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VERY LONG BASELINE INTERFEROMETRY

STATEMENT OF WORK

1.1 VLBI Support









Background: 

VLBI (Very Long Baseline Interferometry) is one of several space geodetic techniques employed by NASA’s Solid Earth and Interior focus area.  The goal of the Earth Surface and Interior focus area is to assess, mitigate and forecast the natural hazards that affect society, including earthquakes, landslides, coastal and interior erosion, floods and volcanic eruptions. The primary VLBI activities are to generate data to integrate all effects related to the Earth’s moment of inertia, angular momentum, and orientation in space, to support the precise reference frames needed for Earth and space sciences, and to advance the state of the art.  VLBI measurements define the International Celestial Reference Frame and contribute to the International Terrestrial Reference Frame.  The Goddard VLBI group is a focal point for the worldwide geodetic/astrometric VLBI community through the Coordinating Center of the IVS (International VLBI Service for Geodesy and Astrometry).  The IVS is an international organization of agencies, institutions and groups cooperating in VLBI data acquisition, data processing, analysis and technical development.  The functions of the IVS are distributed according to the interests and resources of the participating entities; Goddard functions as the IVS Coordinating Center, Network Coordinator, CORE Operation Center and one of the Analysis Centers.  Similarly the Goddard VLBI group is responsible for development and maintenance of the data acquisition Field System used nearly universally.

The contractor shall provide the following:

1. Coordination of VLBI experiments including requesting and scheduling of observing and correlating resources, generation and distribution of observing schedules and procedures and retrieval of observing logs.

2. Developing, implementing, documenting, and maintaining NASA Goddard developed and provided Field System software (used at all 30 stations worldwide) and procedures associated with Mark III, Mark IV, VLBA, Mark 5, S2 and various K4/K5 data acquisition operations at field stations.

3. Implementation and maintenance of VLBI stations including logistical support, preparation of standard and custom software, travel, verification of readiness, training, trouble-shooting, and assistance in data acquisition.

4. Preparation of experiments for correlation and processing of correlator output into data bases suitable for geodetic/astrometric analysis.

5. Analysis and monitoring of station, correlator, and source performance.

6. Calibration and analysis of geodetic, astrometric, and special purpose VLBI sessions and other radio interferometric data.

7. Timely generation of VLBI results for Earth orientation, troposphere, celestial reference frame, and terrestrial reference frame.

8. Archiving, posting, and distribution of VLBI data and results.

9. Advancement of the VLBI technique in the areas of instrumentation, calibration, modeling, algorithms, analysis, optimization, simulation, comparisons, combinations, and ancillary data.

10. Design, development, testing, implementation, documentation and maintenance of software and data files for scheduling, data monitoring, data handling, calibration, modeling, simulation, analysis, report generation, visualization, archiving, data distribution, web site, and utility functions.

11. Comparison and integrated analysis of space geodetic data.
12. Development and maintenance of geodetic/astrometric capability of AIPS.

13. Support of IVS activities including the Coordinating Center, the Coordinating Center Director, the CORE Operation Center, the Network Coordinator, Analysis Center, publications, meetings, web site and communications.

14. Documentation of Mark III/IV VLBI systems.

15. Technical support services to various elements that support VLBI and IVS activities and operations.

16. Preparation of scientific and programmatic reports, presentations, and papers.

17. Support for the design, development, testing, evaluation, and deployment of the next generation geodetic VLBI station including instrumentation, scheduling, and control.
Technical Requirements

The contractor shall:

1. Coordinate VLBI experiments.  These services include: maintaining the master multiagency observing schedule; coordinating station schedules, multiagency observing requirements, correlator schedules, and media usage; selecting sources and observing parameters; maintaining and updating scheduling data bases; monitoring sources for scheduling and astrometry: maintaining and updating the geodetic source list; preparing, archiving and distributing software, schedules, procedures and operation notes; and maintaining electronic mail, and computer network communications with cooperating facilities.  The Contractor will prepare and submit proposals requesting observation time to those astronomical facilities that require them.  The Contractor will continue the development of operational scheduling software and maintain and document that software.  The Contractor will plan, schedule, execute and analyze special VLBI experiments needed to evaluate possible improvements in technique. 

2. Develop, document and maintain Field System software and procedures associated with Mark III, Mark IV, VLBA, Mark 5, S2 and K4/K5 data acquisition operations at field stations.  These services shall include developing software that controls VLBI equipment, checks and certifies proper equipment function before and during data acquisition, monitors data quality, displays status to operators, and logs changes in the system configuration.  The Contractor shall also design, develop, implement and maintain the interfaces between the VLBI control computer and station computers which are required for pointing and other operations.  The Contractor will develop and document procedures to be used by the station personnel for checkout of equipment, software, antenna pointing, and efficiency and system performance.  The Contractor will test field software and procedures at VLBI stations and will be responsible for their proper operation and maintenance.  The Contractor will maintain the Field System computers at Goddard.  The field software is to be applicable in all field configurations of the Mark III, Mark IV, VLBA, Mark 5, S2 and K4/K5 systems used by NASA and other agencies for fixed stations, transportable systems, and mobile units.  

3. Provide the following services to support with implementation and maintenance of VLBI stations. 

 From Goddard these services shall include: 

-  coordinating activities 

-  logistics of shipping equipment and personnel travel

-  preparing Field System computers

-  preparing standard software and procedures for the site 

-  designing, implementing and testing site-specific software

-  remote trouble-shooting

-  traveling to the field site as needed  

At station these services shall include: 

· installation and testing of software 

· integration of site-specific software and procedures 

· verification of VLBI instrumentation readiness 

· measurement and evaluation of station performance parameters including sensitivity and                pointing 

· training local staff in the use of software, procedures, and VLBI equipment 

· establishing standard procedures for operation of VLBI equipment 

· support with data acquisition sessions  

After the initial installation and experiments, the Contractor will provide technical consultation with local site staff and act as liaison among VLBI support segments.  The stations may include: Fortaleza, Brazil; Svetloe, Russia; Tsukuba, Japan; Ny Alesund, Norway; Seshan, China; Noto, Italy; Medicina, Italy; Yellowknife, Canada; Algonquin, Canada; Urumqi, China; Kashima, Japan; Yebes, Spain; Onsala, Sweden; Goddard Geophysical and Astronomical Observatory; Westford, Massachusetts; Gilmore Creek, Alaska; Kokee Park, Hawaii; Matera, Italy; Simeiz, Ukraine; Wettzell, Germany; Goldstone, California; Madrid, Spain; Tidbinbilla, Australia; Green Bank, West Virginia; Hobart, Australia; Zelenchukskaya, Russia; and Badary, Russia.

4. Prepare VLBI data for correlation and analysis. This includes receiving and distributing field logs, preparing experiments for correlation, and tracking correlator usage.  The Contractor will obtain all NASA geodetic, astrometric, and specialized experiments from the responsible correlators and process the correlator output into calibrated data bases ready for initial analysis.  This may include computing the VLBI observables, errors, and auxiliary data; creating the initial data base; inserting theoretical values, estimation quantities, and ancillary data; and inserting calibration and weather data.  The Contractor will obtain VLBI data from other centers such as the U.S. Naval Observatory, the Geodetic Institute of Bonn University, the Federal Agency for Cartography and Geodesy, the Jet Propulsion Laboratory, the Communications Research Laboratory and the Geographic Survey Institute or from IVS Data Centers and prepare the data for analysis or reanalysis as needed.

5. Monitor the performance of the observing schedules at the various stations and correlating facilities.  This includes examining all data to maintain a history of station, correlator, and source behavior and to discover the causes of anomalous behavior.  The Contractor will also design, develop, and maintain software for extracting, displaying and summarizing information from the VLBI data bases and the correlator output needed for characterizing station, correlator, source and overall equipment performance.  The Contractor will maintain the files that summarize field performance, correlator efficiency, data quality, problems encountered, and other relevant information for each NASA and NEOS VLBI session.

6. Analyze NASA VLBI experiments and VLBI data from other centers.

7. Provide support for exporting data bases and creation of data products for placement on the Goddard VLBI web site, the IVS Data Centers and elsewhere as needed.  This includes moving data bases to the proper export disk areas; creating and placing on export areas station cable and weather plots, SNR plots and summaries, analysis spool files, model plots, NGS files and SINEX files; generating weighting files and updating the standard weighting file; and generation of super files.

8. Prepare VLBI products for IVS use following the standards for timeliness and documentation.  These may include Earth orientation parameters, source positions, station positions and velocities, SINEX files, and time series of station positions, baseline components, and source coordinates.  The Contractor will transfer the required data, products and documentation to the appropriate IVS Data Center incoming area.

9. Archive VLBI field logs, data, solutions, and results.

10. Investigate methods for improving the VLBI technique.  This work shall include such investigations as:

· phase calibration and other instrumentation;

· application of antenna holography; 

· calibration of antenna deformations; 

· astrometry at various frequencies; 

· use of phase delay as the observable; 

· comparisons and combinations of reference frames among VLBI, SLR and GPS techniques and among various VLBI analysis centers; 

· improvements in data and results visualization; 

· evaluation and investigation of geophysical models as they affect VLBI data; 

· the effect of a cross-polarized signals on VLBI data;
· the effects of correlated errors on VLBI estimation;  

· the effect of the neutral atmosphere on VLBI data, including the evaluation of different models of the dry and wet troposphere;

· development of improved algorithms for estimating the dry and wet troposphere from VLBI and ancillary data;

· application of improved models to existing and future VLBI data;

· strategies for determining site-dependent mapping functions by directly estimating them from VLBI data and by studying the elevation dependence of experiment residuals;

· the origin of observed periodic and aperiodic variations in baseline length and station positions and possible correlations with surface meteorological measurements, weather models, and hydrology;

· criteria for good VLBI performance;

· determining if the observed repeatability of VLBI measurements is correlated with                          meteorological parameters or with season;

· examining whether GPS data can be used to improve upon VLBI modeling of atmospheric              delay as calibration or by combination;

· methods for evaluating the effect of the troposphere on VLBI observations using data from GPS, lidar, radiosonde, global weather models, and other sources; 

· improvements in observing strategy including automatic and expert system scheduling, spatial and temporal distribution of observations, astrometric mode, and simulations;

· modeling of high frequency Earth orientation variations including generating diurnal and subdiurnal Earth orientation parameters from all relevant VLBI data, evaluating their formal and real uncertainties, studying their geophysical causes by investigating special characteristics and the relationship to ocean tides and circulation and comparing such Earth orientation parameters to similar results generated by other analysis centers and from other geodetic techniques and data sets;

· improving the geodetic results by expanding the geodetic source catalog for better observing geometry, by monitoring source flux, structure and position, by developing and implementing source structure corrections, and by establishing  accurate ties between the quasar reference frame and those used in SLR, GPS, and conventional geodetic measurements;

· studying the systematic effects seen in VLBI data obtained from the VLBA correlator and the AIPS software;

· improving the efficiency of VLBI data analysis by revisions in estimation algorithms and data formats;

· modeling effects of day-to-day site motions on the accuracy and consistency Earth orientation parameters;

· characterizing source instability and selecting optimal sources for geodetic observing;

· optimization of station locations in a global geodetic network for reference frames and Earth orientation parameters;

· atmospheric, hydrological, and ocean loading;

· Gbit/sec, high SNR observing.

11. Design, develop, test, implement, document and maintain software and data files for all aspects of VLBI calibration, modeling, simulation, analysis, report generation, visualization, data and solution archiving, data handling, data distribution, web site display, and utility functions.  This includes maintaining configuration control of the SOLVE/GLOBL analysis package and providing user guides and system manuals for interactive and batch processing.  The Contractor will analyze VLBI data and make the necessary changes in the Mark III/IV data analysis system to test new methods and will be responsible for validating and documenting these changes.  The Contractor will develop and test VLBI capabilities in Geodyn and maintain the related data handling code. 

12. Maintain a working and up-to-date copy of the AIPS program on one or more of the Goddard VLBI workstations and update it as new AIPS versions are released by NRAO.  This includes maintaining and upgrading the AIPS programs CL2HF and HF2SV as necessary for geodetic/astrometric VLBI processing and submitting them to NRAO for inclusion in new releases of AIPS.  The Contractor will maintain documentation for software and procedures. 
13. Support IVS activities.  The Contractor will support Goddard IVS functions including the Coordinating Center, the Network Coordinator, the CORE Operation Center, and the IVS Analysis Center at Goddard.  

The Contractor will support the IVS Coordinating Center to coordinate both the day-to-day and the long-term activities of IVS, consistent with the directives and policies established by the IVS Directing Board.  Working closely with the IVS Technology Coordinator, Network Coordinator, and Analysis Coordinator the Contractor will:  

· coordinate and support the activities of the Network Stations, Operation Centers, Correlators, Data Centers, Analysis Centers, and Technology Development Centers, 

· coordinate observing programs approved by the Directing Board,

· maintain the master schedule of observing sessions, coordinating the schedule with astronomical observing programs and with IVS networks, 

· foster communications among all components of the IVS, 

· define the best use of community resources, 

· develop standards for IVS components, 

· provide training in VLBI techniques, 

· organize workshops and meetings, including an annual IVS general or technical meeting, 

· produce and publish meeting proceedings and reports of activities of IVS components, 

· maintain the IVS information system and archive all documents, standards, specifications, manuals, reports, and publications,
· maintain a Section 508 compliant web site for dissemination of IVS data, information and news,
· provide support with the IERS, IAG, IAU, IGS, ILRS, IDS and other organizations, 

· provide the Secretariat of the IVS Directing Board.

Working closely with the geodetic and astronomical communities who are using the same network stations for observations, the Contractor will support the Network Coordinator to perform the following functions:

· monitor adherence to standards in the network operation, 

· participate in the quality control of the data acquisition performance of the network stations, 

· track data quality and data flow problems and suggest actions to improve the level of performance, 

The Contractor will support the CORE Operation Center activities including: 

· planning CORE network observing programs, 

· establishing operating plans and procedures for the stations in the network, 

· supporting the network stations in improving their performance, 

· making correlator time available at an IVS Correlator, 

· generating the detailed observing schedules for use in data acquisition sessions by the CORE network stations, 

· posting the observing schedule to an IVS Data Center for distribution and to the Coordinating Center for archiving. 

The Contractor will support the IVS Analysis Center at Goddard to produce the core IVS products without interruption at a specified time lag to meet IVS requirements.  The IVS core products, at a minimum, consist of Earth orientation parameters, station coordinates, and source coordinates.  The Contractor will place the final results in IVS Data Centers for dissemination to researchers and other users.

14. Provide library services for all documentation related to the Mark III/IV system.  These services require the contractor to collect, organize, and maintain documentation for all aspects of the Mark III/IV system; including, but not limited to, manuals dealing with hardware, software, and operations.  The Contractor shall maintain a system for archiving and updating these documents to keep them current and accessible.  The Contractor will make Mark III/IV manuals and documents readily available to field sites and analysis centers, for use in experiment preparation, field site data acquisition, and data processing.  This librarian function will support configuration control as well as commercial entities that are interested in replicating the government-designed hardware. 

15. Provide technical support services to various elements supporting VLBI and IVS activities and operations, including staff at Goddard Space Flight Center, Haystack Observatory, Gilmore Creek Geophysical Observatory, Kokee Park Geophysical Observatory, and elsewhere and personnel at the US Naval Observatory, the National Radio Astronomy Observatory, and collaborating domestic and foreign institutions.   These services shall include replying to questions about problems, providing information and advice, keeping colleagues informed via reports, and coordinating activities among institutions.

16. Analyze GPS data for crustal motions, the terrestrial reference frame, and Earth orientation parameters.  The Contractor shall evaluate software packages, organize a system for data analysis, compare GPS results with those of VLBI and SLR, and analyze data acquired for NASA investigations and studies of the atmosphere at VLBI sites.  The Contractor will develop and implement methods for combination of GPS and VLBI data types in a solution.  The contractor will study the combination of space geodetic data from VLBI, SLR, GPS, and other techniques as well as geophysical information to improve the terrestrial reference frame, measurements of EOP, and crustal dynamic models. 

17. Support and participate in the research activities of the Goddard VLBI group.  This includes performing original research, preparing materials for reports and presentations, collaborating in scientific papers, and supporting the documentation of research results and the subsequent activities associated with the presentation of results at scientific meetings and with publishing in refereed journal articles.  The Contractor will participate in technical and programmatic meetings and provide support in critiquing the research of others working in related fields.
18. Support the design, development, testing, evaluation and deployment of the next generation geodetic VLBI station.  This includes system studies, error modeling, simulations, schedule and network design, analysis of trade-offs, Field System upgrades, and system integration.
1.2  System Administration and Computer Operations Support 

Background: 

Provide system administration and computer operations support for the UNIX and Linux systems of the VLBI computing facility and for the Space Geodesy group. This shall include providing expertise and support in the following areas: operating systems, IT security, hardware, maintenance, user support, network connectivity, web presence, third-party software installation, creating customized systems utilities software, and performing software and data backups. 

Technical Requirements 

The contractor shall: 

1. Provide system administration and computer operations support for the UNIX and Linux systems of the VLBI computing facility and for the Space Geodesy group. This shall include routine maintenance, operating system upgrades, IT security, hardware, network access, third-party software, customized systems utilities software, and software and data backups. This support shall include the generation and validation of new operating systems. 

2. Maintain the current revisions of all system software and manuals. 

3. Support in the evaluation of new software and hardware available from computer vendors and user groups. 
4. Provide support to users of the VLBI computing facility. 

5. Make back-ups. Two complete backups of the computer systems shall be made on a monthly basis. Selective backups shall be done on a weekly basis. Priorities for subtasks shall be referred to and approved by the VLBI computer manager. 

6. Make system generations within 6 weeks of the receipt of new revisions of software. 

7. Maintain an average response time of one working day for user assistance requests. 

8. Maintain network connections, computer registrations and handle network problems within one working day. 

9. Support in the development and maintenance of an IT security plan.

10. Maintain a Section 508 compliant web site to support the research and programmatic work of the Goddard VLBI group.

11. Document all procedures followed in providing support services.
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