LRO Star Tracker Vendor Questions


Overview
Set for a 2008 launch, Lunar Reconnaissance Orbiter (LRO) is planned to orbit the moon for at least one year and gather detailed maps of the lunar surface, data on the moon’s radiation levels and an in-depth look at its polar regions for resources.

The LRO project is interested in purchasing two quaternion output star trackers, appropriate sun shades, ground support equipment, and pertinent life test data.  Please review and answer the questions below as well as provide pertinent information about the star trackers ability to meet the LRO requirements (See Draft SOW and Draft SPEC):
Accuracy/Operations

1.  What is the state accuracy of the star tracker about the boresight and transverse axes?  Are these 3-sigma numbers?

2.  Does an error budget exist breaking down the overall accuracy into static and random components?  If yes, can you provide it?  If not is there some documentation as to what the major internal error sources are?

3.  Is the error budget for a 1-g environment or for a zero-g environment?  What additional error sources or shifts can be anticipated for a zero –g environment, especially
concerning the optics?

4. What is the maximum number of stars that can be tracked at one time?  What is the minimum number of stars required to provide a quaternion solution?  What is the probability of providing a quaternion solution?
5. Is there a reduced FOV star tracker option if needed? 

6.  What is the maximum angular rate that the star tracker can tolerate and still produce a state estimate?

7.  What are the jitter requirements for the star tracker?  In other words, how much jitter can the star tracker tolerate?

Estimation

1.  Describe the estimation technique and how many state variables are used to produce the attitude quaternion solution?
2.  How is the estimation process initialized?  Can the internal state and process be

reinitialized at the user’s request?  If so how?

3.  Is an internal rate estimated by the star tracker for use in propagating the internal attitude state of the star tracker?  If so is this estimated rate available for output?

4.  Does the star tracker have a flag available in output data that indicates convergence 

or not?

5.  If more than one estimation scheme is employed by the star tracker (single frame, filter, etc.), is there a flag which indicates source of output state ?

6.  On average, how long does it take for the star camera’s state to provide a solution upon power up or reinitialization.  Under what conditions (spacecraft attitude, number of available stars, spacecraft attitude rate) is this Time to First Attitude valid?  

7.  What happens to the output when a very bright object (such as the sun) enters the FOV?  

Output Data/Status Flags

1.  Does the star tracker provide raw data along with the quaternion solution?  If so, what is the form of the raw star tracker output?  Is it the H and V coordinates of each star in the instantaneous FOV?  

2.  Are the following status flags available, and in the output data:

    a.  bright object interference

    b.  convergence/no-convergence

    c.  stale/new data

    d.  propagated/filtered

    e.  estimation type flag

    f.  internal quality flags

Timing

1.  What is the latency of the output state?  (Latency is defined as the time from when the star data is available internally, to the time that the state is output.)
2.  What is the mechanism, or is there a mechanism, for the user to synchronize requests of periodic output data requests with the spacecraft or gyro?  If no mechanism within the star tracker exists, how does the user compensate for this time delay? 

Star Catalog

1.  How big is the internal star catalog and on what catalog is it based?

2.  What is the magnitude range of the catalog?

3.  If needed can the user add or modify existing star information in the catalog for special needs?  Who is responsible for this maintenance activity?

4.  Is there statistical information available about how the star catalog is distributed over the galactic sphere?  If yes, can you provide this information?
5.  Is there a report on how the star catalog was generated and what variables were used to eliminate potential stars?  If yes, can you provide this information?
6.  Can the star catalog be obtained from the star tracker vendor?  
FOV/Interference

1.  What is the FOV in degrees for this star tracker?  Circular or square FOV?

2.  Without the use of a sunshade (baffle) what is the range (degrees) from the boresight, that bright objects need to be outside of, in order for the star tracker to meet the minimum performance requirements?
3.  What means, if any, does the star tracker take to protect itself when the sun or other

bright objects intrude into the FOV?

4.  How long after a bright object leaves the range of interference that the star tracker will

begin to issue output data again?

5.  Can the star tracker be harmed in anyway from the frequent, on a daily basis, entry of

bright objects ( such as the sun ) into the star tracker FOV?

6.  For calibration purposes, the same star may produce a different reading in different regions of the star tracker sensor (ie: CCD, APS, other).  Is there a polynomial or function that describes this variation?

7.  What is the recommended operating procedure when the star tracker boresight gets close to the line of sight of a bright object such as the sun or the sun-reflecting earth?

Testing
1. Can you provide the following GSE to be used while the ST is integrated onto the spacecraft: 

- Two thermal vacuum compatible optical stimulators that provide end to end functional testing for the star trackers.  
- Star tracker electronic simulator that interfaces with the star tracker and electrically simulates a star field.  The simulator will be operated from a remote time source and a remote trajectory will be provided in real-time from an external computer (to perform closed-loop simulations).  
2. Is there a star tracker ETU available for early test and integration here at GSFC?  How long can the ETU be available for early testing?
Sunshade (Baffle)

1)  What is the cost to design and manufacture a sunshade (baffle)?

2)  What is the size, mass, and exclusion angles (sun, earth, moon) of the various shades you provide?
3)  Is the shade thermally isolated from the tracker body and optics?

4)  What kind of stray light testing is performed at the vendor's facility?
5)  Can you provide any on orbit data available to validate the light shade performance?

Thermal 
1.  The primary heat transfer path is expected to be through the mounting interface.  Do you find exception to this?  What is the normal method of heat dissipation for the star tracker?  

2.  Is it possible for the ST to be thermally isolated from the mounting interface so that the primary source of heat dissipation is through the sunshade and still meet the minimum performance requirements.
3. Is it possible to engineer the main heat transfer path for the internal dissipation of the star tracker such that thermal control can be achieved directly from the body of the star tracker in the hot case and cold case?  In other words, can the star tracker design allow for isolation (conductively) from its mount in order to use the body of the star tracker for passive and active thermal control (radiator surface and heater control, respectively)? 
4. Is there a concern with temperature gradients in the body of the star tracker that may be induced by the thermal environment or via active thermal control?

5. What temporal (instantaneous and per hour) and spatial (on the mount) stability requirement would be required for the star tracker mounting interface?

6. What is the interface temperature requirement that would be required at the star tracker mounting interface?

7.  What is your capability to do thermal analysis in-house?  Do you use or can you use TSS and SINDA/FLUINT to supply reduced models?

