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Random Forest Method and Simulation-based Effect Analysis for
Real-time Target Re-designation in Missile Flight

Han-Kang Lee * Jae-Yeon Jang - Jae-Min Ahn - Chang-Ouk Kim'

The study of air defense against North Korean tactical ballistic missiles (TBM) should consider the rapidly
changing battlefield environment. The study for target re-designation for intercept missiles enables effective
operation of friendly defensive assets as well as responses to dynamic battlefield. The researches that have been
conducted so far do not represent real-time dynamic battlefield situation because the hit probability for the TBM,
which plays an important role in the decision making process, is fixed. Therefore, this study proposes a target
re-designation algorithm that makes decision based on hit probability which considers real-time field environment.
The proposed method contains a trajectory prediction model that predicts the expected trajectory of the TBM
from the current position and velocity information by using random forest and moving window. The predicted
hit probability can be calculated through the trajectory prediction model and the simulator of the intercept missile,
and the calculated hit probability becomes the decision criterion of the target re-designation algorithm for the
missile. In the experiment, the validity of the methodology used in the TBM trajectory prediction model was
verified and the superiority of using the hit probability through the proposed model in the target re-designation
decision making process was validated.

Key words : Target Re-designation, Trajectory Prediction, Hit Probability, Random Forest, Moving Window,
WTA (weapon-to-target assignment)
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Fig. 1. Flow Chart of Target Re-designation Algorithm
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Fig. 6. Initial Position Setting in Simulation.
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Table 2. Result of TBM Trajectory Prediction Model

Average of MSE by time (km)
Model
SN L T 0.5~1 -5 | 152 | 225 | 253 3~
deviation
Proposed 231 246 64 21 11 7 8
Method 07367 103599 | 39300y | @1.8%) | (109%) | G6%) | (1.9%) | (12%) | (14%)
. 235 209 78 30 16 12 8
Ridge 07688 | 0641 | o0y | G5.sw) | (133%) | G1%) | @7%) | @ow) | (14%)
44 120 60 49 37 33 245
LASSO ] 28545 1 21506 1 500y | (204%) | (102%) | 83%) | (63%) | (56%) | @17%)
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Fig. 8. Cumulative Histograms of Mean MSE per each time
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Table 3. Result of TBM Hit Probability Calculation Model

Prediction Average of MSE by time (km)
Model failure i Standard ~ 0.002~ | 0.002~ | 0.004~ | 0.006~ | 0.008~ Al
count deviation | 0.002 0.004 0.004 0.006 0.008 0.01 ‘
Proposed 231 246 64 21 11 7 8
Method 3 07367 | 05599 (39.3%) | (41.8%) | (10.9%) | (3.6%) | (1.9%) | (1.2%) | (1.4%)
235 209 78 30 16 12 8
Rid; 3 0.7688 | 0.6441
£° 7 (40.0%) | (35.5%) | (13.3%) | (5.1%) | .7%) | (2.0%) | (1.4%)
44 120 60 49 37 33 245
LA 12 2.854 2.1
S50 > 8545 306 (7.5%) | (20.4%) | (102%) | (83%) | (63%) | (5.6%) | (41.7%)
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Table 4. Positions of Interceptor-missile Launcher in the
Experiment

T z
Launch point 1 0 0 0
Launch point 2 -30 km 20 km 0
Launch point 3 20 km -30 km 0
Launch point 4 -10 km -10 km 0
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Table 5. Experiments Considering Calculation and Delay
times

L Communication delay
Computation time .
time
Case 1 | t,~ N(1.2,0.4°) t; ~ [0,5]
Case 2 None ty~ [0,5]
Case 3 None None

Table 6. Target Re-designation Experiment (Case 1)
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L Number of successful re-designation Number of predominance
Re-designation . . - - — - - —
St Simulation run Shortest distance Hit probability Shortest distance Hit probability
based based based based
Loss 960 748 717 352 396
Debris 960 788 754 375 413
Target separation 960 792 760 312 480

Table 7. Target Re-designation Experiment (Case 2)

. Number of successful re-designation Number of predominance
Re-designation . . - - — - - —
situation Simulation run Shortest distance Hit probability Shortest distance Hit probability
based based based based
Loss 960 745 734 178 319
Debris 960 781 769 184 254
Target separation 960 780 771 198 358

Table 8. Target Re-designation Experiment (Case 1)

. Number of successful re-designation Number of predominance
Re-designation . . - - — - - —
situation Simulation run Shortest distance Hit probability Shortest distance Hit probability
based based based based
Loss 960 772 766 169 305
Debris 960 798 789 166 298
Target separation 960 800 797 186 382
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