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[Abstract]

This study presents a satellite constellation method that achieves optimal revisit performance by utilizing genetic algorithm
techniques. The Walker method is a global coverage concept, and there are limitations to target-centered constellation considering
the strategic environment of the Korean Peninsula. To overcome these limitations, targets are set in major areas of interest in
North Korea, orbit elements with optimal revisit performance for each target are searched, and based on this, the number of
satellites optimized for each target is derived using a genetic algorithm. The results of this study demonstrate the performance of
the optimized constellation by applying phasing rules to achieve the desired revisit performance.
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Table. 1. Semi-major axis search range

N Minimum N Maximum
4 value P value
1 14.5 15 15.5
2 29 19-31 31
3 43.5 44-46 46.5
4 58 58-62 62
5 72.5 73-77 77.5
6 87 87-93 93
7 101.5 102-108 108.5
8 116 116-124 124
9 130.5 130-139 139.5
10 145 145-155 155
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Table. 2. Optimal solution of orbit elements

Latitude  Longitude {2(deg .

Targets (deg) (deg) ) (deg)

#1 38.4 126.4 6.4 41.8

#2 38.7 126.9 7.1 41.9

#3 38.9 127.5 7.5 42.2

#4 39.9 126.5 6.5 42.3

#5 40.3 127.3 15.0 8.8 43.5

#6 40.8 128.5 8.3 44 2

#7 39.9 125.3 5.4 43.2

#8 40.6 126.5 6.4 44.0

#9 41.4 126.9 7.5 447
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Algorithm 1. Finding Optimal Orbit Parameters

1: Input : nvals, generations, populations, number of targets
2: STK operation for Genetic Algorithm
- Function=@(x)stk_operation(x)
- FitnessFunction=@(x)[ Function(x)]
3: Repeat k = | : number of targets
4: Decision values : ascending node, inclination, gamma,
targets
5: upper bound, lower bound
6: options = optimooptions(‘gamultiobj’....)
7:[x,fval,exitflag,output]=gamultiobj(FitnessFuction,nvars,
(1.[1.[1.[1.1b,up,options)
8:results(k,:)=[x fval]
9: until stop optimal parameters
10: Return
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Fig. 3. Optimal oribital element search algorithm
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Table. 3. Number of accessess of a satellite to each target

SAT | SAT| SAT| SAT| SAT| SAT| SAT| SAT| SAT

1 2 3 4 5 6 7 8 9
#1 4 2 2 1 1 1 0 0
#2 3 4 1 2 2 1 2 1 0
#3 3 3 4 2 2 1 2 1 0
#4 2 2 2 4 2 1 2 2 0
#5 0 2 2 2 4 2 3 2 2
#6 0 0 0 1 2 4 3 2 2
#7 2 2 2 2 1 0 4 2 1
#8 0 0 1 2 3 2 2 4 2
#9 0 0 0 0 2 3 2 2 4
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Algorithm 2. Finding Optimal Number of Satellites
1: Input : access matrix, desired revisit time
2: Initial condition for Genetic Algorithm
- nvars
- upper bound, lower bound
3: options = optimooptions(‘ga’....)
4:[x,fval]=ga(ObjectiveFunction,nvars, [],[],[],[].1b,up,
ConstraintFunction,options)
S:results=[x fval]
6: ObjectiveFunction(x) = sum(x)
7: ConstraintFunction(x) = desired revisit time-sum(x)
O8 5. xMo| flds BMALIRIE
Fig. 5. Optimal number of satellites search algorithm
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Table. 4. Number of satellites to achieve average revisit
time of 30 minutes for each target

#1 #2 #3 #4 #5 #6 #7 #8 #9| Total
TGT TGT TGT TGT TGT TGT TGT TGT TGT Sats
1 7 0 1 1 7 4 5 0 3 28
2 8 0 0 2 4 4 4 2 4 28
3 7 0 0 1 6 4 8 0 2 28
4 7 1 0 0 6 6 6 1 1 28
5 8 1 1 1 5 2 3 3 5 29
6 6 0 1 5 2 6 4 1 4 29
7 7 0 3 1 4 4 4 2 4 29
8 8 0 2 0 4 4 4 4 3 29
9 9 0 0 2 4 2 2 5 5 29
10 5 0 4 1 2 10 6 1 0 29
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