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[Abstract]

This paper shows the applicability of deep learning algorithm in predicting target position and getting
correction value of impact point in order to improve the accuracy of naval gun firing. Predicting target
position, the proposed model using LSTM model and RN structure is expected to be more accurate
than existing method using kalman filter. Getting correction value of impact point, the another proposed
model suggests a reinforcement model that manages factors which is related in ballistic calculation as
data set, and learns using the data set. The model is expected to reduce error of naval gun firing.
Combining two models, a ballistic calculation model for improving accuracy of naval gun firing based

on deep learning algorithm was designed.

» Key words: Deep learning, Ballistic calculation, IMM Kalman filter, Reinforcement learning,
Impact point correction
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I. Introduction
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II. Preliminaries

1. Related works
1.1 Considerations applying deep learning
algorithm in defense field
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1.2 Previous study of predict target position
7155 TR ozt 91A] o5l Ber AE of2] 2
ofoflA] o]FEE o]fojx|al Qllon] BA R|E oIF

3= i e ziop wE) So] W 7]HMe o] &sto] o &3}
7 Bayesian Y E IS o] 83t ndlo] 7|4l of & 7]
B9 AMgsit) 1 5 20 "Els 14 97| o|E0] da



Design of Ballistic Calculation Model for Improving Accuracy of Naval Gun Firing based on Deep Learning 13

AFgElo] Sitk. Tt 715 A oS oA Tl m
E7} AFREIY 1 ol Astent. ojeiat o9 we

550 2o We| Luelzo] dpslof ek 1 FolME
IMM(Interacting Multiple Model) &172]&-2 Cofkst B

Ao| 7150] Tl $L 458 Tl 2o eid 9l
cis). A 28 3 T AEAZIE GAIR FolME
AARIR AR A IMM et el 719 ol §ato] B
9IxI2 o5t ol

A 20l A8 Rubs o2 QFARSA oist Aol
SPIRA Q3Als 22 7Y B ol geld el
2 0183 24 91 oS0 it BTE 2] o 2olA|
25k 223 o3 120 94 45 gneize

% Wele} Peld ATAZL MG 9k
i, £ A7 WD 9k
i, 24 947 5 2he) B A7

ol E.EL

ol

% b

5 7180 gt
2 ARt
A a2 2ot deot dejd 7|8t LSTM(Long
Short-Term Memory) 232 A83510] 7+ v|3) EXJH
A =X AitS RMSE(Root Mean Square Error)z
vl Auts AmEH Fig. 1. 1} ZoH6].

Sortation LSTM Kalman filter
Constant
i 0.004044 0.003872
velocity
Equivalent
. 0.038722 0.005506
acceleration
Hard
ar 0.009229 0.012769
Tumning

Fig. 1. RMSE result for track tracking by LSTM and
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III. The Proposed Scheme
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1. Prediction of target position
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Fig. 4. Target position prediction process
using IMM kalman filter
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2. Factors affecting ballistic calculation
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