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Abstract— Ships, coastal posts, and control centers need to verify
the information, location, and speed of nearby vessels for various
purposes, such as traffic control or maritime warfare. In the field
of defense where accurate information on nearby ships is
important, radar is used to acquire location information on
nearby ships. However, the selection of the opponent's position as
well as the high-value units must be more important and
prioritized, and image-based warship type/class identification
techniques are required in naval warfare. This paper presents a
detailed method for system construction that supports detailed
identification of warship type/class through structural analysis.
Through the development of the proposed system, reliable
warship identification can be used for tactical applications in the
defense field, thereby contributing to the enhancement of defense
capabilities.
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I. INTRODUCTION

In ships, coastal posts, and control centers, there is a need
for information, location, and speed of nearby vessels for a
variety of purposes, such as traffic control and marine
accident support. For this, a system such as an automatic
identification system (AIS) or a V-pass that can transmit and
receive the information or position of the vessel through
wireless communication is used. However, there are cases in
which wireless communication alone does not sufficiently
acquire information on nearby vessels, such as the absence or
failure of a communication device or the intentional turning
off of the device so as not to be detected by an opponent in a
war situation. To compensate for this, techniques for
recognizing nearby vessels based on the images taken on
board were introduced.

Among them, Zhang et al.[1] proposed a technique of
classifying ships into six types according to their appearance,
and recognizing the type of ships in the image based on deep
learning technology. Zhang and his team trained one of the
deep learning models, CNN, based on daytime optical and
nighttime infrared (IR) images, and presented a classifier with
87.4% accuracy for the input vessel image. Huang et al.[2]
proposed a classifier with 85% accuracy by extracting feature
points from images and classifying ships based on a
combination of multiple feature points.
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These studies have been proposed to classify what type of
ships are recognized based on images, but they do not support
detailed identification according to class within a ship type. In
general, ship type classification alone is sufficient, but in
special cases such as military purposes, ship class
identification is also necessary in the case of a ship is
classified as a warship. For example, even if a certain ship is
classified as a warship, warships are divided in detail
according to the purpose of destroyers, cruisers, and patrol
ships. In addition, the destroyer can be divided into various
class such as King Kwanggaeto, Lee Sunsin, and King Sejong.
Different class of destroyers have different weapons, so
military countermeasures vary with each destroyer. Therefore,
detailed warship class identification is also required.

In the case of patents[3, 4], the purpose of image/video-
based ship recognition is to avoid risk situations such as
collision. Therefore, it recognizes the ship itself and
concentrates on inferring the dangerous situation such as the
distance, speed, and direction of around ships, but it does not
identify the type or class of the ship. Such patents have
different objectives from the system presented in this paper,
which aims to identify the exact type/class of counter-ships for
military purposes and to assist in establishing an appropriate
military strategy.

Il. PROPOSED SYSTEM

The problem with existing image-based ship classification
technologies is that only the type of target ship can be
classified. General ships can be used for many applications
with just a type classification, so they can use existing
technologies. However, in case of warships, they are divided
into various types according to their use, and within one type,
they are divided into subclasses according to their size. In
addition, different classes of warships have different weapons,
S0 it is necessary to identify the type/class for proper response.
This paper proposes a system that can classify ship types
through input images, and if the recognized ship is a warship,
it recognizes the components in detail and analyzes the
structure to identify the type and class of the warship in detail
as shown in Fig. 1.
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Figure 1. Goal identification level of the proposed system

Figure 2 is a block diagram showing the structure and data
flow of the system that classifies the type of ship and the
detailed type/class of a warship from the input image. The
proposed ship and warship type/class identification system
consists of three steps. Step 1 is a marine image preprocessing
block that removes a ship identification deterioration factors
that can be issued in a maritime situation such as surface
reflected light and sea fog. Step 2 is a general ship
classification block that classifies the type of ship from the
preprocessed image. In the case of the object identified by the
warship in step 2, the detailed type/class of warships are
finally determined through the warship part segmentation
subblock (Step 3-1) and the identification of warship based on
structural analysis subblock (Step 3-2).

Ship image

stepl

Image
preprocessing

step?

General ship
classification

SthSl

General ship type
Identification information

Warship part
segmentation

¥

Identification of warship
based on structural analysis

Warship type/class
identification information

Figure 2. Data flow of Warship type/class identifciation system

Step 1 removes or marks the distracting elements when
identifying objects of interest in the image using traditional
image processing techniques. Examples of removal elements
may be such as sea fog, surface reflected light, raindrops.
Examples of marking elements, such as wakes and lands, can
be removed from the process to significantly reduce the rate of
ship misidentification.

Step 2 is to recognize the type of ship from the
preprocessed image received in the previous step. For this
purpose, it is necessary to classify ship types based on their
external structure or characteristics. As an example of
classifying ship types, this paper established the ship
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classification criteria of Table 1 and collected data based on
the ship classification system in Korea's Ship Safety Act.
After that, the model is trained to identify ships according to
Table 1 using deep learning techniques, and ship type
identification is performed through this. In this case, a model
that performs transfer learning based on AlexNet[5],
VGGNet[6], ResNet[7], etc. may be used as a deep learning
model of a general ship classification block.

TABLE 1. SHIP CLASSIFICATION CRITERIA

pri_n_1ar3_/ secc_)r_ldar_y Classification ID
classification classification

Fishing boat V_01_01
Ferry Cruise ship V 02 01
Ferry V_02 02
Container ship V_03 01
Cargo ship LNG ship V_03_02
Other cargo ship V_03_03
Tug V 04 01
Barge V 05 01
Coastal police ship V_06 01
Warship V_07_01
Other ship V 08 01
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If the result of Step 2 is not a warship, the result is
immediately presented to the user. However, if the classified
ship is a warship, it goes to the third step to identify the
type/class details of given warship. As shown in Fig. 3, the
third step consists of the warship part segmentation subblock
(Step 3-1) that recognizes the components of the warship in
detail and the identification of warship based on structural
analysis subblock (Step 3-2) that determines the type/class of
the warship to be identified by analyzing the relationship or
structure between the identified elements of the warship.

Map to type/class
warship results

Identification of warship
Based on structural analysis

Figure 3. Type/class identification flow of given warship

In Step 3-1, the warship is divided into components by
object part segmentation technology. In order to segment the
warship, PSPNet[8] or DeepLab[9] can be used, and it aims to
identify the main components of the warship, such as body,
artillery, radar, and house.

In Step 3-2, n warships with high similarities is presented to
the user compared to the warship structure database with the
location of the warship components received in the previous
step by the 3D pattern matching technique.

Here, the reason for passing the final decision to the user by
recommending n final candidates using a pattern matching
method is as follows. First, when performing ship
type/warship type/warship class identification through deep
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learning, errors accumulate step by step and the final accuracy
greatly decreases. n order to minimize this error accumulation
problem, it is designed as shown in Fig. 4 to go through a two-
step deep learning process. (One of the deep learning models
recognizes only the warship components that may not affect
the identification even if a certain level of error occurs.) In
addition, in case of ship type/class identification through the
deep learning model, an accurate analysis has not yet been
performed on which features of the objects are distinguished
by the deep learning network. Therefore, it was judged that
the method of measuring similarity of warship through pattern
matching is generally similar to the way that people
distinguish similar objects. Finally, since the warship
type/class identification results are used for military and
tactical purposes, it is judged that it is safe to judge the expert
by presenting n candidates and to make the final confirmation
by the expert.
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Figure 4. Design of detailed warship identification for error minimization

111.CONCLUSIONS

In this paper, the proposed system classifies the type and
detailed class of warship by using deep learning and pattern
matching technique step by step in the optical image.

The proposed image-based warship type/class identification
system finally identifies similar marine warships through
stepwise classification by mixing deep learning and pattern
matching techniques. Therefore, the error accumulation
problem that can occur when identifying similar objects step
by step through deep learning can be solved. Also, reliable
identification information derived through this can be used for
tactical applications in the defense field.
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