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Abstract The number of landmines buried in Korea is estimated to be at least 820,000, and deadly
accidents or fatal injuries by landmines and unexploded ordnance occur every year. Accordingly, the
military has supplied a newly developed mine detector-1I (PRS-20k) to the entire force since 2022. The
surface transmission radar mounted on the mine detector II can detect non-metallic mines and reduce
the false alarm rate because it can check the detected mines through an image. On the other hand, due
to cost and temporal problems, there is a limit to obtaining high-resolution GPR(Ground Penetrating
Radar) images, reducing the detection and classification accuracy. Therefore, this study combined
super-resolution techniques with a CNN(Convolutional Neural Network) model, which are techniques for
acquiring high-resolution images from low-resolution images. Based on the surface transmission radar
image data of mine detector-II, the classification accuracy of the super-resolution model improved by
approximately 3-6% by learning the X2 and X4 high-resolution images through super-resolution. Future

research will be conducted to reduce time through simpler and lighter algorithms.
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Table 1. Types of Landmines Installed in Koreall]

Name Weight Size
Diameter :
M14 ( IIOOtg ) 56mm
plastic Height : 40mm
Diameter :
4kg 103mm
Mi6 (metal) Height :
110mm
Diameter : |~ -
13.6kg 320mm ”’.ﬁ s {
MI5 (metal) Height : . \
110mm e aw
Diameter :
M19 gzljsfg 332mm
P Height : 94mm
Length :
400g 190mm
PMD-57 (wood) Width: 90mm
Height : 94mm
Diameter :
PMN ( slsgfc) 112mm
pla Height : 56mm
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Table 2. Related research

Objective Method Data
) . |Convolutional Neutal|Real data
Lee[3] Mine detection Network (Mino)
Underground |Convolutional Neutal
; Real data
Kang et al.[4] Cavity Network, (Cavity)
Classification | Super resolution ¥
Underground |Convolutional Neutal
; Real data
Kang[5] object Network, N
RO . (Cavity)
Estimation Super resolution
Asphalt Multiple signal .
Zhao et al.[6] | Thickness Classifiation l?;al f‘ﬁ;
Estimation Algorithm spha
pap Classification T (Mine)
Super resolution
2.2 GPR
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Fig. 1. Example of parabolic shape of a target[7]
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2.3 CNN(Convolutional Neural Network)
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Step 1: SR image generation

Global Residual Learning
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Fig. 2. The architecture of Residual Dense Block[12]
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Fig. 3. Overview of mine classification model
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Table 3. Data amount configuration for Mine

classification
Type | M14 | M15 | M16 | M19 [PMD-57 PMN | Total
Train 720 | 144 | 144 | 384 720 432 | 2,544
Validation | 90 18 18 48 90 54 318
Test 90 18 18 48 90 54 318
Total 900 | 180 | 180 | 480 900 540 | 3,180
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Table 4. Comparison of related research

Test accuracy
100 epoch | 200 epoch | 300 epoch
Basic model 79.2 83.5 80.4
Super-resolution based
CNN x2 81.0 86.6 84.3
Super-resolution based
CNN x4 79.8 84.7 82.0
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Fig. 5. Accuracy and loss curve of super-resolution
based CNN x2 adapted 200 epochs
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