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Abstract 
 

The survivability of the naval ship is the capability of a warship to avoid or withstand a hostile environment. The survivability of the 

naval ship assessed by three categories (susceptibility, vulnerability and recoverability). The magnitude of susceptibility of a warship 

encountering with threat is dependent upon the attributes of detection equipment and weapon system. In this paper, as a part of a naval 

ship’s survivability analysis, an assessment process model for the ship’s susceptibility analysis technique is developed. Naval ship’s sur-

vivability emphasizing the susceptibility is assessed by the probability of detection, and the probability of hit. Considering the radar cross 

section (RCS), the assessment procedure for the susceptibility is described. It’s emphasizing the simplified calculation model based on 

the probability density function for probability of hit. Assuming the probability of hit given a both single-hit and multiple-hit, the suscep-

tibility is accessed for a RCS and the hit probability for a rectangular target is applied for a given threat. 
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1. Introduction 

When a naval ship in a modern combat environment is ex-

posed to a threatening weapon and attacked, the combat sys-

tem and hull structure suffer critical damage. The ability of a 

naval ship to withstand such threats encountered in a battle 

environment is defined as the survivability of the ship [1]. 

The survivability of the ship is evaluated by three types of 

stochastic indicators—susceptibility, vulnerability, and reco-

verability [1-3]. The most fundamental method for improving 

the survivability of the naval ship is to design the ship such 

that its susceptibility becomes close to zero. However, be-

cause it is difficult to attain zero susceptibility in reality, the 

realistic approach to improving the susceptibility involves 

considering various situations that may arise on being at-

tacked [4]. The susceptibility of the naval ship refers to the 

probability of the ship being attacked by threatening weapons 

after being identified by an enemy’s detection technology 

and equipment [4, 5]. Therefore, the signals generated by a 

naval ship, the devices for detecting and identifying these 

signals, and the defense and deception system employed 

against enemy’s threatening weapons following detection 

need to be analyzed [6]. The susceptibility should be com-

prehensively evaluated by considering the shape of the naval 

ship’s radar reflection area, infrared signal characteristics, 

electromagnetic equipment performance, and radiation noises 

[7]. Many studies have reported on the aforementioned eval-

uation factors indivi-dually [8], and the analysis field can be 

divided into Radar Cross Section (RCS), Infrared (IR), Un-

derwater Radiated Noise (URN), and Electro Magnetic Inter-

ference (EMI) according to the respective detection characte-

ristics and equipment [6]. In the present study, as a part of a 

naval ship’s survivability analysis, a theoretical process mod-

el for the ship’s susceptibility analysis technique was devel-

oped. The applicability of this model was demonstrated 

through an example model and arbitrary attack situations. 

 

2. Susceptibility analysis of naval ships 

2.1 Susceptibility analysis theory 

To analyze the susceptibility of a naval ship, the characte-

ristics and performance of the equipment used for detecting 

enemy naval ships, and the possibility of being hit by threat-

ening weapons must be analyzed. In this study, the suscepti-

bility analysis process model was constituted as shown in 

Figure 1 based on the stochastic theory. The attacking proba-

bility (PH) is based on the detection probability (PD), which is 

the probability of identifying the friendly naval ship by the 

enemy detection equipment, and on the hit probability (Phit), 

which is the probability that the friendly naval ship could be 

hit by the threatening weapon after being detected. The at-

*Corresponding author. Tel. : +82-32-860-7345, Fax.: +82-32-864-5850 

E-mail address: jh_lee@inha.ac.kr 

©  Society of CAD/CAM Engineers & Techno-Press  

 

doi:10. 7315/JCDE. 2014. 026 



 K. Kim et al. / Journal of Computational Design and Engineering Vol. 1, No. 4 (2014) 266~271 

  

tacking probability is expressed as shown in Eq. (1). 

 

𝑃𝐻 = 𝑃𝐷 ∙ 𝑃ℎ𝑖𝑡                                     (1) 

2.1.1 Detection probability 

The detection probability is the probability that the naval 

ship (target) could be detected by the enemy detection 

equipment. The RCS detection characteristics and the thre-

shold to noise (T/N) value, which is the minimum detection 

limit, are calculated on the basis of the signal to noise ratio 

(S/N) value. The S/N value is the degree of noise in RCS 

signal according to the cross sectional area (σ) of the radar [9] 

(Eq. (2)). RCS is the specified area to indicate the reflectivity 

of the radar's reflector when the electromagnetic waves emit-

ted from the radar are reflected back by the target [7]. There-

fore, the reflectivity value of the radar varies depending on 

the shape of the reflector [7]. Naval systems, including the 

naval ship’s hull and fittings, have their own unique complex 

shapes, which have to be taken into account when calculating 

RCS; hence, each shape should be simplified as shown in 

Figure 2, and then, RCS should be calculated for each simpli-

fied shape [9]. 

 

𝑃𝐷 =  1 +
2 𝑇/𝑁  𝑆/𝑁 

2 +  𝑆/𝑁 2
 𝑒−2 𝑇/𝑁  2+𝑆/𝑁  

 

S/N ratio value (dB) represents the extent of unnecessary 

noise in the signal [10, 12]. In other words, the S/N ratio 

represents radar signal-to-noise ratio (Figure 3), and it is pro-

portional to the shape of RCS because it is calculated using 

the radar’s cross-sectional area. The S/N value according to 

the RCS detection characteristics is defined as shown in Eq. 

 

Figure 1. Mesh grid of topographic model. 

 

Figure 2. The simplified shape for hull and system. 

(2) 
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