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Abstract This study attempts to automatically find an area suitable for artillery positions from aerial
photographs. Currently, the military manually analyzes artillery positions. This method requires a long
time to select final artillery positions, and can produce inconsistent results depending on the person. In
order to automatically select artillery positions, considerations are first specified. Based on the
considerations, a suitable area for artillery positions is selected from suitable area images. Next, object
classification from suitable images and aerial photographs of randomly selected areas is performed using
the DeepLabV3+ deep learning model, which shows excellent performance. By comparing classified
objects in those suitable images and aerial photographs, areas showing high similarity are selected as
suitable for artillery positions. As an image similarity comparison technique, a method of comparing
color distributions between images is used. Finally, the areas deemed suitable for artillery positions as
selected via the methodology in this study are compared to areas selected by artillery and engineer
officers, resulting in a confirmed agreement rate of 81%. Applying the methodology from this study will

be of great help in analyzing battlefield environments and establishing an artillery position operations plan.
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Table 1. Conditions of selecting artillery positions
in the field manual
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Areas with paved roads accessible to and from the
position

Areas where forests are located near the position
and camouflage is possible

Areas that can supply the soil necessary for the
establishment of artillery positions
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Table 3. Conditions of selecting artillery positions

No. Contents

1 Areas with paved roads accessible to and from the

position

2 Areas where forests are located near the position
and camouflage is possible

3 Areas with room to disperse in case of an enemy
attack

4 Areas that can supply the soil necessary for the
establishment of artillery positions

5 Areas where damage to the private sector is

minimized
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Fig. 3. DeepLabV3+ algorithm
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Table 4. Dataset composition of deep learning

model
Category Value
The number of datasets 15,210 set
Dataset size 512 x 512 pixel
5
The number of classes (Building, Road, Forest, River,
Open area)

LA 0
EIpeRs,

ged 249 flstod FL2olA /Rt defd
Hol  go]HdQl  Tensorflows E-83t3oH,
Python 3.6& &3 @55t Held 2d Shgof A
/= AFE 9 THL Table 59 2t} 3ol wetn|g
= AFH 4B5E st Batch size 6, Train
epoch+ 172 4743}l Learning rate= 1.00e-062.
2 Aolelr}y. U™ A 2Bz DeeplabV3+ ¥arg]
9 7|18 ARESHATh

Table 5. Computer environment

CPU Intel Core i7-10750H CPU @ 2.60Hz
GPU NVIDIA GeForce RTX 2070
RAM 32.0 GB

oS Windows 10 Pro 64bit

25 Bl 29 B
DeeplabV3+ RE9| &% & AT HIwg
Z251= Pixel accuracys Z-83sto] SiAE A &

2 A5 =431} DeeplabV3+ Rd9] HEw
23 ZI= Table 69} Zon g2z AE

75.61%, =& 75.78%, 4H¥ 92.78%, 5P 78.88%, M
2] 92.25%°] H =5 UePdt:. DeeplabV3+2] A
A APz 82.82% ©lct.

Table 6. DeepLabV3+ pixel accuracy for each class

Classes Pixel accuracy
Building 75.61%
Road 75.78%
Forest 92.78%
River 78.88%
Open area 92.25%
Overall 82.82%
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Table 7. Average of correlation coefficients
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Average of correlation coefficients
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Table 8. Artillery position comparison

BERACA A8
107191 Q1] Ao A g 1A HgHg Hopue,

HE2A} £ A7) Y ES] A3} H]iLE Table 83
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