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[Abstract]

In this paper, we propose a system that can automatically recognize targets using infrared (IR)
images from an electro-optical tracking system (EOTS) for an intelligent combat management system
(CMS). Target detection through IR images is the best method in low-light environments at night for
military purposes. However, IR images are relatively inferior to optical images and lack of texture
information, making it difficult for CMS operators to recognize targets because there are few feature
points that can be tracked. To solve this problem, this study proposes an automatic target recognition
(ATR) system based on a deep learning model optimized for the IR operation environment of EOTS.
First, transfer learning was employed to ensure the model’s generalization performance, and data
augmentation techniques were applied to IR images to reflect elements occurring in battlefield scenarios.
Additionally, model ensemble methods were utilized to enhance target recognition rates, resulting in the
design of an Al model suitable for naval combat systems. As a result of quantitative analysis, the
proposed method demonstrated excellent performance with an accuracy of 92% for various anti-air and

anti-ship targets. Therefore, it is expected to be used as an elementary technology for intelligent CMS.
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I. Introduction
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The Procedure of Naval Combat Management System IR Image—based Target Detection
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Fig. 2. Proposed ATR System

II. Proposed Methods

R oJu]x]g 7]3t
52 N B7A
FOJS BBL PG 22 FROHE 6717] 2o
JNtoE oje] J1A) P PAL Agslel HHY A2
53 PYITHFig. 2).

1. Training Process
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Table 1. Data Augmentation

Type

Function

Random Resized Crop

Random Horizontal-Flip

Random Vertical-Flip

Geometric

Random Rotation

Random Affine

Random Perspective

Random Brightness

Random Contrast

Intensity

Random Equalize

Random Gaussian Noise
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III. Results and Discussion

1. Dataset
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Table 2. List of Experimental Dataset

I
Class \Zlai:jn;?ign Test Total
F-16 200 200 400
LYNX 200 200 400

MiG-19 200 200 400

MiG-21 200 200 400
PKG 200 200 400
PTG 200 200 400

2. Experimental Environment

A|otst= A|AELS Pytorch 3.9.6 with CUDA toolkit
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Table 3. Hyper-parameters

Input Batch . Learning
size Size Ozt e Rate
224x AdamW

2243 128 [13] 300 le-4

3. Experimental Results
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Table 4. Comparison Result Using Various Types of DL Model

Augn?:rtlfation Metric Hode! Hee e RSN 'IYIer:sn. eI Tsr\;vrllz
Acc. 0.7950 0.7050 0.7792 0.7733 0.8525 0.8050
Spec. 0.95%90 0.0941 0.9558 0.9547 0.9705 0.9610
X Prec. 0.8019 0.7084 0.7830 0.7845 0.8513 0.8110
Rec. 0.7950 0.7050 0.7792 0.7733 0.8525 0.8050
F1. 0.7976 0.7060 0.7798 0.7766 0.8515 0.8056
Acc. 0.8642 0.8542 0.8892 0.8833 0.9025 0.8833
Spec. 0.9728 0.9708 0.9778 0.9767 0.9805 0.9767
O Prec. 0.8708 0.8593 0.8922 0.8843 0.9063 0.8841
Rec. 0.8642 0.8542 0.8892 0.8833 0.9025 0.8833
F1. 0.8648 0.8558 0.8892 0.8837 0.9032 0.8833
Table 5. Confusion Matrix Result of Geometric Ensemble ConvNeXt Model
Pred. . .
True F-16 LYNX MiG-19 MiG-21 PKG PTG
F-16 181 0 4 15 0 0
LYNX 3 194 1 2 0 0
MiG-19 15 1 166 18 0 0
MiG-21 26 2 7 165 0 0
PKG 0 0 0 0 191 9
PTG 0 0 0 0 9 191
Acc. 0.9475 0.9925 0.9617 0.9417 0.9850 0.9850
Spec. 0.9560 0.9970 0.9880 0.9650 0.9910 0.9910
Prec. 0.8044 0.9848 0.9326 0.8250 0.9550 0.9550
Rec. 0.9050 0.9700 0.8300 0.8250 0.9550 0.9550
F1. 0.8518 0.9773 0.8783 0.8250 0.9550 0.9550
Table 6. Comparison Result Using Various Types of Ensemble Model
. Ensemble Geometric Vel Averefing Geomgtric Geometric
Metric (ConvNeXt) +Voting +Averaging
Acc. 0.9067 0.9125 0.9200 0.9075 0.9192
Spec. 0.9813 0.9825 0.9840 0.9815 0.9838
Prec. 0.9095 0.9135 0.9211 0.9097 0.9208
Rec. 0.9067 0.9125 0.9200 0.9075 0.9192
F1. 0.9071 0.9125 0.9201 0.9078 0.9194
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IV. Conclusions
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