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Design of a Multilayer Radar Absorbing Structure
Based on Particle Swarm Optimization Algorithm
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Abstract In this paper, a multilayer radar absorbing structure was designed using the Particle
Swarm Optimization (PSO) algorithm, and the characteristics of the multilayer radar absorbing
structure were analyzed. It was shown that design values can be derived quickly and accurately by
applying PSO to the design of a multilayer radar absorbing structure, and it is also shown that the
optimal multilayer radar absorbing structure can be designed especially for an oblique incident. In
addition, it was shown that the optimal value that meets the performance requirements can be
determined even in a combination of various design parameters. It is presented through a
comprehensive flowchart including the equations and detailed descriptions of all variables for each
step. From the results of this paper, it is possible to omit complex and many calculations for
designing a multilayer radar absorbing structure, and it is possible to use various composite
materials. It can be utilized in the design and development of multilayer radar absorbing structures.

Key Words : Stealth Technology, PSO(Particle Swarm Optimization), RCS(Radar Cross Section),
Optimal Design, RAS(Radar Absorbing Structure), Wave Absorbing Characteristics
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Fig. 1. Reflection and transmission
at an medium interface
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Fig. 3. Modeling of obliquely incident polarized
wave multi-layer radar absorbing structures [2]
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Fig. 4. Multi-layered radar absorbing structure
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Fig. 5. Reflection and transmission in the multi
-layered radar absorbing structures [9]
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Fig. 6. How particles move within a cluster [12]
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Algorithm PSO algorithm (for maximization)

I foreach particle I=1,..., S do

2 Initialize particle’s position with Uniformly distributed random vector : x; ~ U(bygy, byp)

Tnitialize particle’s Py, : Py < X;

I fit(Pyeg; ) > fit(Gyer ) then  // for the case of maximization

Update particle’s Gygg; Gy Pres:

end if

Initialize particle’s velocity : V; ~ U(—] byp- bmw‘, ‘ byp= bmw‘)

8. end for

9 while termination criterion is not met do

10: for each particle i=1, ..., S do

11 for each dimensiond =1, ..., S do

12: Pick random numbers : ¢;,c,~ U(0,1)

13: Update particle’s velocity : V; ; < v + c;rand() (Pyes - i 1) +€2rand()(Goes - Xi 1)
14: end for

15: Update particle’s position : x; j < j+Atv; ;

16: If fit(x;) > fit(Pyys;;) then 1 for the case of maximization
17: Update swarm’s Gy, : Prest < X;

18: if fit(Pyesr ) > fit(Gyeyr ) then

19: Update swarm’s Gy, : Gy < Piog;

20: end if

20 end if

22 end for

23:  end while
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Fia. 7. Pseudocode of PSO Alaorithm [11]
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Initialize Counter = 1
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Evaluation of new position and velocities

PS

Input values
for number of layers(N), number of particles (P}, number of materials (M),

maximum values for the thickness of each layer (DIM_manx),
minimum values for the thickness of each layer (DIM_min),
number of Iteration (Iteration), number of frequency points (FR_P)

Are the positions and veloci
within the bounds?

| Definition of boundaries for velocities

Generation of random positions and velocities

]

alization of Pbest co-ordinate

]

Creation of text file containing the material data

Create the new text file
containing material data
corresponding to updated positions of all particles

corresponding to each particle
Apply appropriate
boundary conditions

Computation of fitness function
orresponding to the initial position of each particle
and storage of the corresponding value

in Particle_value

‘ Pbest_value = Particle_value ’

I

of all particles

Computation of fitness function
P
and modification of Particle_value accordingly

corresponding to updated posi

Is
Particle_value(,2) <
Pbest_value(J,2)?

Is
Pbest_value(J,2) <
Gbest_value?

Pbest_value(J,2) = Particle_value(J,2)
est_coordinate(J,1) = POP (3,

H Counter = Counter + 1
Is

Counter <= Iteration?

Gbest_value(J,2) = Pbest_value(J,2)
Gbest_coordinate(1,1) = Pbest_cordinate(J,I)

't Gbest_value and

J 8. & & =M=
Fia. 8. Detailed operation flowchart



376 sRHEEASAY|sEE=2X H15H K55

4. \20|d Zit 24
41 ¥ 29 ¥ M2
ol AN YA 2y gk LuelE 7
o dole §4 FEA 4A LA Lo whE A
B 58 $HES vhgoR ABdeld 135S ¢
3 239 94 3308 FHE dold] §5 72A
g gos Hguc
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Max thickness : 1.5 mm

Top Layer

Max thickness : 1.5 mm

Bottom Layer (CFRP) thickness : 3 mm

a7 9. 3% 0| & 7&X MET
Fig. 9. Schematic diagram of three-layered
radar absorbing structures

H 1. 34 Fo4(10 GH2)MA xH= 2| OH7HHS
Table 1. Constitutive parameters of materials at
the center frequency (10 GHz)

Material no. €, €, W, w,
1 6.50 0.21 1.00 0.15
2 5.00 0.10 1.00 0.01
3 8.0 1.50 0.90 0.03
4 10.00 1.41 0.85 0.14
5 6.90 0.70 0.80 0.01
6 0.16 0.60 2.70 1.0
7 1.80 6.5 0.01 0.30
8 9.00 0.20 0.50 0.30
9 8.00 0.16 0.50 0.30
10 6.50 1.20 0.27 0.31

Fojtlof AMEEE Fak FolA X (8-12
GHz)S ZXEE FA4FT 10 GHzE 7|&22
E =EAA S Yol ARE AR ARE ®

13 2ot AP A old dHlolEHo]A 31709 A=
7t BFEolg o 11 FolA 10705t A& E°1 YE
Weict. dlole A& |A sh71 {8 A= Hlo]
HETE, 24§09 A% 2 34, Bh 54
29 9% 9 %, 9 A5 A4 9 7
2Y9 92E AL Aot T2 Pt
WA AL T wEee 2E HAsE
Az oo AL B FAL che 2t
Number of particles = 30

Number of Iterations = 30

Number of material in database = 31

Maximum thickness of top layer = 1.5 mm
Maximum thickness of middle layer = 1.5 mm

Maximum thickness of all layers = 0.1 mm
Bottom layer: CFRP; thickness = 3.0 mm

4.2 MATLAB A|E3[0|Md ZHut

*********

bestfun =

9.4028

bestrun =

5

best_variables =

0.4313 1.4604 3.1074

ok k ko sk ok ok

2t AlZt2 224.922319F2ILICH.

dok ok ke

a7 10. MATLABS| B Xo| HEAl=l= A
Fig. 10. Results displayed in command
window of MATLAB
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AFEE $YHQY). T BE BE Gest @Ol
o[ 4ol 4wty W] 300] v %ot A
o The QAT AU EHE et &
Ao HAsE &2 AWk 19 109 U
S 9t
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x(1) = 0.4313, x(z) = 1.4604 ¥ x(3) =
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Number of Iterations
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Fig. 11. Variation in G, value

w.r.t number of iterations

PSO convergence characteristic

Gbest value

0 5 10 15 20 25 30 35
Number of Particles

a8 12. EAF 0| ME G, w2 Hat
Fig. 12. Variation in G, value

w.r.t number of particles

E3H O9 12& HHE 3$E 300% 1S

A Sol W2 G, gl WakE venia gle.
o PSOS +¥ E4S HelZth PSOE H§F
oA WE 5YIY BASHAL PO Fe
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AT AL £ BHE et
94 2 HAs G A G ol
g4 72A 44 A ge
23 -20dB oJ3t 4% HrjEE A BYs
H29 B 33 2tk At §b Aot 442
3} 8.8~12.5GHz 34 Heold 20dB o4
o Av g% ML FA) S Aot
of AMELARY FAS Haskt Y 7E
o 4AZHE ANt

=

2. Mgt 4A & dAHs o
Table 2. Design variable values after optimal
design

thickness

Layer| €, €, Mo mey ()

Top | 9.00 0.20 0.50 0.30 1.36

Middle| 5.41 3.16 0.98 0.05 1.41

H 3. Z&3st 4 & MO g5 ¥ 3T o
Table 3. Radio wave absorption capacity and
resonance frequency after optimized design

Performance Parameters Design results

Absorption capacity frequency band b

elow 20dB (GHz) 8.8~12.5

Resonance Frequency (GHz) 9.2, 114

5. 8=

2 =xolde 9A #3243} (Particle
Swarm Optimization: PSO) ¥¢1lg]&E 0|89
04 o5 dloly &5 FRAIE AAIsHL, 2t 9AE

o123t 9=} 24 A3} oF"ra]x 718k o5
] H &5 :r"—l—xﬂ A ZEAAE O 5
goly &5 F2A9 54 —Ev—@.ﬂﬁ‘:}- S
MATLAB 349] PSO T2 o s

o[
ojr
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