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Abstract In this paper, the RCS analysis of the 10m unmanned surface vehicles was performed,
and the factors of RCS increase were analyzed. Modeling techniques by transforming a
geometric shape can reduce the RCS area, which can be used to develop stealth unmanned
surface vehicles. In order to reduce the RCS, the existing Top Mast part was moved 1m to the
tail part, the 5 degree tilt angle was moved below 0.5 m, and additional guided walls were
installed to minimize the influence on the center and surrounding corner reflecting structures.
As a result of comparing and analyzing the RCS analysis value with the existing model, it can
be seen that the reduced countermeasure model is -3.79 dB lower than the existing model for
all elevations. In particular, it can be seen that the strong scattering phenomenon is
substantially removed in the region except the sacrificial angle region. In addition, it can be
seen that in the case of -5m to 2m where the guide wall is added, the reflected signal is
improved up to 20 to 40 dB or more, so that it does not appear on the 2D ISAR image. RCS
analysis of unmanned surface vehicles explained the process of analyzing and identifying
problem location through distance profile analysis and ISAR image analysis.

Key Words : Inverse Synthetic Aperture Radar, Radar Cross Section, Range Profile, Stealth
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Table 1. RCS Analysis Condition

Item Analysis Condition
Frequency 4, 8 GHz
PR/ISAR Resolution 0.15 m
0~10°

Elevation Angle

(1_degree spacing)
0~360°

Azimuth Angle )
(1_degree spacing)
Polarization HH, VV
Tx/Rx Match Monostatic

Sea Level Effect Not Considered
Shaking Motion Not Considered
Analysis Technique SBR
Multiple Reflections 3
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(a) Definition of Azimuth Plane
90 ©

(c) 3D CAD Model
I8 1. RCS 82 9l mEH Ho| 2 3D CAD 2.
Fig. 1. Definition of Plane and 3D - CAD Model for RCS
Analysis.

3.3 U Y& RCS o At

B 2. 174 dB T RCS (T, dBsm)
Table 2. dB Average RCS by Elevation (Unit, dBsm)

HH # ot VVHE I}
4 GHz| 8GHz| 4 GHz| 8 GHz
0 12.74 13.12 12.83 13.18
1 9.18 11.28 9.22 9.27
2 7.88 9.35 7.84 7.81
3 6.47 8.62 6.52 6.54
4 6.85 7.74 6.88 6.89
5 7.24 6.82 7.32 7.35
6 7.52 6.05 7.58 7.54
7 8.04 5.84 8.12 8.14
8 8.78 6.26 8.85 8.87
9 9.82 6.57 9.88 9.82
10 10.72 7.12 10.78 10.84

17k 07014 10°744] 1° ZHH o' Fu 4GHz
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Fig. 2. RCS Graph of Elevation 0 degree and Selection
of RCS Increment Location.

Returned Signal (dB)

Range (m)
(a) Range Profile

. Cross Range (m)
¥ w g = § o=

Range (m)
(b) ISAR - Image
J8 3. 72 maml 9 ISAR BN 24 (4 GHz)
Fig. 3. Analysis of Range Profile and ISAR Image (4
GHz).
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Fig. 4. Analysis of Range Profile and ISAR Image (8
GHz).
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H 5. RCS ZA CHAF 9 got
Table 5. RCS Analysis Condition

A2 YA = et I E [R5 & = HAo] o]
Fo] Aot X3 RCS A flofl 324 CADEE
RS A4 AAE 219l on, ol ARt Ffg=
£ % 150,4287lolct. T3t RCS 74 AA 2d E3
Ansys Electronics AlE#|0]4 ToololA A5kl
= SBR+ si4 7HS &8syt [13].

‘ -,Z‘/:L 1.5 m shift

No Object/ Method of
Location RCS Reduction
1 Top mast 1.5 m shift
2 Top mast 5 degree tilt | Top Mast |
3 Top mast 0.5 m shift
Center 90 degree
4 Comer Reflect Guided wall added
Structure
Side 90 degree
5 Comer Reflect Guided wall added
Structure

* NRLE &) 33 5
* Detail Information Reference) Fig. 5
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O3 5. RCS ZAgier Mg /% 3D CAD 2 Hw
Fig. 5. Comparison of 3D CAD Model before and after
applying RCS - reduction method
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Fig. 7. Analysis of Range Profile and ISAR Image (8
GHz).

RCS

JEAHIOL M S

OLoL TS T

Table 6. Comparison of Analysis Results Before and After Applying RCS Reduction Method (HH Polarization, dB

Average)
Elevation dB Average (4 GH2) dB Average (8 GHz)

Angle Model(A) Model(B) Difference(B-A) Model(A) Model(B) Difference(B-A)
0 12.74 6.32 -6.42 13.12 6.88 -6.24
1 9.18 4.38 -4.8 11.28 6.34 -4.94
2 7.88 3.21 -4.67 9.35 4,72 -4.63
3 6.47 1.62 -4.85 8.62 4.35 -4.27
4 6.85 1.84 -5.01 7.74 2.64 -5.1
5 7.24 2.12 -5.12 6.82 2.12 -4.7
6 7.52 2.84 -4.68 6.05 2.05 -4
7 8.04 2.68 -5.36 5.84 1.56 -4.28
8 8.78 2.35 -6.43 6.26 2.34 -3.92
9 9.82 2.84 -6.98 6.57 2.78 -3.79
10 10.72 4.12 -6.6 7.12 2.84 -4.28
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