology (NIST), and S-Y.
UKF Approach: J. Brodovsky and P. Dames, Temple Univ. Piccolo, C. Gioia, M. Barbero, European Commission JRC Lin, National Standard Time and Frequency Laboratory (TL)
2:58 Autonomous Localized Layered Approach for 2:58 Global Incidents of Aviation Spoofing in 2024-2025 2:12 Long Distance White Rabbit Distribution in a Coherent
Resilience and Detection: D. Allard, US Army Detected with Automatic Dependent Surveillance Network Within Sweden: S-C. Ebenhag, R. Sundblad, M.
3:25 - 3:55, Break. Refreshments in Exhibit Hall Broadcast: S. Lo, Z. Liu, Y. Hsuan Chen, T. Walter, Bergroth, SUNET
4:00 Leveraging Starlink Sianals of Opportunity: Phase Stanford Univ. 2:35 Full SSR-Based Frequency Transfer for Compact
' Trackingg, Diffrential gorrelatior?,pand Pos%’t.ioning 3:25 - 3:55, Break. Refreshments in Exhibit Hall gggffémﬁq“e"“esz H. Albers, . Wbbena, T. Wbbena
Results: C. A. Lichtenberger, . Binder, Univ. of the 4:00 Classifying Mitigable and Non-Mitigable GNSS 2:58 Lucky Packets and Network Time Protocol (NTP): J.
Bundeswehr Munich; F. Menzione, European Commission Interference Using Spectral Peak-to-Average Power Smuszkiewicz, St. Louis University; T. Jones, Bureau of
Joint Research Center; F. Soualle, Airbus Defence and Ratios: M. Rudy, S. Gunawardena, T. Machin, C. Schubert Standards Jamaica (BSJ); A. Novick, NIST: D. Matsakis,
Space GmbH; T. Pany, Univ. of the Bundeswehr Munich Kabban, Air Force Institute of Technology; C. Watson, The Masterclock, Inc.
4:23 Leveraging Magnetic Anomaly Map Uncertainty for MITRE Corporation . . . -
Enhanced Magnetic Navigation Performance and 4:23 Validation of Galileo SAS Spreading Code 3:25 - 3:55, Break. Refreshments in Exhibit Hall
Robustness: B. Blakely, Air Force Institute of Technology Authentication with Snapshot Data and Pedestrian/ Session P3b: Established and Novel T&F Transfer
(AFIT); R. Saltus, Univ. of Colorado; A. Nielsen, AFIT Vehicular Field Tests:T. Dorins, D. Détterbock, M. Bochkati,  Tachnoloaies B
4:46 Comparison of Error Mitigation Techniques for the T. Pany, Univ. der Bundeswehr Miinchen; P. Mendes, N. X 9
Integration of Commercial LEO Satellites with GNSS Diitsch, Industrieanlagen-Betriebsgesellschaft mbt (1ABs)  Room: Royal Ballroom DF
in a Navigation Solution: Z. Zhu, East Carolina Univ.; 4:46 Development and Verification of a Laboratory 3:55 p.m.-5:30 p.m.
S. Gunawardena, AFIT; E. Vinande, J. Pontious, Air Force Setup for Testing Space-Based GNSS RFI Monitoring
Research Lab and GNSS-R Analysis Payload and Algorithms: S. B. Dr. Lukasz
5:08 Non-Linear Tolles-Lawson Magnetic Aircraft Umesha, N. Duetsch, A. Semaan, T. Pany, Univ. of the Bonenberg
Calibration for Magnetic Anomaly Navigation: H. Bundeswehr, Munich Dr. Nathan iﬂﬁ’,ﬁiﬁiommr
Nolen and A. Nielsen, AFIT 5:08 Exploring the Challenges of Implementation of an Barnwell Research Centre
Alternate Data Channel for GPS: F. Niles, M. Pollack, T. NIWC Pacific URC)
Session T3a: Electronics for Precision Timing Mends Klaus, J. Rushanan, T. Cashin, H. Trappe, J. Ross, B. ~ 4:00 Comparison of Two-Way Satellite Time and Frequency
Aoohications Davis, The MITRE Corporation Transfer (TWSTFT) and PTP Over Long Distances: A.
PP , 5:30 Suspected GNSS Spoofing Detection and Analysis Osman, Oak Ridge National Laboratory
Room: Imperial Room Based on Raw GNSS Pseudorange Observations 4:23 UTC(IT) Time Transfer Comparison Between GNSS with
1:25 p.m. — 3:25 p.m. and ADS-B- Related Pre-Classification: L. Milicevic, Real-Time PPP and a White Rabbit Link: R. de Vries, 0. P
Individual researcher; R. Filjar, Univ. of Rijeka; and H. Ranningen, Fugro Satellite Positioning Norway AS; T. . Thai,
) Zagorje, Krapina Univ. of Applied Sciences A. Perucca, A. Mura, F. Levi, D. Calonico, I. Sesia, National
/[’\)|r{/;|reeczt;\)nrartinez Alternate Metrology Institute of Italy (INRiM); L. Bonenberg, ECJRC
Dr. Claudio E. Real Instituto 4:46 Picosecond-Range Network Time Scale Based on a White
Calosso y Observatorio 1. Disruptive Devices and Methods for Deterministic Rabbit Clock Ensemble: M. A. Weiss, Marc Weiss Consulting
— INRIM Armada Feed-Forward Anti-Jamming: C. Wilson and R. LLG; R. Gonzalez Escudero, S. Kannoth Mavila, F.M.J. Cozijn,
1:28 The Role of Digital Electronics in Compact Atomic Vosburgh, Archaius Inc. K. Steinebach, K.S.E. Eikema, Vrije Univ. Amsterdam; E.F.
Frequency Standards: C. E. Calosso, Istituto Nazionale . . . Dierikx, Y. Xie, VSL; S. Klemann, P. Klop, SURF, Utrecht; S.
di Ricerca Metrologica (INRIM) Session T3b: Environmental Sensitivity of Sarkar, N.J. van Druten, F. Schreck, Univ. of Amsterdam; J.C.J.
1:50 The Swabian Software Toolkit for Time and Clocks and Timing Systems Koelemeij, Vrije Univ. Amsterdam
Frequency Analyses: M. Martini, E. Mornacchi, M. Room: Imperial Room 5:08 Muochrony: Status of the INRIM Research on Time

Perera-Gonzalez, Swabian Instruments 3:55 5:50 Synchronization/Dissemination with Cosmic Muons and

2:12 Next Generation of Measurement Systems and +29 p-m. =550 p.m. First Muonic Disciplined Oscillator (u-DO) Prototype: G.
Timescales through Flicker Suppressed Direct-Digital: Cerretto, E. Cantoni, M. Sellone, Istituto Nazionale di Ricerca
M. Pomponio, NIST, CU Boulder, Temporis Solution LLG; A. Metrologica (INRIM), International Virtual Muography

Hati, C. Nelson, V.. Gerginov, J. Sherman, NIST Dr. Daniele Institute (VMI); C.E. Calosso, INRIM; I. Gnesi, Univ. of Torino,
2:35 Low CSWaP One Way Time Transfer on a Moving “T’;’tha" CREF, Centro Ricerche Enrico Fermi, INFN LNF, Gruppo di
Platform: K. Moran, A. Sabater, E. Izaguirre, T. Navarro, C;,,f,;";g;’” Cosenza, VMI; H.K.M Tanaka, The Univ. of Tokyo, VMI
> Burk, Nathan Barnwell 4:00 Environmental Testing of the Evergreen-30 lodine
2% Jl?&.iﬁaﬁfﬁﬂéfﬁﬂﬁfﬁf EQfe'anﬁ'.‘c’?oIﬁﬂElq}'er°' Clock: P. Patel, M. Ledbetter, J. Roslund, A. Kowligy, A. _ Obaze-Adeleke, B. Semon, T. . Band, The Univ. of Alal{amg
Perdue. J. P Cahill. . R. Anderson. T. Mahmood. and W. Chuang, P. Carney, E. Atchison, G. Partridge, A. Cingoz, J.  5:08 Silicon MEMS Oscillator Radiation Effects Investigation:
Zhou. US Ay ResearchLab : Abo-Shaeer, and M. Boyd, Vector Atomic H. Kettering, A. Householder, M. Choure, S. Davis, and D.
T o 4:23 Overview of the Timekeeper for Optical and Radio Monahan, The Aerospace Corporation
3:25 - 3:55, Break. Refreshments in Exhibit Hall Frequencies Using C2H2 (TORCH) Optical Molecular 5:30 Validating the Timing Performance Improvement from
Clock Prototype: A. Attar, H. Timmers, J. Valencia, B. lonospheric Corrections on Iridium PNT Receivers with

Sodergren, J. Black, Vescent; J. Apple, J. Hald, DFM; K. STL (Satellite Time and Location) Service that Utilizes
Vogel, K. Knabe, Vescent Only Signals from Low Earth Orbit (LEO) Satellites: P. B.

4:46 Potential Light Shift Suppression Methodology Johnson, Iridium; A. N. Novick, NIST

Through Control of the Excited State Zeeman
Shifts in Rb-87 Two-Photon Spectroscopy: A. C. 9
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Session A4: Atmospheric Effects, GNSS
Remote Sensing, and Scientific Applications
Room: Royal Ballroom DF

8:30 a.m.-12:15 p.m.

4 Dr. Hyeyeon

Dr.

Shrivathsan # Chang
Narayanan University
Collins ) of Colorado,
Aerospace A soulder

8:35 Tropospheric Scintillation Fading on L-Band Signals
using Mountaintop-Based Radio Occultation
Measurements: N. Sonth and J. Morton, University of
Colorado Boulder

8:57 Detection and Characterization of Low-Grazing-
Angle GNSS-R Observations from PlanetiQ Satellites:
H. Chang and Y.T. Jade Morton, University of Colorado
Boulder

9:20 Monitoring the dynamic motion of Landfast Ice in
Alaska Using GNSS-IR: J. J. Bohn, J. Park, Oregon State
University; A. Mahoney, University of Alaska Fairbanks

9:43 A Rigorous Framework for the Statistical
Characterization of Errors in Broadcast GNSS
lonospheric Models: A. Aragon Angel, S. Buson, C.T.
Bejarano, A. Rovira Garcia, J. M. Juan Zornoza, J. Sanz
Subirana, Universitat Politecnica de Catalunya; G. Berz,
Eurocontrol

10:05-10:35, Break. Refreshments in Foyer

10:40 Recurring lonospheric Gradients, Irregularities,
and Depletions Over New Zealand: J. Ovadia, E.
Altshuler, Sequoia Research Corporation; S. MacCallum,
P. Reddan, Zeta Associates; D. Collett, Land Information
New Zealand

11:03 Weighted Dilution of Precision Estimation for GNSS
Positioning Under lonospheric Scintillation in the
Canadian Arctic: S. LeGresley, R. B. Langley, University
of New Brunswick

11:26 Detection of Non-Cooperative UAVs Using GNSS
Forward Scattering: Results and Lessons Learned

from the MEDuSA Project: F. Gottifredi, J. Locantore, E.

Sparagna, E. Detoma, GEA Space
11:48 Verification of Orbit and Clock Determination
for Navigation Message of Regional Navigation
Satellite System: J. Park and C. Kee, Seoul National
University
Alternate

1. Validation of Grazing GNSS-R TEC Over the Oceans
Using JASON Measurements: B. Breitsch, M. Evans, J.
Morton, University of Colorado, Boulder

Session B4b: Advancements in Navigation
Algorithms

Room: Royal Ballroom CE

10:35a.m. - 12:15 p.m.

Dr. Zhen Zhu
Eastern
Rex Mykrantz Carolina
AFRL/RYWN University

10:40 Enhancing Infrared Tracking for Visual Semantic
Navigation via Parameter-Efficient Adaptation of Al
Foundation Models: T. Kim, C. G. Park, Seoul National
University

11:03 Covariance-Normalized SOCP Metric for Robust EWF
Detection in GNSS Signal Quality Monitoring: E. Kim,
E. Kim, Hongik University

Session B4a: Receiver Design, Signal
Processing, and Antennas

Room: Royal Ballroom CE

8:30 a.m.-10:05 a.m.

Emilio Pérez-
Marcos

Mark Carroll German

AFRL Sensors Aerospace

Directorate Center (DLR)

8:35 CRC-Aided Polar Code for GNSS L1C Subframes 2
and 3: Enhanced Reliable Sequence and Optimal
CRC Selection: N. J. G. Kankanamge, N.H. Tran, The
University of Akron; K. Pham, Air Force Research
Laboratory

8:57 Closed-Loop Forward Transmission Coefficient (521)
Measurement and Compensation in SDR Front-Ends
for Precision Satnav Receiver Applications: L. Reich
and S. Gunawardena, Air Force Institute of Technology

9:20 Codeless Angular Estimation via Array Receiver for
GNSS Situation Awareness: C. Yang and A. Soloviev,
QuNav

9:43 Cognitive Acquisition, Tracking, and Positioning with
XONA PULSAR X1 Signals: S. Kozhaya and Z. M. Kassas,
The Ohio State University

Alternates

1. Analyzing the Multipath Characteristics in GNSS Code
Tracking Using Dynamic Mode Decomposition: Z.
Zhang, Di H., X. Weng, K. V. Ling, and G. Zhang, The Hong
Kong Polytechnic University & Nanyang Technological
University

2. Enabling Meta Signal Processing Technologies
for Highly Accurate Code-Based PNT Solutions: A.
Emmanuele, L. Danelli, Thales Alenia Space ltaly

10:05-10:35, Break. Refreshments in Foyer

11:26 Exploring Machine Learning Techniques in the
Detection and Classification of GNSS Receiver and
Simulator Clocks: Z. Zhu, East Carolina University;

S. Gunawardena, Air Force Institute of Technology; E.
Vinande, J. Pontious, Air Force Research Lab

11:48 A Multi-Metric Diagnostic Framework for Assessing
the Credibility of DGPS Positioning Uncertainty: P
Yan, B. Song, The Hong Kong Polytechnic University; R.
Sun, Nanjing University of Aeronautics and Astronautics;
L-T. Hsu, The Hong Kong Polytechnic University

Alternates

1. Cumulative Correlation for Geomagnetic Positioning
in Urban Dynamic Environments: C. Yang, A. Soloviev,
QuNav; C. Walter, P. Olson, US Army DEVCOM C5ISR

2. Smart Sensor Fusion for Robust Initialization and
Accurate Trajectory Estimation: V. Chawda, University
of Bremen

3. Differenced TDoA Heading Constraint: A Low-Drift
localization with Dual Anchor for UGVs: Y. Zhan, X. Cui, G.
Liu, M. Lu, Tsinghua University

Session P4a: Timing Architectures and
Performance in GNSS Systems

Room: Royal Ballroom AB
8:30a.m.-10:05 a.m.

Dr. Gaetano
Galluzzo
European
Space Agency %
8:35 A Self-referenced RAFS Ensemble Time-Keeping
System for GNSS Application: H. Wang, H. Kettering, J.
Camparo, and D. Monahan, The Aerospace Corporation

8:57 Synchronization Concept for the ESA OpSTAR 10D: C.
Trainotti, G. Giorgi, T. D. Schmidt, and M. Meurer, German
Aerospace Center (DLR)

9:20 Enhancing Robustness Against Misdetection in
Future Time Monitoring Service for Galileo via Fiber
Optic Link Between UTC(k) Laboratories: E. Strazzer,
N. A. Rana, D. Coulibaly, Thales Alenia Space ltaly; G.
Galluzzo, B. Quaranta, S. Perea, C. Plantard, G.Lopez,

J. Hahn, European Space Agency; E. Dierikx, Y. Xie,
VSL; A. Leiro, E. Lopez, F. J. Sobrero, GMV; G. C. Rodi, G.
Pascarella, aizoOn Technology Consulting

9:43 Increasing Robustness of GNSS-Based Critical
Infrastructures Timing: Results and Product
Evolution: M. Puccitelli, L. Marradi, Thales Alenia Space
Italia; T. Widomski, ELPROMA; P. Nogas, E. Detoma,
Piktime; F. Gottifredi, GEA Space; R. Muscinelli, Business
Integration Partners

10:05-10:35, Break. Refreshments in Foyer
Session P4b: Methods and Algorithms for
Timescales and Timing Applications
Room: Royal Ballroom AB
10:35a.m. - 12:15 p.m.

L

Dr. John P. Janis
L3Harris
Technologies

Andrea Auer

German

Aerospace

Center (DLR)

10:40 (SACand Pulsar Based Ensemble Using Vondrak—
Cepek Filtering: V. lyer, E. Gokie, and T. N. Bandi, The
University of Alabama

11:03 Development of an Al-Enabled Clock Ensemble
Testbed: V. Palmaccio, A. Little, J. Camparo, D.
Monahan, G. Valley, The Aerospace Corporation

11:26 Enhancing Bistatic and Multistatic Radar
Performance with High-Precision Atomic Clocks: C.
(ahall, A. Kortyna, M. Perez, Inflegtion

James McKelvy
Jet Propulsion
Laboratory

12:15 p.m. - 1:45 p.m. Awards Luncheon - Grand Ballroom

Late arrivals will not be served after 12:30 p.m.
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Thursday, January 29, 1:45 p.m. - 5:20 p.m.

Session A5a: Sensor-Fusion for GNSS-
Challenged Navigation

Room: Royal Ballroom DF

1:45 p.m. - 3:25 p.m.

Dr. Cagatay
Tanil Dr. Andrey
Amazon Soloviev
Prime Air QuNav
1:50 Overbound Models for Lidar Range Differences: J. H.
Rife, Tufts University

2:12 Robust Joint RTT-RSS Indoor Localization Using
Particle Swarm Optimization: S. Al-Sulami, King
Abdulaziz University; T. B. Khidir Ahmed, King Fahd
University of Petroleum & Minerals; M. Moinuddin,
King Abdulaziz University; T. Al-Naffouri, King Abdullah
University of Science and Technology

2:35 UAV Navigation with Starlink: S. Hayek, J. Saroufim, S.
Kozhaya, and Z.M. Kassas, The Ohio State University

2:58 Simulation-Based Performance Analysis of
Seamless Indoor-Outdoor Navigation Using a
Single-Transmitter-Based Positioning System: H. Jo,
M-J. Kim, 0-J. Kim, Sejong University; J. Maeng, Korea
Aerospace Research Institute

Alternate

1. EGI-M CAS Approach Integrating Iridium LOS to
Improve Navigation in GPS-Denied Situations:
N. Spen, J. C. Oliveros, N. Dahlen, A. Brambila, B.
Abdelmalik, C. Montague, T. Varty, Northrop Grumman

Session A5h: Next-Generation Satellite
Navigation Technology

Room: Royal Ballroom DF

3:30 p.m. - 5:20 p.m.

Dr. José-Angel

a
/

Avila- Dr.John A
Rodriguez Janeski
European The Aerospace
Space Agency Corporation

3:25 Recommended Wi-Fi and 3GPP Guard Bands for
S-Band Lunar PNT Receiver Protection from Adjacent
Band Interference: P. A. Dafesh and G. Djuknic,

The Aerospace Corporation; J. Crenshaw, National
Aeronautics and Space Administration

3:48 Multi-layer PNT Enabled by QZSS and LEO PNT:
Analysis in the Asia Pacific Region: E. Galletti, M.
Murata, K. Akiyama, and S. Kogure, Japan Aerospace
Exploration Agency

4:11 Development of a Positioning Method for Unknown
Radio Sources Using the Temporal Characteristics
of TDOA and FDOA: H. Fukushima, Y. Takabayashi,
Mitsubishi Electric Corporation

4:34 Integrated Navigation and Communication in
LEQ Satellite Constellations: S. W. Kim, lowa State
University; K. D. Pham, Air Force Research Laboratory

4:56 Preliminary Analysis of a Modernized GNSS Signal
Monitoring Architecture for Ground Monitoring
Stations: D. Jung and E. Kim, Hongik University

Session B5: Innovations in Navigation for
Smartphones and Wearables

Room: Royal Ballroom CE

1:45 p.m. - 3:45 p.m.

Dr. Penggao
Yan

Hong Kong
Polytechnic
University

Dr. Jaymin

Patel

Apple

1:50 Adaptive Best Integer Equivariant Estimator for
Smartphone RTK: A. Vishwanath, H. Yang, University
of Calgary

2:12 Enhancement of Smartphone Positioning for Urban
Canyons: A Consensus-Based Recovery Vector
Algorithm with GNSS Visibility Maps: J. Park, J.

Yun, B. Park, Sejong University; Y. Lee, Electronics and
Telecommunications Research Institute (ETRI)

2:35 Smartwatch PDR/GNSS Integrated Positioning
Using MC-EKF with Adaptive Covariance Under
Measurement Uncertainty: J. H. Lee and C. G. Park,
Seoul National University

2:58 New Radio (NR) Compliant Resilient Distributed
Positioning Networks: B. Agee, B3 Advanced
Communication Systems

3:25 Pseudorange Generation in Android Smartphones:
Converter Inconsistencies, Root-Cause Analysis, and

Positioning Effects: A. Vishwanath, T. Mansell, S. Nie, D.

Wauran, H. Yang, University of Calgary

Session P5: Lunar Timekeeping and
Navigation

Room: Royal Ballroom AB

1:45 p.m. - 4:15 p.m.

Dr.Thejesh N.

Bandi

The University

of Alabama

1:50 A Study of Lunar Coordinated Time: T. Ely, E. Burt, Jet
Propulsion Laboratory, California Institute of Technology;
E. Jenson, General Atomics; S. G. Turyshev, Jet Propulsion
Laboratory, California Institute of Technology

2:12 Relativistic Framework for Disseminating Lunar
Time for the Intuitive Machines LCRNS PNT
Constellation: J. Leonard, KinetX Aerospace; S. Stewart,
D. Gaylor, Intuitive Machines

2:35 Ground-to-Space Time Transfer for Lunar Navigation:
Comparing Synchronous and Asynchronous Methods
in ESA's Moonlight System: L. less, G. Boscagli and M.
Di Benedetto, Sapienza University of Rome

2:58 LNSS Clock Synchronization Under Limited GPS
Visibility Using Bounded Kalman Filtering: S. Park, J.
Seo, Yonsei University

3:25 Onboard Clock Modeling for Time Distribution at the
Moon: M. Hartigan, Georgia Institute of Technology;
S. Stewart, Intuitive Machines; E. G. Lightsey, Georgia
Institute of Technology

3:48 Opportunistic Use of Communication Architectures
to Augment Orbital PNT Systems for Lunar Surface
Navigation: E. Anzalone, NASA/Marshall Space Flight
Center; R. Reinhart, K. Vaden, NASA/Glenn Research
Center; C. Gramling, J. Crenshaw, NASA/Goddard Space
Flight Center; T. Kenny, B. Lewis, J. Sullivan, NASA/
Johnson Space Center; L. Nicoli, NASA/Kennedy Space
Center; P. Lane, KBR

Cheryl Gramling
NASA
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PROGRAM OVERVIEW ooy

8:30a.m.-9:45 a.m. Dr. Elisa Felicitas Arias Time Scales - Continuous UTC, Redefinition of the SI Second and Plans for a Lunar Time
9:45a.m.-11:00 a.m. Dr. Jeff Sherman GNSS Time and Frequency Transfer Techniques and Alternate PNT Methods to GNSS
11:15 a.m.-12:30 p.m. Dr. John Kitching Chip-Scale Atomic Devices

12:30 p.m. - 1:30 p.m. Lunch Break Buffet luncheon for tutorial attendees

1:30 p.m. — 2:45 p.m. Dr.Todd Ely Deep-Space Positioning, Navigation, and Timing

3:00 p.m. - 4:15 p.m. Dr. Cort Johnson Optical Atomic Clocks and Frequency Combs

4:15p.m. - 5:30 p.m. Dr. David Leibrandt Nuclear Clocks and Tests of Fundamental Physics

TECHNICAL SESSIONS (TUESDAY - THURSDAY): INCLUDED IN CONFERENCE REGISTRATION

TUESDAY, JANUARY 27
ITMTrack A ITM Track B PTTI Track P
9:30 a.m.—4:00 p.m. Exhibit Hall Open - Grand Ballroom
8:30 a.m.—12:15 p.m. ITM/PTTI Plenary Session, Royal Ballroom CE
12:15 p.m.—1:15 p.m. Attendee Lunch Buffet Served in Exhibit Hall - Grand Ballroom

1:45 p.m. - 3:25 p.m. 1:45 p.m. - 3:25 p.m.
B1a: Autonomous Navigation and Safety-Critical Applications |  P1a: Transitioning to a New Definition of the SI Second
AL NT 51;45 p-mf- - 55550 P-R‘- it Royal Ballroom DF Royal Ballroom AB
S0 gof;,};,;m‘;fgecfpp ications 3:55 p.m. - 5:50 p.m. 3:55 p.m. - 5:50 p.m.,
B1b: Resilient Navigation for Civil Aviation P1b: Advances in Ground Atomic Clocks
Royal Ballroom DF Royal Ballroom AB

6:00 p.m.—7:00 p.m. [TM/PTTI Student /Early Career Social Event, Co-sponsored by QuNav - North Garden Patio

WEDNESDAY, JANUARY 28

10:00 a.m—4:00 p.m. Exhibit Hall Open - Grand Ballroom

8:30a.m.-10:05a.m.
P2a: Advances in Space Atomic Clocks

8:30a.m.-12:15 p.m. 8:30a.m.-12:15 p.m. Royal Ballroom DF
A2: Alternatives, Backups, B2: GNSS Security 1: Interference,
Comp|ement5 to GNSS 1 Jammingland Spooﬁng 10:35a.m.-12:15 p.m. 10:35a.m.-12:15 p.m.
Royal Ballroom AB Royal Ballroom CF P2b: Advances in Low-SWaP Atomic Clocks | T2b: Updates and Insights from Metrology Institutions
Royal Ballroom DF and Broader Scientific/Regulatory Communities

Imperial Room

12:15 p.m.—1:15 p.m. Attendee Lunch Buffet Served in Exhibit Hall - Grand Ballroom

1:25p.m.-3:25p.m.
P3a: Established and Novel T&F Transfer

1:25p.m. -3:25 p.m.
T3a: Electronics for Precision Timing Applications

1:45 p.m. - 5:50 p.m. 1:45 p.m. - 5:50 p.m. Technologies (A) mperial Room
A3: Alternatives, Backups, B3: GNSS Security 2: Interference, Royal Ballroom DF
Complements to GNSS 2 Jamming, and Spoofing 3:55 p.m. - 5:30 p.m. 3:55 p.m. - 5:50 p.m.
Royal Ballroom AB Royal Ballroom CE P3b: Established and Novel T&F Transfer T3b: Environmental Sensitivity of Clocks
Technologies (B) and Timing Systems
Royal Ballroom DF Imperial Room
THURSDAY, JANUARY 29
8:30a.m.-10:05a.m. 8:30a.m.-10:05a.m.
B4a: Receiver Design, Signal Processing, and Antennas | P4a: Timing Architectures and Performance in GNSS Systems
830am.-12:15p.m. Royal Ballroom CE Royal Ballroom AB
Ad: Atmospheric Effects, GNSS Remote Sensing,
and Scientific Applications 1035 am. - 12:15 p.m. s Methods g o P
Royal Ballroom DF B4b: Advancements in Navigation Algorithms 4b:Methods and Algorit 'ms for fimescales and fiming
Royal Ballroom CE Applications
Royal Ballroom AB

12:15 p.m.—1:45 p.m. Awards Luncheon - Late arrivals will not be served after 12:30 p.m. - Grand Ballroom
1:45p.m.-3:25p.m.

A5a: Sensor-Fusion for GNSS-Challenged Navigation 1:45 p.m. - 3:45 p.m. - .
Royal Ballroom DF B5: Innovations in Navigation for ) L4spm.-4T5pm.
P5: Lunar Timekeeping and Navigation
3:30 p.m. - 5:20 p.m. Smartphones and Wearables Royal Ballroom AB
A5b: Next-Generation Satellite Navigation Technology Royal Ballroom CE

Royal Ballroom DF




