
Institute of Navigation 
 
 

6633rdrd  AAnnnnuuaall  MMeeeettiinngg  ooff  
TThhee  IInnssttiittuuttee  ooff    NNaavviiggaattiioonn  

22000077    
 

 

  
 
 
 
 
 
 
  

April 23-25, 2007 
Cambridge, Massachusetts, USA 

 

 
 
 
 
 
 
 

Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
www.proceedings.com

 
ISBN: 978-1-60423-286-8 

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

http://www.proceedings.com/


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
©2007 The Institute of Navigation, Inc. 
All Rights Reserved 
 

This ION CD-ROM, “The Proceedings of the 63rd Annual Meeting of The Institute of Navigation,” is 
copyrighted by The Institute of Navigation, Inc. (the ION®) unless otherwise indicated. All rights are reserved and 
content may not be reproduced, downloaded, disseminated, or transferred, in any form or by any means, except 
with the prior written agreement of the ION® or as indicated below. Individual users of this CD-ROM may download 
content for their own personal use on a single computer, but not part of such content may be otherwise or 
subsequently reproduced, downloaded, disseminated, or transferred, in any form or by any means, except with the 
prior written agreement of, and with express attribution to, the ION®. Site licenses are available for purchase from 
the ION®.  

While the ION® makes every effort to present accurate and reliable information on this CDROM, the ION® 

does not endorse, approve or certify such information, nor does it guarantee the accuracy, completeness, efficacy, 
or timeliness of such information. Use of such information is voluntary, and reliance on it should only be 
undertaken after an independent review by qualified experts. Reference herein to any specific commercial product, 
process or service does not constitute or imply endorsement, recommendation or favoring by the ION®. The ION® 

assumes no responsibility for consequences resulting from use of the information contained herein or in any 
respect for the content of such information. The ION® is not responsible for, and expressly disclaims all liability for, 
damages of any kind arising out of use, reference to, reliance on, or performance of such information. 

The product contains the Adobe® Acrobat® Reader. Adobe® Acrobat® and the Acrobat logo 
are trademarks of Adobe Systems Incorporated or its subsidiaries and may be registered in 
certain jurisdictions. 
 



THE 63RD ANNUAL MEETING OF THE INSTITUTE OF NAVIGATION  
TABLE OF CONTENTS  

A1: Animal Navigation and Technology 1   
 
The Desert Ant’s Navigational Toolkit: Procedural Rather Than Positional Knowledge  
R. Wehner, University of Zurich, Switzerland-----------------------------------------------------------------1 
 
Chemical Plume Tracking Behavior in Animals and Mobile Robots  
M.A. Willis, Case Western University------------------------------------------------------------------------- 15 
 
How Birds Perceive and use Compass Information From the Geomagnetic Field  
W. Wiltschko, R. Wiltschko, Frakfurt University, Germany---------------------------------------------- 25 
 
Navigation of Homing Pigeons: An Analysis of GPS-recorded Tracks  
R. Wiltschko, I. Schiffner, B. Siegmund, Frankfurt University, Germany ---------------------------- 32 

A2: Clock Technology and Timing  

Historical Review of Atomic Frequency Standards Used in Satellite Based Navigation 
Systems  
L.A. Mallette, The Boeing Company; P. Rochat, Temex Neuchâtel Time, Switzerland;  
J. White, U.S. Naval Research Laboratory ----------------------------------------------------------------- 40 
 
The Timing Group Delay (TGD) Correction and GPS Timing Biases 
D. Matsakis, U.S. Naval Observatory ------------------------------------------------------------------------ 49 

A3: Laser Technology, Navigation, Mapping and Remote Sensing   

Benefits Derived From Laser Ranging Measurements for Orbit Determination of the GPS 
Satellite Orbit  
B. Welch, NASA Glenn Research Center ------------------------------------------------------------------ 55 
 
Separation of Static and Non-Static Features From Three Dimensional Datasets: 
Supporting Positional Location in GPS Challenged Environments  
J.N. Markiel, D. Grejner-Brzezinska, C. Toth, The Ohio State Unviversity ------------------------- 66 
 



Using Integrated Reflected GPS Signals L1/L2 Observation and Reflectivity Techniques 
With Digital Terrain Elevation Data for Land Cover Object Detection  
L-C. Shen, J-C. Juang, C-L. Tsai, C-L. Tseng, National Cheng Kung University, Taiwan;  
P-Y. Ko, CSIST, Taiwan; H-S. Chen, Meridware Inc., Taiwan ---------------------------------------- 77 
 
Sensor Data Analysis for a Dual Airborne Laser Scanner Aided Inertial Navigator  
A.K. Vadlamani, M. Uijt de Haag, Ohio University -------------------------------------------------------- 89 

B1: Applications of Animal Navigation   

Geomagnetic Navigation and Magnetic Maps in Sea Turtles  
K.J. Lohmann, C.M.F. Lohmann, University of North Carolina at Chapel Hill ---------------------- 97 
 
Estimation and Control of Self-motion and Gaze in Flying Insects  
H.G. Krapp, Imperial College London, U.K. -------------------------------------------------------------- 109 
 
Navigation to Forest Fires by Smoke and Infrared Reception: The Specialized Sensory 
Systems of “Fire-Loving” Beetles  
H. Schmitz, A. Schmitz, E. Kreiss, M. Gebhardt, University of Bonn, Germany; W. Gronenberg, 
University of Arizona-------------------------------------------------------------------------------------------- 121 
 
Inertial Guidance Systems in Insects: From the Neurobiology to the Structrural 
Mechanics of Biological Gyroscopes  
T.L. Daniel, A. Dieudonne, J. Fox, C. Myhrvold, S. Sane, B. Wark,  
University of Washington -------------------------------------------------------------------------------------- 130 

B2: Atmospheric Effects 1   

Comparison of Code Minus Carrier and B-Value Analysis as Methodologies to Evaluate 
the Accuracy of GBAS Ground Stations  
A. Schüttpelz, M. Fricke, Technical University Berlin, Germany ------------------------------------ 137 
 
Ionosphere Effects for Wideband GNSS Signals  
G.X. Gao, S. Datta-Barua, T. Walter, P. Enge, Stanford University ------------------------------- 147 
 
TEC Gradients and Fluctuations at Low, Latitudes Measured With High Data Rate GPS 
Receivers  
C.S. Carrano, Atmospheric and Environmental Research Inc.; K.M. Groves,  
Air Force Research Laboratory ----------------------------------------------------------------------------- 156 
 
ULF Geomagnetic Field Oscillations, Their Connection to Medium Scale TIDs and 
Remedies for GPS Applications  
P.F. Kolb, Trimble Terrasat GmbH, Germany ------------------------------------------------------------ 164 
 
Validation of Radio Occultation Retrieval Methods for Canadian Conditions  
L. de Groot, S. Skone, K. O'Keefe, The University of Calgary, Canada -------------------------- 173 
 



Non-hydrostatic GPS Corrections on Jungfraujoch in the Swiss Alps Using Theoretical 
and Numerical Modeling and Meteorological Observations  
F. Sciré Scappuzzo, B. Buerki, H-G. Kahle, Swiss Federal Institute of Technology, Swizerland; 
B.T. Anderson, Boston University -------------------------------------------------------------------------- 181 

B3: Interference   

RFI Situational Awareness in GNSS Receivers: Design Techniques and Advantages  
P.W. Ward, Navward GPS Consulting -------------------------------------------------------------------- 189 
 
Crowded Streets of Spectrum - is GPS Being Walked all Over?  
G. Gerten, Analytical Graphics Inc. ------------------------------------------------------------------------ 198 
 
Adaptive Antenna Induced Biases in GNSS Receivers  
C. Church, I. Gupta, A. O'Brien, The Ohio State University------------------------------------------- 204 

C2: GNSS Evolution   

Chaotic Codes for Satellite Navigation Systems  
M. Hadef, J. Reiss, X. Chen, Queen Mary University of London, U.K. ---------------------------- 213 
 
Interference Assessment Between GPS L1C and Galileo E1 Signals  
M. Hadef, J. Reiss, X. Chen, Queen Mary University of London, U.K. ---------------------------- 220 
 
Estimation of P2-C2 Bias by Means of Precise Point Positioning  
R.F. Leandro, R.B. Langley, M.C. Santos, University of New Brunswick, Canada ------------- 225 
 
GPS L2C Signal Quality Analysis  
L. Sükeová, M.C. Santos, R.B. Langley, R.F. Leandro, O. Nanni, F. Nievinski,  
University of New Brunswick, Canada -------------------------------------------------------------------- 232 
 
Bringing the GNSSs on the Same Line in the GNSS Assistance Standards  
L. Wirola, J. Syrjärinne, Nokia Technology Platforms, Finland -------------------------------------- 242 

C3: Animal Navigation and Technology 2    

Generation 5 Data Storage Tags, GPS and Developed Methodology for Studying the 
Hydrostatic Pressure Environment of the Juvenile Lemon Shark (Negaprion 
Brevirostris)  
L.E. Smith, University of Aberdeen, U.K.; S.H. Gruber, Miami University; S. Kessel, Sharklab, 
Bimini, Bahamas; P.J. Metcalfe, Centre for Environment Fisheries & Aquaculture Science 
Lowestoft Laboratory, U.K.; P.J. Fraser, University of Aberdeen, U.K. ---------------------------- 253 
 
Hydrostatic Pressure Receptors and Path Integration in Crustacea and Fish  
P.J. Fraser, S.F. Cruickshank, R.L. Shelmerdine, L.E. Smith, University of Aberdeen, U.K - 264 
 



Animal Navigation: Pitfalls and Remedies  
A. Cheung, S. Zhang, C. Stricker, Australian National University, Australia;  
M.V. Srinivasan, University of Queensland & Australian National University, Australia ------- 270 
 
The Case for Infrasound as the Long-Range Map Cue in Avian Navigation  
J.T. Hagstrum, U.S. Geological Survey ------------------------------------------------------------------- 280 

D2: Mapping, Surveying, and Geodesy    

GPS Bridge Monitoring Data Processing and Dynamic Characteristics Analysis  
H. Guo, Nanchang University, China; M. Yu, C. Zou, Jiangxi Normal University, China; Z. Cai, 
Jiangxi Provincial Meteorological Bureau, China -------------------------------------------------------- 294 
 
Ambiguity Resolution Validation Based on LAMBDA and Eigen-Decomposition  
Y-F. Tsai, J-C. Juang, National Cheng Kung University, Taiwan ----------------------------------- 299 
 
A DGNSS Single Frequency Carrier Phase Batch Processor with High Integrity  
J. Huang, NavCom Technology, Inc.; F. van Graas, Ohio University ----------------------------- 305 
 
An STD Reliability Test for Kinematic GPS Processing: A Case Study Based on KARS 
and Applanix POSGPS Software  
N. Yastikli, Yildiz Technical University; C. Toth, D.A. Grejner-Brzezinska, The Ohio State 
University --------------------------------------------------------------------------------------------------------- 321 
 
Performance Analysis of a L1-C/A Code Smoothing Receiver Under Field Conditions of 
Land Reform in Brazil  
J.C. Farret, University of Santa Maria, Brazil; M.C. Santos, University of New Brunswick, 
Canada ------------------------------------------------------------------------------------------------------------ 327 
 
Applications of an Integrated GPS Receiver for Reflected GPS Signals L1/L2 
Observation Techniques with River's Stream Flow and Water Altimetry  
L-C. Shen, J-C. Juang, C-L. Tsai, C-L. Tseng, National Cheng Kung University, Taiwan;  
C-C. Chang, Yuda University, Taiwan --------------------------------------------------------------------- 340 

D3: Ground Based Augmentation Systems     

Full Flight Simulator Testing the Influence of the Spectral Content of the Navigation 
System Error During Automatically Flown Approaches  
A. Schüttpelz, M. Fricke, Technical University Berlin, Germany------------------------------------- 346 
 
Evaluating Fault-Mode Protection Levels at the Aircraft in Category III LAAS  
J. Rife, Tufts University; S. Pullen, P. Enge, Stanford University------------------------------------ 356 
 
Influence of Local Area Augmentation System Decorrelation Errors on the Inertial 
Coasting Performance  
A. Soloviev, F. van Graas, Ohio University --------------------------------------------------------------- 372 
 



Feasibility of Achieving GBAS Category II/III Continuity  
R. Cassell, Era Corporation; V. Wullschleger, J. Burns, Federal Aviation Administration ---- 383 
 
Satellite Anomaly and Interference Detection Using the GPS Anomalous Event Monitor  
Z. Zhu, S. Gunawardena, M. Uijt de Haag, F. van Graas, Ohio University ----------------------- 389 

 
Characterization of Tropospheric Spatial Decorrelation Errors Over a 5-km Short 
Baseline  
J. Huang, NavCom Technology, Inc.; C. Cohenour, F. van Graas, Ohio University ----------- 397 

E1: X-ray Navigation     

On Pulse Phase Estimation and Tracking of Variable Celestial X-ray Sources  
A.R. Golshan, Johns Hopkins University/ Applied Physics Laboratory; S.I. Sheikh, ASTER 
Laboratories, Inc. ----------------------------------------------------------------------------------------------- 413 
 
XNAV Beyond the Moon  
P. Graven, J. Collins, Microcosm, Inc.; S. Sheikh, ASTER Laboratories, Inc.; J.E. Hanson, 
CrossTrac Engineering----------------------------------------------------------------------------------------- 423 
 
High-Order Pulsar Timing for Navigation  
S.I. Sheikh, ASTER Labs, Inc.; R.W. Hellings, NASA Headquarters; R.A. Matzner,  
University of Texas at Austin -------------------------------------------------------------------------------- 432 
 
Relative Navigation of Spacecraft Utilizing Bright, Aperiodic Celestial Sources 
S.I. Sheikh, ASTER Laboratories, Inc.; P.S. Ray, U.S. Naval Research Laboratory; K. Weiner, 
Praxis, Inc.; M.T. Wolff, K.S. Wood, U.S. Naval Research Laboratory ---------------------------- 444 
 
A Parametric Study of Relative Navigation Using Pulsars  
A.A. Emadzadeh, J. Speyer, University of California, Los Angeles; F.Y. Hadaegh, Jet 
Propulsion Laboratory, Caltech ----------------------------------------------------------------------------- 454 

E2: Space Based Augmentation Systems     

The Development of GNSS Augmentation System Evaluation Module  
C.F. Hsiung, S-S. Jan, C-C. Sun, C-H. Chan, L-C. Tseng, Y-C. Lin, National Cheng Kung 
University, Taiwan ---------------------------------------------------------------------------------------------- 460 
 
Wide Area Augmentation System Vertical Accuracy Assessment in Support of LPV200 
Requirements  
B. Wanner, B. Decleene, Federal Aviation Administration; D.A. Nelthropp, S. Gordon,  
L-3 Titan Corporation ------------------------------------------------------------------------------------------- 468 



E3: Atmospheric Effects 2     

A Floating Vertical TEC Ionosphere Delay Correction Algorithm for Single Frequency 
GPS Receivers  
J. Morton, Q. Zhou, M. Cosgrove, Miami University --------------------------------------------------- 479 
 
Optimal Estimation of Dynamic Ionosphere Induced Group Delays of GPS Signals  
J.A. Soltz, Draper Laboratory; A.M. Johnson, U.S. Air Force/Draper Laboratory -------------- 485 

E4: Urban and Indoor Navigation     

Atomic Quality Clocks for Cell-Phone GPS without the Atoms  
P.J. Duffett-Smith, P. Hansen, S.D. Hern, Cambridge Positioning Systems Ltd.; U.K.; A.R. 
Pratt, Orbstar Consultants, U.K. ----------------------------------------------------------------------------- 496 
 
A Novel Ephemeris Extension Compaction/Decompaction Method  
L. Garin, S. Venkatraman, P. Gupta, Nemerix, Inc.----------------------------------------------------- 504 
 
WPI Precision Personnel Locator System – Indoor Location Demonstrations and RF 
Design Improvements  
D. Cyganski, J. Duckworth, S. Makarov, W. Michalson, J. Orr, V. Amendolare, J. Coyne,  
H. Daempfling, S. Kulkarni, H. Parikh, B. Woodacre, Worcester Polytechnic Institute -------- 511 
 
Correspondence Search Mitigation Using Feature Space Anti-Aliasing 
M. Veth, M. Pachter, Air Force Institute of Technology ------------------------------------------------ 522 
 
Real-Time Fusion of Image and Inertial Sensors for Navigation  
J. Fletcher, M. Veth, J. Raquet, Air Force Institute of Technology --------------------------------- 534 

E5: Receiver and Antenna Design     

Phase and Group Delays for Circularly Polarized GPS Microstrip Antennas  
W. Dong, J.T. Williams, D.R. Jackson, University of Houston; L.I. Basilio, Sandia National 
Laboratories ------------------------------------------------------------------------------------------------------ 545 
 
Navigating with a Paper Clip, Antennas do Matter in Urban Enviroments  
A. Khalique, A. Afonso, A. Christie, Sarantel Ltd., U.K.------------------------------------------------ 555 
 
Comparative Study of Coherent, Non-Coherent, and Semi-Coherent Integration 
Schemes for GNSS Receivers  
C. Yang, Sigtem Technology, Inc.; M. Miller, Air Force Research Lab/MNG; E. Blasch,  
Air Force Research Lab/SNAA; T. Nguyen, AFRL/SNRN -------------------------------------------- 572 
 
A Study on the Tracking Loop Design for Weak Signal in High Dynamic Environment  
K. Lee, T. Lee, K. Song, Agency for Defense Development, South Korea ----------------------- 589 
 



Performance Analysis and Simulation of Weak GPS Signal Acquisition and Tracking  
R. Di, Beijing University of Aeronautics & Astronautics, China -------------------------------------- 595 

E6: Integrated Navigation     

Utilizing Two-dimensional LADAR Images for Three-dimensional Navigation: 
Conceptual Exploration  
A. Soloviev, M. Uijt de Haag, Ohio University ----------------------------------------------------------- 602 
 
National PNT Architecture - Interim Results  
S.M. Brennan, National Security Space Office; K. Van Dyke, U.S. Department of 
Transportation/Volpe Center --------------------------------------------------------------------------------- 614 
 
Covariance Analysis Considering the Propagation of Laser Scanning Errors use in 
LADAR Navigation  
D. Bates, F. van Graas, Ohio University ------------------------------------------------------------------ 624 

F1: Novel and Emerging Applications     

Estimation of Simplified Reflection Coefficients for Improved Modeling of Urban 
Multipath  
J.P. Weiss, P. Axelrad, University of Colorado; A.G. Dempster, C. Rizos, S. Lim,  
University of New South Wales, Australia ---------------------------------------------------------------- 635 
 
WAAS-Based Flight Inspection System  
E. Kim, T. Walter, J.D. Powell, Stanford University ---------------------------------------------------- 644 
 
Requirements of a C-CDMA Pseudolite Indoor Geolocation System  
I.F. Progri, Giftet Inc.; W.R. Michalson, Worcester Polytechnic Institute; J. Wang,  
University of New South Wales, Australia; M.C. Bromberg, Elected Engineering;  
R.J. Duckworth, Worcester Polytechnic Institute ------------------------------------------------------- 654 
 
"g"- Compensated, Miniature, High Performance Quartz Crystal Oscillators  
H. Fruehauf, Frequency Electronics Inc. ------------------------------------------------------------------ 659 
 
DGPS System Augmentation for Lane Assist in Urban Areas  
P-M. Cheng, M. Donath, A. Gorjestani, A. Menon, B. Newstrom, C. Shankwitz, University of 
Minnesota, Twin Cities ---------------------------------------------------------------------------------------- 665 

F2: Autonomous Vehicle & Terrestrial Navigation     

Research Into Navigation with CTFM Ultrasonic Sensors  
P.J. McKerrow, S.M. Antoun, University of Wollongong, Australia---------------------------------- 674 
 
Reproducing an Aircraft Flight  
T. Oruganti, J. Hill, The University of Hartford------------------------------------------------------------ 681 
 



Comprehensive Navigation Analysis for UAVs Using COTS  
T.A. Craychee, Analytical Graphics, Inc. ----------------------------------------------------------------- 688 
 
Performance Analysis and Potential Improvements of the Loran Data Channel  
M. Kuhn, G.W. Johnson, K. Dykstra, Alion Science & Technology; P.F. Swaszek, University of 
Rhode Island; R. Hartnett, USCG Academy ------------------------------------------------------------- 695 

F3: GPS/INS Intergration     

GPS/INS Integration for Autonomous Mini and Micro Aerial Vehicle Navigation 
Considering Time Correlated Sensor Noise  
T. Martin, S. Winkler, P. Vörsmann, Technische Universität Braunschweig, Germany-------- 710 
 
ARDS II: The Sustainment and Improvements of the Advanced Range Data System  
J.M. Ghosh, S.M. Goodrich, J.P. Murchison, W.T. Hostilo, USAF, 46th Test Wing  ------------ 716 
 
Novel Optoelectronic Methodology to Facilitate Development of MEMS  
R.J. Pryputniewicz, R.T. Marinis, A.R. Klempner, P. Hefti, Worcester Polytechnic Institute - 726 
 
Laboratory Motion Testing of MEMS Inertial Measurement Units (IMU)  
R.W. Mitchell, Ideal Aerosmith Inc. ------------------------------------------------------------------------- 735 
 
Performance Evaluation of INS Velocity-Aided Tracking Loop and Deeply Coupled 
GPS/INS Integration System in Jamming Environment  
J.W. Kim, D-H. Hwang, S.J. Lee, Chungnam National University, South Korea ---------------- 742 
 
Interference Benefits of a Vector Delay Lock Loop (VDLL) GPS Receiver  
D. Benson, The MITRE Corporation ------------------------------------------------------------------------ 749 
 




