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1.0 Introduction


This Request for Information (RFI) is intended to identify potential interest in providing a spacecraft bus to the Earth System Science Pathfinder (ESSP), Step 1, Announcement of Opportunity (AO) Mission named Molniya Orbit Imager.  The information contained in this RFI shall be deemed procurement sensitive.
 
Any questions regarding this RFI should be addressed to Mr. William Cutlip at 301-286-0438 (william.e.cutlip@nasa.gov).  Questions regarding technical information may be addressed to William Mast, Mission Systems Engineer, at 757-824-1468, (William.R.Mast@nasa.gov); or to the Principal Investigator, Dr. Lars Peter Riishojgaard, at 301-614-6245, (riishojgaard@gmao.gsfc.nasa.gov).  Please submit RFI responses in accordance with Section 7.0 Responses are requested no later than June 30, 2005.  Please submit responses written or electronically to:

Mr. William Cutlip

NASA Goddard Space Flight Center

Code 101.2

Building 8, Room 301C

Greenbelt, MD  20771

william.e.cutlip@nasa.gov

Potential respondents are asked to contact the Molniya Orbit Imager team within one week after release of this document.  All questions and answers will be held confidential.  


This RFI does not obligate the U.S. Government to a future procurement.  Furthermore, any effort performed as a result of this RFI will be financed by the vendor.  The U.S. Government will not reimburse the vendor for any effort completed under this RFI.  Also, the vendor has a right not to participate in this effort
 
The U.S. Government will protect all proprietary information received from the Vendors, and distribution of any material will be based on a strict need-to-know basis.

2.0 Mission Description

Over the course of the last couple of decades, continuous meteorological imagery obtained from satellites in geostationary orbit has proven to be immensely useful for monitoring and forecasting different types of weather systems and phenomena. However, an important limitation of these observations is that due to the 0 degree inclination of their orbit, the geostationary satellites cannot provide coverage for regions beyond roughly 60 degrees of latitudes. This has long been recognized as a gap in the Global Observing System, but the recent highly successful assimilation of polar winds from MODIS (AMS Conf. on Satellite Meteorology, Norfolk VA, 2004) is now putting an increasing impetus on the agencies developing and operating meteorological satellites to address the lack of continuous real-time imagery and derived satellite wind products in the high latitudes.

The Molniya orbit - a highly eccentric Kepler orbit with a 63.4 degree inclination - provides an attractive perspective for meteorological imaging of the regions beyond reach of the equatorial geostationary observatories. A satellite in this orbit will hover near its apogee point for roughly 67% of the total duration of the orbit. During this so-called apogee dwell, it will provide a quasi-stationary field of view centered over the high latitudes, thereby effectively extending the geostationary-type coverage of continuous imagery all the way to the pole.  .

The Goddard Space Flight Center’s Molniya Orbit Imager mission team is developing a proposal to submit in response to the upcoming Announcement of Opportunity (AO) for the Earth Systems Science Pathfinder Program (ESSP). The proposed mission will be able to provide the required high-latitude imagery data in the short term, and will serve as a pathfinder for a potential future operational system of Molniya orbit atmospheric imagers.  The current mission concept consists of a single spacecraft in a northern hemisphere Molniya orbit carrying a geostationary-class meteorological imager as its sole scientific payload.

It is anticipated that the AO for will be released in calendar year 2005.  The ESSP selection is a two step process, with Step 1 proposals due approximately 90 calendar days after the release of the AO. Projects selected in Step 1 may be funded to perform Step 2 (Phase A) concept studies leading up to the submission of a Step 2 proposal in which the entire end-to-end mission life cycle will be detailed.

The mission concept has been under development at the Goddard Space Flight Center since the spring of 2004. In December 2004, a Partnership Opportunity Document (POD) was issued by the Goddard Space Flight Center soliciting input from instrument vendors interested in participating in this opportunity. As a result of the POD, an instrument design has now been selected. Until this point, the spacecraft and the associated requirements have been kept largely generic, but generally speaking compatible with requirements for a spacecraft supporting 2-km imagery from high-earth orbit. The purpose of this document is to solicit input from industry as to what spacecraft buses are available that will meet the now refined requirements of the Molniya mission. Prospective respondents are invited to provide information concerning proposed bus architecture, pricing, schedule and strategies for mitigating the particular risks associated with the Molniya Orbit Imager, in particular the radiation environment and the stringent requirements on pointing control, knowledge and stability. 
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Figure 1:
Current Spacecraft Concept (Deployed Configuration)

The primary goals of the mission are to:

 (i) demonstrate the capability of retrieving information about the atmospheric flow field over the high northern latitudes ( north of 60 degrees N), and 

(ii) demonstrate the capabilities of disseminating these data to the operational meteorological users within 60 minutes of the time of the observations. 

Secondary goals are to investigate the use of the images themselves for applications other than polar winds, e.g. aviation safety, volcanic eruptions, wildfires, nowcasting for shipping, fishery and exploration users, global change studies, and sea ice monitoring. This includes demonstrating the capability of real-time dissemination of the calibrated and geolocated images.

3.0
Operations

The desired launch date is June 2010, and the nominal duration of the mission is three years, with a goal of 5 years.  The baseline mission concept includes launch on a Delta  2426-9.5, using the launch vehicle for orbit insertion.  The spacecraft bus will be responsible for orbit maintenance, attitude control and end of mission de-orbit.  Although mission scenarios which preclude the need to actively de-orbit may exist, the baseline mission requires active de-orbit capability and propellant reserve.

Science data are continuously transmitted to the ground while in apogee dwell, along with Telemetry, Tracking, & Commanding (TT&C).  Provisions shall be made for an emergency communications link, such as TDRSS, in the event that primary com link is lost.  If position knowledge of the spacecraft is acquired through ranging, the respondent is asked to comment on operational impacts.

The ground segment will consist of a single primary GSTDN (X-Band and S-
Band) receiving station, tentatively located in Svalbard  or Fairbanks, with a duplex T1 link to a Mission Operations Center and Data Processing Center (location TBD). The raw sensor image data, including star data, will be transmitted to the ground as they are received, and are then calibrated.   Image navigation/registration (INR) and resampling to a fixed grid will be performed prior to data being distributed to the users.  There is no requirement for scientific data from the instrument during those parts of the orbit where the satellite cannot be seen from the primary ground station, and systems may be powered down as desired during the perigee sweep.

4.0
Instrument 

The instrument is a six-channel imager (one visible, one solar-terrestrial, and four thermal IR channels) with a nominal horizontal resolution of 2 km (IR) at nadir from apogee.  The instrument consists of a telescope assembly with a diffraction limited 20 cm aperture, a two axis scan mirror, detector arrays, electronics, and active cooling package.  The instrument is thermally isolated from the spacecraft bus and provides its own active thermal control.  The instrument specs are listed in Section 5.0.

In order to meet the mission Image Navigation and Registration (INR) requirement of pixel geolocation to within 1 km , the final boresight pointing knowledge must be 5 arcsec or better.  The boresight must be three-axis stabilized and nadir pointing.  The spacecraft ACS shall maintain nadir pointing to within 55 arcsec. The final attitude determination to within 5 arcsec will be achieved by combining star tracker data and visible channel star imagery from the main imager.  Dynamic interactions between the instrument and spacecraft must be minimized.  For instance, scan mirror slews should not excite the solar panels, and solar panel actuation should not excessively disturb the imager or spacecraft .  Inertial reference units (IRUs) may be needed on the spacecraft to deal with jitter.  Constant spacecraft orbit knowledge to within 500 m is required and may be obtained using standard methods such as station ranging and/or GPS.  

The imaging field of view includes the entire Earth disc (24 deg. Field of view max at 60% of apogee altitude), plus a background star field sufficiently large to determine the instrument boresight pointing to within the required degree of knowledge whenever the spacecraft is within 60% of apogee height.  

The instrument and the spacecraft bus will communicate information to acquire both science data and pointing knowledge.  In addition to transferring data and commands between the instrument and the ground, the bus will periodically command the instrument to scan for stars outside of the earth scene in order to refine pointing knowledge.  

5.0
Bus Requirements 
	Lifetime
	36 months (goal: 60 months)

	Launch Vehicle
	Delta  2426-9.5,  696kg capability

	Orbit
	718 min Molniya 

39750km x 600km x 63.4 degrees

	Imaging/Data Transmission Period
	Spacecraft above 60% of apogee altitude. Approx. 8 hrs/orbit

	Instrument Field of View
	>24 degrees + star field

	Instrument Power (baseline)
	180 W (including 20% cont.)

	Instrument Mass (baseline)
	143 kg (including 30% cont.)

	Instrument Volume (baseline)
	0.9 m  x 1.4 m x 1.3m

	Instrument Radiator Dimensions
	TBD

	Pointing Jitter/Stability (X,Y,Roll)
	< 1 arcsec/s

	Boresight Pointing Control (X,Y, Roll)
	Nadir +/- 55 arcsec

	Boresight Pointing Knowledge (X,Y,Roll)
	+/- 5 arcsec

	Instrument Star Field Acquisition Interval
	1-5 minutes 

	Slew Rate (for 15 minute 180 degree yaw maneuver)
	24 degrees/minute 

	Instrument Orbit Knowledge
	500 m or better

	Sun Avoidance
	Instrument Radiator 

	Science Data Rate 
	2.5 Mbps Ave., 3.0 Mbps Max

	TT&C Data Rate 
	6.9 kbps (Housekeeping + CCSDS)

	Data Storage
	100 Mbits

	Command Rate 
	2 Kbps

	Data Latency
	< 60 s

	Contamination
	Standard for Optics

	Radiation
	See 5.1.4

	De-Orbit Delta V
	148.0


5.1
Orbit Unique Requirements

Since the distance to earth at apogee height is close to geostationary orbit height, the bus design is expected to draw on experience from existing and projected geostationary imagers. However, there are some important differences between imaging from a Molniya orit and imaging from more traditional orbits:

5.1.1
Pointing:


Due to the motion of a spacecraft in a Molniya orbit relative to the surface of the earth, both the attitude of the scene and the distance from the imager to the scene slowly change over the course of each imaging cycle.  For this reason, the feature tracking will be done on a final 2 km imagery data product remapped to a fixed latitude-longitude grid based on pointing knowledge, rather than on rectified instrument pixel data.  


[image: image1]
Figure 2:
Baseline Molniya Orbit

5.1.2
Power, Thermal:


The thermal environment is characterized by the fact that the orbital plane is fixed in an inertial frame of reference so that the angle between the orbital plane and the earth-sun vector progresses through one full revolution over the course of a typical year. This poses unique challenges for the configuration of the spacecraft (relative positioning of instrument, cooler(s), solar panels, antenna, etc., pointing and maneuvers).  and may necessitate performing a twice annual 180 degree yaw maneuver to avoid pointing the radiator surface toward the sun.  

The solar array pointing system must accommodate the projected variations in beta angle, as a baseline, this could be accomplished using two dual-axis solar array drives, as long as they satisfy the stringent pointing and jitter constraints required for imaging.
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Orbit:  600km X 39750km, I = 63.4 deg, w = 270 deg

(Averaged for longitude of perigee at orbit start)
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Orbit:  600km X 39750km, I = 63.4 deg, w = 270 deg
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[image: image5.wmf]Integral LET Spectra at 1 AU (Z=1-92) for Interplanetary orbit 
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Figure 3
Sun Avoidance Maneuvers Over Annual Orbital Progression

5.1.3
Radiation:


The spacecraft will be exposed to all elements of the radiation environment, including protons and electrons trapped in the Van Allen belts and interplanetary ions.  Due to its high inclination, the spacecraft spends about 60% of its orbit above the Van Allen belts.  However, the spacecraft will be exposed to high-energy interplanetary ions for most of its orbit.  The total doses expected for the mission are shown in Figures 5 and 6.  Figure 5 gives the doses averaged over the longitude at perigee for each element of the environment, and Figure 6 shows the total dose as a function of longitude at perigee.  Note that the values do not include design margins.  The effects of interplanetary ions of galactic and solar origins on the spacecraft operation must also be evaluated, especially for single event effects.  Figure 7 gives and overview of the ion environment in terms of Linear Energy Transfer (LET) for galactic cosmic rays and heavy ions accelerated during solar events.  The top level LET spectra are used to calculate single event effects rates after the candidate devices are characterized via laboratory radiation testing.


Figure 4
Top Level Total Dose Requirement for Molniya Imager Mission


Figure 5
Total Dose for Longitude of Perigee Starting Positions


Figure 6
Heavy Ion Environment (GCRs & SPEs) Defined for a Conservative Value of Shielding

6.0 Mission Specific Requirements

Due to the expected funding level of the ESSP program and the high costs associated with launching into this orbit, the total mission costs for the Molniya Orbit Imager are expected to come close to – or exceed – the NASA cost cap for ESSP missions. The proposal team is therefore seeking to establish collaboration with external entities – nationally as well as internationally – with the aim of having one or more partners contribute to the funding of the mission. One avenue currently under exploration in the proposal team is to have parts of both the ground segment and the space segment contributed to the mission by external partners, perhaps from other countries. This may help lower to total costs to NASA of the mission to a level compatible with the ESSP program.

In the light of this, prospective respondents to this RFI are invited to comment on whether or not they are open to certain parts of the spacecraft (at the subsystem level) being provided as GFE (Government Furnished Equipment),  which parts would be suitable, and what the impact on the total pricing of the spacecraft would be.

7.0
Guide For Responses

Section 1- Description of payload accommodation assessment on recommended bus to include: 

1. Choice of bus

2. Mission unique modifications required

3. Performance margins

4. Mission unique integration and test (I&T) provisions 

5. Management of the Thermal, Power, and Survival of the Radiation environment unique to Molniya orbit.

6. Compliance with pointing knowledge requirements, including both hardware and software aspects with estimated pointing budget.

7. Sketches of payload mounting configuration, and fields of view.

8. The feasibility and impact on cost and schedule of accepting (subsystem level) Government Furnished Equipment as described in section 6 of the RFI

Section 2- Description of capabilities of recommended spacecraft, performance options, previous flight heritage; and compatibility with the chosen launch vehicle.

Section 3- ROM cost estimate, and funding profile.  Description of key technical, schedule, and price drivers.  Options to mitigate and/or trade against price reductions. 

Section 4- Description of company capabilities and experience performing observatory-level I&T, launch support, and mission operations similar to this mission.
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