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 A novel approach is presented for the reconfiguration of satellite constellations based on Lambert’s 
theorem. The reconfiguration problem in this article, is considered with the constraint of overall fuel 
cost minimization. Hence, orbital maneuvers required for the operation of reconfiguration are designed 
in such a way that, transferring globally the satellites to the desired configuration of constellation will 
be possible at minimal cost. Also, the introduced method of orbital transfer for implementing the 
reconfiguration phase of satellite constellation has no limitation on the shape and orientation of initial 
and target orbits such as: co-planarity, coaxiality, circularity and/or the existence of a common point. 
Moreover, a method is offered for modeling the cost function of reconfiguration problem in which the 
two important tasks of optimal orbital transfer of satellites to the target configuration of constellation 
and optimal assignment of each satellite to a specific terminal position or final orbit will be done in one 
single step. For this purpose and in order to achieve globally optimal solution of the reconfiguration 
problem of constellation the hybrid PSO/GA is used. Finally, two different scenarios of reconfiguration 
of satellite constellation will be modeled once by the presented approach and once by considering 
determined positions of flight and deployment for the satellites. The obtained results indicate the 
superiority of the idea presented in this article. 
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2- Geosynchronous Transfer Orbit (GTO) 
3- Geostationary Earth Orbit (GEO) 



    

                  

1395162  33  

   ( )  
 

 .   
     .

 
   

 .
  

  .
   .

   
   

    .
  

   . -
  

    

2 -   
2–1–  

   
  

]16 17[ .  
   m M 

   
  .1  

  )  1)  (2 (
c  ) 3 (   

)1( cos( ) =  

)2( = + 2 cos( ) 

)3( =
+ +

2  

   
1 a 

 c 
2  180 

X 3 e 
  .  
 = ( , 1 + 2, , ) 

      = [( sin( )) ( sin( ))]      )4( 

= 398600 km s 
  ) 5)  (6 (  .  

)5( sin 2 = 2  

1- Semi-major Axis 
2- True Anomaly 
3- Eccentricity 

)6( sin 2 = 2  

 ]17[ .
 )  1( 180   

  .  
 

   
    
 .  .

 
a .1 

 F      
  

)7( 2 = + (2 ) 
1  2 2 

    .  
  .

  .
 1 a 

 . 
 
  . F  

 F   . 

   
  )  

 .(c 
      

)8( 2 + 2 =  
 ) 9 (

   

)9( = 2 =
+ +

4  

 
)  )  4(( 

)10 (   

 
Fig. 1 Geometry of the Lambert’s problem 
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Fig. 2 Impulsive orbital transfer based on the Lambert targeting 
problem 
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Fig. 3 Pseudo-code for the hybrid PSO/GA algorithm [20] 
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1. Initialization 
a. Initialize a population of N particles with random 

positions and velocities 
b. Use the cost function to evaluate the fitness of each 

particle of the population 
c. Set the current fitness value of each particle as its 

personal best 
d. Find the best particle among all particles of the 

current population and set it as global best 
2. For iteration= 1 to the maximum number of 

iterations: 
a. For PSO iteration=1 to the maximum number of 

PSO iterations: 
i. Update velocity and position of all 

population 
ii. Calculate the cost function value of all 

population 
iii. Update personal best and global best 

b. For GA iteration=1 to the maximum number of GA 
iterations: 
i. Apply crossover and calculate the cost 

function value of new individuals 
ii. Apply mutation and calculate the cost 

function value of new individuals 
iii. Merge population 
iv. Select the top N  individuals 
v. Update personal best and global best 
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Fig. 4 Symbolic position of the satellites on the initial orbit 
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Table  1 Feasible states of the flight of the satellites from the initial 
orbit 
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Fig. 5 Symbolic position of the satellites on the target orbit 
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Table 2 Feasible states of the deployment of the satellites 
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Table 3 Verification results 
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Fig. 6 View of globally optimal orbital transfer between two elliptic 
coplanar orbits with arbitrary axes 
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Table  4 Phase difference between the satellites at the moments of 
flying from the initial orbit and deploying on the final orbit for the two 
intended cases 

  (deg)  (deg)  (deg)  (deg) 
1 60 80 90 120 
2 95 125 55 165 

5    
Table 5 Orbital elements of the initial and final and orbits 

 
 
)km(  

 

)deg( 

 

)deg( )deg( 
 7378 0.095 0 10 70 

 14255 0.22 0 15 120 

6    
  

Table  6 Orbital elements of the sub optimal transfer orbit of each 
satellite for the two intended cases 

 
 
)km(  

 

)deg( 

 

)deg( )deg( 

 
1 

1 
10837.5 0.278 0 0 0 

2 
12183.3 0.431 0 0 0 

 
2 

1 
12196.4 0.426 0 0 0 

2 
10558.2 0.364 0 0 0 

 
3 

1 
9816.2 0.199 0 0 0 

2 
9831.8 0.182 0 0 0 

7    
Table 7 Optimal values for the design variables for the two intended 
cases 

  (deg)  (deg)  (s) 

 
1 134.998 268.569 6340.9 
2 66.564 160.179 5369.3 

8   ( ) 
  

Table 8 Optimal values for each of the impulses at the departure and 
arrival points for the two intended cases 

)km/s(       

 1 
1.195 1.034 1.302 0.601 0.923 1.636 

2 
1.284 0.655 0.964 1.371 0.999 1.087 

9  
     

Table 9 Globally optimal values of the cost function for the two cases 
of constant and optimal position of flight and deployment and 
difference percentage between them for the two intended cases 

  (km/s)  
, = optimal  

 (km/s)  
= 100°, = 295°   

1 6.6906 9.22 27.4 
2 6.3603 9.47 32.8 

10      
Table 10 Optimal state of implementing the operation of satellite 
constellation reconfiguration 
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Fig. 7a Case 1 
7  1 

 

Fig. 7b Case 2 
7  2 

Fig. 7 View of the globally optimal reconfiguration between two 
coplanar elliptic orbits with arbitrary axes for the two intended cases: 
( ) the initial and final orbits, ( ) the sub optimal transfer 
orbits 
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Table 11 Orbital elements of the initial, final and sub optimal transfer 
orbits 

 
 
)km(  

 

)deg( 

 

)deg( )deg( 
 7078 0.059 55 15 20 

  1 10365.6 0.301 60.99 149.61 27.57 

  2 9252.7 0.278 55.57 9.27 63.66 

  3 8349.4 0.133 63.13 25.35 263.46 

 1 11680 0.2 65 30 50 
 2 11680 0.2 65 150 50 
 3 11680 0.2 65 270 50 

12    
Table 12 Optimal values for the design variables 

  (deg)  (deg)  (s) 
 120.281 134.933 3975.8 

13    ( )
  

Table 13 Optimal values for each of the impulses at the departure and 
arrival points 

)km/s( 
      

 12.328 0.556 1.206 7.138 1.687 1.157 

14  
  

Table 14 Globally optimal values of the cost function for the two cases 
of constant and optimal position of flight and deployment and 
difference percentage between them 

 (km/s)  
, = optimal  

 (km/s)  
= 50°, = 185°   

24.0713 30.31 20.6 

15      
Table 15 Optimal state of implementing the operation of satellite 
constellation reconfiguration 
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Fig. 8a The three dimensional view 
8   

 

Fig. 8b The two dimensional view 
8   

Fig. 8 View of the globally optimal reconfiguration from an elliptic 
initial orbit to a 3/3/1 walker orbital pattern: ( ) the initial and 
final orbits, ( ) the sub optimal transfer orbits 
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