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[Abstract]

The ability of Combat Management System(CMS) to respond quickly and accurately to threat to a
naval vessel is directly related to the survivability and combat power of the vessel. However, current
method for detecting enemy submarine periscope in CMS rely on manual and subjective method that
require operators to manually verify and analyze information received from sensor. This delays the
response time to the threat, making the vessel less viable. This paper introduces a periscope detection
algorithm that classifies the plot information generated by High Resolution Range Profile(HRRP) into
probability-based suspicion classes and dramatically reduces threat response time through classified
notifications. Algorithm validation showed 133.3791 < 10° times faster and 12.78%p higher detection
rate than operator, confirming the potential for reduces threat response time to increase vessel

survivability.
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I. Introduction
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Fig. 1. Plots on the distance wheel

Fig. 3. The plot selected by operator

II. Preliminaries

1. Background

1.1 The danger of Submarine to battle ship
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1.2 Naval Combat Management System
1.2.1 Introduce of Combat Management System
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Fig. 4. Function of Naval Combat Management System

1.2.2 Configuration of Combat Management System
Y AFAAE Fig. 5.9 #ol AFFSARA
(Combat Fire Command System, CFCS), AllA], 2A¢
L HolH3az HdHH, 2 et 40 T2t o
geh 0] 7Hsstt. CFCSe HIolElE Al2jshe Y

AR, 28410 WIS YT Ae WS HAlal
LIS ES 9% RIS FEAS AFsh A5

o2 HJHr[6][7]

Naval Combat Management System

SDEET CFCS Weapan

System Cabinet

il

N Etwerk Switch

=

iea (a2 (Ve (Wea i

il

-}

RTVDU
Video Switch

PN

i

o
g
g
£l

..
H
=
5
g

]

5
=
. :

-1 Video Monitor

Index

CMS Data

Radar/
TV video

Console
video

Equipment
Data

Fig. 5. Configuration of Naval Combat Management System[7]

1.3 HRRP(High Resolution Range Profile)
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2. Related works
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III. The Proposed Scheme
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1. Identification of Periscope Suspicious Signal
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2. Setting the Suspicion Level
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Table 1. Suspicion Level

Suspicion Level Severity
rank 1 Very high
rank 2 High
rank 3 Moderate
rank 4 Low
rank 5 Very low
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Table 2. Suspicion Level Criteria

Name Range Sul_ss\i/ceilon
Segment1 0< X< Ry rank 2
Segment2 Ry, < X< 2R, rank 4
Segment3 2Ry < X unrank
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Table 3. Suspicion Level Adjustment

Combinations Suspicion Level
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IV. Test Results and Evaluation
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1. Improved periscope detection performance
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Table 4. Detection time and Standard Deviation per Table 7. True-Positive and True-Negative
subject
Sl True True
Subject Detection Time gtapdt§rd Positive(%) Negative(%)
SUELIEI Algorithm 0.2778 3.8889
Algorithm 104.167ns 47.6897ns Operator 5.0125 13.7957
Operator 13.8937 s 3.0096 s
Table 8. Evaluation Metrics
Table 5. Success rate and Standard Deviation per
subject Accurac - F1
. y | Precision Recall
Subject %) %) (%) Score
. Standard (%)
Subject Success rate(%) Deviati %
EUatongP:) Algorithm | 95.56 | 98.70 | 91.57 | 95
Algorithm 95.56 4-9690 Operator | 82.78 | 87.69 | 71.25 | 78.62
Operator 82.78 8.3703
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Table 6. False-Positive and False-Negative
. False False

Subject Positive(%) Negative(%)

Algorithm 0.56 3.89

Operator 4.45 12.78
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