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Tsukuba, Japan

Monday, February 4, 2002

Opening Ceremony (09:40-10:00)

Shizuo Sato (Senior Vice-Minister of Land, Infrastructure and Transport)


Takashi Iida (President, Communications Research Laboratory)

10:00
BREAK

Session 1.  VLBI: Precise and Consistent for Decades

Chair: Fuji Takahashi

10:10
1-01. Welcome by IVS Chair and Chair’s Report

Wolfgang Schlüter, Bundesamt für Kartographie und Geodäsie (BKG)
10:20
1-02. Coordinating Center Report


Nancy Vandenberg, NVI, Inc./GSFC

10:30
1-03. The Essential Contribution of VLBI to Fundamental Astronomy (invited)

Nicole Capitaine, Observatoire de Paris

The adoption of the International Celestial Reference System ICRS based on VLBI observations of extragalactic radio sources, by the International Astronomical Union (IAU), since 1st January 1998, has open a new era for astronomy. The ICRS and the corresponding frame ICRF replaced the FK5 based on positions and proper motions of bright stars. According to its definition, the ICRS is such that the barycentric directions of distant extragalactic objects show no global rotation with respect to these objects. The old dream of astronomers of an absolute reference for measuring the angular motion of celestial bodies has thus become reality. This results in an historical abandonment of the link of the celestial reference system with the motion of the Earth which has to be taken into account by revising the current concepts of fundamental astronomy. IAU Resolutions adopted in 2000 provided new definitions for the celestial pole, Universal Time and the parameters to be used in the transformation between the celestial and terrestrial frames, in consistency with the properties of the ICRS. VLBI observations of Earth orientation referred to the ICRS provide very accurate determination of the actual celestial position of the pole and of the Earth's rate of rotation. This has led to important improvements in the models for precession and nutation which are very useful for astrometry and also correspond to a better knowledge of the dynamics of the Earth’s interior.

11:00
1-04. Challenges for VLBI Within a Global Geodetic Observing System (invited)


Hermann Drewes, Deutsches Geodätisches Forschungsinstitut (DGFI)

An urgent task for geodesy in the near future is the installation of an Integrated Global Geodetic Observing System (IGGOS). The demands for such a system are obvious from the requirements for precise, reliable positioning and determination of the Earth gravity field in a consistent reference system. Several activities on this topic have been performed from the dedicated IAG Symposium on IGGOS, Munich 1998, until the IAG Scientific Assembly, Budapest 2001. The joint IAG/COSPAR Commission on International Coordination of Space Techniques for Geodesy and Geodynamics (CSTG) has established a Subcommission for an International Space Geodetic Network (ISGN) to prepare the necessary steps. All the space geodetic techniques shall participate in an IGGOS, and they shall take over their specific role according to their strengths and preferences. VLBI has some extraordinary capabilities which cannot be accomplished by other techniques. These are in particular the direct connection to the inertial reference system, which is the basis for modeling all the physical processes, and the independence from the Earth’s gravity field. In addition, there is a very long VLBI time series for geodetic parameters (Earth rotation, station positions and velocities) which is not available from other techniques. Therefore, VLBI has to take a leading role in the establishment of an integrated global geodetic observing system. The challenges for VLBI on this way will be discussed.

11:30
1-05. Combination of the Space-Geodetic Techniques (invited)


Markus Rothacher, Technical University of Munich

The combination of all major space-geodetic techniques into an integrated global geodetic observing system (IGGOS) must be a primary goal in geodesy in the next years. A combination is important and beneficial because (1) it helps to distinguish genuine geodetic/geophysical signals from technique-specific systematic biases, (2) it makes use of the complementarity of the individual techniques to strengthen the solutions, (3) it allows to benefit from observing instruments collocated at the same site, (4) it is the only way to account for the fact that there is, e.g., only one orientation of the Earth's rotation axis for all techniques, only one rotation velocity of the Earth, only one tropospheric and ionospheric refraction for VLBI, GPS and other microwave techniques, etc., and to ensure the consistency of the resulting geodetic products, and, finally (5) this approach is crucial to get a more detailed view and understanding of the complexity of the "System Earth" and its geophysical processes. The variety of combination aspects and benefits resulting from a rigorous integration will be discussed and illustrated.

12:00
LUNCH
Session 2.  Improving the Performance and Products of IVS

Chair: Bill Petrachenko

13:30
2-01. IVS Working Group 2 for Product Specification and Observing Programs 

(invited)


Harald Schuh, Institute of Geodesy and Geophysics, Vienna University of Technology

An important part of the IVS efforts is to provide the best products for the user community and to optimize the use of available global resources. During the 5th IVS Directing Board meeting on February 15th, 2001 the IVS products and related programs were discussed with respect to the general goals described above. It was decided to set up an IVS Working Group (WG2) for Product Specification and Observing Programs. Members of WG2 were chosen among experts in the field of geodetic/astrometric VLBI. The Terms of Reference (ToR) of WG2 were to 

· review the usefulness and appropriateness of the current definition of IVS products and suggest modifications,

· recommend guidelines for accuracy, timeliness, and redundancy of products, 

· review the quality and appropriateness of existing observing programs with respect to the desired products, 

· suggest a realistic set of observing programs which should result in achieving the desired products, taking into account existing agency programs, 

· set goals for improvements in IVS products and suggest how these may possibly be achieved in the future, 

· present a written report to the IVS Directing Board (DB). 

The WG2 report was approved by the IVS DB on November 7th, 2001. In the talk the proceeding of IVS Working Group 2 is presented and an overview about the WG2 report is given. The introduction of the report contains the scientific rationale. Then the present status and future goals of all international activities within IVS are described. In particular the current products of IVS are described in terms of accuracy, reliability, frequency of observing sessions, temporal resolution of the parameters estimated by VLBI data analysis, time delay from observing to product, i.e. time which has passed after the end of the last session included in the VLBI solution till availability of the final products and frequency of solution (in the case of “global solutions”, when all existing or a high number of VLBI sessions are used to determine so-called global parameters). All IVS products and their potential users are covered in the report. This includes the Earth orientation parameters (EOP), the reference frames (TRF and CRF), geodynamical and geophysical parameters and physical parameters. Measures which should be taken within IVS to meet the goals defined in the first steps are presented. As most of the measures are related to the observing programs, these are the main focus for improving the current status of IVS products. The report shows that due to various requirements of the different users of IVS products the following aspects must be accomplished: 

· significant improvement of the accuracy of VLBI products, 

· shorter time delay from observation to availability of results, 

· almost continuous temporal coverage by VLBI sessions. 

A first scenario of the IVS observing program for 2002 and 2003 considers an increase of observing time by about 30%-40% and includes sessions carried out by S2 and K4 technology. The mid-term observing program for the next 4-5 years seems to be rather ambitious. However, it appears feasible if all efforts are concentrated and the necessary resources are made available.

14:00
2-02. IVS Observing Programs 2002–2005 (invited)


Nancy Vandenberg, NVI, Inc./GSFC

IVS has designed an observing program to meet its product goals, based on the Working Group 2 report. This paper will present the proposed program and discuss the resources and operational commitments that will be necessary to realize the program over the next few years.

14:20
2-03. Recent Developments in IVS Analysis Coordination

Axel Nothnagel, Geodetic Institute of the University of Bonn

The responsibilities of the Analysis Coordinator of the International VLBI Service for Geodesy and Astrometry (IVS) include regular dissemination of high quality VLBI results as official IVS products. Several IVS Analysis Centers produce EOP and other series and the IVS Analysis Coordinator has to ensure a rigorous combination of the individual EOP series into a single series. In 2000 and 2001, IVS Analysis Pilot Projects were initiated for a better understanding of the analysis procedures of the different IVS Analysis and Associate Analysis Centers and the effect of different reference frames.

14:35
2-04. Geodetic Results from Mark 4 VLBI

Daniel MacMillan (1), Leonid Petrov (1), Chopo Ma (2), (1) NVI, Inc./GSFC, 
(2) Goddard Space Flight Center

We present geodetic results of a series of 32 VLBI experiments recorded in Mark 4 mode at 128 and 256 Mega-sample/sec rates. The formal uncertainties of UT1, polar motion, and nutation offsets derived from these experiments are better than the corresponding uncertainties from NEOS-A experiments by a factor of 1.5-2. Baseline length repeatability for the series of 32 experiments over a period of one year is about 2.0 + 0.8 ppb. For comparison, NEOS-A length repeatability is about 2.0 + 1.3 ppb. We will discuss optimal use of Mark 4 in the design of future observing networks.

14:50
2-05. Expected Contributions of the K4 and its Next-generation Systems

Yasuhiro Koyama, Communications Research Laboratory

Through the five years of the Key Stone Project, many unique capabilities of the K-4 VLBI system have been demonstrated. In the Key Stone Project, frequent geodetic VLBI sessions were performed without any human operations. In the extreme case, VLBI observations were performed almost continuously with the four stations for more than three months after a dramatic crustal deformation associated with active volcanic activities was detected in July 2000. Timely processing of the observations was also demonstrated. In the case when high speed ATM network is used to transport observation data, results can be obtained almost promptly after the observations. Even if the real-time network is not available, correlation processing and data analysis can be performed automatically within a day for a regular 24-hour VLBI session. In the Communications Research Laboratory, further technology developments are continuing to enhance the capabilities of the K-4 system. Especially, the development of the real-time VLBI system over the IP network and VSI (VLBI Standard Interface) based VLBI system will enable us to improve the IVS program in the sense of timeliness, robustness, and reduction of human resources. On the other hand, enhancement of the observation sensitivity using the Giga-bit VLBI system will enable us to use smaller antenna system for faster slewing smaller structure deformation. These expected contributions of the K-4 system and its next generation systems will be presented.

15:05
2-06. Geodetic S2 VLBI: International Plans
Calvin Klatt (1), Mario Berube (1), Wayne Cannon (2), Bill Petrachenko (1), Anthony Searle (1), (1) Geodetic Survey Division, Natural Resources Canada, (2) York University

International use of the S2 Geodetic system is beginning in 2002 after a successful series of experiments in Canada beginning in 1999. The S2 Recording Terminal (RT), which utilizes commercial VCR tape transports, has been used internationally for several years. The S2 Data Acquisition System (DAS) is designed for geodetic usage and differs from the Mk3/Mk4 mainly through its use of rapid frequency-switching to achieve the necessary delay resolution. Correlation is performed at the 6-station Canadian Correlator, which has been used extensively for many years by the Space-VLBI community. We will review the geodetic experiments that have been performed in Canada using the Algonquin, Yellowknife and CTVA antennas. In 2002 a network of stations equipped with S2 systems will be included in the IVS’s CORE. The goals of this international series of experiments will be discussed as well as our future plans.

15:20
BREAK

Session 3, Part 1.  Network Stations, Operation Centers, Correlators

Chair: Ed Himwich

15:50
3-01. Network Coordinator Report

Ed Himwich, NVI Inc./NASA GSFC

The performance of the network stations is reviewed. The effects of UTC station clock offsets and plans for dealing with them in data analysis will be presented.

16:05
3-02. Fundamentals of Phase Calibration in Geodetic VLBI (invited)

Brian Corey, MIT Haystack Observatory

An integral part of the RF hardware at a geodetic VLBI station is the pulse, or phase, calibration system, in which a train of short pulses generated coherently with respect to the station frequency standard is injected into the signal path in the receiver. By measuring the phases of different frequency tones of the calibration signal at baseband, the instrumental phase and group delays from the injection point to the VLBI recorder can be estimated. After a brief introduction to how the pulse train is generated, this paper focuses on (1) applications of the calibration data to correcting VLBI data for instrumental effects, and (2) pitfalls in the application of calibration data, including the ubiquitous spurious signals. A few illustrative case histories will be presented.

16:20
3-03. Mark 4 Correlator Software: Status and Plans

Roger Cappallo, MIT Haystack Observatory

The Mark 4 Correlator has been operational now for over two years, yet it is still evolving as new features are added. The current capability of the software and its recent enhancements will be discussed, as well as our plans for future improvements.

16:35
3-04. Status Report on the Washington VLBI Correlator


Kerry Kingham, U.S. Naval Observatory

A review of the changes at the Washington Correlator in the last year and a summary of our experiences with the Mark 4 Correlator will be presented. Our expectations for the next year will be given.

16:50
3-05. The Mark IV Correlator - Faster, Better, Optimal??

Arno Müskens, Izabela Rottmann, Ingrid Benndorf, University of Bonn

We present the current path of an experiment through the correlation process from observing to the data analysis including shipping and submitting the final data. We point out the weak spots of the procedures and propose possible ways of increasing the efficiency of the correlator operations. This may be applicable also to other IVS correlator centers. Finally, we summarize the statistics of all geodetic experiments correlated at the Bonn Mark IV Correlator in 2001.

17:05
3-06. Comparisons of the Output of Repeated Mark III/IV Correlations

Axel Nothnagel, Olaf Bromorzki, James Campbell, Arno Müskens, Helge Rottmann, Izabela Rottmann, Geodetic Institute of the University of Bonn

During the transition phase from the Mark IIIA to the Mark IV correlator an IRIS-S session was processed twice with the Mark IIIA correlator and twice with the Mark IV correlator. Here we report on the intercomparison of the observables from the individual correlations.

17:20 
3-07. The Medicina Station and the Sardinia 64-m Radio Telescope: Geodetic 

Activities and Status Report

Franco Mantovani, Istituto di Radioastronomia, CNR

The geodetic activities, software and hardware upgrading at the Medicina and Noto Stations will be described. Information on the status of the 64-m dish Sardinia Radio Telescope Project will also be given.

17:35
3-08. Status of SYW geodetic VLBI experiments and collocated observations 

at Syowa Station, Antarctica


Kazuo Shibuya, Koichiro Doi, Shigeru Aoki, National Institute of Polar Research

The Japanese Antarctic Research Expeditions (JAREs) are making quasi-regular geodetic VLBI experiments from February 1998 at Syowa Station (69.0 degS, 39.6 degE), Antarctica, using an 11 m antenna with participation of Hobart and Hartebeesthoek 26 m antennas. We have made a total of 24 sessions until November 2001. Although tape transport difficulties will not be solved in the very near future, correlator processing delays to produce the database will be relaxed as time-tag copying of K4 tapes and S2-K4 copying have become into an operational mode. The recent status of the SYW experiments will be presented. We are doing parallel space geodesy observations and continuing other related geodesy programs (GPS, DORIS, SAR data reception, SG observations, etc.). Summary of their recent status will also be included in the presentation. We have reported several preliminary results of the local ties among the related ground marks. In order to avoid confusion, the tie vectors are updated to give the most appropriate results.

17:50
3-09 Foot-Print of the Space-Geodetic Observatory, Ny-Ålesund, Svalbard
Halfdan P. Kierulf, Lars Bockmann, Oddgeir Kristiansen, Hans-Peter Plag, Norwegian Mapping Authority

The Space-Geodetic Observatory at Ny-Ålesund, Svalbard, which is operated by the Norwegian Mapping Authority, has developed over recent years into a fundamental geodetic station. Currently, there are permanent receivers for five space- and satellite-geodetic techniques as well as a tide gauge and a cryogenic gravimeter. At such fundamental sites, detailed knowledge of the stability of the station, both locally and with respect to the region, is essential for geodetic and geophysical applications of the observations. Therefore, the Norwegian Mapping Authority has initiated and contributed to an extensive foot-print study for the observatory. Our studies include repeated GPS campaigns on a 50 km by 30 km control network and repeated classical surveys of the inner control network extending 400 m by 40 m. In the frame of the Large Scale Facility Ny-Ålesund, a number of projects have contributed to the foot-print study through establishing local ties between VLBI and GPS, surveying the local network and the VLBI antenna, and carrying out absolute gravity measurements. Results from the GPS campaigns indicate neo-tectonic movements in the vicinity of the observatory.

18:05
BREAK
Poster Session (18:30-21:00)

Core Time for the Poster Session (Room 201)

Tuesday, February 5, 2002

Session 3, Part 2.  Network Stations, Operation Centers, Correlators

Chair: Arno Müskens

08:30
3-10. TIGO in the Southern Hemisphere (invited)


Hayo Hase, BKG Wettzell

TIGO arrived at its destined location in Concepcion. A status, aspects of local survey and the importance of TIGO as a new reference station in the Southern hemisphere will be given.

08:45
3-11. Korea’s New VLBI Project: KVN (invited)


Young Chol Minh, Korea Astronomy Observatory

Korea’s new VLBI project has been started last year as a 5 year project. We plan to build 3 new high-precision radio telescopes of 20-m diameters in 3 places in Korea which will be used for VLBI observations exclusively. The 2/8, 22, 43, and 86 GHz HEMT receivers will be installed for astronomical, geodetic, and earth science researches, but we plan to focus on the millimeter-wave VLBI. The new Mk 5 will be used as the high-speed recorder and the 3-baseline correlator will be developed for KVN. After the completion of our project, we will be actively involved in the international VLBI activities.

Session 4.  New Technology Developments in VLBI

Chair: Wayne Cannon

09:00
4-01. A VSI-H Compatible Recording System for VLBI and e-VLBI

Jouko Ritakari, Ari Mujunen, Metsähovi Radio Observatory

Metsähovi is developing a scalable disk-based recording system. The system uses standard PC hardware and standard Linux operating system. VLBI data is stored in normal Linux files and can be transported via Internet using normal Linux networking programs. This makes the system especially suitable for short-term storage of data for near-realtime VLBI. We have estimated that it is possible to replace an existing VLBI recorder with only one office PC and that the system is scalable to at least 2048 Mbit/s just by adding a few more PCs.

09:15
4-02. IP Data Transfer System for Real-time VLBI
Sotetsu Iwamura (1), Hisao Uose (1), Tetsuro Kondo (2), Shin-ichi Nakagawa (2), Kenta Fujisawa (3), (1) NTT Information Sharing Platform Labs, (2) Communications Research Laboratory, (3) National Astronomical Observatory of Japan

We have developed a parallel IP transfer system that can be applied to Real-time VLBI. In GALAXY project, jointly conducted by Communications Research Laboratory, National Astronomical Observatory of Japan, and Nippon Telegraph and Telephone Corporation (NTT), we have been keenly researching and doing experiments on Real-time VLBI, using NTT’s 2.4Gbit/sec experimental network that widely covers Kanto area in Japan. Although the experiments conducted are successful based on asynchronous transfer mode (ATM) technology, we have as well been working on introducing IP technology to real-time VLBI data transfer. Making use of IP technology certainly brings significant advantages, such as improved interconnectivity to other sites, easiness to use low-cost but high-performance equipment, and high intimacy with distributed processing. We are going to present the IP transfer system that is composed of multi-purpose PCs, and a pair of an ID1 parallelizer and an ID1 serializer proprietarily developed. Our purpose includes achieving high-speed and transparent ID1 data transfer for real-time VLBI, using multi-purpose PCs. The ID1 parallelizer divides single ID1 stream (from a sampler, for instance) into multiple IEEE1394 streams as output. The ID1 serializer contrarily receives multiple IEEE1394 streams and constructs an output ID1 stream from them. The PCs are classified into two types: IP-transmitting PCs and IP-receiving PCs. Each of the former receives data from the ID1 parallelizer through IEEE1394 interface, and transmits it in IP packets over network. On the other hand, each of the latter receives IP packets from the corresponding IP-transmitting PC, extracts data and sends it through IEEE1394 interface to the ID1 serializer. Consequently, in order to achieve high-speed ID1 data transfer, multiple IP streams are set up at the same time and IP data is transmitted in parallel. Our current implementation, although it has just launched and might have some points to improve, shows ID1 throughput of more than 32 Mbit/sec using a simple UDP protocol on a pair of Linux-based PCs with Pentium2/400 and 100BaseT. We are also going to show our future plans about distributed processing of observation data, such as distributed cross-correlation, using the IP transfer system.

09:30
4-03. VSI Interface Implementation, Performance Enhancement of Gbps-VLBI 

Instruments

Junichi Nakajima, CRL, Kashima Space Research Center

The IVS endorsed VSI-H specification in August 2000. With an advantage of high speed data transmission, the interface is expected to solve incompatibility of VLBI systems under multi-national environment. Accompanied with time transfer, 1-pps and useful functions, the interface come up with MDR-80 small connector assignment. We have implemented the VSI-H on our new VLBI Gbps samplers and Gbps recorders and confirmed its performance. Gbps-VLBI sessions including an optical-linked realtime-VLBI were carried out in 2001. Interest in the VSI interface arose from other fields and it is becoming known to a wide range of scientific users.

09:45
4-04. Mark 5 Disc-Based VLBI Data System

Alan Whitney, Haystack Observatory

The Mark 5 system is being developed as the first high-data-rate VLBI data system based on magnetic-disc technology. Incorporating primarily low-cost PC-based components, the Mark 5 system will support data rates up to 1024 Mbps recording to an array of up to 16 inexpensive removable IDE discs. An initial demonstration system was used in March 2001 to record data at 576 Mbps, with correlation on the Mark 4 correlator at Haystack Observatory. With the continuing fall in disc prices, IDE discs are already becoming competitive with the cost of Mark 4/VLBA/K4 tape, with the expectation that prices will continue to fall to a level below ~$1/GB with capacities of hundreds of GB per disc. The Mark 5A system, which is a direct replacement for a Mark4 or VLBA tape transport, will deploy ~12 prototype units in mid-2002 to stations and correlators around the world, at a cost of ~$23K/unit. A fully VSI-compliant Mark 5 system, dubbed Mark 5B, will be available in late 2003, along with the necessary adapter interface required to utilize the system with existing Mark 4 and VLBA data-acquisition and correlator systems. The Mark 5 development effort at Haystack Observatory is supported by BKG, EVN/JIVE, KVN, MPI, NASA, NRAO and USNO.

10:00
BREAK
10:30
4-05. Real-time Gigabit VLBI System and Internet VLBI System
T. Kondo (1), Y. Koyama (1), J. Nakajima (1), M. Sekido (1), R. Ichikawa (1), 
E. Kawai (1), H. Okubo (1), H. Osaki (1), M. Kimura (1), and GALAXY Team (1,2,3,4), (1) Kashima Space Research Center/CRL, (2) NAOJ,  (3) ISAS, (4) NTT

The development of a gigabit VLBI system at CRL is going well. First we have developed a tape-based VLBI system. Some geodetic VLBI experiments were performed using this system. Data quality and the estimation errors comparable to the K-4 VLBI system have been already attained. Survey observations of weak radio sources were also carried out. In parallel with the development of the tape-based system, a real-time gigabit VLBI system has been developed in collaboration with National Astronomical Observatory Japan (NAOJ), Institute of Space and Astronautical Science (ISAS) and Nippon Telegraph and Telephone Corp.(NTT). In the real-time system, VLBI data are transmitted through the high speed (2.4Gbps) ATM network to a correlator. We successfully carried out the first real-time gigabit VLBI experiment using Kashima 34m antenna and Usuda 64m antenna on June 23, 2001. Since then real-time gigabit VLBI observations have been carried out several times. On the other hand a new real-time VLBI system using IP (Internet protocol) technology has been developed since 1999 to reduce network-cost and to expand connection sites. We call this system “IP-VLBI” or “Internet VLBI”. We have been developing the IP-VLBI system as a PC-based system consisting of a PCI-bus sampler board and PC software to make real-time data transmission, reception and correlation.

10:45
4-06. High-Speed e-VLBI Demonstration: Haystack Observatory to NASA/GSFC


Alan Whitney, Haystack Observatory

Haystack Observatory, with support of a grant from DARPA, is preparing a high-speed e-VLBI demonstration using antennas at Westford, MA and NASA/GSFC in Maryland, with correlation at Haystack Observatory. The link between Haystack and GSFC includes a number of both private and public network facilities, including the Bossnet, Glownet, Supernet and GSFC/HECN networks. The Mark 5 system will be used at both stations and at the Haystack Mark 4 correlator to interface VLBI data through a standard TCP/IP Gigabit Ethernet connection at a sustained rate of ~900 Mbps. Due to the many different networks involved, much effort is being undertaken to examine every link in the path and to optimize and upgrade components as necessary in order to achieve the desired speed. Expansion of this effort to include stations in Europe and Japan is being explored.

11:00
4-07. Multi-Beam VLBI
Bill Petrachenko, Calvin Klatt, Vincent Ward, Geodetic Survey Division, Natural Resources Canada

In comparison to GPS, VLBI, as it is typically practised today, suffers from the fact that at any location only one source can be observed at a time. In this paper we ask the audience to consider a world in which each VLBI reference location is equipped with a cluster of small antennas. Fringe detection limitations experienced by the small antenna pairs can be overcome by using large antennas for snr enhancement and then mathematically forming the cluster-cluster observables after the fact. The resulting network, if the co-located antennas are carefully tied together, could perform multi-beam VLBI. By having multiple beams in different directions, parameter correlations could be reduced and parameters of interest could be determined more quickly and accurately. Taking advantage of new developments in the astronomical community, inexpensive small sensitive antennas may be available to make this dream a reality. Advantages and limitations of this approach will be considered. The resulting advancement in geodetic VLBI science may be significantly more cost-effective than simply increasing the recording bandwidth. This presentation is intended to generate further discussion and lateral thinking about the future of Geodetic VLBI.

11:15
4-08. 10 micro-arcsecond Astrometry with Two Beam System of VERA

Noriyuki Kawaguchi, Testuo Sasao, Seiji Manabe, Hideyuki Kobayashi, Osamu Kameya, National Astronomical Observatory of Japan

Four 20-m radio telescopes are constructed in Japan aiming at obtaining highly accurate astrometric data. The maximum baseline length is 2300-km connecting stations on Japanese mainland and remote small islands. The radio telescope has capability of observing two celestial targets simultaneously which enables obtaining accurate and stable differential fringe phases compensating large atmospheric fluctuations. We introduce outlines of the VERA observing system and expected performances required for precise astrometric observations of water vapor and silicon mono-oxide masers in our galaxy in 22- and 43- GHz bands.

11:30
4-09. The VSOP-2 Mission
Hisashi Hirabayashi, VSOP-2 working group, The Institute of Space and Astronautical Science

Following the success of the VLBI Space Observatory Programme (VSOP), a next generation space VLBI mission (VSOP-2) is currently being planned in Japan. Higher observing frequencies, cooled receivers, increased bandwidths and a larger telescope diameter will result in gains in resolution and sensitivity by factors of about 10 over the VSOP mission. We are also investigating the possibility of a phase referencing observation capability, to enable observations of weaker sources and astrometric observations. We have started experiments for VSOP-2, such as the new antenna, a giga-bit sampler usable in space, cooled receiver system and so on. We will present results from those experiments and give an outline of the VSOP-2 mission.

11:45
4-10. A Proposal for Constructing a New VLBI Array, “Horizon Telescope”

Makoto Miyoshi, Seiji Kameno, NAOJ

The existence of a black hole in the universe has become very clear and is now one of our common sense in astronomy. But the direct image of a black hole showing relativistic phenomena around the event horizon was still beyond our reach at the previous century because the sizes of black holes are too small to observe. Sagittarius A* is the closest massive black hole at our galactic center. Even the Schwarzschild radius of SgrA* is only about 6 micro-arc-seconds. Early in the 21st century developments of VLBI techniques and millimeter and sub-millimeter radio astronomy will soon reach the point to make such observations of black hole possible. We here propose to construct a new VLBI array that should be named as (Event) Horizon Telescope.

12:00
LUNCH
Session 5, Part 1.  Data, Models, and Software

Chair: Axel Nothnagel

13:30
5-01. Displacements Due to Ocean Tide and Atmospheric Loading (invited)

Hans-Georg Scherneck (1), Machiel S. Bos (2), (1) Chalmers/Onsala Space Observatory, (2) TU Delft/Dept. Geodetic Engineering

In the first part of the presentation we report about recent improvements in ocean tide loading models. The automated web service at Onsala Space Observatory features eleven different ocean tide models from which parameters for displacements and gravity effects can be obtained. We will discuss the options and report about the details of the modelling procedures involved. In the second part the problem of atmospheric loading and induced surface displacements is discussed. A new Sub-bureau of the International Geophysical Fluid Center will probably serve users in the future. VLBI is suggested to be a key technology to test and verify the model predictions. We will discuss anticipated geophysical problems that can be addressed.

14:00
5-02. Gradient mapping functions for VLBI and GPS (invited)


Arthur Niell, Haystack Observatory

A hydrostatic gradient mapping function based on in situ meteorological data has been developed to provide an apriori correction to the hydrostatic delay. In the same way that the symmetric atmosphere estimation is improved by first removing the hydrostatic delay, application of the apriori hydrostatic gradient delay correction allows the use of a more accurate partial derivative for the asymmetric wet component, to the extent that it can be described by the gradient formulation. An evaluation of this proposal will be presented.

14:20
5-03. Modeling Radio Source Structure for Improved VLBI Data Analysis (invited)


Patrick Charlot, Observatoire de Bordeaux

At the sub-milliarcsecond scale, most of the extragalactic radio sources exhibit spatially-extended intrinsic structures which are variable in both time and frequency. Such radio structures may introduce sizeable effects in the VLBI measurements which must be corrected for improved VLBI data analysis. Modeling these effects requires identification of a truly kinematically-stable morphological feature for each source and calculation of structure corrections for the VLBI delays based on images of the source brightness distribution. This paper presents the model for calculating source structure corrections, discusses the magnitude of these corrections, and reviews the results obtained so far. Highlights of the first astrometric analysis with massive application of VLBI maps to correct for source structure will be reported, while details of this analysis are discussed in an accompanying paper by Sovers et al.

14:40
5-04. Structure Corrections in Modeling VLBI Delays
O. Sovers (1), P. Charlot (2), A.L. Fey (3), D. Gordon (4), (1) RSA Systems/JPL, 
(2) Observatoire de Bordeaux, (3) USNO, (4) Raytheon/GSFC

Since 1997, bimonthly S- and X-band observing sessions have been carried out employing the VLBA and as many as 10 additional antennas. Maps of the extended structures of most of the observed sources have been generated for 10 experiments (~200,000 observations) taking place during 1997 and 1998. This paper reports the results of the first massive application of structure maps to correct the modeled VLBI delay in astrometric data analysis. Overall, weighted delay residuals (~50 ps) decrease by ~5 ps in quadrature by modeling the structure delays of 155 sources. Residuals of some sources with extended or fast-varying structures improve by as much as 25 ps. Scatter of “arc positions” about a time-linear model also improves substantially for most sources. Proper choice of a reference point within each extended source is crucial in modeling for high-accuracy celestial reference frame work. Based on our results, it is concluded that source structure is presently not the dominant error source in astrometric/geodetic VLBI.

14:55
5-05. Integrating Analysis Goals for EOP, CRF and TRF

Chopo Ma (1), Daniel MacMillan (2), Leonid Petrov (2), (1) Goddard Space Flight Center, (2) NVI, Inc./GSFC

In a simplified, idealized way the TRF can be considered a set of positions at epoch and corresponding linear rates of change while the CRF is a set of fixed directions in space. VLBI analysis can be optimized for CRF and TRF separately while handling some of the complexity of geodetic and astrometric reality. For EOP time series both CRF and TRF should be accurate at the epoch of interest and well defined over time. The optimal integration of EOP, TRF and CRF in a single VLBI solution configuration requires a detailed consideration of the data set and the possibly conflicting nature of the reference frames.

15:10
5-06. PIVEX: A Proposal for a Platform-Independent VLBI Exchange Format 

(invited)

Anne-Marie Gontier (1), Martine Feissel, (1, 2), (1) Observatoire de Paris/UMR 8630, 
(2) Institut Géographique National

Following a recommendation of the 2nd IVS Analysis Workshop, a working group was set up to develop a VLBI exchange format independent of platforms and operating systems. The aim of this format is to ease the international extension of VLBI analysis for astrometry and geodesy. The working group members were selected in such a way that their knowledge should collectively encompass all data environments involved. The PIVEX format was discussed and tested. It is proposed for consideration by the IVS GM.

15:30
BREAK
Session 5, Part 2.  Data, Models, and Software

Chair: Taizoh Yoshino

16:00
5-07. VLBI Error Analysis

Leonid Petrov, NVI, Inc./GSFC

Methods of evaluation of precision and accuracy of VLBI results are reviewed. The intrinsic precision of measurements of group and phase delay is evaluated. Factors which affect results at the time scales from tens of seconds to tens of years are discussed. Estimates of possible errors in models and an error budget are presented. Correlations between the errors of measurements and models are analyzed. Finally, the limits of growth of accuracy of VLBI results and the impact of these limits for setting a realistic strategy of observations are discussed.

16:15
5-08. On Correlations Between Parameters in VLBI Data Analysis
Axel Nothnagel, James Campbell, Markus Vennebusch, Geodetic Institute of the University of Bonn

For a long time it has been a general conception that the station height component and the atmospheric parameter for this station are highly correlated. Although this is correct for errors in the atmospheric corrections, the situation is much more complicated for the parameters estimated in least squares adjustments. In our investigations we have found that correlations of the topocentric vertical and the clock offset start dominating if a low enough elevation limit is introduced.

16:30
5-09. Statistical Assessment of Subdiurnal Earth Orientation Parameters 

from VLBI

Hansjoerg Kutterer, Volker Tesmer, Deutsches Geodätisches Forschungsinstitut

Very Long Baseline Interferometry (VLBI) is the geodetic space technique which makes it possible to determine the Earth orientation parameters (EOP) directly. Several studies have been carried out for about one decade to derive the EOP from VLBI with subdiurnal resolution. This allows to detect and to monitor geophysical effects which are expected on this time scale such as subdiurnal ocean tides or irregularities of the Earth rotation due to, e.g., earthquakes. Since the EOP are determined by means of a least-squares adjustment, the statistical significance of highly resolved EOP is of particular interest from the viewpoint of parameter estimation and decision theory. Besides the analysis of the VLBI session configurations, a number of statistical hypothesis tests can be designed and performed to assess the significance of the estimated EOP. The study focuses on the impact of typical observation designs (scheduling of the VLBI sessions) and of the chosen resolution time interval on the estimates. Therefore it is strongly relevant for VLBI observation and analysis practice. The considered network designs come from both standard VLBI networks such as NEOS-A, IRIS-S, and the CORE-A networks and from non-standard networks. Independent EOP samples derived from simultaneous CORE-A and NEOS-A sessions are included in order to assess the achievable accuracy. The VLBI data are processed using the software package OCCAM 5.0 LSM. The estimated EOP of each session and their respective variance-covariance matrices (vcm) show a clear dependence of the precision and the correlations of the estimated EOP on the chosen temporal resolution. In addition there is a strong importance of the representation of the terrestrial and celestial reference frame by the VLBI antennas and the radio sources. The statistical significance of the highly resolved EOP decreases with increasing resolution. For this reason there is a technical limit for the magnitude of detectable geophysical causes.

16:45
5-10. RDV Analysis and MK4/VLBA Comparison Results

David Gordon (1), Leonid Petrov (2), (1) Raytheon/GSFC, (2) NVI, Inc./GSFC

The RDV VLBA sessions, begun in 1997, are correlated on the VLBA correlator and fringed at GSFC using the NRAO AIPS package. These experiments have shown an unexplained error source at the level of a few tens of picoseconds affecting mainly southern sources and appearing to be highly seasonal in nature. In an attempt to understand this problem, 8 stations from RDV22 were correlated on the Haystack Mark4 correlator, for comparison with the VLBA processing. We will present and discuss the results of the comparisons between the VLBA/AIPS version, the Mark4/Fourfit version, and a hybrid Mark4/AIPS version of RDV22. Evidence now points to problems in the use of the measured phase cals at the VLBA sites as the primary source of the RDV problem. Possible solutions and reprocessing plans will be presented.

17:00
5-11. Outlier Detection in the Combination of VLBI EOP

Christoph Steinforth, Axel Nothnagel, Geodetic Institute of the University of Bonn

Since October 1st, 2000, an official IVS combined EOP series is computed routinely from several input series by the IVS Analysis Coordinator's office. In this presentation we report on the current status of the combination and on several extensions to the initial combination strategy, for example the detection and treatment of outliers in the input series. Comparisons with independent EOP series are carried out to assess the accuracy of the combined series.

17:15
5-12. Technological Processes at BKG Data and Analysis Center
Volkmar Thorandt, Dieter Ullrich, Reiner Wojdziak, BKG, Federal Agency for Cartography and Geodesy

This report describes the current status of technological structures which have been developed or are under construction to automate the production of VLBI solutions at the IVS Data and Analysis Center. A general idea of data flow in the local system and between local and remote systems (BKG,IVS,CDDIS,OPAR,MPfR) is given as well as a description of interfaces between CALC/SOLVE and BKG software.

17:30
5-13. Special Bureau for Loading (SBL)
Tonie van Dam (1), Hans-Peter Plag (2), (1) European Center for Geodynamics and Seismology, (2) Norwegian Mapping Authority

In October 2001, the IERS has issued a Call for Proposal for a Special Bureau for Loading to complement the already existing Special Bureaus under the IERS Global Geophysical Fluid Center. The SBL is intended to be established in February 2002. The SBL proposed under the co-chair of the two authors will have the task to promote, stimulate and coordinate the work and progress towards a service providing information on Earth surface deformation and gravity variations due to surface mass loading. The SBL is expected to provide in near real-time a consistent global solution data set describing at least the surface deformation, gravity signal and geo-centre variations due to the various surface loading process in reference frames relevant for direct comparison with existing geodetic observing techniques. The main purpose of the SBL is to provide reliable, consistent model predictions of various loading signals that have been thoroughly tested and validated. Moreover, it will be a major aim to contribute to the development of the IERS Conventions and to assure that the operational products provided by the SBL are in agreement with these Conventions. To achieve these goals, major scientific advances are required with respect to the Earth model, the theory and algorithms used to model deformations of the Earth as well as improvements in the observational data of surface loading. For validation of the products, the SBL will crucially depend on support from the space geodetic communities, in particular the services such as IGS, ILRS and IVS.

17:45
END OF SESSION
BANQUET (19:00-21:00)
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08:30
6-01. VLBI Solution DGFI01R01 Based on Least Squares Estimation Using 

OCCAM 5.0 and DOGSCS
Volker Tesmer, Deutsches Geodätisches Forschungsinstitut

The latest International Terrestrial Reference Frame realisation (ITRF2000) includes solutions of all space geodetic techniques. The three VLBI solutions contributing to the ITRF2000 are computed using the CALC/SOLVE software package. One of the expected benefits of the IVS is a high reliability of VLBI products due to redundant contributions by several analysis centers and software systems. Therefore a solution computed with a software system completely independent from CALC/SOLVE should provide an insight in the reliability of VLBI results. This contribution presents the first DGFI VLBI solution computed with OCCAM 5.0 and DOGSCS using the least squares method (DGFI01R01). It is based on observation data from two thousand VLBI sessions between 1984 and 2001, which are available from the IVS and CDDISA. The solution strategy will be discussed in detail. The resulting coordinates and velocities of some 50 stations with sufficient data will be compared with the ITRF2000 as well as other VLBI solutions.

08:45
6-02. Establishment of the New Geodetic Reference Frame of Japan (JGD2000)

Tetsuro Imakiire, Masaki Murakami, GSI

The Geographical Survey Institute (GSI) has constructed a new geodetic reference frame of Japan. The Survey Act and the related government ordinance were revised to adopt the new geodetic frame as the national reference system. The new frame is a geocentric system based on the observation using space geodetic techniques. The current framework based on Tokyo Datum was established at the beginning of the twentieth century and has been used as a national reference for nearly one hundred years. However, it has a large internal distortion and a shift from a geocentric reference frame, which was revealed by space geodetic techniques. The new framework is being built by referring to ITRF94 (International Terrestrial Reference Frame 1994) at the epoch of 1997.0. The coordinates of the Kashima VLBI station are fixed in ITRF94 using the data from international VLBI observations. Positions of two other domestic VLBI stations (Shintotsugawa and Kainan) were determined referred to Kashima VLBI station. Using these three VLBI stations as anchor points, the coordinates of 950 stations of the nationwide permanent GPS array (GEONET) were determined. The coordinates of the first​ through third​ order triangulation points are calculated by referring to the GPS array. GSI resurveyed 6300 of first​ to third ​order triangulation points using EDM or GPS. For other 30,000 triangulation points, survey records, which have been obtained by theodolite since 1883, are used. The coordinates newly determined for VLBI stations, GPS stations, and triangulation points are the realization of Japan's new geodetic reference system. GSI named it "Japanese Geodetic Datum 2000" (JGD2000).

09:00
6-03. Variations of European Baseline Lengths from VLBI and GPS Data
Zinovy Malkin, Natalia Panafidina, Elena Skurikhina, Institute of Applied Astronomy

Results of VLBI and GPS observations were analyzed with goal to investigate differences in observed baseline length derived from both techniques. VLBI coordinates for European stations were obtained from processing of all available observations collected on European and global VLBI network. Advanced model for antenna thermal deformation was applied to account for change of horizontal component of baseline length. GPS data were obtained from re-processing of the weekly EUREF solutions. Systematic differences between results obtained with two techniques including linear drift and seasonal effects are investigated.

09:15
6-04. Combination of Space Geodetic Data for the Realization of Terrestrial and 

Celestial Reference Frames


Per Helge Andersen, Forsvarets forskningsinstitutt, FFI

Forsvarets forskningsinstitutt (FFI, the Norwegian Defence Research Establishment) has during the last 17 years developed a software system called GEOSAT (Andersen, 1995) for the analysis of any type of high precision space geodetic observations. A unique feature of GEOSAT is the possibility of combining any combination of different space geodetic data at the observation level with one consistent model and one consistent strategy (the a priori combination method). This is a much better strategy than the strategy in use today where different types of observations are processed separately using analysis software developed specifically for each technique. The results from each technique are finally combined a posteriori. In practice the models implemented in the software packages differ at the 1-cm level which is almost one order of magnitude larger than the internal precision of the most precise techniques. Another advantage of the a priori combination method is that for example VLBI and GPS can use the same tropospheric model with common parameterization. The same is the case for the Earth orientation parameters, the geocenter coordinates and other geodetic or geophysical parameters. The analysis with GEOSAT is automated for the combination of VLBI, SLR and GPS observations. The data are analyzed in batches of one day where the result from each daily arc is a SRIF array (Square Root Information Filter). A large number of SRIF arrays can be combined into a multi-year solution using the CSRIFS program (Combination Square Root Information Filter and Smoother, Andersen 2000). Four parameter levels are available and any parameter can, at each level, either be represented as a constant or a stochastic parameter (white noise, colored noise, or random walk). The batch length (i.e. the time interval between the addition of noise to the SRIF array) can be made time- and parameter dependent. GEOSAT and CSRIFS have been applied in the analysis of VLBI and SLR data (LAGEOS I & II) from the period January 1993 to July 2001. A selected number of arcs also include GPS data. Earth orientation parameters, geocenter motion, station coordinates and velocities were estimated simultaneously with the coordinates of the radio sources and satellite orbital parameters. Recent software improvements and results of analyses will be presented at the meeting.

09:30
6-05. Can VLBI Help to Verify Seasonality Found in Nationwide Continuous 

GPS data: A Signal From Crust or Artifacts?

Makoto Murakami, Crustal Deformation Laboratory, Geographical Survey Institute

Continuous GPS measurements at about 1000 sites in Japan reveal a time periodic component of crustal strain accumulation within the island arc (Murakami & Miyazaki, 2001 GRL). The magnitude of this variability is about 20-30% of the steady annual component of deformation driven by coupling across the subduction zone. The amplitude of temporal variability is strongly organized in space, and its correlation with the secular velocity field suggests a geodynamic origin for the phenomenon. The observed periodicity may help to explain the seasonality of occurrence of the major earthquakes (Magnitude 7.5) associated with the Japanese subduction zone. On the other hand Heki tries to explain this seasonality by periodic change of load by snow in the mountainous area (Heki, 2001 Science). However, there still is a necessity solid pieces of evidence to verify that this seasonality is a real signal from hard part of the earth not some artifacts caused by heterogeneity of atmospheric propagation or inconsistency of GPS processing. The VLBI and other precise geodetic technique will provide crucial data to test the validity of the seasonality. Some existing data by CRL VLBI net (Ichikawa, 2000) provides supportive data but limited in spatial coverage. We wish to call attention of VLBI researchers to this interesting phenomena.

09:45
6-06. Results of the Critical Design for the Selenodetic Mission Using Differential 

VLBI Methods by SELENE

Takahiro Iwata (1), Takeshi Sasaki, (1), Yusuki Kono (2), Hideo Hanada (2), Nobuyuki Kawano (2), Noriyuki Namiki (3), (1) National Space Development Agency of Japan, 
(2) Mizusawa, NAO, (3) Kyushu University

We will report the results of the critical design for the selenodetic observation system conducted by two micro sub-satellites of SELENE; the Relay Satellite (Rstar) and the VLBI Radio Satellite (Vstar). Differential VLBI observations will be made for three pairs of S-band and one pair of X-band carriers emitted from "the Differential VLBI Radio Sources (VRAD)" on Rstar and Vstar. Four-way Doppler measurements toward the SELENE Main Orbiter above the lunar far side will be made by "the Relay Satellite Transponder (RSAT)" on Rstar. Because these sub-satellites are requested to have long arcs of orbit without maneuver to detect orbit turbulence perturbed by the lunar gravity anomaly, there is no orbital and attitude control except spin stabilization. Attitude analysis for these sub-satellites shows that the tip off caused by the newly developed release mechanism is dominant for the attitude inclination, therefore, we have measured the properties by the ground test, and confirmed the influences on the VLBI and Doppler data.

10:00
BREAK
Session 6, Part 2.  Analysis and Geodetic/ Geophysical/ Astrometric

Interpretation

Chair: Seiji Manabe

10:30
6-07. Analysis of the EOPs from Independent Parallel VLBI Sessions
Oleg Titov, Geoscience, Australia

Time series of Earth Orientation Parameters (EOP) have been obtained from independent parallel VLBI networks NEOS-A and CORE-A using OCCAM 5.0 software. This paper presents the results and their detailed consideration. The EOP time series are approximated by linear functions so offset and rate of the differences NEOS – CORE can be estimated. It appears that biases between two EOP systems are negligibly small in 1996-1997 years but are increasing in time.

10:45
6-08. Comparison of the VLBI Nutation Series with IAU2000
Zinovy Malkin, Institute of Applied Astronomy

The paper presents results of investigation of systematic differences between five VLBI series available in the IVS database BKG, GSFC, IAA, USNO and SPBU, and IAU2000 model for period 1984-2001, and also their mutual comparison. It is shown that rather large random and systematic differences exist between these series. In particular, systematic differences are found between nutation series obtained with CALC/SOLVE (BKG, GSFC) and OCCAM (AUSLIG, IAA, SPBU) packages. However, all series reveal common details in comparison with IAU2000. In addition to five VLBI nutation series listed above, two combined EOP series EOP(IERS)C04 and NEOS for the same period were investigated.

11:00
6-09. Comparison of Tropospheric Parameters Submitted to the 2nd IVS Analysis 

Pilot Project
Johannes Boehm, Eva Messerer, Harald Schuh, Institute of Geodesy and Geophysics, Vienna University of Technology

As discussed at the IVS Analysis Workshop at GSFC in February 2001, the 2nd IVS Analysis Pilot Project is also dealing with a comparison of tropospheric parameters that are submitted by the Analysis Centers in addition to the Earth orientation parameters. The ACs are asked to provide tropospheric parameters, derived from all NEOS-A sessions in the years 1999 and 2000. These parameters may include total (dry, wet) zenith delays, horizontal gradients describing the azimuthal asymmetry of refractivity at a site, meteorological data (temperature, air pressure, humidity), and also station coordinates if estimated. In the presentation the tropospheric parameters are compared by applying statistical tools. Conclusions about the influence of different estimation strategies (software package, cutoff angle, mapping function ...) on the parameters are drawn. Finally, a combined solution for the total zenith delays is shown and compared to the official IGS (International GPS Service) total zenith path delays.

11:15
6-10. Determination of Ionospheric Parameters by Geodetic VLBI
Thomas Hobiger, Johannes Boehm, Harald Schuh, Institute of Geodesy and Geophysics, Vienna University of Technology

In geodetic VLBI the observations are performed at two frequencies (2.3 and 8.4 GHz) in order to determine ionospheric delay corrections. This also allows to get information about the total electron content (TEC) of the ionosphere from VLBI observables. Due to the large frequency separation the accuracy of the individual VLBI TEC measurement is higher than that of GPS. Various VLBI sessions of the CORE-A network are used to determine the TEC differences. The results are compared with TEC measurements obtained from GPS within IGS (IONEX). A very good agreement can be observed, in particular for baselines longer than 1000km. The TEC measurements allow to derive ionospheric maps for areas with dense VLBI networks, e.g. over Europe. For that purpose the EUROPE VLBI sessions are used with seven to ten stations observing simultaneously. In combination with IGS-data it is possible to calculate the unknown offset per baseline and to generate regional maps of TEC values. Animated maps that represent the time dependency of the data are produced and compared with GPS solutions.

11:30
6-11. A Proposal to Extend the ICRF to Higher Frequencies
Chris Jacobs (1) and 24 co-authors (1,2,3,4,5,6,7), (1) JPL, (2) NRAO, (3) RSA Systems, (4) GSFC, (5) USNO, (6) Bordeaux Observatory, (7) Communications Research Laboratory

The International Celestial Reference Frame (ICRF) now forms the basis for all astrometry and establishes the inertial coordinate system that is used to navigate our deep space missions. This frame was defined using 2.3 GHz, and 8.4 GHz observations made over the past 20+ years. We propose to begin what will be a long effort to extend the ICRF to three higher frequencies. We describe a proposal to the NRAO to make a series of observations using the VLBA at 22, and 43 GHz bands on a selected sample of ICRF sources. The immediate objectives are: a) extend the VLBA calibration source list at these frequencies and, b) provide a candidate list for 32 GHz observations with the Deep Space Network (DSN) and the Kashima station. The recent decision to use 32 GHz (i.e. Ka-band) for the Mars ’05 mission provides a strong sense of urgency to this effort. We invite the IVS community to join us in this undertaking.

11:45
6-12. Towards a Future ICRF Realization
Chopo Ma (1), David Gordon (2), Daniel MacMillan (3), Leonid Petrov (3), (1) Goddard Space Flight Center, (2) Raytheon/GSFC, (3) NVI, Inc./GSFC

The data and analysis for the ICRF were completed in 1995 to define a frame to which the Hipparcos optical catalog could be fixed. Additional observations on most of the 608 sources in the overall ICRF catalog have been acquired using a small portion of geodetic observing time as well as astrometric sessions concentrating on the southern hemisphere. Positions of new sources have been determined, including ~1200 from a VLBA phase calibrator survey. A future ICRF realization will require improved geophysical modeling, sophisticated treatment of position variations and/or source structure, optimized data selection and weighting, and reidentification of defining sources. The motivation for the next realization could be significant improvement in accuracy and density or preparation for optical extragalactic catalogs with microarcsecond precision.

12:00
END OF SESSION
Closing Session
12:00
Closing Remarks

Wolfgang Schlüter, Bundesamt für Kartographie und Geodäsie (BKG)

12:30
ADJOURN
Posters

Session 3.  Network Stations, Operation Centers, Correlators

3-01P. VLBI Field System

Raymond Gonzalez, Ed Himwich, NVI, Inc./GSFC

The FS is used for control of VLBI and station equipment at all IVS stations and at many many non-IVS stations as well. This poster will describe some of the major features of the FS. It will describe several recent improvements including support for Japanese K4 systems, sequential dual recorder use, and Totally Accurate Clock (TAC) support. It will cover several features which under development including support for the Canadian S2 DAS, the Austrialian (ATNF) LBA DAS, ANTTAB formatted system temperature data, onsource logging, an improved user interface (FSVUE), support for the new Mark IV formatter firmware, station-based phase-cal extraction, and improved gain calibration tools.

3-02P. VRAD Mission: Precise Observation of Orbits of Sub-satellites in SELENE

Hideo Hanada (1), Takahiro Iwata (2), Yusuke Kono (1), Koji Matsumoto (1), 
(1) National Astronomical Observatory (NAO), (2) National Space Development Agency of Japan (NASDA)

VRAD (VLBI radio source on the Moon) mission is one of selenodetic missions in SELENE project and we measure angular distance between radio transmitters on board two sub-satellites around the Moon and quasars by differential VLBI. VRAD can contribute to establish a lunar gravity field model and a lunar ephemeris of higher accuracy and higher reliability by measuring components of the orbits perpendicular to line-of-sight direction. The radio transmitters emit three carrier waves in S-band and one wave in X-band and special recording systems as well as conventional ones such as K-4 receive the waves through VLBI antennas and determine phase differences between them within 10 degrees. Combination of Japanese VERA and International VLBI network will observe the radio sources for one year including intensive observation periods of one month. The intensive observation will need more than 200 hour machine time. It is under way to establish an International VLBI network for VRAD mission.

3-03P. A Next Generation Geodetic Experiment Scheduling Tool? (SKED++)

Calvin Klatt, Mario Berube, Anthony Searle, Jason Silliker, Geodetic Survey Division, Natural Resources Canada

A number of the software tools used in Geodetic VLBI were designed in the mid-1970s, were written in FORTRAN, and have performed admirably for over 20 years. Unfortunately software requires maintenance like anything else and new features are always desirable. Some of these utility programs are quite hard to understand and are consequently very hard to debug. The software maintenance may well be in the hands of a single, very capable, Guru. This presentation is a proposal to the Geodetic VLBI community to think about re-writing one of the core, essential, utilities used in operational VLBI, SKED. A new version of SKED could take advantage of new programming techniques, such as object-oriented (OO) programming. Maintenance of the new code should be easier and could draw from a wider group of programmers since modernized code would be more familiar to newcomers. Such a new OO software design should enable improvements to the optimization routine, should allow for new “objects” for different, new or no recording systems, etc. A number of minor improvements could be implemented but the main objective would be the enabling of easier improvements and maintenance in the future. This presentation is intended to get feedback on this specific proposal and generate further discussion about the status of crucial VLBI operational software.

3-04P. Geodesy VLBI by Using the World Smallest 3-m VLBI Antenna

Hiroshi Takaba (1), Yoshida Minoru (1), Wakamatsu Ken-ichi (1), CRL VLBI team (2) and GSI VLBI team (3), (1) Gifu University, (2) Communications Research Laboratory, (3) Geographical Survey Institute
Results of the geodesy VLBI by using the world smallest 3-m VLBI antenna are presented. The first fringes were detected in January 2000 between Gifu 3-m and Kashima 34-m antennas by K-4 and GBR (Giga Bit Recorder) terminals. The baseline length of 358,918,280 mm was coincident within 1 mm for the experiments in January and February 2000. Also, we are joining the Jade (Japanese domestic VLBI experiment conducted by GSI) network with the 3-m antenna. A baseline accuracy of about 3-5 mm is obtained between Gifu 3-m and Tsukuba 32-m antennas, Gifu 3-m and Kashima 26-m antennas, respectively.

3-05P. Local Ties of the Space Geodetic Techniques at the Onsala Space Observatory

Martin Lidberg, Sten Bergstrand, Rüdiger Haas, Jan M. Johansson, Gunnar Elgered, Onsala Space Observatory

The local ties between the different instruments and monuments at the Onsala Space Observatory have been determined at different occasions since the beginning of the 70-ties. The early measurements were performed in order to tie the existing 25 m radio telescope to the new 20 m dish which was inaugurated in 1976. Both telescopes have been used in geodetic VLBI observations. Later local ties between the two telescopes and ground markers were reobserved and these activities increased when the GPS technique became a space geodetic method. The first permanent GPS receiver was installed in December 1987. We present an overview of these efforts, and a summary of recent activities using GPS for the local survey work, including also GPS antennas mounted on the 20 m telescope. Finally, strategies for future activities to monitor, and possibly improve the quality of the local ties between the different techniques, are discussed.

3-06P. VLBI-GPS Collocation Method at Geographical Survey Institute

S. Matsuzaka, Y. Hatanaka, K. Nemoto, Y. Fukuzaki, K. Kobayashi, K. Abe, T. Akiyama, Geographical Survey Institute

We present our efforts to establish a precise tie between VLBI and GPS stations at GSI sites. For local survey we employed conventional survey method using total-stations and leveling, and to pursue the precision, introduced permanent observation pillars for ground survey and catseye reflector for the measurements of VLBI antenna. With these instruments and careful measurements, 3D coordinates of ground and antenna markers were determined with 1mm-level error. GPS antenna phase characteristics and deformation of VLBI antenna due to temperature etc. should be addressed to get the most accurate tie. Our overall strategy for collocation of space geodetic techniques will also be discussed.

3-07P. The Mark IV Correlator - Faster, Better, Optimal??
Arno Müskens, Izabela Rottmann, Ingrid Benndorf, University of Bonn

We present the current path of an experiment through the correlation process from observing to the data analysis including shipping and submitting the final data. We point out the weak spots of the procedures and propose possible ways of increasing the efficiency of the correlator operations. This may be applicable also to other IVS correlator centers. Finally, we summarize the statistics of all geodetic experiments correlated at the Bonn Mark IV Correlator in 2001.

3-08P. Comparison of the VLBI Observables from MkIII and MkIV Correlation of a 
24-hour Geodetic Experiment

Brian Corey, Michael Titus, Haystack Observatory

The data tapes from the 6-station geodetic experiment CORE-B605 recorded on 4-5 October 1999 were correlated on the MkIII and MkIV processors at Haystack Observatory, and the correlator data were fringe-fit with the MkIII and MkIV versions of fourfit. Results will be presented of a comparison of the two sets of VLBI observables, including in particular the total delays, rates, and phases.

3-09P. VLBI Activities at GSI 

Kazuhiro Takashima, Yoshihiro Fukuzaki, and the members of the GSI VLBI group, Geographical Survey Institute

The poster presents the recent VLBI activities of the Geographical Survey Institute (GSI) as one of the IVS components. It gives an overview of our systems, experiments, R&D and organization. The Tsukuba 32-m VLBI station has participated in several international VLBI sessions. Domestic experiments (JADE sessions) have been carried out periodically using K4 system in GSI’s domestic network, which includes the Tsukuba 32-m as a key station. Our current R&Ds are remote operation for separate stations and antenna deformation due to temperature change for Tsukuba. We have a plan to increase the JADE sessions and perform collocation surveys at our sites.

3-10P. Status of the KSP VLBI Stations and IMT-2000 Interference

Jun Amagai, Hitoshi Kiuchi, Yasuhiro Koyama, Mamoru Sekido, Ryuichi Ichikawa, Tetsuro Kondo, Taizoh Yoshino, Communications Research Laboratory

Since 1996, the Communications Research Laboratory (CRL) has conducted the Keystone Project (KSP) to monitor crustal deformation around the Tokyo metropolitan area using three space geodetic techniques, VLBI, SLR, and GPS. We made real-time VLBI observations every other day using a high-speed ATM network since June 1997. A remarkable crustal deformation caused by the volcanic activity on Miyake-jima Island was detected by the KSP-VLBI network in July 2000. Though CRL had planned to close the project by the end of 2000, we only closed the Miura station as scheduled, and continued routine VLBI observation using the Koganei, Kashima and Tateyama stations until the end of November 2001. After closing the project, 11m antennas and VLBI facilities used in the Miura and Tateyama stations were moved to Hokkaido University and Gifu University respectively and will be used for astronomical observations. The Koganei and Kashima stations are continuously maintained by CRL and used for R & D experiments. Recently, the KSP Koganei station experienced quite heavy radio interference in the S-band. We investigated the source of the interference and found that it was a signal of IMT-2000: the global-standard for third generation wireless communications.

3-11P. The Canadian Transportable VLBI Antenna

Mario Berube, Geodetic Survey Division, Natural Resources Canada

The CTVA is a 3.6m radio telescope acquired to facilitate densification of the terrestrial reference frame in remote regions of Canada. The antenna will be colocated with GPS elements of the Canadian Active Control System (CACS) to provide fiducial station positions. The CTVA utilizes the S2 VLBI system. From 1997 until this year the antenna has been located at DRAO near Penticton, B.C. In the summer of 2001 the antenna was moved to Shirley's Bay, near Ottawa, for maintenance and system testing. The CTVA has been scheduled for the 14 (Canadian Geodetic Long Baseline Interferometry) experiments in 2001 (6 at Penticton, 8 at Shirley's Bay).

3-12P. Yellowknife Geophysical Observatory

Mario Berube, Geodetic Survey Division, Natural Resources Canada

The Yellowknife VLBI antenna is a 9 meter diameter antenna which was formerly the “MV-1” mobile antenna. In the year 2001, the Yellowknife antenna has been scheduled for 12 international experiments and 9 Canadian S2-based CGLBI (Canadian Geodetic Long Baseline Interferometry) experiments. Further information on recent activities will be presented as well as our planned activities in 2002.

3-13P. Algonquin Radio Observatory

Mario Berube, Geodetic Survey Division, Natural Resources Canada

The 46m antenna at Algonquin Radio Observatory has become one of the most frequently used IVS Network stations in recent years. The antenna also remains the most sensitive of the IVS Network stations. In the year 2001, the ALGOPARK antenna has been scheduled for 64 international experiments and 14 Canadian S2-based CGLBI (Canadian Geodetic Long Baseline Interferometry) experiments. The station has recently taken delivery of a Mk-IV VLBI system. Further information on recent activities at ALGOPARK will be presented as well as our planned activities in 2002.

3-14P. The Geodetic Observatory O’Higgins - an IVS Network Station in Antarctica

Gerhard Kronschnabl, Andreas Reinhold, Walter Schwarz, Reiner Wojdziak, Bundesamt für Kartographie und Geodäsie (BKG)

The O’Higgins ERS/VLBI station has been in operation for VLBI for about 10 years. In the present IVS network O’Higgins is one of the most southern stations and in 1992 it was the first station for VLBI measurements in Antarctica. During the last observing period the VLBI system was changed to a MkIV system including thin tape upgrade. Maintenance of the antenna system is scheduled. The poster will give a review of the efforts to guarantee O’Higgins as a stable observing station as well as of results of solutions in special relationship to O’Higgins. The connected geodetic systems are shown.

3-15P. Seshan VLBI Station Status

Shiguang Liang, Shanghai Observatory

The Seshan VLBI Station for astrophysical, astrometric and geodetic applications is operated by National Astronomical Observatories and Shanghai Astronomical Observatory, Chinese Academy of Sciences (CAS). It is equipped with a 25m radiotelescope, two hydrogen masers, a VLBA-MKIV terminal and an S2 terminal. The S/X band, L band, C band and K band receivers are available. Seshan Station is a member of the EVN, APT and IVS. It also joins the VSOP observations as a main ground station. For astrometry and geodesy, Seshan station participates in the CORE, CONTM, APSG experiments and other domestic experiments.

3-16P. Geodetic Study at the Simeiz IVS Station

N. Nesterov, A. Volvach, Lab of Radio Astronomy of Crimean Astrophysical Observatory

This report gives an overview about the geodetic VLBI activities during 7 years at the Simeiz station. It also summarizes the technical parameters and upgrades done to improve the receivers.

3-17P. Kashima 34-m Radio Telescope Improvement and Future: Status Report

Hiroshi Okubo (1), Eiji Kawai (1), Junichi Nakajima (1), Hiro Osaki (1), 
Tetsuro Kondo (1), Toshihiro Omodaka (2), Satoru Morisaki(2), (1) Communications Research Laboratory (CRL), (2) Kagoshima University

Development of various VLBI techniques has been active voice in Kashima. In connection with new technologies and future plans, the Kashima 34-m radio telescope is also improving. Installation of 43-GHz receiver has been completed for astronomical observations. For the future plan of space vehicle positioning project, new 32-GHz receiver is under developing. Corresponding with higher frequency observations, sub-reflector active control system is under work keeping maximum aperture efficiency.

3-18P. Metsähovi Geodetic VLBI: Status Report

Matti Paunonen, Finnish Geodetic Institute

The astronomic VLBI system of the Metsähovi Radio Observatory, the Helsinki University of Technology, with a 14-m antenna is being upgraded also for geodetic work by adding baseband converters, a cooled S/X receiver and a removable subreflector. Test measurements are expected within a year. This report reviews the instrumental status and expected performance.

3-19P. MV-3 Operations

Jay Redmond, Honeywell VLBI Group

We will present a poster of pictures of the MV-3 site at GGAO in Greenbelt Maryland.

3-20P. Gilmore Creek Geophysical Observatory

Richard Strand, GCGO

Station layout and equipment will be presented.

3-21P. A Multiband Primary Focus Receiver for Noto Antenna

Gino Tuccari, Radioastronomy Institute of the Italian Research National Council

A new multiband receiver has been completed to be used in the primary focus of the 32m Noto parabola. The frequency bands in double circular polarisation included are: 3.6/13 coaxial, 21, 18, 2.5 cm. The range 250-1000 MHz is also covered with the addition of external dedicated antennas. Main features are described along with the architecture adopted to integrate in the entire new system also receivers placed in the secondary focus. Cooled front-end and feeds for both L and S/X bands allow to achieve interesting performance.

3-22P. Noto Station: Status Report on the Geodetic Activity

Gino Tuccari, Carlo Stanghellini, Franco Mantovani, Istituto di Radioastronomia CNR

Noto station report is presented with an introduction of the new systems: active antenna surface and antenna control unit and driving system. Moreover a general overview will be shown on the geodetic activity at the station.

Session 4.  New Technology Developments in VLBI

4-01P. Observation of Atmospheric Disturbances Using a Real-Time VLBI System

Qinghui Liu, Masanori Nishio, Tomoyuki Miyazaki, Kunihiro Yamamura, Faculty of Eng. Kagoshima University

In this paper, observation results of atmospheric disturbances on very long baseline with a real time VLBI system are reported. In the system, beacon waves from geostationary satellites are received and data are sent via public communication lines, which make it possible to make observations of atmospheric disturbances in real time. The data got by the 6-m radio telescope at the Kagoshima VLBI station and the 10-m radio telescope at the Mizusawa VLBI station were analyzed by the Allan standard deviation, and the time fluctuation of cross correlation phase was verified by dividing it into factors. It was found that the fluctuation of the correlation phase was mainly caused by atmospheric disturbances, and the Allan standard deviation of atmospheric disturbances has a flat region.

4-02P. The Roles of Real-time VLBI for the R&D of Network Technology

Fujinobu Takahashi, Tetsuro Kondo, Yasuhiro Koyama, Hiro Osaki, Communications Research Laboratory

Roughly speaking, the communication network consists of core-link system and access-link system. The very rapid spread and improvement of speed of access-link strongly requires more powerful core-link communication system. Real-time VLBI technology is related to both core-link system and access-link system. Japanese KSP or GALAXY VLBI experiments give the heavy load continuously onto ATM core-link. They are very effective for the evaluation of core-link system. VLBI data communications of using future super-broadband will be more useful for the evaluation of non-compressing high quality movie contents transmission via core-links. Real-time VLBI is also useful to the access-link system. Since VLBI antenna sites are generally situated in the rural place distant from the city, it is usually difficult to utilize the core-link network directly. If we can separate the VLBI data into several channels and transform into each streaming-data, it will be very challenging for the use of access-link. The real-time VLBI has an important role for the research and development of most advance network technology.

4-03P. High-sensitivity VLBI observation with GALAXY

Kenta Fujisawa (1), Noriyuki Kawaguchi (1), Tetsuro Kondo (2), Junichi Nakajima (2), Yasuhiro Murata (3), Hisashi Hirabayashi (3), Hisao Uose (4), Sotetsu Iwamura (4), 
(1) National Astronomical Observatory of Japan, (2) Communications Research Laboratory, (3) The Institute of Space and Astronautical Science, (4) NTT Information Sharing Platform Labs
GALAXY is a research project on advanced VLBI technology, jointly conducted by CRL, NAO, and NTT. The testbed of the project is a 2.5-Gb/s ultra-high speed network using Asynchronous Transfer Mode (ATM). One of the aims of this project is to achieve high-sensitivity VLBI observation with this gigabit network. The GALAXY observations have been carried out since 1998 using conventional VLBI terminal of 256-Mb/s. Here we report the recent results of GALAXY observations with new 1-Gb/s system. Developments of new networking technology such as Internet Protocol (IP) with the GALAXY network are also presented.

4-04P. Parallel Data Processing System

Hitoshi Kiuchi, Communications Research Laboratory

In the current correlation processing algorithm, signal processing is bit-serial. The speed of correlation is limited by the speed of the device, and as a result, the device speed limits observing the (channel) bandwidth. This algorithm is not effective in astronomical applications. To overcome this problem, I developed a new correlation processing algorithm for parallel processing. Parallel processing enables speeding up the current serial-processing algorithm. In real-time correlation, the correlator is equipped with a function for automatic data synchronization with no external units.

4-05P. Geodetic Observation System in VERA

Yoshiaki Tamura, VERA Group, National Astronomical Observatory, Japan

VERA consists of 4 stations with 20m diameter antennas. The maximum baseline length of VERA network is 2270km. The geodetic observation system is under preparation to carry out the first observation in early 2002. Several observation modes are expected in the geodetic VLBI observations in VERA. 1) VERA original system : continuous 400MHz bandwidth in X or K bands, 1Gbps recording rate. The Mitaka FX correlator is used. Most high accuracy is expected. 2) New K4 system : S/X dual band, maximum 256Mbps recording rate, principally domestic compatible use. 3) logically VLBA compatible system : 8MHz band width, 16 channels, 256Mbps. (Synthesized bandwidth is limited within 400MHz. Media conversion is required in practical.) The aimed accuracy is 1-2mm in 3D in VERA internal network, and 10mm in the ITRF. This accuracy is required to obtain 10 micro arcsecond order astrometry purposes. We plan to start regular observations in 2003.

4-06P. Wide-band Data Transmission System Expected in the Next Generation Space VLBI Mission: VSOP-2

Yasuhiro Murata (1), Hisashi Hirabayashi (1), Jim Springett (2), Joel Smith (2), 
Hideyuki Kobayashi (3), Noriyuki Kawaguchi (3), David Murphy (2), (1) The Institute of Space and Astronautical Science, (2) Jet Propulsion Laboratory, (3) National Astronomical Observatory, Japan 

Following the success of the VLBI Space Observatory Programme (VSOP), a next generation space VLBI mission (VSOP-2) is currently being planned. We expect the data rate of more than 1 Gbps to get more sensitivity. Here we will present 1) How to sample the data (on board), including the radiation test results which show we can have the 10 Gbps sampler LSI which can use in space. 2) Possibility of the bit rate more than 1 Gbps to downlink the VLBI data? We studied the link butget for the wide band data transmission, and discussed the various ideas which can get more than 1 Gbps. 3) What kind of VLBI tracking station and recording system will be expected for the VSOP-2 mission? We will present the idea of using normal redio telescopes as an tracking station, and also review the possibility of recording and processing at the tracking stations and correlators.

4-07P. Precise Positioning of Spacecrafts by Multi-frequency VLBI

Yusuke Kono (1), Hideo Hanada (1), Nobuyuki Kawano (1), Kenzaburo Iwadate (1), Yasuhiro Koyama (2), Yoshihiro Fukuzaki (3), (1) NAOJ, (2) CRL, (3) GSI

In order to determine the position of spacecraft precisely, differential VLBI method using plural carrier waves is useful. In the Japanese lunar project, SELENE, three carrier waves in S-band and one wave in X-band are transmitted from the explorer and received at VLBI stations. We developed this multi-frequency VLBI system and software for the data processing. As a preliminary test of the whole system, we carried out VLBI experiments of NASA's spacecraft, Lunar Prospector. Unfortunately, Lunar Prospector transmitted only one frequency signal, so that we could not correct the phase variations with period longer than several tens sec. due to the ionosphere, troposphere, discrepancy of the lunar gravity model and so on. As the result of this experiments, residual phases from predicted ones are within 1 cycle, and the r.m.s. of the residual for the period of several tens sec. is about 4 degrees. The r.m.s. residual for several sec., however, means that we can determine the position of Lunar Prospector within the error of 1.5m around the Moon if we can correct the variations with long period by using the multi-frequency VLBI.

4-08P. Processing of the Data of Syowa VLBI Experiment by Copying Between the Different Recording Systems and the Result

Yoshihiro Fukuzaki, Kazuo Shibuya, Koichiro Doi, Takaaki Jike, Geographical Survey Institute, National Institute of Polar Research, and National Astronomical Observatory, Japan

Syowa station is located at 69.0 deg S and 39.6 deg E on East Ongul Island, Antarctica. The Japanese Antarctic Research Expedition (JARE), which is coordinated by the National Institute of Polar Research (NIPR), started regular VLBI experiments at Syowa station in 1998. This experiment is called 'Syowa VLBI experiment' or 'SYW session.' Three stations in the southern hemisphere, Syowa, Hobart and HartRAO, have participated in SYW sessions. The recording mode is K4 at Syowa station and S2 at others, so we have to copy from the S2 data to K4 before the correlation. In addition, it has been desired that Syowa station participates in CORE-OHIG sessions, which is the largest network in the southern hemisphere. To do this, we have to copy from the K4 data to MarkIII. Therefore, two types of copy system were developed. By using the copy system, we have processed the data of SYW and CORE-OHIG sessions including Syowa station. In this presentation we report on the detail of the copy system and the result of the analysis.

4-09P. Laser-pumped Cs Gas-cell Type Atomic Clock for VLBI 

K. Takahei (1), H. Suga (1), Y. Ohuchi (1), H. Sutoh (1), M. Uchino (1), S. Mattori (1), 
M. Tsuda (1), Y. Saburi (1), Y. Koga (2), K. Hagimoto (2), T. Ikegami (2), (1) Anritsu Corporation, (2) National Institute of Advanced Industrial Science and Technology

A hydrogen maser is generally used as a local clock of a VLBI system, where very high frequency stability is required. No other atomic clocks such as Cs beam type and Rb gas-cell type clock were sufficiently stable in the short- and medium-term time scale. Recently, we have developed a gas-cell type atomic clock using Cs gas and a semiconductor laser as a light source. It is desktop size and much smaller than conventional hydrogen masers, but it has a stability of 7x10-13 at 1 second reaching a flicker floor of 2.5x10-14 at 1000 seconds. When fluctuation due to the atmosphere in actual VLBI measurements is considered, this stability is good enough for most of the VLBI measurements using S-band and X-band. We show preliminary results of VLBI experiments at 8GHz using the atomic clock developed in this study.

4-10P. Media Calibration in The Deep Space Network - A Status Report

G.M. Resch, S.J. Keihm, G.E. Lanyi, R.P. Linfield, C.J. Naudet, A.L. Riley, 
H.W. Rosenberger, A.B. Tanner, Jet Propulsion Laboratory

A new media calibration system (MCS) has been implemented at the Goldstone complex of the DSN. It is intended to calibrate the delay of radio signals imposed by the neutral atmosphere. The system provides periodic measurements of both the static dry and fluctuating wet components of this delay. In particular, the system will calibrate the fluctuations in line of sight path delay due to atmospheric water vapor that we believe will dominate the error budget for several radio science and radio astronomy experiments. We have compared two of these media calibration systems with a connected element interferometer on a 21 km baseline. In this report we describe a total of 30 observations in which a radio source was tracked for an hour or more and the delay residuals then calibrated using the MCS. The accuracy of the comparison appears to be limited by systematic errors in the interferometer, which are under investigation. However, our results do indicate that the MCS can meet or exceed the Allan Standard Deviation specification of 2.1 x 10-15 on time scales of 1,000 - 10,000 sec, as required by the Cassini GWE for two way Doppler tracking.

4-11P. The S3 Wide Bandwidth VLBI Data Record-Playback System
W. H. Cannon (1), P. Newby (2), G. Feil (2), A. Novikov (2), B. Feir (2), J. Eriksen (3), (1) Department of Physics and Astronomy, York University, (2) Space Geodynamics Laboratory, CRESTech, (3) Crossbow Electronics Inc. 

Future scientific applications of VLBI are being planned for the coming decade that will require sensitivities significantly higher than the VLBI systems of the present day for which rountine use is usually carried out at data rates in the range of 128 Mbit/sec to 256 Mbit/sec. Such applications include space VLBI missions such as VSOP-II and I-ARISE in which planning is under way to carry out high dynamic range VLBI observations on baseline lengths ranging up to approximately 40,000 - 60,000 km and for which data rates in the range of 1024 Mbit/sec to 2048 Mbit/sec are being contemplated. The ``S3'' VLBI data record-playback system under development at the Space Geodynamics Laboratory, based on an array of digital video tape transports, will provide user data rates of 1024 Mbit/sec to 2048 Mbit/sec. Depending on configuration, unattended operation for as long as 130 hours at 1024 Mbit/sec or 65 hours at 2048 Mbit/sec is achievable in the S3 system using robotic tape changers. This will permit unattended operation at rates as high as 2048 Mbit/sec from 5:00 PM on a Friday until 8:00 AM on a Monday.

Session 5.  Data, Models, and Software

5-01P. Tropospheric Zenith Path Delays Derived from GPS Used for the Determination of VLBI Station Heights

Johannes Boehm, Harald Schuh, Robert Weber, Institute of Geodesy and Geophysics, Vienna University of Technology

The variable tropospheric refraction is a major error source for the estimation of geodetic parameters by VLBI and GPS. As both techniques use microwave signals tropospheric zenith delays derived by GPS are comparable to those obtained by VLBI. In the investigation presented here, zenith delays which were provided by the IGS (International GPS Service) at two-hour time intervals were entered and constrained in the VLBI analyses in order to avoid the high correlation between station height parameters and zenith delay parameters. This procedure also reduced the number of unknowns in the VLBI least-squares fits. The formal errors and repeatabilities of several VLBI station heights were compared with results of standard VLBI analyses where no external information about the troposphere had been used. About 100 VLBI NEOS-A experiments in 1999 and 2000 were analyzed. The results show that the repeatability of VLBI station heights has significantly improved (up to 40 per cent) when constraining the GPS zenith delays. Additionally, mean offsets between IGS and VLBI zenith delays, applying different cutoff angles and mapping functions for the VLBI analyses, are also presented.

5-02P. Evaluation of Atmospheric Slant Path Delay from GPS and VLBI Measurements

Ryuichi Ichikawa (1) and 11 co-authors (1,2,3,4), (1) Kashima Space Research Center, Communications Research Laboratory, (2) MRI, (3) AIST, and (4) GSI

Radio signal delay associated with the neutral atmosphere is one of the major error sources for space-based geodetic techniques such as the Global Positioning System (GPS) and Very Long Baseline Interferometry (VLBI). Anisotropic mapping functions are considered a powerful tool for removing the effects of atmospheric variability from GPS and VLBI analyses at present. Atmospheric gradient parameters are retrieved by using a simple linear form in these mapping functions. However, retrieved gradient parameters have not sufficiently validated in the context of intense mesoscale phenomena such as the passing of cold fronts, heavy rainfall events, and severe storms so far. It is important to reveal the limitation of the anisotropic mapping functions under these meteorological conditions. Thus, we carry out comparative studies to validate the atmospheric gradient parameters estimated from GPS and VLBI analyses using water vapor radiometers (WVRs). We are also evaluating anisotropic mapping functions by comparing with the ray-traced slant path delay through the non-hydrostatic numerical weather prediction model with 1.5 km horizontal resolution. We will describe our findings based on these comparisons.

5-03P. Piecewise Linear Modeling of Residual Atmospheric Variations and Clock Rates in Analysis of VLBI Geodetic Data

Jinling Li, Guangli Wang, Bo Zhang, Shanghai Astronomical Observatory

In the analysis of VLBI geodetic data, the line-of sight atmospheric delay is modeled as the product of the elevation and surface meteorological data dependent mapping function and the zenith tropospheric delay. There are residual short-term variations in the atmospheric zenith delay. While in the modeling of the timing system, the offset in clock epoch and rate for frequency drift are determined by all the data, there are also residual short-term, random clock variations. Ma et al. (1990) modeled these residual short-term variations as a continuous piecewise linear function. For the atmospheric residuals the estimated parameters are the initial residual zenith path delay and its rate of change in each linear section. For the clock residuals the estimated parameters are the slopes of the linear segments as the residual clock rates in each interval with zero value at the epoch of the first observation in the data set. This algorithm is used in the least squares estimation program (SOLVE). We checked the effect of the piecewise interval on the estimation of parameters by single analysis of several dozens of VLBI experiments in which SESHAN25 participated. Our tests show that, as the interval changes from 400 minutes to 10 minutes or so, for some of the experiments the variations of the adjusted values of station coordinates to the a priori values are within their analysis formal errors (1-sigma), but for some other experiments the variations of station coordinates can be as large as several centimeters and are rather significant than the formal error estimations. In combination with simulated data tests, the following are tentatively shown: (1) In order to get relatively high precision estimation of parameters, the piecewise interval should not be too long for instance longer than 90 minutes, otherwise the short-term variations in the residual clock and atmospheric effects can not be properly modeled. While in order to maintain enough degrees of freedom, the interval can not be too short for instance shorter than ten minutes. (2) For most of our analyzed experiments the residual short-term variations are dominated by noise and the continuous piecewise linear function leads to variation in the estimation of parameters dependent on choices of interval. We accordingly propose to use periodic modeling of these residual variations by all the data set rather than piecewise. (3) If there is signal rather than solely random noises, the periodic modeling can extract the signal quite well. While the performance of the continuous piecewise linear function varies dependent on different experiments. (4) We also tested simulated data composed of wide-frequency band random noises. The weighted root mean squares (wrms) of residuals for the piecewise function varies dependent on intervals, while the wrms for the periodic modeling is on the same level of those piecewise functions with extremely short intervals. Here we only show the periodic modeling works mostly by simulated data tests, we will realize the periodic modeling in SOLVE hope to check the method by real experiments analysis.

5-04P. Reweighting Techniques for Use in VLBI Parameter Estimation

Hansjoerg Kutterer, Volker Tesmer, Robert Heinkelmann, Deutsches Geodätisches Forschungsinstitut 

In parameter estimation there are two typical purposes of observation reweighting. First of all the impact of outlying observations on the estimated parameters is to be minimized. This case is related to robust estimation theory which supplies several reweighting procedures. The second point of view is concerned with the improvement of the main diagonal of the variance-covariance matrix (vcm) of the observations, i.e. of the stochastic model. In this case unknown variance components for particular structures of the vcm are estimated together with the VLBI parameters. Both types of reweighting are aiming at increased homogeneity and reliability of the estimated parameters. Numerical results will be presented which are derived using the OCCAM 5.0 software. They are based on data from typical VLBI sessions such as CORE-A and NEOS-A.

5-05P. Global Collocation of the IRIS and NEOS VLBI Sessions 

V. S. Gubanov, I. F. Surkis, Yu. L. Rusinov, Institute of Applied Astronomy

The least-squares collocation technique is used in a new software QUASAR for global adjustment about 1 million time- delays derived during 1983-2001 from IRIS, IRIS-P, IRIS-S and NEOS-A VLBI sessions. Three group parameters such as permanent, average daily and variable intraday ones are being estimated in global collocation process. The corrections of the ICRF, ITRF and IERS(EOP) reference systems, the tidal Love and Shida numbers, the atmospheric loading coefficients and so on, as well as the intraday stochastic variations of UT1 and PM, troposphere wet-delays and clock synchronization were obtained. The parameters of two-frequency auto-covariance functions of these variations were being obtained by two-step iteration and reweighting process.

5-06P. USNO Analysis of VLBA RDV Data on Source Position and EOP Estimation

Alan Fey, David Boboltz, U.S. Naval Observatory

Previous analyses have indicated that there may be a problem (excess N.R.D. and/or position variation) with the VLBA RDV data for sources south of the celestial equator. We present an analysis of the effects of including VLBA RDV data in global VLBI SOLVE solutions on astrometric position estimation and Earth Orientation Parameter (EOP) estimation. Comparison of source positions between solutions with and without the VLBA RDV data show that differences are minimal (weighted mean and rms of 0.5+/-31 microarcsecond in right ascension and -7.4+/-39 microarcsecond in declination). Plots of N.R.D. (normalized residual delay) versus declination from solutions with individual VLBA RDV databases show that there is larger than normal N.R.D., i.e. greater than 1.0, for some sources but these sources are not necessarily all southern hemisphere sources. Additionally, there appears to be a seasonal effect, i.e. winter experiments have fewer sources with elevated N.R.D. than summer experiments. However, in the combined solutions (i.e. solutions with all the VLBA RDV data), with the exception of a few discrepant points, the N.R.D. “problem” appears to almost completely disappear (or at least is extremely less well pronounced). Plots of “arc” position (offset from a mean position) versus epoch reveals that positions estimated from the NEOS data from the same time period as the VLBA RDV data have much larger weighted rms residuals than those estimated from the VLBA RDV data. This is true for all sources, in both right ascension and declination. Differences in x, y, UT1 and nutation between solutions with and without the VLBA RDV data show that the VLBA RDV data appears to have no negative effect on the global solution estimation of EOP.

5-07P. Data Flow and Analysis Processes at BKG Data and Analysis Center

Volkmar Thorandt, Dieter Ullrich, Reiner Wojdziak, BKG, Federal Agency for Cartography and Geodesy

The poster gives a general idea of the current status of technological processes at BKG IVS Data and Analysis Center. Data flow in the local system and between local and remote systems (BKG, IVS, CDDIS, OPAR, MPIfR) as well as a description of interfaces between CALC/SOLVE and BKG software is shown.

5-08P. Deformation of VLBI Antenna Due to Temperature Change Detected by GPS 

Kyoko Kobayashi, Yoshihiro Fukuzaki, Katsuhiro Nagata, Geographical Survey Institute

GPS antenna has been attached on the upper part of the subreflector of Tsukuba VLBI antenna. As a result of GPS observation using it, we detected VLBI antenna being deformed due to heat expansion and contraction by temperature changes (seasonal and daily variation). The amount of antenna deformation was remarkably consistent with the synthetic deformation converted with an expansion coefficient of iron, which was used as the VLBI antenna structure. However, the daily deformation of the VLBI antenna was delayed as compared with the change of the air temperature. We also measured the temperature of the main antenna structure. As a result, the change of structure temperature was also delayed. We report on these results together in this poster.

5-09P. VLBI Analysis at the U.S. Naval Observatory

David Boboltz, Alan Fey, David Hall, U.S. Naval Observatory

The United States Naval Observatory (USNO) has resurrected a previously discontinued program of VLBI data analysis for the determination of EOP. For processing the VLBI data we are using the CALC/SOLVE package maintained by Goddard Space Flight Center (GSFC). The USNO is currently producing a quarterly global TRF solution updated weekly using the NEOS-A experiments. We now routinely analyze the NEOS-A experiments, and are prepared to submit EOP results to the IVS on a regular basis as a fully participating analysis center. Here we present the results of our VLBI analysis with comparisons to other EOP series. Additional information regarding VLBI analysis at the USNO and the quarterly solutions can be found at http://rorf.usno.navy.mil/vlbi/.

5-10P. Current Works of the IVS Analysis Center at BKG 

Gerald Engelhardt, Volkmar Thorandt, Dieter Ullrich, Bundesamt für Kartographie und Geodäsie

The main analysis activities at the IVS Analysis Center at BKG can be divided into the processing of the correlator output, the producing of two EOP time series for submission to the IVS and the computation of repeated annual solutions for submission to IERS. Further works are tests with different program options for modelling to get a better accuracy and reliability for the results. The main features of these works are explained, the results are compared among each other and to the official IERS products. In connection with that an assessment of the accuracy of the BKG EOP series is given. Processing and managing of the VLBI databases are maintained by using the CALC/SOLVE software and self-developed program environment around it.

5-11P. USNO Analysis Center for Source Structure 

Alan Fey, David Boboltz, Ralph Gaume, Kerry Kingham, U.S. Naval Observatory

The USNO Analysis Center for Source Structure is supported and operated by the United States Naval Observatory (USNO). The main mission of the Analysis Center is to analyze VLBI data to extract intrinsic source structure information for use in maintaining the International Celestial Reference Frame (ICRF). Source structure information is provided in the form of synthesis images and source models suitable for evaluating sources for astrometric and/or geodetic use and for long-term monitoring of sources. Research into the effects of source structure on astrometric position determination is also carried out with emphasis on improving the long-term stability of the ICRF. The web server for the Analysis Center is provided by the USNO and can be reached at http://rorf.usno.navy.mil/ivs_saac/.

5-12P. GSFC VLBI Analysis Center

David Gordon (1), Chopo Ma (2), Dan MacMillan (3), Leonid Petrov (3), Karen Baver (1), Cindy Lonigro (1), (1)Raytheon/GSFC, (2) NASA/GSFC, (3) NVI, Inc./GSFC

The Goddard Space Flight Center VLBI Analysis Center analyzes all IVS sessions and regularly submits data and analysis products to the IVS Data Centers. We maintain the Calc/Solve analysis package and engage in many areas of geodetic, geophysical, and astrometric research. This poster will describe the group’s operational activities, its research activities, its current status, and its future plans. Additional details can be found at the web site http://lupus.gsfc.nasa.gov.

5-13P. IVS Analysis Center of Saint-Petersburg University

Maria Kudryashova, Oleg Titov, Veniamin Vityazev, Astronomical Institute of Saint Petersburg University

The IVS Analysis Center of Saint-Petersburg University takes part in regular submission of EOP from NEOS-A observational program. For processing VLBI session we use new OCCAM 5.0 software. All reductional calculations are in accordance with IERS Conventions 2000. Earth Orientation Parameters (polar coordinates, UT1-UTC, nutation offsets) are estimated by Kalman filter technique. Tropospheric gradients are considered as stochastic parameters when dynamic model of random walk is applied for adjustment. We have used different meanings of dispersions of the dynamic model matrix to obtain optimal values. The results of our analysis will be discussed as well as general information about the IVS Analysis Center.

5-14P. IAA VLBI Analysis Center Activity in 2001

Zinovy Malkin (with co-authors), Institute of Applied Astronomy

The report contains a brief overview of IAA activity as an IVS Analysis Center in 2001 and our plans for nearest future. The main fields of the activity include EOP service, computation and analysis of station coordinates and baseline lengths, geodynamical investigations, comparison and combination of EOP, TRF and CRF realizations, development and comparison of algorithms and software, comparison and combination of VLBI and other space geodesy results. IAA AC works in close cooperation with IERS and IVS.

5-15P. AUSLIG International VLBI Service Analysis Centre

Oleg Titov, Geoscience, Australia

In mid-2001 AUSLIG was admitted as a global analysis centre of the International VLBI Service (IVS). Five EOPs are estimated routinely using OCCAM 5.0 software and submitted to IVS Data Centre. Extension of the AUSLIG IVS Analysis Centre activity is promoted, especially in a frame of improvement of radio source coordinates in the Southern hemisphere due to convenient location of Hobart VLBI station. The contribution of AUSLIG is described – addressing future prospects for VLBI activity in Australia.

Session 6.  Analysis and Geodetic/Geophysical/Astrometric Interpretation

6-01P. Searching for High Quality VLBI Calibrators 

Edward B. Fomalont, National Radio Astronomy Observatory

Phase referencing techniques are now commonly used with VLBI astronomical observations for the imaging of weak radio sources, typically less than 10 mJy, and for the determination of radio source relative positions with accuracies as little as tens of micro-arcsecond. This observing technique alternates observations every few minutes between the target source and a suitable calibrator which must be detectable in a few minutes, and be less than several degrees from the target source. Over the last seven years, ten 24-hour VLBA Calibrator Survey (VCS) dual-frequency S/X observations have been made for over 2500 radio sources. Many are suitable for phase referencing with a correlated flux density > 0.1 Jy on 8000-km baselines, and relevant information about each source can be found in http://magnolia.nrao.edu/vlba_calib/index.html. Two additional 24-hour observations (VCS2) are scheduled for observations in Dec 2001 and Jan 2002 to fill existing holes in the present sky coverage of calibrators: in the declination range -20 deg to -45 deg; near the galactic plane; and for ICRF sources with somewhat limited structural information. A total of about 500 potential calibrator sources will be checked. The astrometric results from each of the 24-hour observations were determined by the GSFC-VLBI group using the Calc-Solve software package. Since we observed many high quality ICRF sources amongst the potential calibrators, the accuracy of the derived calibrator positions was generally less than 1 mas, and registered on the ICRF system. With the good u-v coverage of the VLBA, an image of each calibrator at S- and X-band was also determined. We expect that this data base will be useful in extending the ICRF sources to relatively absent areas of sky, to weaker sources, and to sources with relatively compact structure.

6-02P. Extragalactic Radio Source Selection for Radio/Optical Frame Ties

Alan Fey, David Boboltz, Ralph Gaume, T. Marshall Eubanks, Kenneth Johnston, U.S. Naval Observatory

Future space-based optical astrometric satellite missions present the possibility of directly linking the radio and optical reference frames at the micro-arcsecond level. We use radio astrometric and ancillary data to evaluate extragalactic objects in terms of their suitability for use as radio/optical frame tie sources. These data include radio source position uncertainties derived from least-squares astrometric analyses of VLBI observations taken from the USNO astrometric/geodetic database, radio source positional stability information also derived from least-squares astrometric analyses, and intrinsic radio source structure information obtained from Very Long Baseline Array observations. Using these data, each source is evaluated and graded (with respect to all other sources) to obtain an estimate of their radio astrometric quality and hence their suitability as possible frame tie objects. Optical information on the radio objects is currently limited to estimates of the redshift and visual magnitude of their optical counterparts. We conclude that, currently, the ICRF will limit the accuracy of any radio/optical frame tie based on future optical astrometric satellite observations if the projected accuracies for these missions are realized. We also suggest that the radio astrometric quality as described in this paper be applied to the next realization of the ICRF.

6-03P. Radio Source Stability and the Observation of Precession-nutation

M. Feissel (1), C. Ma (2), (1) Observatoire de Paris and Institut Géographique National, (2) Goddard Space Flight Center

Some of the radio sources used by VLBI to materialize the celestial reference frame are known to have apparent motions at the sub-milliarcsecond level, particularly those observed in the early years. On the other hand, state of the art precession-nutation models match the observations at this same level. We investigate to what extent the source instability may contaminate the VLBI determination of precession and nutation corrections in several frequency domains.

6-04P. Scientific Objective and Present Status of VERA Project

Tetsuo Sasao and VERA Project Team, National Astronomical Observatory, Japan

VERA (VLBI Exploration of Radio Astrometry) is a new VLBI array dedicated to the high precision phase-referencing astrometry of Galactic maser sources. Construction of three out of planned four stations has been almost completed and the remaining one is under construction. Scientific goals, feasibility and present status of VERA Project are discussed.
6-05P. Astrometric and Geodetic Analysis System of VERA

Seiji Manabe, Hioshi Imai, Takaaki Jike, National Astronomical Observatory of Japan

Three of the four antennas of VERA (VLBI Exploration of Radio Astrometry) have been constructed and the observational instruments are being tested and adjusted. Construction of the remaining antenna is underway and will be completed this year. Development of a data analysis software has also been initiated. The analysis software includes two major parts, namely those for astrometry of both maser sources and QSO’s and geodesy. From the view point of software structure, it consists of the analysis engine, databases of raw correlated data, analysis results, astronomical and geophysical constants and auxiliary data such as the earth rotation. We describe its purposes, requirements and characteristics specific to the VERA system, although its status is still in planning phase.

6-06P. Comparative study of the EOP series derived for the second IVS Pilot Project
Daniel Gambis, Jean-Alexis Didier, Teddy Carlucci, IERS, Observatoire de Paris
Eleven Analysis Centers submitted EOP series for the second IVS Pilot Project. These series were derived from all available NEOS-A 24hr VLBI sessions over 1999 and 2000. In these solutions, the celestial and the terrestrial reference frames were fixed respectively to ICRF-Ext1 and to ITRF2000 with the associated velocity field. Estimated parameters include the pole components X-Pole, Y-Pole, UT1-UTC and the nutation offsets dPsi, dEps with respect to IAU 1980 model. These individual series and the IVS combined solution were compared to the combined IERS C04 series. Plots of the differences are shown together with the statistics concerning systematic biases and rms. The analyses show agreements in the range of of 0.1 to 0.2 mas for the polar motion and 5 to 10 microseconds of time for UT1 for most of the series. However some inconsistencies still appear in some series. Their origins have to be investigated.
6-07P. Comparison of the Baseline Length Between the Keystone Sites by Different Space Geodetic Techniques

Taizoh Yoshino and the members of Keystone Project, Communications Research Laboratory

Three independent space geodetic systems, VLBI, SLR and GPS, are closely located at the Keystone sites maintained by the Communications Research Laboratory (CRL). The main purpose of the system is the study of the crustal deformation around Tokyo area. The other purpose is to contribute to improve the terrestrial reference frame. In the summer of 2000, extraordinary crustal deformation was observed in the Keystone network due to the seismic and volcanic event occurred at the Izu islands about 150 km south of Tokyo. Full process of the event was observed by the VLBI system. And a part of the process was also observed by the SLR and GPS of CRL. This kind of significant crustal deformation was firstly observed by the collocated space geodetic systems. Exploiting unique facilities, baseline length is compared between the different space geodetic systems which are tied by the precise surveying. The obtained geodetic results are contributed to the IERS to improve the ITRF.

6-08P. Spectral Analyses of Baseline Length Time Series from VLBI Data Analysis

Oleg Titov, Geoscience Australia

In addition to a linear trend VLBI baseline lengths demonstrate seasonal variations. Spectral analysis of baseline length time series having the longest history show that annual and semiannual signals are present at these frequencies. The amplitudes of these signals reach up to 5 millimeters. It appears that the baseline length variations arise from instability in the vertical component of one or two VLBI sites. In addition, a wavelet analysis of the time series also shows that both the amplitude and the frequency of the signals are not stable. The seasonal variations can bias the estimates of linear tectonic motions of VLBI sites especially in case of sparse observations. Possible explanations for this effect are discussed.

6-09P. Seasonal Variations in Baseline Lengths and Station Positions

Elena Skurikhina, Institute of Applied Astronomy

The results of analysis of baselines lengths and station positions obtained at the Institute of Applied Astronomy with the OCCAM package from all available VLBI sessions with and without antenna thermal deformation account are presented. Trends and seasonal variations (annual and semiannual harmonics) and the influence of thermal deformation on computed baseline lengths and station positions are considered.
6-10P. VLBI Evidence for Glacial Rebound in Europe

Kurt Lambeck (1), Anthony Purcell (1), Oleg Titov (2), David Jauncey (3), (1) Research School of Earth Sciences, ANU, (2) Geoscience Australia, (3) ATNF, CSIRO

The present-day glacial rebound of northern Europe is well recorded in tide gauge records. Less well recorded are the horizontal displacements of the crust associated with the rebound. Predicted rates of displacement are of the order of 1 mm/yr. Reasons for observing rebound include i) the evidence it presents for mantle rheology, and ii) the associated strain field is indicative of the changes in stress of the lithosphere. The VLBI baselines containing information on the horizontal displacements are complementary to the vertical displacements measured by geodetic and geological means, and lead to improved solutions for mantle rheology. Observed baselines between four selected VLBI sites are compared with predictions based on different combinations of earth and ice models to determine optimum rebound parameters. In addition, prediction of rebound displacements are made for potential future VLBI observations using the Crimean and Svetloe sites, as well as a possible mobile site on the Gulf of Bothnia.

6-11P. The Antarctic VLBI Experiments During JARE39 and Geodetic Analyses by the Mitaka FX Correlator

Takaaki Jike (1), Seiji Manabe (1), Yoshiaki Tamura (1), Kazuo Shibuya (2), 
Koichiro Doi (2) and the Antarctic VLBI Group (1,2), (1) National Astronomical Observatory, Japan, (2) National Institute of Polar Research

JARE39 (The Japanese Antarctic VLBI Expedition 39th, 1998) started regular VLBI experiments at Syowa Station, Antarctica. In this expedition, a standard VLBI system for operational geodetic observations was established during summer operation and four VLBI experiments were carried out during the wintering (Feb, May, Aug and Nov 1998). Syowa VLBI data was brought back to Japan in 1999. Three stations, HartRAO, Hobart and Syowa, have participated in the Antarctic VLBI network regularly. In this network, two recording systems, K4-VSOP and S2, are used. We adopted the Mitaka FX correlator, since it can process both K4-VSOP and S2. New analysis software was developed for the Mitaka FX correlator capable of geodetic use. By using this software, delays were obtained and analyzed to estimate the position of Syowa VLBI reference point. The position of Syowa VLBI point was estimated from the 1998 experiments data with S.D. of 2.9cm, 2.5cm and 6.2cm in x-, y- and z-components in the geocentric Cartesian system.

6-12P. Combined GPS and VLBI Analysis Processing

Marcelo Santos (1), Clavin Klatt (2), (1) University of New Brunswick, (2) Geodetic Survey Division, Natural Resources Canada

This paper presents the plan, vision, and initial steps towards combining GPS and VLBI space geodetic techniques for geodynamical and natural hazards studies in Canada, as a sub-project of a GEOIDE (Canadian Centre of Excellence) project. In Western Canada an array of permanent GPS stations has been used for geodynamical studies. Information derived from regional S2-based VLBI also exists for Western Canada, mostly on the baseline between Algonquin and Penticton. NRCan also plans to place the CTVA transportable antenna (which was recently located in Penticton) on Vancouver Island near Victoria in the near future. Currently, observational data from each individual technique are processed independently. We will investigate the common features in this analysis processing, in particular regarding the shared clock and troposphere. Close monitoring of the maser timing information is available through the GPS processing system used. Our aim is to focus on the features common to the VLBI data and the GPS information coming from the denser array of continuous permanent stations.

6-13P. SLR-based TRF Contributing to the ITRF2000 Project

Toshimichi Otsubo, Tadahiro Gotoh, Communications Research Laboratory

The 10-year TRF solution constructed by Communications Research Laboratory contributed to the ITRF2000 project as one of SLR (Satellite Laser Ranging) solutions. Our solution used LAGEOS-1 and -2 data to derive the position and velocity vectors of 60 worldwide stations. The ITRF2000 final solution released in March 2001 adopted the newly defined datum based on SLR and VLBI. The SLR-based TRFs had a great advantage in the precise determination of the origin (a few mm) and the scale (~1 ppb).

6-14P. Global Lunar Gravity Field Recovery from SELENE

Koji Matsumoto, Kosuki Heki, Hideo Hanada, National Astronomical Observatory, Japan

A feasibility study is presented of the lunar gravity field modeling from SELenological and ENgineering Explorer (SELENE). SELENE is a joint project of the National Space Development Agency of Japan (NASDA) and the Institute of Space and Astronautical Science (ISAS) to be launched in 2005. SELENE consists of a main lunar orbiter in a 100 km altitude orbit, a relay satellite (Rstar) in 100-2400 km altitude orbit and a VLBI radio source satellite (Vstar) in 100-800 km altitude orbit. This configuration provides an interesting complement of tracking observation. First, high-low satellite-to-satellite tracking will be performed between Rstar and the main orbiter. Second, 2-way range and range-rate data will be acquired of all three satellites. Third, Differential Very Long Baseline Interferometry will be conducted between Rstar and Vstar. Numerical simulations have been conducted for the SELENE configuration to show the anticipated accuracy of the recovered lunar gravity field. The contribution of international VLBI network to the SELENE gravimetry will also be discussed.
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