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— INTRODUCTION

A SuzANA(in Croatian Qustav za Analizu Nizova Antena ¢
Systemfor the Analysisof Antenna Arrayg and TWINS
(Thin Wire Numerical Solver) are user friendly software
packagedor the analyisof radiation and scatteringfrom
thin wires developedat the University of Split, FESBoy:
Dragan Poljak, Vicko 5 2 NJAnisa Antonijevic and Anna
Susnjara

A Usingthese codesthe analysiscan be carried out in both
frequencydomain (FD)andtime domain(TD)

A FD analysisis based on the FD Pocklington integro-
differential equation while the TDanalysigs basedon the
TD Hallen integral equation and correspondingradiated
field formulas
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— INTRODUCTION

A The Integral expressionsare handled by meansof FDand
TD schemeof the Galerkin¢ Bubnov Indirect Boundary
ElementMethod (GBIBEM)

A The correspondingreflected transmitted field is obtained
by numericallycomputingthe relatedfield integrals

COMPUTATIONAL

METHODS in Aided| Design|

ELECTROMAGNETIC (‘,,nmput;umnn.l O ire S res
COMPATIBILITY E lccrr()magn €ricC Frequency and Time Domain Analysis:

Compatibility

COST is supported by the
EU Framework Programme Horizon2020




Formulation

Derivation of Pocklingtonequationandfield
iIntegral formulas

“Wow! Amazingly that's my lucky number!”
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FORMULATION

The formulation is basedon the spacefrequencyintegro-
differential equation of the Pocklington type and
correspondindiled formulas

The presenceof the air-ground interface is taken into
account via corresponding reflection/transmission
coefficiens.

The spacefrequency Pocklingtonequation is numerically
solved via the GalerkinBubnov variant of the Indirect
BoundaryElementMethod (GBIBEM)

The correspondingreflected transmitted field is obtained
by numericallycomputingthe relatedfield integrals
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— FORMULATION

A Geometry of interest ¢ dipole antenna above a lossy
ground
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Free space (¢, L)

Lossy half-space
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Transmitted wave
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FORMULATION

N
CCOsE 1y 1208

4 SCIENCE AND TECHNOLOGY

Interface conditions for the tangential components of the E-
field at the PEC wire:

Ex' (Eexc + E’sct) -0
The excitation:
[exc — pinc 4 pref
Scattered field: R .
ES = —jwA — Vo
Thin wire approximation (TWA):

t _ . dp
Ex® = —jwAy — 5~

Warsaw Poland 25-27 September 2017

RSl COST is supported by the
Ea EU Framework Programme Horizon2020



. FORMULATION

”y
CCosE 1y 1208

\ IE\I E'ND EC rOLJC

Scalar potential:

p(x) =—

1 L/2 aI(x")

Famweg -L/2 gxr 9 X )AX

Vector potential:

L2 ., ,
Ay =~ fl/‘/zl(x )g(x.x")dx'

Pocklington's integro-differential equation:

L

exc _ j; i 2 ! ' ’
ESX¢ = ]w4nle(x )g(x, x")dx

L
1 0 (zol(x")
= f g(x,x")dx'

jAmtwey 0x _% ox’
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FORMULATION

]
CCOoSE 1y 1208

W SCIENCE AND TECHNOLOGY

Pocklington's integro-differential equation:

Tixy.2)
L B
exc : H 2 ) r [} — R s
Ex*c = Jw - ) g(x x)dx )
“Z
L edium Seurce antenna
1 a (zalI(x") . h:gd ]I ]
- _J‘ g(x, x")dx' el e ’ s=L x
Jjamwey dx _% dx' ' Wy
1
b Image antcnna %_l—
[
I" P 'L{{ Pﬂ
Mediom 2
Total Green’s function: ek )
: , e~ ikoRo , e~ JkoR;
gx,x")=go(x,x") — Rry * gi(x,x") go(x,x") = R 9i(x,x') =—

Fresnel’s reflection coefficient:

n cos9— /n— (sind)? |x=x|

. O
Ron = n= |&—j— = arctg —
™ n cos 9+ n— (sin9)? r—J WEq 0 = arctg 2h
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— FORMULATION

Ny
Coost 1y 1208

| AND TECHNOLOGY

U The electric field above a lossy half space:

L/2
[ jz af(x )ag(x}’ x)dxr+k2J‘ I(X’)g(x,x’)dx’

E
* }47T(U£0 L 9x’ ax L2
E o 1 J’z al(x)ag(xy,x)
Y jAnwe, é dx’ dy
1 281(x)ag(xyx)
B2=12 f L0 d
JAMOZ0 )3 x z Fresnel
— "N — ’ ) reflection
Green function: glx,x")= go(x,x") — Ry gi(x,x") coefficient
(e x') e ~JKofo () e Jkiki n cosd —\/n — (sin)2
x,x") = (x,x") = =
Jo Ry gi R; ™ cos9 + Jn — (sin9)?2
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— FORMULATION

CoOsE 1y 1208

M SCIEMCE AND TECHNOLDGY

Tangential field transmitted into the ground:

o zal(x)ﬂ(;(xx z)
xer )4nm£eff IL dx’ ax’

-y fLI(x )G (x,x',z)dx’

2

Green function: _
Propagation constant

G(Jf, X’,Z) = rngg(xjx!) Y = jw(a +jw£0£r)
. Transmission coefficient arising from from MIT _ 2n
gy Modified Image Theory (MIT): Fy n+1
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Numericalsolution

Evaluationof the antennacurrent distribution and
radiatedfield components
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— NUMERICAL SOLUTION

CcostE  1u 1208

'1 ILh \DI'LH\ LU‘

BEM solution of Pocklington equation system
X, —X x'—x,,

Ax T Ax

e Local approximation for current : I(x")=1,

N,
k

e Global matrix equation: :
L It =3V
N, - the total number of elements Z:]:[ ]Pﬁ’{ }k { }P
The mutual impedance matrix:

[Z]pk :—I _[ g (o, x )dlx "dx+ k7 I _[ {f}; {f’}; g (x,x")dx"dx

Al Al Al Al

{f}, {f'} shape functions vectors, {D}, {D'} shape function derivatives

The local voltage vector: {V}p = — jAme, J' E;”“(x){f}p o

:‘FP
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— N UM ER'CAL SOLUT'EMN;eof free space

”-~N
CoosE 1y 1208

N SCIENCE AND TECHNOLOGY

e Shape are chosen from the family of Lagrange's polynomials

NEXS
L@=]] , Jei
j=1Xi~ X
e Alinear case:
: X, — X
(x) ==
fl ‘ Ax
X—X
fH(x)= 1
B Ax

e Wwhere X, and X, are the coordinates of the segment nodes and
AX= X,- X4 is the semgemt length.
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— N UM ER'CAL SOLUT'EMN;eof free space

CcostE ru 1208

l AND TECHNOLDGY

e [Z];and {V}; are given by:
df, (x) df; () @&%P)

c’z’A dx' dx x! x. x')dx' dx
AJ;J; df, (x)df, (x')  df, (A)a'f( )%( e
dx dx' dx dx’
LA ) A ()4 () .
x.x')dx'dx =
] {f W () 1) o J%( )

1 df a sz ' '
B A.Xz ;’1( J.J. |: :|g0{x:x ]dx dx +

nxn

2 ” {x Jk1()(x2 x) (x, = x)x'-x,)

o) o i

{V} ——j4JT(38I E”ff {f (\)} ,:_j4;m)8 TE;M(‘L){(%’)}dx

Al 2{1) Ax (1_;\1)

where Al, Al assign the widths of i-th and j-th segments.

|

x)
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— N UM ER'CAL SOLUT'EMN;eof free space

CEUEt TU 1208

e The evaluation of the right-hand side vector can be
undertaken in the closed form if the delta-function voltage
generator is used (antenna mode), or the plane wave

excitation (scatterer mode).

e |n the radiation mode right-side vector is different from zero
only in the feed gap area.

e The x-component of the impressed (incident) electric field is
given by:

@ Wwhere V is the feed voltage and A/, = Ax (for convenience) is
gy the feed-gap width.
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— N UM ER'CAL SOLUT'EMN;eof free space

”~
V|:|:|5|: TU 1208

W SLIENCE AND TECHNRLDGY

e Using the linear shape functions it follows:

M&'
) X =7 V . -
{V}j =_J e I —£ (12 l) dx = —]'Zfrwng(l]
Al, w, Al (x—xl) 1

e |f the scattering mode for the simple case of normal incidence is
considered it follows:

EX“(x)=Eq

e The right-hand side vector differs from zero on an each segment
and the local voltage vector is:

A J4nos 2 (xz — x) . 1
{V}j = ;[ED [(x x )} dx = jZﬁ(ogEoAx(J
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— N U M ER'CAL SO LUT| @Ndevaluation

Ccost  Tu 1208

M SLIENLE ’|DI‘LH‘1 LU"r

e Applying the BEM formalism to integral formulas for the field
above a lossy ground :

1 MY I'+1 —[. Titln oG (1 ’L) jxi+1:n
E = _ Irln Hm d\’l‘f—k‘_ G Ji.’._.xl I (xf afo
x j473'0)50 ;g[ Ax Jl ox! xj‘ r.lm( : ) in )
m=12....M
M _j .y . Xi+ln F:G . v-'
;.- ZZ :_r.' J‘ C nmﬂ(\__ X )dx,l: m = 152--41/[
' j41m)80 =5 A J Ay
1 U Lo, — 1, G (x,x! _

E_: . ZZ +1, : J. nm( )d;\’:, }??:]_.,2 ...... }\ _{

- Jdnos, 5T Ax oz

in

- N; is the total number of boundary elements on the j-th wire
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— N U M ER'CAL SO LUT| @Ndevaluation
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4 SCIEWCE AND TECHNOLDGY

e Applying the BEM formalism to integral formulas for the field
transmitted into a lossy medium :

1] 1

1 L,-1,} éG(x.x"z R s
E, - P el (. )dx'—y*j{fn ATILI § \AT“}G(:\'._\".:)I(x')dr*]
_ .

ox' Ax

I Xy Xy

- N; is the total number of boundary elements on the j-th wire
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— CONCLUDING REMARKS

A Theoretical backgroundof SuZANAand TWINScodes s
presented
A Formulation is based on the spacefrequency integro-

Pocklingtorequationandthe correspondindield integrals

>\

The influence of the air-ground interface is taken into
accountviathe relatedreflection/transmissiorcoefficiens.

>\

The Pocklington IDE is solved via the GalerkinBubnov
variant of the Indirect Boundary Element Method (GB
IBEM)and the correspondingreflected transmitted fields
are evaluatedusingBEMformalism,aswell.
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— IMPROVED FORMULATION

A Geometryof interest ¢ dipole antennaabovea two-layered
lossyground

Fig. 1. Dipole antenna located over a two layered lossy half-space
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— IMPROVED FORMULATION

A ThePocklingtorequationandfield formulas

L
2
Egxc =jcu4ifLI(x')g(x,x’)dx’ — o - 1 Lal(x") dg(x,y,z,x") dy
mJ3 ¥ janwey |}, 0X dx
L ; L
1 a J.z all(x )g(x x-’)dxf _ yz J. I(xf)g(x’xf)dx;
JjAdmwey dx J_L O0x’ ’ 0
2
r - 1 Lol(x"ag(x,y,z x" I
y = !
9(.x") = go(x,x') = Ry gi(x,x") Jirwgod v oy
r - 1 Lol(x") dg(x,y,z x") &
e JkoRo e JKoR; 0 jAnwey ), 0x' 0z
gﬂ(x:x‘r) — R ’ gi(x,x’) — R.
0 i

g(x,x") = Trp go(x,x")
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— IMPROVED FORMULATION

A Correspondingfield expressions reflection/transmission

coefficiensX Z,cost, — Z, cost,, 01
Pmn = m =1,
o iE* Lot mne Z,cos?9, + Z, cost,,
CoTo e 27 cosd
coS
By =P%ps 4~ p- I = no - om n=12
1_-101 To1 Z,cosv, + 7, cosv,,
E1+ — — phicos ﬂ'LdlE;
ple
_ 12 _,, :
El =T_e ylcosﬂldlE; M = 1 [ 1 pmn m=01n=12
12 Tmn LPmn 1
Zk — }O:};ID k — Ojljz B e'y.lcosﬁldl 0
Jk +}w5ﬂ£?‘k P12 - 0 e~ Y1 cosyd4

Ve = \/fwﬂ-u(ffk +jwegey) k=012
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IMPROVED FORMULATION

A Correspondingfield expressions reflection/transmission

coefficiensX

EF (]

\ED—] — Mﬂl El_
0 [ ~1

B
£ |

Ef
Ef = P, M,

(Zin — Z3)
MIT _— —01

272

= =12
mn (Z?%l -I—Z%) n ’

T

COST is supported by the
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Ef (cos 0y &, + sin g, &,)e Yo sin o=z cos o)
+ E; (cos 9, e, — sind, e,)e Yo(xsindo+zcosdo)

N
E, =
N %] iny. 6 )e Yi(xsind;—zcosd,)
Ef(cosv, e, +sind, e,)e

+ E; (cos ¥, é, — sind, é,)e Yr(xsinvitzcosvy)

%
Ez =
Ef (cos 9, é, + sind, &,)e Yz(xsindz—zcos )
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Depth [m] LID20001.000

X[m]
Suspected secret passage in the
basement of the medieval house
in Osijek, Croatia.

The passage was not found.
Roman tombstone was probably
used as a part of home shrine.
900 MHz IDS antenna was used
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This research is a joint effort
_ of Faculty of Civil
- Engineering Osijek and
Faculty of Civil
- Engineering, Architecture
.‘E and Geodesy in Split.

Depth ] LID10001.000

15th century monastery on the island
Badija, Croatia. GPR survey was
performed in order to determine the
structural integrity and composition of
the walls.

2 GHz bipolar IDS antenna was used.

X[m]
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13th century castle Korodj, near
Osijek, Croatia. The :
archaeologists hypothesized that ;h%‘:]ggk? Nadilo &
waterway which connected small

river and moat (inner water

trench) existed. Probable

location was found.

Dual 200/600 MHz IDS antenna

was used.
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Depth [m]
B o

LID10001.D02

GPS survey of the B r airport runway
(islandBr a| , Ctestnghewa ) |,
runway.

Dual 200/600 MHz IDS antenna was
used.
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coCOos

preparing for measurement on Split Airport

measuring at the end of the
day

Action TU1208 7T WG3

Meeting



6F CcrcosE

A the central part of the runway was divided into 15
sections, for which 16 lines of measurement are
defined

A the driving of the vehicle on the define lines was
ensured by setting the plastic cone every 25 to 30 m

Action TU1208 1T WG3
Meeting
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Radargram, one measurement line on section A
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- 'W'Ww R ARt s WY

| Resiul‘tséof‘ 16 measurement lines for section A
from 0-744,00 m to 0+000,00 m
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