ION Pacific PNT Conference
2013

Honolulu, Hawaii, USA
22 -25 April 2013

Volume 1 of 2

ISBN: 978-1-7138-0585-4



Printed from e-media with permission by:

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

proceedings

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

Copyright© (2013) by Institute of Navigation
All rights reserved.

Printed with permission by Curran Associates, Inc. (2024)

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

Institute of Navigation
8551 Rixlew Lane
Suite 360

Manassas, VA 20109
USA

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:  845-758-2633

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



TABLE OF CONTENTS

VOLUME 1

A Conceptual Study of Land-based Tsunami Monitoring System using Code Correlation
Measurements of GNSS Signal Reflected by the Sea Surface ...........ccocoviiiiiiiiiiicii e, 1
T Yoshihara, S. Saitoh, N. Fujii, T. Sakai

Advantages and Drawbacks of the Precise Point Positioning (PPP) Technique for Earthquake,
Tsunami Prediction and MONIEOTING ........cooiiiiiiiiiieieniire st sneas 9
M.D. Lainez Samper, M.M. Romay Merino

Assessment of GPS Ionosphere Observation and Earthquake..........ccccovoviiiiiieniiiniceeeeee 27
A-L. Tao, S-S. Jan

Assessment of Regional Satellite Navigation Systems in GNSS Reflection Experiments..........cc.ccccccoeiniinnnns 36
J-C. Juang

Earthquake Analysis by 3-D Affine Deformations ...........ccocveiiirienienieinese e 41
J.L. Farrell

On Detecting Underground Nuclear Explosions with GNSS and Radio Astronomical Observations................ 52

J. Park, J. Helmboldt, D.A. Grejner-Brzezinska, R.R.B. von Frese, T. Wilson

Processing of GPS Station Data for Prediction Algorithm Analysis of the 2011 Tohoku Earthquake ............... 62
F. van Graas, R. Kollar

An Analysis of Combined COMPASS/BeiDou-2 and GPS Single- and Multiple-frequency RTK
POSTHIOMITIZ ...tttk e e h R b bt e s e et R bR e ek e e et ne e e Rt e bt bt e bt e e e nn e r e reene s 69
R. Odolinski, PJ.G Teunissen, D. Odijk

Interoperability and Compatibility Analysis for GNSS L1/B1/E1 Open Signals ........c.cccoocevieirieeneiiniiniienneenn 91
Z. Liu, J. Tang, R. Wen, J. Shen

Quasi-coherent Joint Processing of Modernized GNSS Multiplexing Signals..........ccccoovvviinieiieiinincnenenenn 98
Z. Yao, M. Lu

Real-Time Validation of BeiDou Observations in a Stand-alone Mode ..........cccccovviiiiiiiiiiiici 106
A. El-Mowafy

Research on GNSS Interoperable Parameters ...........ccocveveriiiiiiiiiieieiee e 115
T Han, H Wu, X. Lu, X. Wang, Y. Bai, W. Hao, G. Yang

Semi-Coherent and Differentially Coherent Integration for GPS L1C ACqUiSItion .........ccoccvvrvenienieieniiennens 123
K.C. Seals, W.R. Michalson

Signal Structures for Satellite-Based Navigation: Past, Present, and Future..........cc.ccoocviiiiiiiiniiniiicieins 131
J.W. Betz

Ambiguity Level Adjustment Among Networks of Compact Network RTK for Land Vehicle Users ............. 138

J. Song, B. Park, H. No, C. Kee

In-The-Field Trials for Real-Time Precise Positioning and Integrity in Advanced Applications ..................... 146
M.D. Lainez Samper, M.M. Romay Merino



Low-cost Single-frequency GPS/GLONASS RTK for Road USErs ........cccieeiiiiiiiiiiiiiieiiesieee e
S. Carcanague, O. Julien, W. Vigneau, C. Macabiau

Method to Site Selection and Network Configuration of GNSS Receiving Station for Optimizing
Performance of Precise POSIIONING . ........c.ciiiiiiiiiiiii e
M. Son, G. Kim, E. Lee, M. Heo, G. Nam

New Indicator of Signal Blocking Degree to Describe GNSS Signal Receiving Environment in
Land ROAd ......ooiiiiiiiii e
W. Hong, K. Choi, E. Lee, S. Im, M. Heo

Precision Navigation and Control Techniques for Autonomous Ground Vehicles ...........cccevvvvivviniieniennennnnn.
J. Moll, A. Evers, N.A. Baine, K.S. Rattan

Sensor Error Compensation Methods for Performance Enhancement of a Low-cost INS/GPS
Navigation Algorithm used in Severe Urban Environments............cccvoovviviniinienieinesee e
P Lavoie, R. Jr. Landry

Basic Performance of BeiDou Regional SYStEIM .........covviviiiiiiiiiiiiiinse e
Y Yang, J. Li, A. Wang, J. Xu, H. He, H. Guo, J. Sheng, X. Dai

GINSS ACHIVITIES TN TAIWAIN ... uvvviiiiiiiiiiiiiiiee e et e e s s e e e e e e e s s et bbb e e e e e e s e sbbbaeeseessesabbbeeeeeesssabbasseeeesssssrrnees
J-C. Juang, V. Chu, S-S. Jan, C-H. Li, C.T. Weng, N. Yang

Korean SBAS Development Status and PLan ...........cccooiviiiiiniiiiie e
C. Kee, H. Yun

Quasi-Zenith Satellite System Current StAtUS .........ccveiveiiriinieree e e
H. Noda

The IGS MGEX Experiment as a Milestone for a Comprehensive Multi-GNSS Service..........ccccoevvnininnene.
C. Rizos, O. Montenbruck, R. Weber, G. Weber, R. Neilan, U. Hugentobler

Constructing Ionospheric Irregularity Threat Model for Korean SBAS ...,
E. Bang, J. Lee, J. Lee, J. Seo, T. Walter

Eliminating Obliquity Error from the Estimation of Ionospheric Delay in a Satellite-based
AUZMENTALION SYSEEIM ....ivtiitiitiririeeii ettt st e e b et bbbt s e e e e b s et e Rt b e bt e e e e e b e nnenn e e e
L. Sparks

Fixed Ambiguity Precise Point Positioning (PPP) Using Tropospheric Corrections Based on
Numeric Weather Modeling (NWIM) ........oiiiiiiiieiieinie ettt sre e sne e ne e nne e
A. Jokinen, S. Feng, W. Schuster, W. Ochieng, L. Yang, C. Hide, T. Moore, C. Hill

Integrity Monitoring Technology on Reference Stations for Network RTK ........c.cccooiiiiiiiiiiiciciiiiie,
M.Y. Shin, D.J. Cho, S.H. Park

Prediction of Regional Ionospheric Delays with Spherical Cap Harmonic Analysis and Regression
1Y (e L= SRS
M. Ohashi, K. Nishimoto, Y. Kubo, S. Sugimoto

Comparing Traditional and Motion Constraint Methods for EKF-Based SLAM...........ccoccoviniiiiicniiinnie,
K. Brink, E. Doucette, M. Miller

Computer Vision Navigation Based on Fiducial Markers of Opportunity ...........ccccceveririeninieeienenenenesenes
M.A. Lakhani, J. Nielsen, G. Lachapelle



Design of Mode Switching Logic for EKF/Batch Processing TRN ........c.ccocvciiiiiiiiiiiiic 330
W. Lee, Y.M. Yoo, C.G. Park

DOP Controlled GNSS/Vision/INS Integrated Navigation under GNSS Degraded Environments ................. 336
D.H. Won, J. Ahn, S. Sung, Y.J. Lee

Inter-frame Registration Using Kalman Filter for Vision Based Navigation.............c.ccoevvviiniiicicnincnnncne, 342
J.C. Yao, EK. Poh

New Terrain Roughness Index for Update of Profile Based TRIN ..........cccoiiiiiiniiinicne e 349
Y M. Yoo, SM. Lee, C.G. Park

Positioning in Urban Area by GPS and Monocular Vision SENSOT............cuuvieiieieniininisineseeeeseese e 356
J.H. Lim, K.H. Choi, H.S. Kim, J.Y. Lee, H.K. Lee

Analysis of Anti-jamming Techniques Using Filter Bank and SVD .........cccccocviiiiniiii 362
K. Yoo, H-S. Kim, S-H. Kong

High Latitude and Equatorial Ionosphere Scintillation Spectrum Analysis...........cccocvvinininiininieici 369
J. Wang, Y. Morton, S. Taylor, Q. Zhou, W. Pelgrum

Implementation of a Jammer Localization System Based on TDOA/AOA Algorithm ........ccceovvieniiinnnnn, 374
D.W. Lim, HW. Kang, M.B. Heo, H.H. Choi, S.J. Lee

Pushing the Boundary of GNSS Inertial Systems into Interference and Jammed Environments..................... 379
G. Gao, M. Bobye

Radionavigation-Satellite Service (RNSS) and the ITU Radio Regulations ............ccocoevvriiinieienenincneiene, 387
A. Matas

Transform-Domain Interference Suppression in GNSS Receiver Based on FrFT ..o, 396

H. Wu, Y. Zhang, Y. Gao

DME/N Error Budget Allocation and DME-Next Proof-of-Concept Flight Test and Performance
AT T8 o) o SRR 402
A. Naab-Levy, K. Li, W. Pelgrum

eLoran in the UK: Leading the Way ..ot s 419
P. Williams, C. Hargreaves, D. Last, N. Ward

Mine Machinery Automation Using Locata-Augmented GNSS ..ot 431
C. Rizos, N. Gambale, B. Lilly

On an Autonomous Navigation System for Collision Avoidance of Unmanned Surface Vehicle .................... 438
N-S. Son

Resilient PNT fOr @-NaVIZALION ......cuviiiiiriiiriiieitieeee et b et an e nr e nne b sn s 445

P. Williams, A. Grant, C. Hargreaves, M. Bransby, N. Ward, D. Last

The Secluded Navigational Spatial Modeling of Underwater Vehicles..........ccocevveviiiiiiiininiiieieni e 453
G. Yuan, X. Du, G. Li, Y. Gao

An Indoor Positioning System Using Vision Aided Advanced PDR Technology without Image DB
and with Motion RECOZNILION .........cviiiiiiiiiiii e e 458
T Lee, B. Shin, J.H. Lee, H. Lee, J.H. Kim, C. Kim, D. Yun, S. Lee



Assessment of the Multipath Mitigation Effect of Vector Tracking in an Urban Environment........................ 466
L-T. Hsu, PD. Groves, S-S. Jan

Indoor Localization Through the Integration of RGB and Depth Data from Microsoft Kinect Sensor ........... 478
L. Magasweran, J. Huang

Indoor Robotic Platform for Human Servicing Using Laser Aided Odometer and Inverted
PendUulUM DESIGN ....veoiiiiiiiiiiti ettt ekt e b e e b e e b e bt ae e Rt e Rt e bt e b e s e R e nh e nreenreennas 487
M. Yeh, J. Huang

Integration of Floor Plan, Vision and Inertial Sensors for Pedestrian Navigation in Indoor
A1 40) 41081 11 494
S. Du, B. Huang, Y. Gao

Investigation of Doppler Measurements for Static Indoor Positioning ...........c.cccceviiininiiiininicien e, 500
M.G. Petovello, J.T. Curran

Performance Analysis of Kinect Sensor Trajectory ReCONSIIUCION .........cuvviviiveieiiirinire e 510
C.K. Toth, G. Jozkow, Z. Koppanyi, D. Grejner-Brzezinska

Urban Operations with the Enhanced Personal Inertial Navigation System Prototype .........cccccoovviiinininnnn 519
Y. Ma, C. Albrecht, R. Ingvalson, C. Matthews, J. Syrstad

Development of an Experimental Software GPS Receiver for Time and Frequency Transfer..............c.coc...... 529
T. Gotoh, J. Amagai, T. Hobiger, H-B. Li

In-Flight Measurements and Correction Model for Rubidium Oscillator Specific Force and
Magnetic Field SUSCEPLIDIIILY ...cuveriiiiiiiiee et r e nre s 535
S. Craig, F. van Graas

VOLUME 2
Satellite Bias Corrections in GeodetiC GPS RECEIVETS ... ...eiiiiiuiiiiiiiii ittt ettt 545
D. Matsakis, S. Mitchell, E. Powers
Sub-nanosecond Timing Sync Using RTK RECEIVETS ........c.oiiviriiiieiiiiisienee st 552

J. Fischer, P. Myers

Synchronization and Syntonization of Formation Flying Cubesats Using the Namuru V3.2

SPACEDOINE GPS RECEIVET ......iviiiiiiiiiieiiistint st ettt e bbb snean e ene s 556
E.P. Glennon, J.P. Gauthier, M. Choudhury, A.G. Dempster, K. Parkinson

Using GPS/GNSS Simulators in Development, Debug and TeSting .........c.cevveviiiriiiinienienieesee e 566
P. Myers

A Optimization Model for the Additional AP Placement in the Existing Wi-Fi Indoor Positioning
Y Du, D. Yang, C. Xiu, Z. Huang, H. Luo

Compact Atomic Magnetometer for Global Navigation (NAV-CAM)........cccccvriuiiiinieniieiinenesee e 578
M.D. Bulatowicz, M.S. Larsen

Improved ZigBee Fingerprint Method for Indoor POSItIONING .........coveriiiiiiiiiiicicse e 584
X Liu, H. Guo, M. Yu, Y. Li



Indoor Positioning Using FEMEOCEILS ..........ccuiiiiiiiiiiiiiiii e s 592
C.E. Lin, C-S. Hsieh, S-C. Liu, S. Ke, J. Chang

Preliminary Test Results of Pseudolite-Based Augmentation System (PBAS) .......cccooiiiiniiiiiiinencen 599
H. Yun, D. Han, C. Kee

Using Combined IMU / Stereo Vision / Cooperative GNSS System for Positioning of UxV Swarms

within Catastrophic Urban SCENATIOS .........cciiiiiiiiiiiiiie i 604
S. Batzdorfer, U. Bestmann, M. Becker, A. Schwithal, J. Schattenberg, T. Lang, F. Andert, J.
Dittrich

WARP-P: Wireless Signal Acquisition with Reference Point by using Simplified PDR — System
Concept and Performance ASSESSITIENE ............eiireeierrerisrese s ar e e e nrennenresrenns 613
Y. Cho, M. Ji, J. Kim, Y. Lee, S. Park, B. Shin, T. Lee

Design and Performance Evaluation of Model-Based Multipath Estimation Technique for GPS
RECEIVETS ..ttt e 619
D.W. Lim, HH. Choi, S.J. Lee

Enhanced RAIM Based on Weighted and Subset Schemes for GNSS Receiver..........coocvvviiiiiicicnicnnnene, 629
L. Yang, Y. Zhang, Y. Gao

FFT Based Two Dimensional Compressed Correlator for Fast Acquisition in GNSS...........cccocoviiiieneeneenn, 635
B. Kim, S-H. Kong

GNSS Integer Ambiguity Validation: Overview of Theory and Methods ..........ccoveiiiiiiiiiiiiiciie e, 641
PJ.G. Teunissen

GPS Receiver lonosphere Error Correction Based on Spatial Gradients and IGS Satellite DCBs................... 653
H. Bourne, Y. Morton

A Comparison of GNSS-based Ionospheric Scintillation Observations in North and South Hong

Z. Liu, R. Xu, J. Morton, J. Xu, W. Pelgrum, S. Taylor, W. Chen, X. Ding

Assessment 0Of CODE GIM OVEL CIINA......uuuiiiiiiiiiiiiiiiie it seiibeee e e e s s s siatbrre e e s e e s siabbrasessesssssbsssessesssanses 674
J. Xue, S. Song, W. Zhu

Determination of the Parameters of a Japanese-Regional Klobuchar Ionospheric Model Based on
GR Models and SCH Analysis by GEONET Data..........ccccviiiiiiiiiiiiiiiii s 691
K. Nishimoto, M. Ohashi, Y. Kubo, S. Sugimoto

First Results of Phase Scintillation from a Longitudinal Chain of ASTRA’s SM-211 GPS TEC and
Scintillation RECEIVETS N ALASKA ........ccuiiiiiieiie ettt et ste e see e s e sreesteesteeneeenaenneeas 703
1. Azeem, G. Crowley, A. Reynolds, J. Santana, D. Hampton

Ionosphere Scintillation Receivers Performances Based on High Latitude Experiments ...........c.ccoceveviinennne 711
S. Taylor, Y. Morton, R. Marcus, H. Bourne, W. Pelgrum, A.J. Van Dierendonck

Observations of Global and Regional Ionospheric Irregularities and Scintillation Using GNSS
Tracking Networks

.......................................................................................................................................................................... 720
X. Pi, A.J. Mannucci, B. Valant-Spaight, Y. Bar-Sever, L. J. Romans, S. Skone, L. Sparks, G.
Martin Hall

Collaborative Navigation of UAV and UGV Using Vision and LIDAR Sensors ........ccccceeveieriverieenieeneenennes 730

J.H. Kim, I. Bae, C.H. Quan, S.H. Lee, PW. Son, J.H. Rhee, S. Kim, J. Seo



Cooperative Positioning using GPS, Low-cost INS and Dedicated Short Range Communications ................ 737
A.H. Rabiain, A. Kealy, N. Alam, A. Dempster, C. Toth, D. Brzezinska, V. Gikas, C. Danezis,
G. Retscher

Data Exchange in Swarms of Mobile Vehicles for Positioning, Control and Navigation.............ccccecvvervnnene. 748
J. Schattenberg, H. Harms, T. Lang, S. Batzdorfer, M. Becker, U. Bestmann

Decentralized Cooperative Positioning for Vehicle-to-Vehicle (V2V) Application Using GPS
Integrated with UWB RaANGE ........ccccoiiiiiiiiiiiiic e s 761
D. Wang, K. O'Keefe, M.G. Petovello

Networked Collaborative Navigation in an Urban Canyon ...........cccccveuireiinieiniene s 772
L. Grymek, O. Osechas, U. Khan

Precise Bearing Determination for Formation Flight Using Terahertz Signals ..........cccoovvniiiiiiciiiinininn, 779
J.S. Parker, J. Rife

Sub-meter Accuracy 3D Indoor Positioning Algorithm by Matching Feature Points of 2D
SMATtPhONE PROTO ...t e 790
D. Yun, P. Mirowski, T. Lee, C. Kee

The Future Satellite Navigation SYSIEIMS .......oicviiierrieiieiieiiniesee e e e e nreenreennas 800
M.M. Merino, M.D. Samper

A Low Cost, Highly Capable Navigation Flight Test Approach Through Industry and University
(010111 oTe) 14 o) 1 (PSR U PP 819
S. Sorber, D. Hennessey, J. Moody, D. Bruckner, T. Skidmore

Application of Beacon Navigation and Angle-Only Artillery Surveying Methods for INS Aiding on
Aerial Platforms in GNSS Denied ENVITONMENtS. ........ccoiovirieriaiiniisie e 826
D.R. Guner, M.K. Ozgoren, B.E. Platin

Cockpit Visualization of Curved Approaches Based on GBAS ...t 837
R. Geister, T. Kapol

Development of a Navigation Solution for an Image Aided Automatic Landing System ...........c.cccvcvvrveneennn. 847
C. Eitner, F. Holzapfel

Enabling Efficient Approach Procedures for Unmanned Aircraft (UA)......ccocvviveiiiinininiiiinecee e 860
D. Geister, R. Geister

Guidance, Navigation, and Separation Assurance for Local-Area UAV Networks: Putting the Pieces
TOELNET ...ttt bR R R R R Rt R R R Rt r e n e en s 870
S. Pullen, J. Lee

Integrating Electro-Optical Grid Reference System (EOGRS) and Other Sensors of Opportunity
into GPS-Based Precision APPlICAtIONS. .......ciiiiiiiiiie i s 883
G.B. Johnson, J. Waid, S. Dogra, S. Toussaint, N. Green

Measurement-based ADS-B System for Detection of Off-nominal Intruder Operations .............ccccocvverernenne. 893
P. Duan, M. Uijt de Haag

Flight Test Evaluation of INS-Aided GPS Tracking Performance under Equatorial Ionospheric
PIasma BUDDIES ........cciiiiiiiiii i s 905
T Tsujii, T. Fujiwara, T. Kubota



GPS Orbit and Clock Error Distributions, 2005 10 2012 ......cciivieiieeiiieiiesiriesee e sreesaeesneesneessneesneessnessens 914
C. Cohenour, F. van Graas

Investigation of Effects of lonospheric Plasma Bubble on GBAS Availability and its Mitigation by
GPS/INS INEEEIATION. ...ttt r et h ettt e s E e R bt e e se e bt s bbb et e e nn e n e anennes 927
T Fujiwara, T. Tsujii, T. Kubota

New Generation SBAS Systems and Monitoring Tools for Aeronautical Applications ...........cccccevviiiiiinnne 932
J. Simon, J. Ostolaza, J. Moran, M. Fernandez, J. Caro, A. Madrazo, M.M. Romay Merino,
M.D. Lainez Samper

Null Space Ephemeris Monitor for GBAS .........coiiiiiiiiieiee e e 946
J. Jing, S. Khanafseh, S. Langel, F-C. Chan, B. Pervan

Performance of Civil Aviation Receivers During Maximum Solar Activity Events.........c.ccoovvviiiinnininnn 954
L. Deambrogio, C. Macabiau, W. Vigneau, J-J. Valette, M. Mabilleau, Egis Avia, E. Robert

SBAS Signal in Space Performance Improvement through Code Phase Resolution Error Correction............. 963
S.D. Ericson
A CMOS Based Current-to-Frequency Converter for Current Output Analog Accelerometers...............o..... 971

O.L. Nuzumlali, M. Even, H. Kulah

A Novel Federated Prefilter Design for Ultra-Tightly Coupled GPS/INS Integration ...........cccceoevvererenennnn 978
D-J. Jwo, C-F. Yang

An Adaptive Algorithm of Rotation Vector Estimation Suitable for the High-speed Circumgyrating
(O3 y'a L TP TP PP 991
Y. Tian, J. Sun, J. Li, Y. Yan

GPS Cycle-slip Detection with Low-cost IMU and Single-frequency Receiver of Land Vehicle.................. 1000
Y Kim, J. Song, H. Yun, B. Park, C. Kee

INS Aided GPS Integer Ambiguity Resolution and Real Time Vehicle Attitude Determination.................... 1008
G. Yuan, T. Li, G. Yuan, D. Wang, L. Zhang

Precision Navigation and Timing Enabled by Microtechnology: Are We There Yet?.........c.ccccevevincnennenne. 1017
A.M. Shkel

The SLAM Algorithm Based on PNN in the Application for Autonomous Underwater Vehicle................... 1022

G. Yuan, D. Wang, T. Li

A Decentralized Scheme to Generate High Resolution Ionospheric Map in Real-Time ..........cccccoovnirnnnnne. 1029
K.H. Choi, H.S. Kim, J.Y. Lee, J. H. Lim, HK. Lee

A Software-Defined Real-Time GNSS Signal Quality Monitoring Receiver using GPU(Graphic
PrOCESSING UL ..veevviiieiieiee sttt e bt bt e e st e s sk e s b e e s R e e s bt e e e e e e eh e e eneenn e e neennensnennne s 1035
S-H. Im, B-H. Lee, G-1. Jee, E-S. Lee, M-B. Heo

Development of Software Based GPS L1 IF Signal Simulator for GEO Satellite Environments................... 1042
G. Kim, D. Han, C. Kim, C. Kee

Implementation of Software GPS Receiver Algorithm for GEO Satellites ...........cccoovriiiinnieiieiieiecce 1049
C. Kim, G. Kim, D. Han, C. Kee



Instantaneous GPS/BeiDou/Galileo Attitude Determination: A Single-Frequency Robustness
Analysis under Constrained ENVIFONMENTS .........cioveiiiiiiiiiiiiisiiesiiesieiese e sreesreesnesne e sne e s e sneene e ssnens 1056
N. Nadarajah, PJ.G. Teunissen

International Collaborative Navigation ReSEarch............ccooviiiiiiiiiiiiiiecee e 1072
E. Vinande, N. Pujara, J. Morton, R. Marcus, F. van Graas, W. Pelgrum

Optimal Parameters for the Combination of Coherent and Non-coherent Acquisition of Weak
GINSS SIZNALS 1ttt e 1078
R. Yang, K.V. Ling, E.K. Poh

Tracking of Direct and Reflected GNSS Signals in Hubble Servicing Mission 4 ..........ccoceoveiveneneneneniennens 1085
B. W. Ashman, J. L. Garrison

Author Index





