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Method of Modelling & Simulation for Bullet Detection in the Gun Fire
Control System
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Abstract

In a closed-in weapon system, the gun fire control system protects the battleship from threatening targets, such as enemy aircraft,
guided missiles, and high-speed permeable tablets. This paper describes the techniques of a shooting point calculation model and bullet
trajectory modelling to detect a bullet target for automatic hit point correction (AHPC) in a gun fire control system. It also presents
signal processing algorithms such as pulse-Doppler radar, constant false alarm rate, monopulse error calculation, and clustering. To
demonstrate the performance of the proposed method, we compared the fire table results of the goalkeeper system with the modeling
and simulation results of the proposed method.
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Fig. 1. The concept of the closed-in weapon system.
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(a) The gun fire table results of the goalkeeper system

The Bullet Trajectory

10000
— 10deg
9000 —— 20deg
~———30deg
8000 — 40deg
= 50deg
7000 —— B0deg
— 7ldeg
6000 s B0deg
E 5000
N
4000
3000
2000
1000
o
0 2000 4000 6000 8000 10000 12000 14000

x [m]
(b) ¥ =& Bd7 5 AlEg el A3
(b) The modeling and simulation results of this paper
28 8 wAzhEel Ya @ A
Fig. 8. The bullet trajectory to fire angles.
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Range-Doppler Results of the Bullets

o
=
=1

-40

b

on

=
Lk

B
o
=

4 [ -60
350
>
@ . -
© 300 3 ,q 40
=
=
[s+]
E.ZSD - 30
o
S 200
o -120
150 |- 1
100 ;

-140

4]
=]

20 40 60 B0 100 120 140 160 180 200
range index

A 12, A g@Ael i Ag-EEe e 23
Fig. 12. The range-Doppler signal processing result for
bullet detection.

I3 132 Aek g3#AE ¢35 CFAR A iﬂﬂ
UERl |, AR A Bl t g HITE©| ﬁé
ol8k 4= Qlth. 19 14= CFAR 23S nigo
Aol that Fel 2 E oA 23E UrEME} ffﬂ
FATAA AlEg ol A S8 AAg 5719
el Al FeeA 578 B4 0] FEHS AT F

E 1S A A ASAHEE FalA FE3 570

mﬁ

2 O of ot

er

?:E i

JZi_

3t

sk
9/]

uu?

0.6

0.5

Chirp bin

0.4

1 15 2 25 3 35 4 45 5

Range bin

91k CFAR A5 A A3

Fig. 13. The CFAR signal processing result for bullet
detection.

a8 18, A" ¥AE

A7 e BAE 9 v

oft
Ne,
>,
o
=
o

2,

z
jin

Clustering Result

1200

180 1

1100

=
=]
5]
=]
1

=
&

s

=]

=]
't

Velocity (mis)

880 1

O Estimate Clustering result
X Real Range & Velocity |

0 500 1000 1500 2000 2500 3000
Range (m)

JO8 14, &g gxel tig S8 28y AeAe] 23
Fig. 14. The clustering signal processing result for bullet
detection.

B w EH 94 4R

Table 1. Information of bullet target detection.

Target | Target | Target | Target | Target

ltem 1 2 3 4 5

Range [m] 743.76 | 762.73 | 775.33 | 791.46 | 797.71

Velocity [m/sec] |1,017.5|1,014.1|1,011.6| 1,009.1 | 1,006.2

Monopulse | Az | 081 | —1.22| 135 | LI11 | 033
error [degree] | El | 1.08 | 0.65 | 1.08 | 044 | 047

Power [dB] =509 | =51.1 | —=51.6 | —52.1 | —52.3
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