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1.0 Introduction

This partnership opportunity document (POD) provides a description of the Solar Imaging Radio Array (SIRA), a scientific mission to perform interferometric, aperture synthesis observations of low frequency solar and magnetospheric radio bursts.  The primary science targets are coronal mass ejections (CMEs), which drive radio emission producing shock waves. A space-based interferometer is required, because the frequencies of observation do not penetrate the ionosphere.  We request your response to this POD to assist us in choosing a spacecraft provider to team with us for a NASA MIDEX proposal to be submitted in mid-2005.   The provider chosen will participate directly as a member of the proposal team in the various stages of the SIRA MIDEX mission design and proposal process.  As described below, the proposed mission will require 12 to 16 microsatellites to establish a sufficient number of baselines with separations on the order of kilometers.  It is imperative that the response demonstrate a clear understanding of how such a constellation will be built, deployed, and operated within the constraints of the MIDEX cost cap.

1.1 NASA MIDEX Program Status:  The following information was provided on February 4, 2004: The National Aeronautics and Space Administration (NASA) Office of Space Science has previously announced its intention to release an Explorer Program Announcement of Opportunity (AO) in May 2004 to solicit Medium-class Explorers (MIDEX) and Missions of Opportunity. As a result of the reprioritized NASA activities, the Explorer Program budget has been reduced and the release of the MIDEX AO will be deferred for at least 1 year. Although release of a Draft MIDEX AO has been delayed, several significant changes in policy from recent Explorer Program AOs are discussed on the MIDEX Acquisition Additional Information Page located at http://explorer.larc.nasa.gov/explorer/midexacq.html 

The MIDEX web site identifies the NASA OSS Cost as being capped at $170M in Fiscal Year 2005 dollars, including funding for all mission phases and all elements except for NASA-provided launch services. Basic launch services on a Taurus or Delta II expendable launch vehicle will be provided at no charge against the NASA OSS Cost cap. There will be a charge of $9M (FY05) against the NASA OSS Cost cap for Delta II-H launch services. There will also be a charge against the NASA OSS Cost cap for mission unique services beyond the basic services offered.  In addition, the Information Page describes the minimum unencumbered cost reserve that will be required for future MIDEX missions:  At the investigation's Confirmation Review to enter Implementation (Phase C), the Principal Investigator (PI) will be required to demonstrate a minimum unencumbered cost reserve of 25% or larger, commensurate with mission complexity and risk. Funded schedule reserves, in addition to the cost reserve, commensurate with mission complexity and risk, are required. No rephasing of Phase E costs to Phase C/D will be permitted after Confirmation.
1.2 SIRA Mission Schedule:  The 2005 MIDEX schedule has not been announced; therefore, the following schedule is for planning purposes only. The NASA Office of Space Science is expected to give guidance on the 2005 MIDEX schedule in the near future.  We will forward any such announcements to all proposers who respond with a Notice of Intent (see section 9.0).

Schedule:

Scheduled MIDEX AO release
February 2005 (approximate)

Preproposal Briefing


March 2005 (approximate)

Proposal Due Date


May 2005  (approximate) 

Phase A Selection


October 2005 (estimate)

Phase A Completed


September 2006 (estimate)

Implementation Start


February 2007 (estimate)

Launch




February 2010 (estimate)

End of operations


Launch +2 years (Goal: Launch +4 years)

For the response to this POD, proposers must propose a partnership to provide for all elements of the mission except the SIRA instruments and the data processing and analysis, which are provided by the PI team as described below.  (Upon selection of the partner, we will conduct a joint analysis to determine how aspects of the mission design effort will be divided between NASA and the spacecraft partner.)  The proposer-provided elements include:

· Mission design, system engineering, and integration and test

· Spacecraft and carrier bus

· Ground systems and mission operations

There will be no exchange of funds between NASA and the selected partner for the Step 1 phase of this MIDEX proposal cycle.  Up to one million dollars funding will be available for Phase A concept studies according to the budget developed in the Step 1 phase.  If SIRA is selected for a Phase A concept study, the partner will be funded according to the budget developed in the Step 1 proposal.

1.3 Mission Overview:  SIRA will consist of one microsatellite constellation, designed to image radio sources in the solar corona and heliosphere using aperture synthesis techniques.  Because these radio bursts occur at frequencies below the ionospheric cutoff (~10 MHz), the observations must be made from space.  Imaging of the CME-driven shock front is important for understanding and predicting the space weather effects of CMEs, whereas imaging of the more frequent type III bursts (radio emission from solar flare electrons) will contribute to the study of intense solar energetic particle events.  Imaging of the terrestrial magnetosphere will permit viewing magnetospheric boundaries in reflected radio emission and monitoring the dynamic magnetospheric response to space weather events.  The SIRA MIDEX mission will also serve as an excellent pathfinder for other constellation and space-based interferometry missions, because of the relatively limited constraints required by long wavelength radio interferometry.  SIRA will be the first mission to image the heliosphere (and the celestial sphere) with high angular resolution at frequencies below the ionospheric cutoff; no current or near term mission has the capability to do this imaging. The radio images are intrinsically complementary to white-light coronagraph and all-sky imager data and can play a vital role in the NASA Living with a Star program. 

The primary science team institutions for this proposal are Goddard Space Flight Center (GSFC), Jet Propulsion Laboratory (JPL), Naval Research Laboratory (NRL), Massachusetts Institute of Technology (MIT), and University of California at Berkeley (UCB).  The Principal Investigator is Robert MacDowall (Code 695, GSFC).  We anticipate that there will be about 20 Co-investigators and collaborating scientists from universities and other government agencies.

Our current understanding of the SIRA mission is based in part on two previous MIDEX proposals led by JPL for the Astronomical Low Frequency Array (ALFA) mission.  The second of those proposals is described in two IEEE papers by Howard et al. (2000) and several scientific papers (see reference list below).  More recently, a mission design was developed by the GSFC Integrated Mission Design Center (IMDC).  Selected material from that IMDC run is available on the SIRA web site at http://sira.gsfc.nasa.gov/SIRA_IMDC_mission_design.html ; 

however, we want to emphasize that the microsatellite buses designed by the IMDC and the assumptions that were made are not to be treated as constraints for this POD.  In particular, we are interested in innovative designs that will provide enhanced operational efficiency, low risk, and reduced cost.
1.4 Scientific Goals and Objectives:  The SIRA mission will answer the following key science questions and pursue the study of CMEs, the solar wind, and the terrestrial magnetosphere:

1)   How do the intermediate and large-scale structures of CMEs and CME-driven shocks evolve as they propagate from 2 RSUN to 1 AU?

2)  What are the intermediate and large-scale topologies of multiple, interacting CMEs and CME shocks that contribute to significant particle energization and acceleration?

3)  How do corotating density structures in the inner heliosphere evolve in time and space?

4) What are the structure and dynamics of flare-related electron beams and, by inference, of the beam-directing interplanetary magnetic field lines in the inner heliosphere?

5)  What are the meso-scale responses of the terrestrial magnetosphere to space weather events such as CMEs, and how do the responses depend on the disturbing event?  

6)  What are the improvements to space weather predictions and MHD models when low-frequency solar radio burst imaging provides improved measurements of interplanetary CME/shock velocity and structure?

These scientific topics support the NASA theme of Sun-Earth Connection, specifically the science objectives of “understanding the changing flow of energy and matter throughout the Sun, heliosphere, and planetary environments,” “understanding fundamental physical processes of space plasma systems,” and “understanding the origins and societal impacts of variability in the Sun-Earth Connection.”

In addition, SIRA will observe the entire celestial sphere, providing a unique opportunity to study more distant, astrophysical sources.  We encapsulate the many results expected from those observations in a seventh science goal:

7)  What are the brightest galactic and extra-galactic radio sources below 15 MHz and what can they tell us about the interstellar medium and galactic evolution?

2.0 Detailed Mission Description

The SIRA mission will consist of a number of microsatellite buses that are almost identical.  (A possible difference, for example, would be if only three of the microsats were instrumented to transmit timing signals to the constellation.)  Communication with each microsat will consist of uplinks from and downlinks to the ground.  Inter-microsat communication will be limited (as described below) so that the loss of one or more microsats does not impair the scientific mission.  The minimum science mission requires 10 microsats to provide a sufficient number of baselines for useful observation.  We propose a mission lifetime of two years, with a lifetime goal of four years. We assume the loss of up to one microsat per year.  Therefore, the minimum number of microsats at the time of launch and deployment is 12; additional microsats are desirable to reduce risk and to increase the number of interferometric baselines.  Therefore, for this POD we list the number of microsats as 12 to 16.  (Note: the number of interferometric baselines for N satellites is N*(N-1)/2.)

The spacecraft orbit proposed for this mission is a “retrograde” orbit around Earth at a distance of approximately 500,000 km.  Such an orbit appears to orbit the earth in the direction opposite to the orbit of the moon.  These orbits have been shown to be stable with minimal evolution of the constellation.  The relatively close distance to Earth, as compared to an L1 halo orbit, facilitates the downlink from each of the microsats.  Furthermore, it provides observations of the magnetosphere from all azimuthal perspectives.  We anticipate that the orbit will be inclined by ~18º relative to the ecliptic to minimize eclipses.

Launch into this orbit would likely require the capability of a Delta II.  We propose that a lunar flyby will be used to provide a rapid insertion into the desired orbit. An additional propulsion stage will likely be required to complete the orbit insertion, after which the microsats would be deployed from their carrier. As described in the IMDC Flight Dynamics presentation, the transfer time to mission orbit is 7 days with the lunar gravity assist.  Orbital parameters are launch C3 of -0.1 km2/s2, transfer injection C3 of 0.135 km2/s2, mission orbit injection delta-V of 416 m/s, inclination to ecliptic plane of 18 deg, initial orbit radius of 495,000 km, initial period of 40.1 days, final orbit "radius" of 475,000 x 515,000 km, and final period of 40.2 days.  Furthermore, the orbit maintenance

delta-V will be ~0 m/s. 

For responding to this POD, assume the formation maintenance delta-V/month/sat will be less than or equal to 1.5 m/s depending on the tightness of positional control on the sphere. More detailed information will be obtained by a study to be undertaken  by the GSFC Flight Dynamic Branch. Please see the IMDC presentation on flight dynamics on the SIRA web site for additional detail:

http://sira.gsfc.nasa.gov/SIRA_IMDC_mission_design.html 

The microsats will be deployed into quasi-random locations on a spherical shell of 5 km radius. There will likely be a minimum separation constraint imposed to prevent an excess number of short baselines. Further into the mission, the radius of this shell may be increased up to 25 km; therefore, the maximum intermicrosat range will be ~50 km.  Sufficient propulsion capability to expand the shell of microsats to a radius of 25 km and to return it to a radius of 5 km will be required (in addition to propulsion capability for maneuvering the microsats as described below).  Raising the constellation radius from 5 km to 25 km requires a delta-V of less than 1 m/s/spacecraft if performed in a gradual manner.

The microsats will likely be 3-axis stabilized, with the crossed dipole antennas (described below) maintained in a parallel configuration for all of the microsats to within ±2 deg (total).  This configuration is desired to facilitate timely analysis of the data on the ground.  Note that slowly spinning microsats would rapidly become “misaligned” due to small differences in the spin period.  Nevertheless, the advantages and disadvantages of a spin-stabilized alternate design will likely be reconsidered by the design team.

Because of the data volume, we assume that an X-band downlink will be required (at 8 Mbps). High gain antennas of either the dish or phased-array type will need to be pointed Earthward during the downlink.  The data will be downlinked sequentially from each of the microsats; if necessary, science data taking for a given microsat could be interrupted during this interval. The total amount of science data collected per day will be at least 20 GB. This is the quantity of data that could be dumped to one ground station during a 6 hour interval with approximately 1 hr allowed for transitions from 1 microsat to the next.  The receivers are capable of generating more data, so we will either reduce the number of frequencies or transmit less than 100% of the data collected to reach the 20 GB limit.  If two ground stations are available, then SIRA would observe at 16 log-spaced frequencies with 15 MHz as the highest frequency; this would generate almost 40 GB of science data per day.  On-board data storage should be provided to retain approximately 2 days of data (80 GB), in case a downlink cannot be made.  In that case, the scientifically more desirable data would be downlinked during the next window.

For this POD, we are assuming data can be downlinked twice per day, which will require two ground stations located in opposite hemispheres.  The desirability of bi-daily contact is to have more timely data for space weather predictions. At present, an antenna at Greenbank, WV, may be available to serve as one station.  We are also attempting to obtain access to a ground station in Australia, to be provided in partnership with an Australian Co-I.  Commercial ground stations will also be considered.

The science and housekeeping data will be forwarded to one or more science centers with a delay of no more than 4 hours after reception at the ground station.  It is assumed that the primary science center will be located at MIT, in association with Haystack Observatory. A second center may be located at GSFC or at a partnering institution.  Quick look data will be generated at the science center(s), images will be made available on the SIRA web site, and data will be distributed to users in a timely manner.  All science data processing, distribution, and archival will be responsibilities of the science center(s).

Additional mission constraints are described below in the Science Instruments section.

3.0 Science Instruments

The basic instrumentation required to acquire the radio data are two dipoles and two receivers per microsat.  Each dipole antenna will consist of two 5m stacer BeCu monopoles mounted on opposite sides of the microsat.  The two dipoles will be mounted at a 90º angle to each other.  Mounting must be done in a manner that reduces the base capacitance to 100 pf or less.  It is desirable that other spacecraft appendages be located as far from the monopoles as possible, so that the beam patterns of the dipoles are not distorted excessively.  Each monopole and mount will weigh ~1 kg.  (Note that 4 monopoles/mounts are required per microsat.)  If possible, monopoles longer by several meters would be preferable. For the purposes of this POD, it should be assumed that the monopoles and mounts will be procured by the PI institution through a university partner or commercial vendor.  

Connected to each dipole will be a lightweight, low-power radio receiver programmed for interferometric data acquisition.  The receiver should be housed inside the spacecraft ambient area, with the connecting wires from the monopoles to the receivers kept as short as possible.  A typical mode of operation will be to sequentially scan ~16 frequencies logarithmically-spaced in the frequency interval from 30 kHz to 15 MHz.   The data will be 2-bit Nyquist sampled for bandwidths of one percent of the frequency.  Each frequency would be sampled for one second or more before stepping to the next frequency.  For 16 microsatellites and 16 frequencies with 15 MHz as the highest frequency, continuous science data for 24 hours would comprise 38.2 GB.  It should be noted that this operational mode is given as an example only; other modes are likely to be implemented from time to time.  Such mode changes will not impact microsat operations.

The final receiver design has not been selected, but reasonable upper limits for planning purposes are a mass of 3 kg, volume of 5x25x25 cm3, and continuous power requirement of 5 W (average and peak).  (Note that 2 receivers are required per microsat.)  For the purposes of this POD, it should be assumed that the receivers are provided by the PI team.

It is worthwhile to consider the constellation as the instrument, which facilitates understanding a number of requirements that interferometry impose on the mission.  Only when the data from the entire constellation are on the ground and processed will there be images of scientific value.  To accomplish this, the relative ranges (baselines) of the microsats and the absolute orientation of the constellation must be known.  For the purposes of this POD, it should be assumed that the spacecraft provider will provide the ranging system.  The relative ranges must be determined to 3±0.3 m, where 3 m is about 0.15 of a wavelength at 15 MHz.  This ranging activity would need to be done on the order of once per day.  On short time scales, the constellation may be considered to be a rigid body, defined by a single orientation.  Its range from the ground station should be known to about 300 m accuracy.  The constellation orientation will be determined either by ranging to individual microsats at the edges of the constellation or by using star trackers.  In the IMDC design, it was assumed that all of the microsats were equipped with star trackers; however, a possible cost savings might result from only outfitting a fraction of the constellation with star trackers. During intervals between microsat ranging and orbital configuration determination, the relative and absolute positions of the microsats will be determined and maintained in a ground-based model.  This model will be used to determine when individual microsats should be maneuvered to maintain their locations on the shell and to maintain their antennas parallel to those of the other microsats.  In any case, it is desirable to know the absolute orientation of the (rigid) constellation to 0.5 deg; additional accuracy can be derived from post-processing of the data.

The attitude of the individual microsats must be determined so that the high gain antennas can be directed towards Earth and the parallel antenna requirement can be met.  Star trackers on all of the microsats are the most direct means of meeting this requirement, but they may not be the most cost-efficient approach.  We require knowledge of the orientations of the dipole axes to ±2 deg (total).  

There are three timing criteria that must be met by the microsats operating as an interferometer.  We require absolute time tagging of the data to 0.1±0.01 sec.  For aperture synthesis, we require phase coherence and bit stream (relative timing) alignment.  The phase stability requirement will depend on the highest observing frequency and the longest coherent integration we plan to use.  Typically, we will want to insure that phase changes during the longest integration times will be less than a radian at the observing frequency.  (We can solve for a long-term phase drift after correlation, but we need to keep the phase difference less than a radian during correlation to prevent significant reduction in fringe amplitude.)  Assuming an upper frequency of 15 MHz and a maximum integration time of 100 seconds, we need fractional frequency stability for the array of about 10-10, which can be provided by high-quality crystal oscillators.  The requirements for SIRA are less demanding, because this stability requirement applies to the differences between the oscillators on the different spacecraft.  If we phase lock these oscillators to a common reference signal from one of the spacecraft, then the individual oscillators only need to be stable on time scales shorter than the phase lock loop time constant.  The relative motions between spacecraft need to be modeled at the 3 cm/s level to keep Doppler offsets between the spacecraft from causing frequency shifts greater than one part in 1010.  At this differential drift rate, the inter-satellite ranges change by hundreds of meters per day, so they can be easily measured. Note that the GSFC IMDC mission design assumed an approach that could be implemented with low cost oscillators and “continuous” updating via a VHF signal from a “master” microsatellite.  This description will be found in the Communications/Data Systems presentation on the SIRA web site http://sira.gsfc.nasa.gov/SIRA_IMDC_mission_design.html.   

The timing accuracy required for the bit stream alignment depends on the bandwidth (BW) that we want to correlate.  The downconverted and Nyquist sampled signals from each spacecraft must be aligned to within 1/ (2*BW) before correlation.  The largest bandwidth corresponds to the highest frequency; a 1% BW for 15 MHz corresponds to 3 µsec.  It is possible that we would use larger bandwidths at some times, so the required relative timing accuracy for bit stream alignment is 1 µsec.  For the purposes of this POD, it should be assumed that the spacecraft provider will provide all aspects of the spacecraft-based timing systems.

We have addressed the following observation requirements in the preceding paragraphs: attitude control, antenna alignment, relative ranging, absolute position and orientation, absolute timing, relative timing, and phase coherence.   In general, these are the same constraints that would be imposed on a ground-based radio interferometer, with the useful difference being that the longer wavelengths of space-based interferometry relax the magnitude of the constraints.

4.0 Other Mission Requirements and Non-constraints

In general, electromagnetic contamination (EMC) at frequencies below 15 MHz must be kept at levels comparable to the weakest (astrophysical) signals that we expect to observe. The sensitivity of the radio instrument will be approximately 2x10-8 V/m/root-Hz. This requirement is reduced somewhat because observations will only be made at 16 or fewer frequencies, so that any narrow-band interference can be avoided by frequency selection.  To ensure that these interferences are fixed in frequency, all potentially-interfering electronics on the microsats must be controlled to avoid frequency drift.  In particular, all power converters should be crystal-controlled and at the same frequency. Proper spacecraft grounding and harness shielding techniques will control currents induced in the spacecraft structure, which are a major source of EMC.  A representative spacecraft should be tested in an EMC chamber as early as possible in the integration and test process.  

There is also a requirement that the spacecraft not charge excessively.  Standard techniques for minimizing spacecraft charging should be sufficient.

The microsats should have a sun-pointing safe mode which they can maintain for ~3 days without ground intervention.

The space weather data latency requirement identified above results because rapid processing of the data to quick-look images is very important; however, it does not require that 100% of the data reach the science center in the 4 hours time limit.  Seventy to eighty percent of the data within 4 hours will be sufficient.

Assuming that the orbit is inclined by ~18º, there will be only a single 9 min eclipse by the lunar penumbra during a 4 year interval.  Science operations are not required during an eclipse.  It may be possible to design a 4 year mission with the same inclination but no eclipses; this is currently under review by GSFC Flight Dynamics.

There are no unusual requirements for sun avoidance, contamination control, minimum slew rate, or jitter reduction.  

The construction, integration, and testing of the 12 to16 microsats in a sequential single spacecraft mode repeated up to 16 times is probably too inefficient for the SIRA mission.  Therefore, please address what approach you would recommend to minimize total cost, while maintaining a low risk of individual spacecraft failure.  Please recall that the number of operational microsats must be at least 10 at the end of the two year mission.

During integration and testing, basic procedures will need to be followed to avoid unintentional activation of certain mechanisms. These include the radio antenna monopoles, possible articulated high gain antenna or articulated or folding solar arrays, and the mechanisms used to lock the layers and stacks of microsats together and/or attach them to a supporting deployment bus. 

4.1 Deployment: A successful SIRA mission will represent the first simultaneous deployment of 12 to 16 scientific satellites.  Please identify your preferred approach to minimizing the risks related to the deployment.  We believe that having one or more cameras mounted appropriately to view the progress of the deployment would reduce the overall risk (and perceived risk) of this event.  For the purposes of your response, such a viewing system should be described and costed.

4.2 Mission Operations:  Proposers must either propose to provide the SIRA ground systems or propose a teaming relationship to provide all SIRA ground systems for the mission.  Please provide a separate estimate of the cost to perform mission operations for SIRA for the nominal two-year mission and for a 2-year extended mission.  It should be emphasized that the operations must be designed to minimize resource requirements and to avoid costly activities that are dependent on the number of spacecraft.  You should identify possible methods to reduce operations costs, while adhering to the following mission operations assumptions:

· Microsat and limited instrument health and safety monitoring are required.

· Spacecraft command generation, up-link, and verification will be driven by the requirement to maintain the individual microsats in the vicinity of their assigned location on the spherical shell.

· Instrument commanding will be limited in nature; routine frequency stepping, spacecraft ranging, etc., will be done autonomously.  In general, there need not be real-time commanding.  Use of real-time commanding should be used only during intervals when it is mandatory or when it does not result in an increase in operations costs.  Any required instrument commanding will be sent from the PI institution to the operations center for direct uplink.  

· Downlink pass scheduling will be coordinated with a commercial network provider or a partner institution’s ground station.

· There will be 1 or (preferably) 2 station contacts per day with each microsat.

· The cost of your engineering support to handle on-orbit microsat anomalies should be identified.

· Science data processing will be done by the PI and/or Co-I institutions.

4.3 Alternative Mission Designs:  There is an alternate mission design scenario in which the microsats communicate with a relay bus, which is then solely responsible for uplinks from and downlink to the ground stations.   This approach has the advantage of consolidating the long-range communications requirements in a single dedicated unit.  The downside is that this relay bus must be sufficiently redundant to minimize the likelihood that any critical component will fail and terminate the mission.  This will significantly increase its cost.  There will also be perceived risk associated with having a single point of failure as represented by the relay bus, when compared to a fully-redundant microsat-only constellation. We believe this perception of risk is a negative for the proposal technical evaluation.  Therefore, we consider this design to be inferior and undesirable; it should be avoided unless mandated by cost considerations.

In the case that your approach uses a relay bus, please indicate which components will be redundant and how the design and implementation costs are assigned to the microsats and the relay bus.

5.0 POD Response Instructions

The SIRA mission team seeks industrial participation and contributions in the following technical areas.  One partner proposal will be chosen to address all technical areas.  Proposers recommending a teaming relationship to provide all SIRA systems for the mission must combine all technical areas in a single response to the POD.

5.1 Mission Design, System Engineering, and Integration and Test:  This element includes all aspect of the mission design (including orbit design, observation planning, operational modes analysis, data flow analysis), system engineering (including interface definition, requirements flow down and verification, subsystem technical monitoring, subsystem optimization), and integration and testing (including final assembly of the microsatellites and carrier, final verification testing of the microsatellites and carrier, delivery to the launch vehicle, post delivery and orbital checkout support).  Specialized discipline analyses should also be noted if available (especially radiation, materials selection, and EMC control).

5.2 Spacecraft:  This element includes the microsatellites, the carrier bus, and all associated subsystems, but not the launch vehicle, which will be NASA-provided.  This element also includes instrument accommodation.

5.3 Ground Systems and Mission Operations:  This element includes the ground systems and all associated subsystems. The communication infrastructure should be sufficient to meet the data rate requirements from SIRA. Concepts using specialized ground stations for low cost operations are encouraged.  Mission operations planning and costing should be determined for a nominal two year mission, and for a follow-on two year extended mission.

5.4 Special Studies: There are many areas of the mission where additional simulations are required.  GSFC and the other collaborating institutions will play the lead role in many of those studies, e.g., detailed evaluation of microsatellite drift rate and resulting formation maintenance, evaluation of preferred microsatellite constellation geometries, etc.  In some cases, such as formulation of the ranging subsystem, the industrial partner will lead the study, with assistance as required from the other team members.  For the purposes of this POD, please comment on the following special studies:

5.4.1. Intersatellite ranging subsystem – Analyze the design and testing of an intersatellite ranging system within the performance requirements previously described and the resources allocated by the proposer's design. This intersatellite ranging system should be omnidirectional with appropriate redundancy. 


5.4.2. Microsat carrier and deployment – Analyze the design and testing of a system to deliver and deploy the 12 to 16 satellites in the desired orbit previously described with the resources allocated by the proposer's Space Segment design.

 
5.5 Cost and Cost Estimation:  In generating a response, potential partners should be aware that mission cost and cost credibility are major factors in NASA's selection criteria for new missions.  There is also a requirement to carry significant cost reserves.  Given this sensitivity, the SIRA Mission Team seeks innovative approaches that could be used to minimize overall mission cost and/or improve the cost credibility. Responses should attempt to highlight such potential advantages.  It should be noted that, in addition to the costs for design, integration, testing, and operating the satellites, there will be other costs, including instrument (receiver and dipole) development, fabrication, and qualification, science data center operations, science team funding, project management, and required cost reserves.

The determination of mission cost will depend on the cost model assumed for multiple spacecraft development and assembly.  For responding to this POD only, please explain your model and describe the extent of its validity and heritage. 

6.0 Offer Format and Instructions

The response should be limited to 40 pages, submitted as an electronic PDF document.  Excluded from the page count are the cover letter, title pages, table of contents and page for the acronyms list. 

Your written offer package shall include discussion of the following:

· The approaches for supporting the SIRA Step 1 proposal and the SIRA phase a concept study.

· The ability to meet the SIRA schedule as defined in this document.

· The demonstration of a clear understanding of the requirements as well as the technical challenges for the SIRA instrument, spacecraft, and mission.

Note that an oral presentation is also expected as described below (section 10.1)

6.1 Step one proposal:  During the Step 1 proposal preparation period, the offeror will participate as part of the SIRA proposal team, including a major role in the writing of the proposal.

6.2 Phase A Study: In response to this POD, the offeror shall briefly describe a proposed approach to performing the phase A study.

6.3 Implementation: In response to this POD, the offeror should describe the concept for developing the mission elements for the SIRA Mission. The offeror shall briefly identify the proposed approach for engineering support to monitor the health and safety of mission elements during launch and early phases of the mission as well as as-needed support for mission operations. A preliminary plan for integration and test should be provided. A description of facilities or other capabilities of the offeror that would enhance the implementation of the SIRA mission should be included.

6.4 Integration and test: The offeror will present a preliminary plan for integration and test of the elements of the selected work element. This plan will present a schedule with major milestones as well as descriptions of these milestones. All major elements of environmental testing should be identified in this plan and the offeror should identify the facilities required for all environmental tests.
6.5 Mission systems engineering team: The offeror should present a management plan for systems engineering support for the mission. It should be clear how requirements are identified, tracked and managed. The responsibility for major payload elements should be clearly identified and interfaces clearly defined.

7.0 Evaluation Factors and Criteria

The evaluation team will use the following factors in selection and award.  The government will evaluate the proposals submitted to this contingent delivery order based on four factors: 

a. Technical merit and mission suitability (30 Points)

b. Relevant experience and past performance (30 points)

c. Price  (25 points)

d. Proposal winability and presentation skills (15 points)

7.1 Technical merit/ Mission suitability: Offerors will be evaluated on their overall understanding of the requirements of the mission elements and the compliance of their proposed concept with these requirements. Offerors will be evaluated on their recognition and understanding of the objectives, technical soundness, and innovation of the proposed approach as well as the methods to be used in the planning, controlling, and completing the statement of work.

7.2 Relevant experience/Past performance: Due to the unique aspects of this mission, in particular its multi-satellite constellation aspect, special emphasis will be given to previous experience in developing comparable systems. The offeror should summarize relevant experience and past performance.

7.3 Price: The price factor is important in determining the offeror’s overall understanding of the requirements of SIRA mission and the resources required to meet these requirements. Tools available for cost evaluation should be described.

7.4 Proposal winability and presentation skills:  Since the ability to win the MIDEX competition is fundamental, the offeror’s ability to write clear and convincing text, to illustrate the material with suitable figures, and to organize the material to maximum advantage will be evaluated.
8.0 Points of Contact 

Questions about this POD should be directed to the Principal Investigator, Robert MacDowall (Code 695, GSFC). All replies will be shared among all proposers (see section 9.0). Robert MacDowall may be contacted by phone at 301-286-2608 or by email: Robert.Macdowall@nasa.gov.

9.0 Notice of Intent to Respond to POD

Since we would like to make the questions and answers from all offerors for this POD available to all who wish to be considered for this partnership, it is important for us to know who is intending to respond. All questions and answers will be sent to those who express a desire to respond, while the source of the questions shall be held confidential. The Notice of Intent should be sent as an email to Robert.Macdowall@nasa.gov by Friday, June 11, 2004. Please indicate who is the point of contact to whom any responses to questions should be directed. Your organization may still respond to this POD if you do not send a notice of intent. 

10.0 Schedule for POD Response

The response for this POD is due by 3:00 pm EDT on Friday, June 18, 2004.  An electronic PDF document may be sent at this time to Robert MacDowall (Robert.Macdowall@nasa.gov

).   (The GSFC email servers seem to be able to handle multi-MB files without problem; however, we encourage you to send a separate email confirmation of your submittal, also to Robert MacDowall.)

All companies that reasonably demonstrate capabilities across the full scope of the requirement will be invited to present an oral presentation.  Notification will be given by Wednesday, June 23, 2004.  Oral presentations will be conducted at GSFC, on June 29 - 30, 2004.  Presentations will be scheduled as two (2) hour blocks.  Speakers will have up to one hour to present and the second hour will be used for questions and answers.

10.1 General instructions to offerors invited for oral presentations: Presentations should:
1) Be in a presentation format (viewgraphs) that shall not exceed 40 pages.  The font size for the text shall be no smaller than 14 point.

2) Address all requirements of each element proposed as noted in sections 3.0 through 5.0 of this document.

Responses will be treated as proprietary information and controlled as such.  Also, please provide 10 hardcopies of the presentation and/or an electronic version for the evaluation team.

10.2 Evaluation schedule: The proposals will be evaluated by an evaluation team approved by GSFC management.  We will attempt to complete the evaluation process and present findings and recommendations to GSFC management by July 16, 2004.  Announcement of the decision should follow within one to two weeks.  Subsequently, a memorandum of understanding will be generated by the SIRA mission team and the successful offerer and approved by GSFC management.
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Acronyms

AO

Announcement of Opportunity
BW

Bandwidth

C&DH
Command and Data Handling

CME

Coronal mass ejection

Co-I

Co-investigator

EMC

Electromagnetic cleanliness

GSFC

Goddard Space Flight Center

I&T  

Integration and Test

IMDC

Integrated Mission Design Center

JPL

Jet Propulsion Laboratory

LWS

Living with a Star

MIT

Massachusetts Institute of Technology

NRL

Naval Research Laboratory

PI

Principal Investigator

POD

Partnership Opportunity Document

S/C

Spacecraft

SIRA

Solar Imaging Radio Array

UCB

University of California at Berkeley

VHF

Very High Frequency
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