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Abstract

The missile early-warning satellite systems have been developed and upgraded by some space-
developed nations, under the inevitable trend that the space is more strongly considered as another battle
field than before. As the key function of such a satellite—based early warning system, the prediction
algorithm of the missile flight trajectory is studied in the paper. In particular, the evolution computation,
receiving broad attention in the artificial intelligence area, is applied to the proposed prediction method so
that the global optimum-like solution is found avoiding disadvantage of the previous non-linear optimization
search tools. Moreover, using the prediction simulator of the launch vehicle flight trajectory which is newly

developed in C# and Python, the paper verifies the performance and the feature of the proposed algorithm.
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Fig. 1. Architecture of simulator software.
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Direction — Original Trajectary

v
(a) (b) © (d
Fig. 4. GUI (graphic user interface) examples: (a) basemap, (b) 3D trajectory with altitude,

n.2 ™
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latitude, and longitude, (c) 3D trajectory on the Earth, and (d) 3D attitude of LV (launch vehicle)

with flame.
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Fig. 5. M—=3S rocket.

Table 1. Main parameters and values of launch vehicle [9]: S.I.(specific impulse), L.C.(lift

coefficient)

Parameter Initial value Parameter Initial value Parameter Initial value
S.I. (1) 255N-sec/kg  L.C. (6,) 35 Pitch (83) 85 deg
Yaw (6,) 120 deg Latitude (65) 31.251deg Longitude (6¢) 131.08 deg

Altitude (6,) 194 m Mass (0g) 45,247 4 kg Thrust force (69) 1,147,000 N
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Fig. 6. Flight characteristics of LV (launch vehicle).
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Fig. 7. Limitation of 3D trajectory prediction (case of a single GEO satellite): (a) two different

3D trajectories and (b) 3D trajectories similarly projected on an 2D optical detector in a GEO

satellite.
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Fig. 8. Multi-phase approach for parameter optimization.

Table 2. Phase | algorithm

Phase | algorithm: Evolutionary computation

Step 1: Initialize population > 8;, € R®, j(parent inidicator) = 1,---,50,
Step 2: Evaluate population > Evaly;(fy(Tr, 0,0, ®)), # € {1,2,3,4}
Step 3: Evolve generation (generation limit: g < 10)
For each generation (8; ;)
- Select parents
~ Produce offspring (Perossover = 0-3, Pmutation = 0-6, number of of fspring = 300)
- Evaluate parents and offspring
- Select the next generation
Step 4: Find the best solution for the optimal region = 0,4 10

Step 5: Implement Phase Il Algorithm for the optical solution, as an initial value of @110
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Table 3. Phase Il algorithm

Phase Il algorithm: BFGS (Broyden—Fletcher-Goldfarb-Shanno)

Step 1: Set the initial value(@,) with 8,14 (without Phase I, randomize the initial value)
Step 2: Iterate nonlinear optimization procedure (Convergence limit: Tolerance < 0.00001)
- Obtain the search direction (q,) with Hessian matrix(H, k: iteration number):
qr = —H\Vf:(Tr, 0,0,,®), q, € R°, H, € R*° Vf, € R®
- Calculate the step size(ay) by using golden section search technique:
a, = arg min f, (T, 0,0, + aq,, ®)
a
- Update new solution: @1 = 0 + aqy
- Update Hessian matrix with the difference of gradients:
Hyyy < Hy aqi, V3(Tr, 0,041, @) — Vfy(Tr, 0,0,,®)

Step 3: Find the optimal solution > 0,,, = 0,,
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Optimized Parameter Range w/o Evolution Computation Optimized Parameter Range w/ Evolution Computation
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Fig. 9. Comparison of optimized parameter values (w/o and w/ evolution computation,
average of 10 iterations): p1 = specific impulse, p2 = lift coefficient, p3 = pitch, p4 = yaw,
p5 = latitude, p6 = longitude, p7 = altitude, p8 = mass, p9 = thrust force.
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Comparision of Optimized Parameters

N a = M - - 7 & 5
Wniel mCse? Weaed @omed

Fig. 11. Comparison of optimized parameter values: Case 1 (blue) = single satellite (¢ =
128.2°E) with position, Case 2 (orange) = single satellite with position + velocity, Case 3
(green) = two satellites (¢, = 128.2°F, ¢, = 159.08°E) with position, Case 4 (red) = two
satellites (¢, = 128.2°E, ¢, = 159.08°E) with position + velocity.
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Fig. 12. Comparison of accuracy & time (Case 1:blue, Case 2: orange, Case 3: green, Case 4:

red).
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