TARGET RECOGNATION FROM MULTILAYERED
DIELECTRIC SPHERES

Hasan AYDIN-- Advisor: Prof. Dr. Yesim ZORAL
PROJECT NUMBER: 62

PEreta Faculty of Engineering Electrical and Electronics Engineering Department

F
Fa¥
"
U
L
T
E
S
1

Dokuz Eylil University

Methodolog Results

This thesis presents electromagnetic target Scattering Framework: ., =10+  scattering signal efficiency (Extinction,scattering and absorption)
recognition technique in far field region based & & | s |-
\@0\0 00}60 °-= a = -

0

on use of a new algorithm for calculation the far $ _
scattering field of an electromagnetic linearly  : J\J MW . >

bt

bbb
Electrical Field(vim)

% 1.5 |-
polarized plane wave by a multilayered sphere. : Lh e el g |
g — ‘ 1
This algorithm is more elegant for the general = Scattored sphercal weve
O.5 —
. . (8) -1 _]
problem of scattering from a sphere with any i _
Fig.4: Reading of electromagnetic energy detectors in the presence of
number of layers, and to obtain the solution to a particle. s - - - - - 0.5 - - - -
(@] 1 2 3 4 5 S (@] 2 4 S S8 10 122
Timed@3) —~ 10 ° Timed@E) —~ 10°

scattering from a homogeneous sphere or a [E(r), H(r) 1= [E;o(1), Hi (D] + [Eqea(r), Heea(D)] (1)

Fig.7: For single-layer sphere, Scattered signals (a) and cross section efficiency (b) for the dielectric sphere of &, = 4 and radius

h ith a singl ' ial _ .. i i o 1.8 cm at 8 values of 120°.
sphere with a single coating as special cases Derivation Of The Mie Scattering Coefficients In A

Nonabsorbing Medium: — 10" sca erlng sngna . . - 10" . Scattering signa .
° & > _
Introduction PobservaionR.0,7/2) | | = = Y = :
> In 1871, Lord Rayleigh (1842-1919) was = el N7a ct N N
interested in the scattering of light by (&0 o) = o) . =
’ G—»C U ]
particles in the earth’'s atmosphere, and C > el I i /
. . . X 2 23S _ iz
conceived of as phere as being the simplest ! | | X =1200| I | =24 om )
model for such scatterer. First, the most - e "7 w0 - e " <o
Fig.8: For single-layer sphere, Scattering signals at different angles (a) and different radius (b) for the dielectric sphere of €, = 4
important calculation details are the 1908 YET _a Epe I *? 00 scamerngsigmal 0% scatteringsignal
Gustav Mie article. Robert A. Shore did Al 060 | 2-0.8 om
. N : 6=120° I r2=1.0 cm| |
broadcast the IEEE Antennas and Propagation Fig.5: The problem geometry used to generate electromagnetic | |
signals scattered from the spherical targets.

=
4

magazine in 2015 analyzed scattering of an Calculation of a,, and b,, mie coefficient.

0 ;VAVA\yﬂJ | va/\ N T ]

electromagnetic linearly polarized plane

7%/\ W WMWMNWW“M

Electrical Field(v/m)
Electrical Field(v/m)
o

M A e
wave by a multilayered sphere. “qun(”ﬂ ! PLF U " E‘ «
[i+1 L+1 ¥
» Rainbow  theory is  important for @y = fﬂ(UL} N LLI U\ (4 s .
. . . u,B,(v,) - ke | |
understanding spherical scattering and the e AN o T ] T ] |
g p g “L.I-L HEI+.1 HEI LII 2 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 5 o 2 2.2 2.4 2.6 2.8 8 3.2 3.4 3.6 3.8 4
parameters of reflection, refraction and e o o N
' I"l |: Fig.9: For two-layer sphere, Scattered signals for the Fig.10: For two-layer sphere, Scattered signals for the
—L K H {:r.l } -1 F -|- *” dielectric sphere of £,; = 4, £,, = 2 and inner radius r1=0.9 dielectric sphere of £, = 4, &, = 4 and inner Radius
N(;Tvm I'l“l LAY L I H‘l cm and outer Radius r1=0.9 cm at 8 values of 60°, 90°, and r1=0.9 cm outer Radius r2=0.8, 0.9 and 1 cm at 6 values of
— 120°. 120°.
HEFLECTED E}” - ﬁ! {:IL:IIL} HL <« 10-© scattering signal
s = ( ) v, B, {1* ) - “LFT +1(1 ( )] | | | | | |
WATER s : e 1=2 ,e 2=4 Bl
41 Hit1 | | RO |
REFRACTED For complex argument the individual Riccati-Bessel A g
RAY . . : . =
\ functions and their derivatives can become extremely = 2 ‘ ‘ ‘ ‘ A ‘ N T
% large in magnitude with associated overflow problems. 8 o~ ' ' 'A""vAv -
Fig.1: Reflection and Refraction of light at boundaries The EXPressions 15 derived in a form suitable for = ‘ ' ]
between air. practical computation, using ratios of Riccati-Bessel | .
functions. B |
\\
o \\\ Besmel Functions of the First Kimd for @ = [0, 4] Bessel Functions of the Secoml Kind for » < [0, 4] ‘82 :'3 3_‘2 3_‘4 3_‘6 3_‘8 ;
\ 2.5 F I.-I*, ~ ! ! | . SEFN I ! | - Time(@) ~10°°
I.I _':: "'-III ol | '|II pas - |
AN\ K V\ \/ ISy ATEATTASL te‘if’f Vo Fig.11: For two-layer sphere, Scattered signals for the dielectric sphere of £,; = 4, £, = 2 and €,; = 2, £, = 4 and inner
BRRYS VAT «_f AN TV L OO NAN 5/ " Radius r1=0.9 cm outer Radius r2=0.9 cm at 8 values of 120°.
| > A A A NCK
- AN 1 TV Ssate
-5 b j"‘ 4 0.5 p I,' II.'I :-'- | . .
e o | i, > Conclusion
Jg N ¥,
- T— 55> ) ] |
g Ul m These results show that, this target recognition system is sensitive to the differences in the scattered
| el | I 1 _ signals caused by the sizes and refractive indices of the targets. The internal structure and thicknesses
o s | ] of the layers play an extremely important role in the scattering behavior of the sphere, and even small
7l Lightt peith I £ ClRejplet. | | | | R | | | changes can significantly change the scattered field. In addition to this, if there is a strongly absorbing
> The aim of this project is to recognize the : = : S layer within the sphere, then the scattering behavior of the sphere is determined by this layer and the
target from multilayer dielectric spheres. Fig.6: First five Bessel functions of the first and second kind. layers e?(temal O 1. . . .
> It is to analyze the scattering field of an The internal structure and thicknesses of the layers play an extremely important role in the

scattering behavior of the sphere, and even small changes can significantly change the scattered field.

electromagnetic linear polarized plane wave  The scattered Field:

The far scattered field equations
by a multilayered sphere for classification of

objects. gkt | |
E... =Ej cos@ S-(8)e, +singS5;(8)e, |, kr » 1
o =0 —ikr ‘ ‘ References
U‘fr_ﬂ] [1] Robert A. Shore, “Scattering of an Electromagnetic Linearly Polarized Plane Wave by a Multilayered Sphere: Obtaining a
Hyeo = [:nsmj‘ﬁ{ﬁ}e +sinp5;(68)e,, ], kr % 1 , , - o , .
|_L,Lﬂ O ik computational form of Mie coefficients for the scattered field,” IEEE Antennas and Propagation Magazine, Volume: 57 Issue: 6.
. Dec. 2015.
with
[2] N. A. Logan, “Survey of some early studies of the scattering of plane waves by a sphere,” Proc. IEEE, vol. 53, no. 8, pp. 773-
£ _— 785, Aug. 1965.
E n
5,(0) = nm+ 1) [a, 1, (cos @) + b, 1, (cos 8)] [3] C. F. Bohren and D. R. Huffman, Absorption and Scattering of Light by Small Particles. New York: Wiley, 1983.
n=1 [4] M.Secmen, “A NOVEL MUSIC ALCORITHM BASED ELECTROMAGNETIC TARGET RECOGNITION METHOD IN RESONANCE
M REGION FOR THE CLASSIFICATION OF SINGLE AND MULTIPLE TARGETS,” pp. 57-62, Feb. 2008.
E 2n + 1 i - “Hi i i
| | | | 5,(0) = [a.1. (cos 8) + b, (cos 8)] [5] Mustafa Alper Selver, Mehmet Mert Taygur, Mustafa Secmen, Emine Yesim Zoral, “Hierarchical Reconstruction and Structural
Fig.3: Multilayer dielectric spheres n(n+1) Waveform Analysis for Target Classification™ IEEE Transactions on Antennas And Propagation, Vol. 64, NO. 7, JULY 2016. .

[6] H. M. Nussenzveig, “The theory of the rainbow,” Sci. Amer., vol. 236, no. 4, pp. 116-127, Apr. 1977.

21 JUNE 2019 DOKUZ EYLUL UNIVERSITY, IZMIR, TURKEY



