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[Abstract]

This paper proposes an Al-based intent prediction model to enhance the real-time command and
control capabilities of the Korea Air and Missile Defense (KAMD) system in response to North Korea's
growing ballistic missile and nuclear threats. In previous systems, geographic constraints on the Korean
Peninsula and extremely short engagement windows posed significant challenges for real-time response,
making it particularly difficult to counter emerging threats such as hypersonic missiles. To overcome
these limitations, a rapid prediction system is required that can quickly infer intent based solely on
initial trajectory data and support timely interception and follow-on decision-making within limited
timeframes.

This study presents an Al model that predicts strategic intent, follow-on actions, and target objectives
associated with enemy ballistic missile operations by analyzing trajectory characteristics and operational
patterns. The model combines the Vision Transformer (ViT) and Conditional Variational Autoencoder
(CVAE), and incorporates both inter-trajectory correlations and temporally accumulated data to enhance
adaptability and decision-making accuracy. In particular, the model is trained on a hierarchically
structured dataset that reflects real-world target classifications and intent-based operational priorities,
enabling more realistic and mission-relevant intent and behavior prediction. This hierarchical approach
also reinforces its suitability for real-world defense applications. The proposed model can serve as a
core component for real-time situational awareness during operations, as well as for early waming and
preemptive threat analysis in peacetime. It demonstrates strong potential for practical integration into

defense command systems.
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Vision Transformer (ViT), Conditional Variational Autoencoder (CVAE)
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I. Introduction
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2.1 Related works
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Table 1. Attributes of Each System

Step System Attribution
@ KTMO - Track ID : track001
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Fig. 3. Hierarchical Structure of Targets Based on Strategic Intent
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IV. Experimental Result
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Fig. 6. F1-Score of ViT Model
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Table 2. Results of Intent Prediction Models

Model Accuracy (%) F1-Score (%)
ViT 96.55% 97.66%
CNN 94.58% 87.68%

TabNet 14.25% 11.32%
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Table 3. Results of Post-Engagement Prediction

06

F1 Score

0.

kY

0.

, ( ‘ [— Intent BMOA Missile Class Target

[ Al 84.48% 74.18% 71.95%

A2 100% 100% 98.21%

) —n A3 80.31% 74.34% 77.98%
. —= B1 84.23% 80.13% 71.60%
| L . L | ::E B2 88.05% 73.27% 75.69%
o B3 82.32% 63.84% 88.13%

Fig. 8. F1-Score of CNN Model B4 yp— 89.79% 83.56%
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4.2 Experiment Result
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MY BAE S0l Al A SRE JUS

seq Intent Cumulative Probability . .Target List
GT | Pred | Al | A2 | A3 | BI | B2 | B3 | B4 * unique target of Al

0 | Al | A2 | 0162|0418 | 0 |0214| 0 0 0 4

1 Al | A2 | 0064 | 0786 | 0 | 0084 | O 0 0 3, 4

2 | Al | A2 | 0016|0938 | 0 |0024 | 0 0 0 1,3 4

3| Al | A2 0 0971 0 |o0011| O 0 0 1,23 4

a | A1 | A2 0 0979 o0 0 0 0 0 1,23 4

5 | Al | A2 0 |o0982 | o0 0 0 0 0 1,23 4

6 | Al | A2 0 |o0984 | 0 0 0 0 0 1,23 4

7 A A2 0 |o098 | o0 0 0 0 0 11,2 3 4,6

8 | A1 | A2 0 |0991 | o0 0 0 0 0 11,2 3 4,6

9 | Al | A2 0 |0992 o0 0 0 0 0 11,2 3 4,6

0 | A1 | A2 0 |099% | o0 0 0 0 0 11,23 4,56
noAl | A2 0 |099% | o0 0 0 0 0 11,23 4,56

12 | Al | A2 0 |0995 o0 0 0 0 0 11,23 4,56

13 | A1 | A2 0 |0995 o0 0 0 0 0 11,23 4,56
oAl | A2 0 |09% 0 0 0 0 0 11,23 4,56

15 | A1 | A2 0 |099% | o0 0 0 0 0 11,234,569 12

16 | A1 | A2 | 0029 | 0968 | O 0 0 0 0 11,234,569 10, 12}
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18 | A1 | Al | 0817 | 0176 | O 0 0 0 0 11,234,568 9,10, 12)
19 | A1 | A1 | 0958 | 0038 | O 0 0 0 0 11,234,568 9,10, 12)
20 | A1 | Al | 0978 | 0017 | 0 0 0 0 0 {1,235 689 10, 12}
20 | A1 | Al | 0980 | 0015 O 0 0 0 0 {1,235 689 10, 12}
22 | Al | A1 |0992| 0 0 0 0 0 0 11,234,568 9,10, 12}
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A3 Intent Classification Graph
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Fig. 12. Result of B1 Intent Classification
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B2 Intent Classification Graph
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B3 Intent Classification Graph
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Fig. 15. Result of B4 Intent Classification

V. Conclusions
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