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1.0
Introduction and Scope

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 amount of pressure 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 AO is currently scheduled for release in March 2005.  The ESSP selection is a two step process, with Step 1 proposals due in June 2005. Projects selected in Step 1 will 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 current Molniya Orbit Imager mission concept has been developed around a generic geostationary-class meteorological imager. No actual instrument or instrument design has been selected. The purpose of this Partnership Opportunity Document (POD) is to identify and select a teaming partner interested in (i) providing an instrument design as part of the initial proposal submittal, (ii) supporting the Phase A concept studies if the Step 1 proposal is selected, and (iii) providing a flight qualified instrument and supporting integration and testing, should the Molniya Orbit Imager be selected for flight. For the purpose of this POD, any calibration device or active cooling device shall be considered part of the instrument.  

For the portion of this partnership that involves the preparation of the Step 1 proposal, there shall be no exchange of funds between the partners.  NASA funding may be available for Step 2 and will be available for subsequent phases, should the Molniya Orbit Imager be selected.

2.0
Mission Overview

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, sea ice monitoring. This includes demonstrating the capability of real-time dissemination of the calibrated and geolocated images.

The baseline mission consists of a single-instrument satellite deployed in a 39750 by 600 km, 63.4 degree inclination (Molniya) orbit (Figure 1.), carrying a six-channel imager (one visible, one solar-terrestrial, four thermal IR channels) with a nominal horizontal resolution of 2 km (IR) at nadir from apogee. The imaging field of view must be large enough to include the entire earth disc during apogee dwell (here defined to be the period during which the spacecraft is within 60% of apogee height). The spacecraft will be three-axis stabilized and nadir pointing. The ground segment will consist of a single primary 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 will be transmitted to the ground as they are received, and are then calibrated, navigated, resampled to a fixed grid, and 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.  The expected launch date is June 2010, and the nominal duration of the mission is three years.
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Figure 1:
Baseline Molniya Orbit

2.1
Schedule (based on a December 2004 release of the Draft AO):

	Draft AO release
	No Earlier than December 2004

	AO release
	March 2005

	Step 1 Proposals due
	June 2005

	Step 1 Recommendations announced
	October 2005

	Step 2 proposals due
	March 2006

	Site Visits
	May-June 2006

	Step 2 selections announced
	September 2006

	Contracts Awarded
	October 2006

	Launch 
	Mid-2010 (estimated)

	End of Operations
	Launch + 36 months (60 month goal)


3.0
Current Spacecraft Concept Description (for informational purposes only, prospective partners are invited to suggest alternative concepts if desired).

The space segment consists of a single-instrument satellite deployed in a 39750 by 600 km, 63.4 degree inclination (“Molniya”) orbit.  A satellite in this orbit provides a quasi-stationary field of view centered over high latitudes during its apogee dwell period - roughly two thirds of the total duration of the orbit. The instrument is a six-channel imager with a nominal horizontal resolution of 2 km (IR) at nadir from apogee. The satellite will be three-axis stabilized and nadir pointing controlled to within 55 arcsec.  Spacecraft attitude is maintained using four reaction wheels with momentum unloading using magnetic torque rods.  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 10 arcsec or better.  Attitude determination is expected to be achieved from a combination of star trackers, and visible channel star imagery from the main imager. Inertial reference units (IRUs) may be needed on the spacecraft or in the instrument to deal with jitter.  Spacecraft orbit knowledge will be obtained from station ranging.  The imaging field of view shall be large enough to include the entire Earth disc (24 deg. Field of view max.) and a background star field sufficient to determine the instrument boresight pointing to within the required degree of knowledge whenever the spacecraft is within 60% of apogee height.  The spacecraft ACS maintains nadir pointing to within 55 arcsec and the instrument shall provide boresight knowledge to within 10 arcsec.

The current satellite concept is loosely based on a generic commercial off the shelf aluminum bus  (Figure 2,3). Such a spacecraft will be able to accommodate an instrument with maximum external dimensions approximately 0.9 m tall x 1.2 m x 1.3m, weighing less than  136 kg, consuming average power of less than 180W; and will fit in a Delta II 7426-9.5 fairing (Figure 4). Two dual-axis solar array drives accommodate the projected variations in beta angle, and twice annual 180 degree yaw maneuvers will be used to avoid pointing the radiator surface toward the sun.  A hydrazine blow-down system will be used for orbit maintenance, attitude control and end of mission deorbit.

Science data are transmitted to the ground continuously at 3 Mb/s while in apogee dwell. Systems may be powered down as desired during the perigee sweep. The ground segment will consist of a single primary receiving station located at Svalbard  or Fairbanks with a duplex T1 link to a Mission Operations Center and Data Processing Center (location TBD).
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Figure 2:
Current Spacecraft Concept (Deployed Configuration)
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Figure 3:
Current Spacecraft Concept Deployed Configuration (Ortho.)
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Figure 4:
Current Spacecraft Concept Launch Configuration for Delta II  (7426-9.5)

4.0
Instrument System Requirements

	Lifetime
	36 months (goal: 60 months)

	Orbit
	718 min Molniya

	Visible Channel
	0.55-0.80 micron

1 km horizontal resolution

	IR Channels


	3.9 (3.8-4.0) micron

6.3 (5.8-6.8) micron

7.1 (6.8-7.4) micron

11.0 (10.7-11.3) micron

12.0 (11.5-12.5) micron

2 km horizontal resolution

	Radiometric Precision
	VIS: SNR 500:1 @ 100% albedo

IR: 0.2 K @300K, 0.5 K @ 250K

	Radiometric Accuracy
	VIS: 6%

IR: 1 K

	Field of View
	>24 degrees + star field

	Time to image a complete scene
	<15 minutes

	Input Power (baseline)
	< 180 W (including 20% cont.)

	Mass (baseline)
	<136 kg (including 30% cont.)

	Volume (baseline)
	<0.9 m  x 1.2 m x 1.3m


4.1 Instrument functional requirements 

It is noted that since the distance to earth at apogee height is close to geostationary orbit height, the instrument design is expected to draw on experience from existing and projected geostationary imagers. However, there are some important differences between imaging from Molniya and from geostationary orbit:

(i)
Due to the  motion of a Molniya orbit spacecraft relative to the surface of the earth, both the scene and the distance from the imager to the scene is slowly changing over the course of the imaging cycle

(ii)
The thermal environment is characterized by the fact 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)

(iii)
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.
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Figure 5.
Top Level Total Dose Requirement for Molniya Imager Mission
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Figure 6:
Total Dose for Longitude of Perigee Starting Positions
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Figure 7:
Heavy Ion Environment (GCRs & SPEs) Defined for a Conservative Value of Shielding

Wind vector fields will be derived by tracking the motion of clouds and features in the clear-sky atmospheric water vapor field over a series of three images nominally spaced 15 minutes apart in standard operating mode. The instrument must therefore be capable of imaging the entire earth disc in all channels in less than 15 minutes.  Attitude knowledge to 10 arcsec or better is required so that the center of each instrument pixel can be geolocated to within 1 km. The observatory is expected to continuously maintain pointing knowledge by using  a combination of visible channel imagery from the instrument and external star trackers . Inertial reference units (IRUs) may be needed to deal with jitter. Depending on the final flight configuration, the pointing stability of the satellite bus is expected to be < 1 arcsec/s. 

The motion of the spacecraft will cause the earth scene to change slightly in both location and scale as the scene is being imaged.  For this reason, the feature tracking will be done on a final 2 km imagery data product remapped to a fixed latitude-longitude grid rather than on rectified instrument pixel data.  

Horizontal resolution of 2 km for the infrared channels is defined by the sinusoidal modulation transfer function (MTF) at increasing spatial frequencies on the remapped pixel grid, as listed in the following table:

MTF for all channels greater than 3 microns

	Spatial Period 
	Spatial Frequency
	System MTF

	    km/cyc
	      cyc/rad
	

	     16.0
	        2250
	        0.84

	       8.0
	        4500
	        0.62

	       5.333
	        6750
	        0.39

	       4.0
	        9000
	        0.22


This MTF is required for wind determination in the 6.3 and 7.1 micron water vapor channels, but it may be relaxed for the other infrared channels if there is a significant saving in weight, cost, risk or schedule.  

The MTF requirements for the visible channel are listed in the following table:

MTF for the channel at 0.6 microns

	Spatial Period 
	Spatial Frequency
	System MTF

	    km/cyc
	      cyc/rad
	

	       4.0
	        4500
	        0.90

	       2.0
	        9000
	        0.73

	       1.333
	      13500
	        0.53

	       1.0
	      18000
	        0.32


The MTF requirements for the visible channel may be relaxed to match the infrared channels if there is a significant saving in weight, cost, risk or schedule.

While the high-level mission concept is considered to be mature, the baseline channel set given here is still tentative and given for orientation purposes only. The prospective respondents are therefore invited to comment on the impact on their cost and design of (a) adding an extra channel to this preliminary set, and (b) changing the central wavelength of one or more channels within the overall spectral region of the preliminary set.

Prospective respondents to this POD must be able to demonstrate how real time calibration, re-sampling and mapping onto a fixed grid at the required horizontal resolution can be achieved based on the sampling mode of instrument they propose. This end result may be achieved via an entire data processing chain furnished by the respondent as part of the instrument development.  

In addition to the standard operating mode, the instrument is required to have a rapid-scan mode in which normal imaging is stopped and a smaller (subset of the full disc) scene is imaged at a higher repeat rate, up to a maximum of one image per minute for a mesoscale weather feature.  The spatial extent of the target rapid-scan feature is anticipated to be approximately 1000 by 1000 km, However, there is some flexibility here if a hard requirement will severely impact the cost of the instrument. No decision has been made on whether the rapid scan mode must be controllable from the ground in real time or whether it can be pre-programmed.  

5.0
Pre-Selection Support

5.1  Step 1 Proposal Support

SOW:  The selected partner is expected to provide support at no cost to the Goddard proposal team to help develop and write the instrument-related parts of the Molniya Orbit Imager Step 1 proposal (TBD pages as specified in the AO).  This will involve meetings with the PI and member of the science team and the mission engineering team. The selected partner is further expected to help define the end-to-end performance requirements, including inputs to the spacecraft orbit and attitude error budgets, thermal design, thermal shields, mitigation of effects of radiative environment, data transfer internally and to the ground user etc.; to define the instrument architecture; identify study topics; and to predict performance. This will include cost estimation for all mission phases.  The period of performance for this interval is expected to last 4-6 months, beginning late late January of 2005.

5.2  Step 2 Proposal Support

SOW:  If the Molniya Orbit Imager Mission Step 1 proposal is selected, the proposal team will receive a portion of Phase A Concept Study funding (to be identified in the AO) to conduct a Step 2 study and submit a detailed proposal.  The partner selected as a result of this POD will be responsible for providing the instrument-related portions of the proposal and will be allocated a portion of the funding to perform trade studies as identified in the initial proposal. This may involve trade studies in the instrument architecture, spacecraft performance, and the role of INR software in the ground system. The respondent shall also contribute to designing, documenting, and costing the imager system design, fabrication, integration and testing for inclusion in the final ESSP proposal (TBD pages, as specified in the AO).  The period of performance for this interval is expected to last approximately 6 months, tentatively starting in July/ August of 2006.

5.3  POD Response Instructions for pre-Selection Support

The respondent shall:

1)
Demonstrate understanding of the imaging mission under consideration:

· Propose means of addressing system requirements as currently specified

· Highlight particularly critical or challenging areas for the design of the instrument, including the performance of the instrument, the partitioning of INR requirements between instrument and other mission components, impact of thermal environment, impact of radiative environment

· Discuss the impacts of extending the on-orbit lifetime requirement from 36 months to 60 months

2)
Provide information on which instrument-related design and trade studies will be conducted by the respondent in support of this proposal and explain the basis for ROM cost, mass, power, etc.

3)
Indicate level of resources to be allocated to the support of this proposal, including relevant skills of key personnel.

4)  Identify (if any) pertinent prior missions or mission proposals supported in the areas of imager design, fabrication, and integration and testing:

· Provide data on scope of the imager system design, role  played in the proposal process, and the portions of the proposal they have written or provided assistance in writing and provide a customer reference POC

· Describe how this proposal role mapped to their role in the end imager system development, and if the scope changed explain why.

· Provide data on their cost/schedule/technical performance on pertinent prior missions

6.0
Development Support

SOW:  If the Molniya Orbit Imager is selected for development and launch, the respondent will be responsible for the design, development, integration, and test of the instrument system.  The respondent is responsible for:  identifying the instrument system requirements, providing all aspects of the instrument system (either directly, or through procurement or teaming arrangements), supporting the integration of the instrument to the bus, and providing continued testing support. The period of performance for this phase is expected to last approximately 44 months, and start in approximately October of 2006. This date may change depending upon selection timelines and budget allocations.

6.1
POD Response Instructions for Development

The respondent shall:

1)
Identify available design and modeling capabilities required to support development of the instrument system and relevant experience of from similar efforts key personnel.

2)
Identify fabrication and testing facilities required to support development and test of the instrument system.

3)
Identify prior missions successfully supported in a similar role and provide a customer reference POC. Include basic information on scope of work, how well the fielded system met customer requirements (cost and technical) and proposed schedules.

4)
Provide a Rough Order of Magnitude (ROM) cost estimate and timeline for the scope of the design, fabrication, and testing of the imager system. In consideration of the rigid cost cap for ESSP missions, the mission baseline is a tentative total cost of the imager instrument system of approximately $40M.  The respondent is invited to comment on the feasibility of meeting this cost.

5)
Characterize the risk of cost overruns and provide contingency plans, including descope options if applicable.

7.0
Additional Information 

For pre-selection or development support, the respondent can provide any additional information on any other pertinent missions for which his/her establishment, and any partners/vendors proposed, have provided imager systems, and identify the relevant details of similar systems.  Also, identify any other ideas and related activities, which your organization is or has been involved with, and the significance of that activity to Molniya Imager.

8.0
General Instructions for POD Response

Potential respondents are asked to contact the Molniya Imager team within one week after release of this document.  This contact shall not be considered binding, but shall serve to help the Molniya Imager team disseminate all relevant information to potential partners.  Questions can be asked during the first week after release of this document.  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.  For purposes of this partnership opportunity, the Molniya Imager contact is Mr. William Cutlip (william.e.cutlip@nasa.gov).

Responses to the Partnership Opportunity Document shall:

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 noted in sections 5.0 through 7.0 of this document.

Responses shall be treated as proprietary information and controlled as such.

The respondents shall deliver the requested information in a presentation format.  Presentation packages must be received by 5:00 p.m. (EST) January 24, 2005.  Please provide 10 copies of the presentation and deliver them to:

Mr. William Cutlip

NASA Goddard Space Flight Center

Code 101.2

Building 8, Room 301C

Greenbelt, MD  20771

william.e.cutlip.1@gsfc.nasa.gov

All respondents that intend to make presentations must provide written or electronic notice by 5:00 p.m. (EST), January 24, 2005.  Notice may be by e-mail to Mr. William Cutlip at william.e.cutlip@nasa.gov, or in writing to the above address.

Oral presentations will be conducted at GSFC, February 7-9, 2005.  Presentations will be scheduled in two-hour blocks.  Speakers will have one hour to present and the second hour will be used for questions and answers.

9.0
Selection Criteria for Awarding Partnership Opportunity

Selection criteria will be consistent with the desire to encourage cost effective partnerships between the Government and industry.  The information requested in Section 8.0 will allow the evaluators to determine how well the respondents understand the Molniya Imager mission. 

9.1
Selection Criteria

Proposal/Pre-selection Support (50 points)


Experience (and team skills) and past performance in proposal phases


Resource commitment


Identification and description of key critical areas


Understanding and addressing requirements


Recommended design studies

Development Support (50 points)


Credibility of cost and schedule estimates


Experience and past performance in development phases


Completeness of identification of functions by mission phase


Cost control measures


Design and modeling capabilities to support the effort


Fabrication and testing facilities to support the effort

Other (not weighted)

10.0
 Acronyms List

AO

Announcement of Opportunity

EST

Eastern Standard Time

ESSP

Earth System Science Pathfinder

FOV

Field Of View

GSFC

Goddard Space Flight Center

IR

Infrared

K

Kelvin

kg

Kilogram

M

Million

m

meter

POC

Point of Contact

POD

Partnership Opportunity Document

ROM

Rough Order of Magnitude

SOW

Statement Of Work

TBD

To Be Determined

W

Watt

24 deg





Apogee = 39750 km


Perigee = 600 km


Period = 718 minutes
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Inc = 63.4 deg
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