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Landsat-7 Orbit Info and Relation to LDCM

Background and Landsat-7 Orbit

The LDCM mission requires imagery to be acquired that is referenced to the Worldwide Reference System 2 (WRS-2).  This is the current version of the orbital track for the Landsat series of missions dating back to 1972, and is currently used by the Landsat-5 and Landsat-7 (L-7) observatories.  The presumed orbit baseline for future missions flying the WRS-2 grid (including the Landsat Data Continuity Mission, LDCM) corresponds to the L-7 orbit that has the following “target” frozen
 parameters:

Semi-Major Axis:

7077.7 km

Eccentricity:


0.00117 (( 0.00003 approximately)

Argument of Perigee:

90.0(  (( 2( approximately)

Inclination:


98.2(
The L-7 semi-major axis and inclination were chosen to maintain a Sun-synchronous orbit.  The L-7 mission had a requirement to maintain the Local Mean Solar Time (LMST)
, at the descending node, at 10 am (( 15 minutes).  Informally, this orbit is referred to as the 705 km (equatorial altitude) sun-synchronous orbit, and has an orbit period of approximately 99 minutes.  The sun-synchronous orbit is frequently used for earth imaging missions to maintain a constant time of day at each location on the earth to extract information on vegetation growth, etc.  The purpose of controlling the orbit parameters is to maintain the observatory over the desired WRS-2 ground track and within the specified Groundtrack Control Box (GCB) for the mission.  For L-7, the GCB is +/- 5 km crosstrack from nominal. 

The L-7 observatory is operated with a “frozen” orbit where the eccentricity and argument of perigee are tightly controlled with maneuvers on a nominal two-week basis.  The purpose of this tight orbital control is to reduce the altitude scatter over successive orbits (making imaging of the same location more consistent) and to simplify the operations of the mission.  Appendix B addresses altitude scatter on successive orbits during a single 16-day repeat cycle for the cases of frozen and non-frozen orbits, respectively.  Simulations have shown that with the frozen orbit the variation in geodetic height over the same location on successive orbits can be held to less than 330m, whereas the non-frozen orbit can have variations of up to 15 km or more (ref. 4).  The scheduled thruster burns for frozen orbit maintenance are short and propellant use is small compared with the required yearly inclination burns.  The resulting effective groundtrack control with the frozen orbit is approximately –2.5 km to +1.5 km according to historical ephemeris collected for L-7.

Applicability to LDCM

The LDCM is considered a “data buy” mission, with the primary deliverable being the calibrated earth imaging data, not a system of any kind.  As such, LDCM does not require the use of any orbit per se, nor indeed does it specify how the system that produces the data should be designed or operated as long as the data that is produced by the system meets the specifications, etc. set forth in the LDCM requirements.  The LDCM Project Office (LPO) is providing this orbit information as an informational guide to bidders who may want to produce a system that uses a space based asset in the nominal L-7 orbit.
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Appendix A – Excerpt from Reference (5)

“Instead of using an arbitrary near-circular orbit, any low-altitude near-circular orbit may be changed into a ‘frozen’ orbit by balancing the secular perturbations of the even zonal harmonics, such as J2, with the long-period perturbations of the odd zonal harmonics, such as J3; the motion of the line of apses is then stopped or frozen.  This requires an average argument of perigee of 90 degrees and an intentionally nonzero average eccentricity of a small, determinable value, usually less than 0.0011, depending on the average semimajor axis and inclination.  Intentionally creating a frozen orbit may produce certain scientific and operational benefits.  For any spacecraft, (1) altitude variations are minimized at any latitude, (2) altitude variations are minimized over a segment of the orbit, (3) altitude variations are minimized in apogee-perigee height difference, (4) the location of perigee in the orbit is constant, (5) nearly equal altitudes at the ascending and descending nodes can be maintained, and (6) other perturbations cause only small oscillations about the frozen condition.  In addition, for any spacecraft with a propulsion system, (1) the time between restoration maneuvers is maximized, and (2) maintenance of a frozen orbit often does not cost any additional fuel over normal maintenance for groundtrack control.”

-from Herder, R.W., Cullen, M.F., and Glass, A.B., Description and Application of the Frozen Orbit Concept (ref. 5) 

Appendix B – Analysis of Geodetic Altitude vs Latitude

Problem

Analyze altitude variations, as a function of latitude, for both a sample frozen orbit and a sample non-frozen orbit.   The analysis is performed for only one orbit epoch and is not a complete analysis.  

Procedure  

First, take a current L-7 state vector and propagate it over a 16-day repeat cycle.  Over this time period, plot the height over an oblate Earth as a function of latitude.   Second, take this same L-7 state vector and modify it so that the spacecraft is not in a frozen orbit.  Plot the same variables for this modified L-7 spacecraft.  

Results

Refer to the plot below generated using the FreeFlyer software.  It uses actual L-7 data.  It shows that for a given spacecraft latitude, there is relatively little altitude variation. 
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Refer to the plot below generated using the FreeFlyer software.  It uses the previously mentioned modified L-7 data.  It shows how the altitude varies as a function of latitude for a sample non-frozen orbit.  Clearly, there is much more altitude variation for this non-frozen orbit.  
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Conclusion

A very limited “quick-look” analysis was performed for just a single sample orbit.  A more detailed analysis would look at a number of other variables for a variety of orbit epochs.  Although this analysis was far from exhaustive, it suggests that, over a 16 day period, there is significantly less altitude variation, as a function of latitude, for a frozen orbit as compared to a non-frozen orbit.  

� The frozen variables used are the “J2 Brouwer-Lyddane Elements (BLJ2Elements)” as defined in the FreeFlyerR software.  


� See References 1 and 2 for a definition of LMST.  





