43rd Annual Precise Time and
Time Interval Systems and
Applications Meeting 2011

Long Beach, California, USA
14-17 November 2011

ISBN: 978-1-62276-795-3



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

.com

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2011) by the Institute of Navigation
All rights reserved.

Printed by Curran Associates, Inc. (2013)

For permission requests, please contact the Institute of Navigation
at the address below.

Institute of Navigation
8551 Rixlew Lane
Suite 360

Manassas, VA 20109

Phone: (703) 366-2723
Fax: (703) 366-2724

membership@ion.org

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2634

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

Stabilized Photonic Links for Deep Space Tracking, Navigation, and Radio Science Applications............c.ccccceevvenane. 1
S. Huang, R. L. Tjoelker

One Way Time Transfer Utilizing Active Detection of Propagation Delay Variations of Dual

Wavelengths in an Optical FIDEr NETWOIK ..........co ittt 9
Sven-Christian Ebenhag, Per Olof Hedekvist, Kenneth Jaldehag

Frequency Transfer System Using an Urban Fiber Link for Direct Comparison of SR Optical

LLAEEICE CIOCKS. ... ettt bbb bbb bbb b E b e bR E e bbbt b et r e 17
Motohiro Kumagai, Miho Fujieda, Hirokazu Hachisu, Shigeo Nagano, A. Yamaguchi, Clayton R. Locke, Testuya
Ido

Optical Link Time Transfer Between IPE and BEV ..........ccociiiiiiiiii et 27

Vladimir Smotlacha, Alexander Kuna, Werner Mache
Stabilized Fiber-Optic Link-Propagation Delay for Timing Distribution in Particle

Yo or=] (T o o] gl o ToT | 1 YOO S PR 35
B. Batagelj, J. Tratnik, M. Vidmar

White Rabbit: Sub-Nanosecond Synchronization for Embedded SyStEMS.........ccccovveveiiiiiiieie e 45
Grzegorz Daniluk, Tomasz Wlostowski

Challenges Using IEEE 1588-2008 Precision Time Protocol (PTP) for High Accuracy Time Transfer..............c.c...... 61
David Wilson

Synchronizing Computer Clocks by the Use of Kalman FIlters ..........coiiiiiiii i 71

Judah Levine
Investigating the Biases in Allan and Hadamard Variances as Measures of Mth Order

LR TaTo (o] 0t JE] Lo 11 11 Y2 OSSR 81
Victor R. Reinhardt

INRIM Time and Frequency Laboratory: Status and Ongoing Enhancement ACtIVItieS ..........ccocovveiviiiiiiiiinericiceinnas 95
Valerio Pettiti, Roberto Costa, Giancarlo Cerretto, Cedric Plantard, Franco Cordara

Time and Frequency Activities at the U.S. Naval ODSEIVALOIY ..........ccciiiiiiniiiiieesese e 107
Demetrios Matsakis

Atomic Clocks Research at The Aerospace COrPOFAtION ...........coiiiiiiiiiiieiie ettt ettt se e e e enesre e 125
J. Camparo, Y. Chan, J. Coffer, N. Ho, B. Jaduszliwer, C. Klimcak, F. Wang, H. Wang, N. Wells

Reevaluation of the Measurement Uncertainty of UTC Time Transfer..........cocoviriiniiniiiccseeseeeseen 133
Z. Jiang, W. Lewandowski, G. Panfilo, G. Petit

Studies of NPL's Clock ENsemble AIGOTTTRM . .....cciiiiiiiiice ettt re b e e 141
Setnam L. Shemar, John A. Davis, Peter B. Whibberley

A New System for the Generation Of UTC(CH) ......ociiiiiiiiiiineee et 153
L. G. Bernier, G. Schaller

New Improved System fOr WWWVB BroadCaST ..........cc.coiiiiiiiiiie ettt sttt enesbeseenean 163

John Lowe, Matt Deutch, Glenn Nelson, Douglas Sutton, William Yates, Peder Hansen, Oren Eliezer, Tom Jung,
Stephen Morrison, Yingsi Liang, Dinesh Rajan, Sidharth Balasubramanian, Arun Ramasami, Waleed Khalil

Time and Frequency Broadcast With DCFT7 ........cooiiiiiieie ettt st ve ettt saeseanesbeare s 185
D. Piester, A. Bauch, J. Becker, A. Hoppmann

Time and Frequency Transfer Using EGNOS Satellite SYSTEM ..ottt 197
Petr Panek, Alexander Kuna

The SA.45s Chip-Scale Atomic Clock — Early Production StatiStiCs..........ccoceieiiiriiriiiieie e 207
Robert Lutwak

A Miniature Cold Atom FrequenCy STANAAIG...........coiiiiiiieiie ettt sttt snesee e 221
V. Shah, M. Mescher, A. Martins, J. Leblanc, N. Byrne, B. Timmons, R. Stoner, F. Rogamentich, R. Lutwak

Cold Atom Micro Primary Standard (CAMPS) ..ottt et b et st a et seareabe st e 231
Jennifer Sebby-Strabley, Kenneth Salit, Karl Nelson, Jeff Ridley, Jeff Kriz

Time Transfer Using Time REVEISal (T3R) ..ottt sttt sbe b ane 239
Eung-Gi Paek, Joon Y. Choe, Ronald L. Beard

GNSS Group Delay Variations - Potential for Improving GNSS Based Time and Frequency Transfer? ................. 255
Tobias Kersten, Steffen Schon

Time Transfer by Laser Link - T2L2: First Results of the 2010 CampPaign .........cccvoeeriiineineense e 271

Philippe Guillemot, P. Exertier, E. Samain, F. Pierron, C. Courde, Ph. Laurent, M. Abgrall, J. Achkar, D. Rovera,
K. Djerroud, Sylvie Leon

The Multiple Access Interference Simulation on PRN-Based Two-Way Satellite Time Transfer..........c.ccccovenenene 283
Yi-Jiun Huang, Wen-Hung Tseng, Shinn-Yan Lin, Huang-Tien Lin, Fang-Dar Chu, Chia-Shu Liao



Mercury Atomic Frequency Standards for Space Based Navigation and Timekeeping.........ccccoevererereneinniniencee. 293
R. L. Tjoelker, E. A. Burt, S. Chung, R. L. Hamell, J. D. Prestage, B. Tucker, P. Cash, R. Lutwak

Demonstration Experiments of RessoxX Using “MICHIDIKI™ ............oooiiiiiiiiiiiies e 305
Toshiaki Iwata, Kojiro Saito, Kumiko Machita, Takashi Matsuzawa, Takashi Kawauchi, Yoshiharu Fukuhara,
Tamotsu Hiroshima, Kazuo Tokita, Tamaki Takahashi, Satoshi Horiuchi, Yasuhiro Takahashi

Space-Class Rubidium Atomic Frequency Standard with Improved Performance for GNSS Systems..................... 325
T. McClelland, 1. Pascaru, . Shtaermann, C. Varuolo, C. Szekeley, J. Zacharski, O. Bravo, J. White, D. Wilson

Spacecraft Atomic Clock Flight Simulation and TeSt STatioN............cooiiiiiiiiiei e 341
H. Wang, J. C. Camparo, G. lyanu

Characterizing Dynamic Effects of Oscillator POWEr CYCHNG .......c.covviiiiiiiiiie e e 353
D. A. Howe, D. Lirette, N. Ashby, A. Hati, C. Nelson

Slab-Coupled Optical Waveguide (SCOW) Optoelectronic Oscillator (OEQ) SyStems .........ccccvevveveeierevienieesneies 363
W. Loh, S. Yegnanarayanan, J. J. Plant, J. Klamkin, S. Madison, F. J. O’Donnell, R. J. Ram, P. W. Juodawlkis

VCSELS for RUDIAIUM D21 (795 MMttt b bbbt b st b et e bt e bt sbe st e b e e eneabeane s 377
Mary Salit, Jeff Kriz, Jeff Ridley, Robert Compton

Long-Term Instability of GPS-based Time Transfer and Proposals for Improvements............cccoeoiviieiencinicnienins 387
Z. Jiang, D. Matsakis, S. Mitchell, L. Breakiron

AQOS Studies on Use of PPP Technique for Time Transfer ... 407
P. Lejba, J. Nawrocki, D. Lemanski, P. Nogas

Preliminary Evaluation of Cesium Atomic FOuntain NICT-CSF2 ........cccccoiiiiiiinieiiiceie e 421

Motohiro Kumagai, Clayton R. Locke, Hiroyuki Ito, Masatoshi Kajita, Yuko Hanado, Mizuhiko Hosokawa
Time Transfer Between UTC(SP) and UTC(MIKE) Using Frame Detection In Fiber-Optical

COMMUINICALION NETWOTKS ...ttt ettt et et ettt e b e s e et e e e ae e s e e bt ebesb e be e emeeseeneabesbeebesbe b eseaneatees 431
S.-C. Ebenhag, K. Jaldehag, C. Rieck, P. Jarlemark, P. O. Hedekvist, P. Lothberg, T. Fordell, M. Merimaa

Preliminary Results of the TTS4 Time Transfer Receiver INVestigation ...........c.ccocooiiiiiiiineieee e 443
N. Koshelyaevsky, I. Mazur

Prediction and Measurement of Long Range Propagation of LF Standard Frequency ...........ccccoeoeevernecinciennenns 453

Tsuchiya Shigeru, Imamura Kuniyasu, Ito Hiroyuki, Maeno Hideo, Nozaki Kenro
Development of an Extremely Low Power Radio Station for Generating Standard

THME SIGNATUSING NTP ..ttt b e bt bbb e e st bt e bt e bt e bt b e e At e bt e bt eb e e b e ebenbe b e e eneebeane 459
H. Maeno, F. Nakagawa, H. Toriyama, A. Machizawa, T. lwama, K. Imamura

Towards an Optical Nuclear Clock With ThOFIUM-229 .........coci i 469
A. G. Radnaev, C. J. Campbell, A. Kuzmich

Light Storage in a Differential Light-Shift Compensated Optical LattiCe...........cccocevriiiieiiiiineneeee e 477
Y. O. Dudin, A. G. Radnaev, R. Zhao, T. A. B. Kennedy, A. Kuzmich

Progress in the Development of a Simple, Laser-Pumped, Vapor-Cell CIOCK............cccocviiviniiiicieicceceee e 483
lan Bablewski, John Coffer, Travis Driskell, James Camparo

Ocean Mass Redistribution and Frequency Offsets - Progress UPate ..o 489
Scott Czopek

Improvements to a Transportable Atomic FOuNntain Laser SYSTEM .........cooiiiiiiiiieiiiee e 493
P. D. Kunz, V. Gerginov, T. P. Heavner, S. R. Jefferts

A Comparison of GPS Clock Models For the Next Generation GPS System Timescale ..........ccooeovevvreienicniicenenns 501

Michael J. Coleman
Author Index





