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Abstract: 
Distributed Space Missions are being recognized as important solutions to
increase measurement samples over space and time. Given the increasingly
accurate attitude control systems emerging in the commercial market, small
spacecraft  now have the ability to  slew and point within few minutes of
notice. Parallel literature [1] has demonstrated the scheduling of pointing
operations  of  narrow field-of-view (FOV)  sensors  over  mission  lifetime to
maximize  global  coverage  and  revisit  statistics,  thereby  making
alreadycapable small satellites more intelligent. If narrow FOV sensors, on a
small  satellite constellation,  are commanded (using robust algorithms) to
slew their sensor dynamically, they would be able to coordinately cover the
global landmass much faster and minimizing spatial resolution distortions.  
 
Past  literature  [2,3]  has  also  shown  the  applicability  of  small  satellite
formations  in  approximating  bidirectional  reflectivity  (BRDF)  better  than
current state-of-art single spacecraft, globally. BRDF represents variations in
surface reflectance as a function of measurement and illumination angles at
any time instant,  and is  used to correct  any satellite image with  known
acquisition  angle.  However,  for  the  purpose  of  image  calibration,  BRDF
retrieval using satellite formations is hindered by cloud cover and difficulty
in controlling formation tracks such that the time and solar conditions match
those of the original  image acquisition as closely as possible. Unmanned
Aerial Vehicles (UAVs) can mitigate this problem by flying to regions where
satellite images have recently been taken and capture the BRDF at those
locations. As of 2016, NASA’s UAV Traffic Management project [4] has begun
to demonstrate beyond visual line of sight operations (BVLOS) of UAVs for a
variety of  applications including package delivery and agriculture/railroad
inspection, and real-time image calibration will be a strong application to the
Earth sciences. 
 
Our  paper  will  show  the  feasibility  of  establishing  satellite-to-air
communication  links  between  satellites,  both  fixed  pointed  and  agile
slewing, and UAVs. Sites for vicarious image calibration will be chosen based
on suitability for calibration given by surface type generalization, ease of
UAV access given by battery endurance and command/control  capability,
and predicted ground trajectories of the satellite taking the images given by
traditional orbit determination methods. The UAV(s) is expected to fly to the
selected  sites,  establish  communication  links  with  the  satellite,  thereby
determine  a  more  exact  location  of  image  acquisition  based  on
spacecraft/aircraft  onboard  processing  and  begin  its  BRDF  measurement
routine. To approximate BRDF, the UAV will fly around the target ground spot
in circles at various altitudes and collect reflectivity values as a function of



measurement angles with respect to the Sun. This concept of using UAVs for
calibration can also be used in conjunction with current state-of-art flagship
missions.  
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