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=22 X9} Free-space Green’s function

* how to calculate radiated field from current distribution?

* through Free-Space Green’s Function (FSGF)

* E®X (incident field) = J (induced current) = E, H (radiated field)
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E(r)=jsds'c_5(r,r’)

antenna current
distribution

» 5 * E
radiation
FSGF electric field
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=22 X9} Free-space Green’s function

°[Ei”C (incident field) = J (induced current)]% E, H (radiated field)

* the most time, memory, cost-consuming process
- ME EZE OfEA FE
° analytical: solving electromagnetic problems

MoM (Moment method)

* numerical: full-wave methods (MoM, FEM, FDTD, ...) or T 1, o1 kD)
high-freq. methods (PO, GO, UTD, GTD, ...) - 7, e
o 8 &9 MXN EXM =2 numerical methods &-& . )
E H / Hx
Z ¥ = 7(i+1, 41, K)
. X
(i, j, k) Er (i+1, j, k)

FDTD (Finite-Difference Time-Domain)
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o [I}2}A] Z/Z= numerical method S/ L} OF B2
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NURBS’: Non-Uniform Rational Basis Spline
=22 X9} Free-space Green’s function

* numerical methodE €%t M523 9| exact solution?

Numerical method Segmentation model

MoM triangular or tetrahedron mesh
FDTD rectangular voxel
PO, PTD NURBS®

o 2= solution, ‘induced current model’

W
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=S X2l Free-space Green’s function

* Ex) Gauss’ law
* same field distribution outside the boundary
* same radiated field - different current model (O)

* same current model - different radiated field (X)
+Q point charge +Q charged sphere
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tesimal dipole modeling (IDM)

N

Basic concept of inf

)

induced current) - E, H (radiated field

"

J

[

* radiated field2 £ E{ induced current& 9=

* Ein¢ (incident field) 2>

S
~

« AZ 9| reverse engineering

o X| M3} =l IDM

an induced current model

bounding box

- inf_i_r)_it_e_gim_a_l dipole

T ‘Jactual(r)

CEMLAB
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Basic concept of infinitesimal dipole modeling (IDM)

* variables of infinitesimal dipoles

* position (3) + excitation coefficients (2) + orientation (2) = 7 variables

=> infinitesimal dipole

JID(r)znZi;an(r —rr:D)

a set of infinitesimal dipoles
-. (a set of point current sources)
[

4 variables of n, dipole
X (N) 6,5 ()
I’r:D =l Yo (n) /_ID\‘ i
z, (n) ﬁ :
\_/\\\\\\ i

@ ()

dipole moment of - cos(8,, (n))
ny, dipole
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Basic concept of infinitesimal dipole modeling (IDM)

* near and far-field of IDM

° near-field
N 1 dipole moment o™ ik ik 1 _
E(r):;l‘”m)g0 {(nnx)xnn) +(3nn(nn _Sjejkrn}

:EX_XID (n) Y~ Yo (n)’Z_ZID (n)JT _ - :|r -r,°
r

r r i - |r -r)°l : :
unit vector from ID to observation point distance between ID and observation point

* far-field

* using far-field approximation
n —-r (D path differences (positions)
N
E(r)=2

Y006, |:k2 ([(f nxpn)x f‘)Iejkrr']Dm]e_rl:| )

@ excitation coefficients and polarizations
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Infinitesimal dipole modeling vs. Fourier transform

[ Near-field measurement of Horn antenna ] [ IDM based field transform ]

network analy-ZJ probe; O radiation of IDM

i Measured near-field X Far-field

14

—— prpbe schnning
30 ) ’

S C— T |
m\w = | "
S I pa
30.8em By |t
e scan area
[ FFT based field transform ]

IDM extraction

measured near-field Far-field

3D-IDM

lllll

radiation of IDM

oA CEMLAB
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Infinitesimal dipole modeling vs. Fourier transform

« A0 02l Z2| el X0|
* Fourier transform-based projection - field transform (signal processing)

* IDM-based projection = induced current model (electromagnetics)

[ Measured near-field ] [ Near-field (Back-projection, IFFT) ] [ Current model (2D-IDM) ]
E,(abs) [dB] E,(abs) [dB] E,(abs) [dB] E,(abs) [dB] J.(abs) [dB] J,(abs) [dB]
L e i . & L 8
E,(phase) [deg] "." E)i(ph'a?e) [deg] \1' "‘“ E,(phase) [deg] \ E,(phase) [deg] l\'_" Jy(phase) [deg] “\ \3 y(Phase) [deg] (5 (. 4
[ \ r-rr-'» b [ Qn H; b
U‘ L‘\ {Bé\ \%1 q K\l JI}] “f’ & h'p \\’} i) ’(k\&k b ) \\u Q ?’)“)( t;
*; «'a s W &3) 1 RN 1) =i NS
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Verification of infinitesimal dipole modeling (IDM)

* visual similarity of current distribution

* MoM vs. IDM

* Ex 1) dipole array antenna

# of triangular mesh = 960

0.04 -

0.02 4
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-0. |

-0.1

current model (MoM)

10

Normalized Total Current [dB]

# of infinitesimal dipoles = 240
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current model (IDM)
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Verification of infinitesimal dipole modeling (IDM)

* visual similarity of current distribution
°* MoM vs. IDM

* Ex 2) patch array antenna
# of triangular mesh = 4754

feed

patch array antenna current model (MoM)
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ACIO|E pelo| A=

Antenna Current Green’s Function (ACGF)

: impulse response represented as antenna current distribution with
impulse electric field excitation v 2B (r)

receiving mode anlaysis using ACGF l

4 E'™incident field — \
} ACGF (Mode A) F(r,r’)
E(r ) /e’léctric field on l J (r) > Transmitting Mode
-~ antenna surface
= " FSGF (Mode B) G (r,r’
)=[LasF(r.r) E(r) wose 9 G(er) |
J B E()HE)
induced surface current —
O > ACGF (Mode C) L(r,r') } Receiving Mode

E | F 13 | |

receiving antenna

.. V_ oJ_ (r
‘NE eltlarcl:::ic::e;i]ttald ACGF current distribution = “( )
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o

IDM2 ACGFZM 8 F 4~ Q1 37}7?

o ARHDH A SO MO SSAKITHE H A

on receiving point

Z 7z A : N _
'\ - L <= ANT Fa ’ ! Edlr Fa r’ ") ([ scat "\S
() - 53 o) B R P ) EE )

[—» incident direction]

— polarized dirction

o
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|:|.0|£ Ec'"°|7:,

3 O'” A-I Ol %%ierH E|_-| 7:” A|_|' scattered field

on receiving point

Z Z N K .
v(r.)O L ANT na e Ed” ds, +> F2 (r!,r! YIE® (r! Sn}
(02)" =52 S P (o ET s 3 P ) B )

Antenna Port 6 Voltage

m
=, 150 | —e— IDM-ACGF
qo)o —6— MoM-ACGF
8 100 | — MoM
§ 5
- —e— IDM-ACGF
kS —e— MoM-ACGF s S0f
2 MoM =
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8 -150 5::"
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Receiving Angle ¢ [°] Receiving Angle ¢ [°]
-. calculated & measured AEP (amplitude) calculated & measured AEP (phase)
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Transformation of radiated field

* Sparse far-field patterns - Full-coverage of far-field data

* EM characteristics of the unknown antenna

Aerial Reconnaissance Equipment _—
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Transformation of radiated field

* simulation: single-horn antenna (2.4 GHz)
* observed far-field: 1-D angular domain - used to obtain IDM

normalized Abs. of Tot. E-field [dB, Vim]

| . Observation path-1
: (blue line)

theta|deg |

. Observation path-2
""""" (red line)

wr CEMLAB
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Transformation of radiated field B — - G

* simulation: single-horn antenna (2.4 GHz) |

* two different source data - two different results T i

* “‘modeling 0 & &/ radiated field S/ power portion = modeling accuracy”

om. Abs. of Radiated E-field by IDM in [dB, V/m)

] nomm, Abs, of Radiated E-field by IDM in [dB, V/m] ;
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Transformation of radiated field

* simulation: single-horn antenna (2.4 GHz)

° the more source data, the more accurate modeling

Correlation Coefficient of FF between Original and IDM

nomm. Abs. of Radiated E-field by IDM in [dB, V/m]
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* noise & field accuracyOi| CH Tt sensitivity & &

* modeling BT 74 M (& X| current distributiont2| X[ = 24

* IDM to current reconstruction / optimization & 7
« T FH HYS WA MFEEX =7
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