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Modeling and Simulation for Effectiveness Analysis of Anti-Ballistic
Warfare in Naval Vessels

Jang Won Bae' - GuenHo Lee - Hyungho Na - I[I-Chul Moon

In recent years, naval vessels have been developed to fulfill a variety of missions by being equipped with
various cutting-edge equipment and ICT technologies. One of the main missions of Korean naval vessels is anti-
ballistic missile warfare to defend key units and areas against the growing threat of ballistic missiles. Because
the process of detection and interception is too complex and the cost of failure is much high, a lot of preparation
is required to effectively conduct anti-ballistic missile warfare. This paper describes the development of a simulation
model of anti-ballistic missile warfare with combat systems and equipment to be installed on future naval vessels.
In particular, the DEVS formalism providing a modular and hierarchical modeling manner was applied to the
simulation model, which can be utilized to efficiently represent various anti-ballistic missile warfare situations.
In the simulation results presented, experiments were conducted to analyze the effectiveness of the model for
effective detection resource management in anti-ballistic missile warfare. This study is expected to be utilized
as a variety of analysis tools necessary to determine the optimal deployment and configuration of combat resources
and operational tactics required for effective anti-ballistic missile warfare of ships in the future.

Key words : simulation, DEVS, anti-ballistic warfare, effectiveness analysis
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E2 olAE AR AlaEle Bkl A
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AM = <X, Y, S, G, Oexis A, ta >
X is a set of input events
Y is a set of output events
S is a set of model states

S S — S, internal transition function
Sext: Q x X — S, external transition function,
where Q = {(s, ¢) s € S, 0 < e < ta(s)

(e is the elapsed time in s)}
A S — Y, output function

ta: S — R, time advance function
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Fig. 1. Overall structure of anti-ballistic warfare simulation model
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CM = <X, Y, M, EIC, EOC, IC, select>
X is a set of input events
Y is a set of output events
M is a set of components
EIC, EOC, IC: a set of relations about external input,
external output, and internal coupling
select: 2Y - @ —> m € M, Select function
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- « Thrust (=)
. )
* Thrust acceleration a; = Sur
* 6:thrust magnitude
* m: target mass
* ug : thrust force direction

(3) Reentry .
£ * Drag (37| X&gd)

« Drag acceleration ap = 75—E|[v||u

* B : ballistic coefficient
T Gps
* withCp : drag coefficient,S :
1'€f87'€17.(.‘8 area
* v : target velocity vector
*  pg :air density
(2) Midcourse
+ Gravity (33)
+ Gravity acceleration ag

« i differs by coordinate system

Fig. 2. Step-wise applied force in ballistic trajectory
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Fig. 6. Estimated error from SimpleRadarModel
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Fig. 8. Schematic description of anti-ballistic warfare
simulation
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