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Background  

• Satellite scheduling  

– As a decision-making process, scheduling itself plays an 

important role in most manufacturing and production systems 

as well as transportation and distribution settings.  

– In multi-satellite multi-targets problem, we have to decide 

which satellite to observe which targets, while the observation 

time also should be determined by satellite users. 
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Background  

• Development of the satellite scheduling  

– Early studies focus on the modeling establishment and 

description.  

– Agile Earth observing satellite (AEOS), turns the satellite 

selection problem into a true scheduling problem.  

• Introduction of the AEOS 

– The AEOS has more freedom around the roll, pitch, even yaw 

axes. 

–  The AEOS attitude maneuver strategy turns to be more 

difficult with longer time windows and multiple time windows 

constrains. 
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Background  

• Study on the AEOS scheduling problems 

– Much work has been done about it. (Lemaitre and Habet, 

Beaumet and so on)  

 The observation objectives are point targets, and few 

researches consider the large scale observation targets. 

  The multiple satellite assignment problems are rarely 

mentioned. 

– We used a time-ordered directed acyclic graph to obtain the 

single AEOS attitude maneuver strategy .  
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Background  

• Our Work  

– The area targets are defined. 

– A division method of the area target is proposed. 

– A decomposition optimization algorithm for area targets 

observation mission is proposed . 

– Numerical simulations are conducted to demonstrate the ability 

of the proposed approaches.  
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Area Target (1) 

• Point targets and area targets 

– According to the relative scale between target area and imaging 

field of view(FOV). 

• Definitions 

– Large scale target which could not be completely covered by a 

single observation scene. 
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Area Target (2) 

• Division method 

– We take the gulf of Mexico as an example. 

 Calculate specified center point.  

 Choose the specified satellite. (EVT VD)  

 Obtain subsatellite line.(blue interpolation least square method) 

  Determine the circumscribed rectangle by the gradient of the 

subsatellite line.(green) 
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Area Target (3) 

• Division method 

– We take the gulf of Mexico as an example. 

 Calculate specified point. 

 Choose the specified satellite. 

 Obtain subsatellite line. 

  Determine the circumscribed rectangle by the gradient of the 

subsatellite line. 

 

2016/11/1 
The 1st Space Science School,  

THAILAND, 2016 
11 



Area Target (4) 

• Division method 

– Projection range 

 parallel projection distance (PPD) 

 vertical projection distance (VPD)  

 

– Rectangle target scale 

 parallel area distance (PAD) 

 vertical area distance (VAD) 

 

– Number of division area points 

 number of parallel (NOP) 

 number of vertical (NOV) 
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Area Target (5) 

• Division method 

– we have divided the circumscribed rectangle into NOP*NOV 

point targets, while the specific position of every point remains 

unknown.  

 

 the step of parallel latitude (SPLA) 

 the step of parallel longitude (SPLO)  

  the step of vertical latitude (SVLA)  

 he step of vertical longitude (SPVO) 

 

–  The unit is degree. 
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Area Target (6) 

• Division method 

– there are some divided point targets within the circumscribed 

rectangle, while they are far away from the original area target.  

– We introduce a threshold parameter named minimum distance. 
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Area Target (7) 

• Division method 

– there are some divided point targets within the circumscribed 

rectangle, while they are far away from the original area target.  

– We introduce a threshold parameter named minimum distance. 
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Area Target (8) 

• Division method 

– Results. 
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Decomposition Optimization Algorithm(1) 

• Multiple Satellites Assignment Method 

 

• The Directed Acyclic Graph Theory for Single Satellite 
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Decomposition Optimization Algorithm(2) 
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• Multiple Satellites Assignment Method 

– There are two important indicators to decide which satellite in 

the constellation to observe specified targets. 

 the earliest visible time (EVT) 

 the visible duration (VD) 

 

– We have developed some rules to solve the dispatching problem. 

Attitude Maneuver Strategy of Agile Earth Observing Satellite Constellation,  

25th AAS/AIAA Space Flight Mechanics Meeting, Williamsburg, VA 

 



Decomposition Optimization Algorithm(3) 

2016/11/1 
The 1st Space Science School,  

THAILAND, 2016 
19 

  

  

• Multiple Satellites Assignment Method 

– the rules should be revised in that the division points are too 

centralized. 

 

 

 



Decomposition Optimization Algorithm(4) 
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• Multiple Satellites Assignment Method 

– the rules should be revised in that the division points are too 

centralized. 

 

 

 



Decomposition Optimization Algorithm(5) 
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• The Directed Acyclic Graph Theory 

– Deal with the single satellite scheduling problem 

 

 It satisfies a series of constraints, such as the attitude maneuver 

duration and the attitude stabilization time.  

 the satellite scheduling would maximum the observation point 

targets while minimizing the maneuver time cost. 

 Search for a longest path 
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Numerical Simulations (1) 
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• The start time of all the simulations in this part is 0:00:00 on 

January 1, 2014, and it is set as the 0 second.  

• Square view field of imaging instrument: 0.5 degree.  

• Attitude maneuver range : -20 to 20 degree in pitch and roll 

axis. 

• Maneuver mode: Euler angles with 213 sequences. 

• Maneuver rate: 1 degree per second.  

• Imaging time for division point target: 70 seconds. 

• Attitude maneuver stabilization time: 25 seconds. 

 

 



Numerical Simulations (2) 
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• The orbit parameters of the constellation satellites are shown 

in Table 1. 

 

 



Numerical Simulations (3) 
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• The least attitude change mode 

 



Numerical Simulations (4) 
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• The least attitude change mode 
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Numerical Simulations (5) 
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• The least attitude change mode 

 

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

A1

A2

A3

A4

E1

E2

E3

E4

S
a
te

lli
te

 N
o
.

Time/s



Numerical Simulations (6) 
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• The short time mode 
 the Gulf of Mexico is chosen as the area target, the time duration is set as 4 

hours. 

 

 



Numerical Simulations (7) 
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• The short time mode 
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Numerical Simulations (8) 
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• The short time mode 
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Summary & Conclusions  

• The whole process of obtaining the multiple satellite 

observation scheduling for the area targets is derived. 

• We mainly focus on the area target division method and 

the multiple satellite assignment algorithms.  

• Then in order to verify the proposed method, two 

typical observing modes are defined to carry on the 

numerical simulations. 

• The results proved the feasibility of the scheduling 

algorithm. 
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Future Work 

 

• Future works are as follows :  

– Further analysis and improvement of the area target 

division method. 

– Considering more engineering constraints into the 

model. 

– Compare the decomposition optimization algorithm 

with another scheduling algorithm. 
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