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Modeling of Multi-layer Microwave Absorber Structures for Radar
Cross Section

Akbar Cheraghi, Rasol Malekfar, Yadolah Ahmadizadeh, Samad Momenbelah

Abstract

In this paper, radar absorbent materials with complex permittivity and permeability coefficients are
studied. A novel swarm algorithm called Imitation-base Swarm Optimization is proposed to solve the
Radar Absorbent Nano-Material problems. It is suggested that each individual in the swarm explores the
search space for better positions. It is shown that our proposed method gives better and high quality
results and numerous applications are foreseeable for it. The program is capable of arranging and
prioritizing the layers. It can choose the optimum layer thickness and do the modeling for different
frequency and incidence angles. Reflection losses are analyzed at the microwave range for different
angles. This code can also be used for the case of both the electric and magnetic polarizations.

Key words: radar absorbent materials, permittivity coefficient, permeability coefficient, modeling
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pseudo code of the IS0 procedure:
For each individuals in population
Initialize individuals with random way
END
Do
For each individuals in population
Calculate fitness value by equation (15)
If the current individual is better than the Previous pBest in history
set current location of the individual as a new pBest
End
determine best individuals whitin current population as a new gBest
For each individuals
Calculate individuals velocity according equation (13)
Update individuals position according equation (14)
End
While maximum iterations is not attained

equation (13):
if rand() < P,,,; then
vt +1) :‘m‘nd( max ,— max )
velocity welocity
else

vX (t + 1) is determined by equation 13
equation (14):
if the dimension is contenious then

%X (t+ 1) is determined by equation 12
else

x5 (t+1) = x1or x2 or x3 or x4

equation (15):

Fitness of individual = E?:gzﬁ"‘?"' 8Z8mas pCo(freq,8) + RCrp(freq, 8))
min
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1 imitation based Swarm Optimizatien for Radar Absorbing Nano Materfals (1S0-RANM)

Problem and Absceber Par ameters Manual Check

Output and Display Parameters

By Frequence * By Angle
Minimum Frequency Minimum Angle
Maximum Angle

Maximum Frequency 12

Angles To Display Frequences To Display

a Start
The ISO-RANM is doing Optimization, Please Wait

1B msitation Based Swarm Optimization for Radar Absorbing Nano Nsterials (50 -RANM)

Problem Parameters Output Mamusal Check:
Material IDThickness
Material ID Thickness
Layer 7
Layer 5
Layer 6
Layer 4 ey
Layer S
Layer 3
Layer 4
Layer 2
Layer 1 LS
Layer 2
Layer 1
5 Layer Check 7 Layer Check

Start

b 5 % A ; ;
The ISO-RANM is doing Optimization, Please Wait
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Y ey s ls Material Type t(mm)
£ ay ID=85 CIP/GRP composites t=3.13
A ID=31 E.R+MWCNT7 t=1.0
Yy ID=105 Graphene t=1.0
Yoy ID=104 RAM+45%Carbonyliron t=1.0
Y o4y ID=93 Feo1Sis Powders(FSP) t=1.0
Y a4y 1D=109 Bag-xLaxFe12019 t=1.0
caY ID=1 F50%+PU100% t=1.0
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I imitaton based Swarm Optimization for Radas Absorbing Nano Materials (IS0 RANM)

s 3 Output sphay Manual Check

Problem and Absorber Parameters

Number of Layers Maximum Angle
Number of Materials 1¢ Minimum Angle
Min-Max (0 1 Angle Step

Maximum Frequency 12 Maximum Thickness

Minimum Frequency Minimum Thickness

Frequency Step 001 Material File Address

Material File Address2

Start
The ISO-RANM is doing Optimization, Please Wait

I imitation based Swarm Optimization for Radar Absorbing Nano Materials (150 RANM)

Parametess Output Manual Chveck

Imitation based Swarm Optimization (I150) Parameters

Population Size '™

Max Generation '™

P_Lbest 0.15 Max_Velocity

P_Fix 040 Num of Tournament 10
b Start

The ISO-RANM is doing Optimization, Please Wait
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Num. Material Type & & & E | W | M, | K4 | M, | Reference
1 F 50% + PU 100% 54 |54 |015 |22 | 122 | 108 | 005 | 008 | [9]
2 F 60% + PU 100% 7.8 7.8 0.3 05 |12 105 |0.06 |01 [9
3 F 70% + PU 100% 9.5 9.5 04 05 129 |1 008 | 011 | [9]
4 F 80% + PU 100% 145 | 145 |09 13 [127 {114 |01 013 | [9]
5 E.R+ MWCNT 4.7% 6 5 1 2 1 1 0 0 [10]
6 E.R + MWCNT 11.4% 22 14 7 4 1 1 0 0 [10]
7 E.R + MWCNT 23.1% 160 5 200 10 1 1 0 0 [10]
8 E.R + MWCNT 25.9% 200 20 200 20 1 1 0 0 [10]
9 E.R +Fe + MWCNT 16.7% 35 24 90 42 |1 1 0 0 [10]
10 PS + Fe + MWCNT 20% 30 25 0.9 06 |1 1 0 0 [10]
11 PU + SWCNT 20% 37 30 26 24 1 1 0 0 [10]
12 P.U + SWCNT 5% 6 6 2 2 1 1 0 0 [11]
13 P.U + SWCNT 10% 18 19 10 12 |1 1 0 0 [11]
14 P.U + SWCNT 15% 31 32 17 2 |1 1 0 0 [11]
15 P.U + SWCNT 20% 32 38 23 27 |1 1 0 0 [11]
16 E.R + CNT (20%) 20 31 20 50 [001 [001 [001 [001 [[12]
17 E.R + CNT 10%+ Fe 10%-B 20 34 47 58 |08 1 0.03 | 0.03 | [12]
18 E.R+ CNF 10%+ Fe 10%-C 26 35 30 70 0.8 11 003 | 0.03 | [12]
19 E.R+ CNT 10% + Fe 10%-D 27 32 48 55 | 17 21 14 17 [12]
20 E.R+ CNF 10% + Fe 10%-E 28 33 45 92 |19 2.3 14 19 [12]
21 PVC + MWCNT 0.8% 8 8.3 1.2 14 |11 1.2 01 |01 [13]
22 PVC + ACNT 0.8% 55 5.6 0.8 09 |12 13 011 | 014 | [13]
23 PVC+ La(NO3)3 0.6% + ACNT 0.8% 5.8 75 1.8 35 |1 16 017 |03 [13]
24 Pure E.R 260 | 280 |005 |010] 130 | 120 | 010 | -0.05 | [14]
25 E.R+ MWCNT 1% 340 | 360 | 020 | 025|140 | 130 | 010 | 010 | [14]
26 E.R + MWCNT 2% 350 | 350 | 018 | 022|140 | 140 | 010 | 010 | [14]
27 E.R + MWCNT 3% 380 |390 |028 |031]130 |[130 |[0.10 | 0.10 | [14]
28 E.R+ MWCNT 4% 520 | 530 | 040 | 0.60| 140 | 130 | 010 | 0.10 | [14]
29 E.R + MWCNT 5% 540 | 560 | 050 | 085|140 | 130 | 010 | 010 | [14]
30 E.R + MWCNT 6% 6.60 |6.80 | 0.60 | 120 | 140 [ 120 | 0.10 | 0.10 | [14]
31 E.R+ MWCNT 7% 670 | 690 | 050 | 120|140 | 120 | 010 | 010 | [14]
32 E.R + MWCNT 8% 740 | 750 | 060 | 150|140 | 130 | 010 | 010 | [14]
33 E.R + MWCNT 9% 780 | 800 |060 | 140|110 | 1.00 | 010 | 010 | [14]
34 E.R+ MWCNT 10% 790 | 830 | 080 | 190|140 | 110 | 010 | 010 | [14]
35 Air 1 1 0 0 1 1 0 0 [8]
36 Teflon 2 2 0 0 1 1 0 0 [8]
37 ER 2.8 2.8 0.1 01 [1 1 0 0 [8]
38 E.R+ MWCNT 0.5% 55 4 12 14 |1 1 0 0 [8]
39 E.R + MWCNT 1% 7 5.7 15 18 |1 1 0 0 [8]
40 E.R+ MWCNT 1.5% 10 7 2.7 32 |1 1 0 0 [8]
41 ER 4 4 1 1 1 1 0 0 [4]
42 E.R + MWCNT 0.5% 4 7 2 3 1 1 0 0 [4]
43 E.R+ MWCNT 1% 7 8 3 4 1 1 0 0 [4]
44 E.R + MWCNT 2% 9 12 4 7 1 1 0 0 [4
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45 E.R + MWCNT 2.5% 14 15 10 12 1 1 0 0 [4]

46 E.R + MWCNT 3% 17 18 14 15 1 1 0 0 [4]

47 E.R + MWCNT 4% 29 32 25 28 1 1 0 0 [4]

48 E.R + SWCNT 1% 3.8 4 05 0.6 1 1 0 0 [15]
49 E.R + SWCNT 3% 5.7 5.8 14 1.6 1 1 0 0 [15]
50 E.R + SWCNT 5% 75 7.8 2.4 2.8 1 1 0 0 [15]
51 E.R+ Graphite 1% 3.1 3.2 0.2 0.2 1 1 0 0 [15]
52 E.R + Graphite 3% 35 3.8 0.1 0.1 1 1 0 0 [15]
53 E.R + Graphite 5% 35 3.8 0.1 0.1 1 1 0 0 [15]
54 E.R + Fullerene 1% 3.2 3.4 0.2 0.3 1 1 0 0 [15]
55 E.R + Fullerene 3% 35 3.8 0.3 03 |1 1 0 0 [15]
56 E.R + Fullerene 5% 4 4.1 0.1 0.2 1 1 0 0 [15]
57 E.R + CNF 1% 7.1 8 2.7 2.8 1 1 0 0 [15]
58 E.R + CNF 3% 128 | 15 6 6.2 1 1 0 0 [15]
59 E.R + CNF 5% 15 17 7 7.3 1 1 0 0 [15]
60 FesO,4 4.9 5.5 13 16 | 08 11 0.1 0.2 [16]
61 BaFe1,019 142 1150 |0 0 104 [ 114 | O 0 [16]
62 SrFe;;019 122 | 15 0 0 105 [ 112 | O 0 [16]
63 wax comp. (wax-30% Ni/MWCNT (8=3)) 6 8 1 4 0.96 1.07 -0.01 | 0.11 [17]
64 wax comp.(wax-30% Ni/MWCNT (6=7.5)) | 7.4 124 | 125 | 4 094 | 112 | -0.01 | 0.23 | [17]
65 wax comp. (wax-30% Ni/MWCNT (6=15)) | 185 | 36.25 | 11.25 | 625 | 0.85 | 142 | 0.01 | 036 | [17]
66 BaFe,0,0/a-Fe,0; (Fe/BaM 1:8) 425 |59 0.1 11 | 092 115 | 0.06 | 015 | [18]
67 BaFe;,0,0/a-Fe,0; (Fe/BaM 1:6) 4.9 6.4 055 |[175 |1 1.2 0.06 | 0.20 | [18]
68 BaFe1,0:0/a-Fe,0; (Fe/BaM 1:4) 4.6 615 | 035 |12 | 097 12 0.08 | 0.185 | [18]
69 BaFe,0,0/a-Fe,0; (Fe/BaM 1:2) 3.9 455 | 0 0.35 | 0.8 14 0.02 | 0.325 | [18]
70 Activated Carbon 3 3 0 0 0.3 0.98 -0.24 | 0 [10]
71 PGCFs (700 °C) 10 40 8 44 092 | 098 | -0.07 | -0.04 | [10]
72 PGCFs (800 °C) 19 90 22 76 089 | 106 |0 0.15 | [10]
73 PGCFs (900 °C) 19 119 59 135 | 052 | 0.76 | 002 [ 025 | [10]
74 Cu-NZF 373 | 385 | 0063|016 | 093 | 111 | 0.025 | 0.19 | [19]
75 Cu-NZF/PZT (3:1) 389 |39 |02 0.25 | 0.97 115 | 0.015 | 017 | [19]
76 Cu-NZF/PZT (1:1) 402 | 41 023 | 026 |1 115 | 0.01 | 0.06 | [19]
77 Cu-NZF/PZT (1:3) 415 | 42 0.16 | 0.21 | 1.02 116 | 0.01 | 0.075 | [19]
78 PZT 44 453 [ 014 017 |1 1 0 0 [19]
79 BaTiO4/ polyaniline (PANI %0) 20 30 15 30 075 [ 175 |01 1.25 | [20]
80 BaTiO4/ polyaniline (PANI %0.5) 8 48 10 19 0.9 15 0 0.6 [20]
81 BaTiOs/ polyaniline(PANI %2) 10 28 5 20 0.75 1.6 0 0.75 [20]
82 BaTiOs/ polyaniline (PANI %4) 5 183 0 158 | 0.6 24 0 2.2 [20]
83 BaTiOs/ polyaniline (PANI %6) 20 50 5 50 1 2.5 0 1.8 [20]
84 BaTiOs/ polyaniline (PANI %8) 10 38 1 12 0 6 0 2.2 [20]
85 CIP/GRP composites 6.2 112 |0 3.9 1.7 3.1 0.55 1.25 [21]
86 TiO, powder (M40) 13 1375 | 1 125 | 1 105 |0 0.03 | [22]
87 M41 32 34 2.6 5 1 1 -0.01 | 0.01 | [22]
88 M42 1625 | 175 | 125 | 3751 1 -0.01 | 0.02 | [22]
89 Carbonyl-iron/Feg;Siy composites (9:1) 27.5 35 6 | 135 1.4 25 0.6 0.81 | [23]
90 Carbonyl-iron/Fey; Sig composites (2.3:1) 22 245 24 4.8 1.35 2.25 0.54 0.72 [23]
91 Carbonyl-iron/Feq;Sig composites (1:1) 14.5 15 1.25 2 1.3 22| 042 0.6 | [23]
92 carbonyl-iron powders (CIP) 29.5 445 10 | 245 1.6 2.85 0.64 1.01 | [23]
93 Feq:Sis powders (FSP) 10 10 0 0 09| 165 | 024 | 032 ] [23]
94 M 5.1 5.3 0.1 0.2 1.035 | 1.056 | 0.027 | 0.06 | [24]
95 MC 765 | 85 145 | 18 1.041 | 1.071 | 0.015 | 0.042 | [24]
96 MWCNT (30%) + TPU 149 | 159 | 275 | 35 1 1 0 0 [25]
97 TiO; (30%) + TPU 35 4 -025 | 0 1 1 0 0 [25]
98 TiO, coated MWCNT (30%)+ TPU 5 5 0.8 1.1 1 1 0 0 [25]
99 TiO, coated MWCNT (15%) + Fe304 (15%) | 6.5 7 125 | 15 1 1.2 -0.05 | 0.07 | [25]
100 RAM 25 3.8 -0.1 -01 |1 1.2 0 0 [26]
101 RAM+ 20% carbonyl iron 3 7.5 0.3 0.3 1 2 0.4 0.55 [26]
102 RAM+ 30% carbonyl-iron 3.8 9 0.4 0.5 1 2.4 0.6 0.8 [26]
103 RAM+ 40% carbonyl-iron 4 12 1 108 | 1 3.2 0.9 1.35 [26]
104 RAM+ 45% carbonyl-iron 5.7 14 1.35 145 | 1 3.5 1 1.7 [26]
105 Graphene 18 20 75 95 (088 |11 -0.45 | 0.082 | [27]
106 MWCNT 149 | 159 | 238 4 089 |11 -0.05 | 0.025 | [27]
107 BaglaxFe12019 (x=0) 35 366 | 001 | 016 |1 11 0.01 | 0.05 | [28]
108 BaglaxFe01 (x=0.05) 374 | 42 028 | 028 | 125 |39 036 | 042 | [28]
109 BalaxFe01 (x=0.1) 365 | 38 001 | 012 ] 08 1.1 0.01 | 0.08 | [28]
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