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Earth Observing System (EOS) Missions 
- Terra in the AM Constellation 
- Aqua leading the PM Constellation (A-Train) 
- Aura at the back end of the PM Constellation 

Earth System Science Pathfinder Missions 
- GRACE 
- CALIPSO (formerly known as PICASSO-CENA) 
- CloudSat 
- Working risk mitigation: OCO, Aquarius, Hydros 
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The A-Train 

I 
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The PM Constellation 
is comprised of Aqua, 
as the leading 
sat ellit e, followed by 
Cloudsat, CALIPSO 
(labeled E-C in the 
figure), Parasol, and 
Aura. 
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I A S A  E A R T H  8 Y S l E M  S C I E N C E  P A T H F I N D E R  M I S S I O N  

Aqua Control Box Relative to the 
WRS-2 

Aqua Control Box .-.-.-.-.-.-.-.-._._ 

Reference Point 
over the WRS-2 

Aqua's control box is defined to be f l O  km cross-track with respect to the 
WRS-2 groundtrack grid and +22 seconds along-track with respect to the 
Reference Point. Spacecraft propulsive maneuvers at the AV point shown 
raise the semi-major axis a few tens of meters and re-initialized the motion 
around the circulation orbit. 
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118 sec 

-- :' 
Aqua and CALIPSO shown flying in formation together, each moving along 
a circulation orbit constrained in their respective control boxes. With this 
formation, CALIPSO is never more than 118 seconds behind Aqua. 
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A "to-scale" view of the earth and orbits is seen from the sun for an epoch on 
10 July 2005. The figure also depicts the approximate mean separation of 74 
seconds along-track between Aqua and CALIPSO. Note the eastward 
displacement of CALIPSO's node in order to avoid the sun-glint zone. 

1 13 1 12003 13Ih AASIAIAA Space Flight Mechanics Meeting R. Boain 10 



Science Requirements Related 
Formation Flying with CALIPSO 

Goal on the simultaneity of 
radar and lidar measurements: 
- Measurements of the same 

cloud fields taken 1 15 
seconds 

RequiremenVgoal on spatial 
overlap of radar and lidar 
measurements: 
- Footprints must pass 12000 

meters edge to edge* 
- Goal for footprints to 

overlap at least 50% of the 
time* 

*Requirement and goal compliance 
predicated on radadlidar point and 
pointing error assumptions 

Position of footprints relative to groundtrack 
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Configuration of the “Virtual P1 

Shown is Aqua, Cloudsat, and CALIPSO in their formation configuration. 
Aqua leads. CALIPSO follows but maintains its motion independent of Aqua 
within its control box. CloudSat follows a small circulation orbit, k2.2 seconds 
along-track, positioned 4 5  seconds in front of CALIPSO. 
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Shown is a "to-scale" view of the earth and orbits as seen from the sun for an 
epoch on 10 July 2005. Also shown are the approximate positions of Aqua, 
Cloudsat, and CALIPSO in formation relative to each other for the mean 
along-track separation of 74 seconds between Aqua and CALIPSO. 
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