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Introduction 
 

About SuZANA and TWiNS codes 
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 SuzANA (in Croatian: Sustav za Analizu Nizova Antena – 
System for the Analysis of Antenna Arrays) and TWiNS 
(Thin Wire Numerical Solver) are user friendly software 
packages for the analyis of radiation and scattering from 
thin wires developed at the University of Split, FESB by: 
Dragan Poljak, Vicko Dorić, Sinisa Antonijevic and Anna 
Susnjara. 
 

 Using these codes the analysis can be carried out in both 
frequency domain  (FD) and time domain (TD). 
 

 FD analysis is based on the FD Pocklington integro-
differential equation, while the TD analysis is based on the 
TD Hallen integral equation and corresponding radiated 
field formulas.  

INTRODUCTION 
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 The integral expressions are handled by means of FD and 
TD scheme of the Galerkin – Bubnov Indirect Boundary 
Element Method (GB-IBEM). 
 

 The corresponding reflected/transmitted field is obtained 
by numerically computing the related field integrals.  

INTRODUCTION 
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Formulation 
 

Derivation of Pocklington equation and field 
integral formulas 
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 The formulation is based on the space-frequency integro-
differential equation of the Pocklington type and 
corresponding filed formulas. 
 

 The presence of the air-ground interface is taken into 
account via corresponding reflection/transmission 
coefficients. 
 

 The space-frequency Pocklington equation is numerically 
solved via the Galerkin-Bubnov variant of the Indirect 
Boundary Element Method (GB-IBEM). 
 

 The corresponding reflected/transmitted field is obtained 
by numerically computing the related field integrals.  

FORMULATION 
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 Geometry of interest – dipole antenna above a lossy 
ground  
 
 

FORMULATION 

Transmitted wave 
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FORMULATION 



COST is supported by the  

EU Framework Programme Horizon2020 

FORMULATION 



COST is supported by the  

EU Framework Programme Horizon2020 

FORMULATION 
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FORMULATION 
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FORMULATION 
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Numerical solution 
 

Evaluation of the antenna current distribution and  
radiated field components 

  

 



COST is supported by the  

EU Framework Programme Horizon2020 

NUMERICAL SOLUTION 
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NUMERICAL SOLUTION – Case of free space 
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NUMERICAL SOLUTION – Case of free space 
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NUMERICAL SOLUTION – Field evaluation 
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NUMERICAL SOLUTION – Field evaluation 
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Concluding remarks 
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 Theoretical background of SuZANA and TWiNS codes is 
presented. 
 

 Formulation is based on the space-frequency integro-
Pocklington equation and the corresponding field integrals. 
 

 The influence of the air-ground interface is taken into 
account via the related reflection/transmission coefficients. 
 

 The Pocklington IDE is solved via the Galerkin-Bubnov 
variant of the Indirect Boundary Element Method (GB-
IBEM) and the corresponding reflected/transmitted fields 
are evaluated using BEM formalism, as well. 

CONCLUDING REMARKS 
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IMPROVED FORMULATION 

 Geometry of interest – dipole antenna above a two-layered  
lossy ground  
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IMPROVED FORMULATION 

 The Pocklington equation and field formulas. 
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 Corresponding field expressions, reflection/transmission 
coefficients… 
 

IMPROVED FORMULATION 
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 Corresponding field expressions, reflection/transmission 
coefficients… 
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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 



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. 

This research is a joint effort 

of Faculty of Civil 

Engineering Osijek and 

Faculty of Civil 

Engineering, Architecture 

and Geodesy in Split. 



13th century castle Korodj, near 

Osijek, Croatia. The 

archaeologists hypothesized that 

waterway which connected small 

river and moat (inner water 

trench) existed. Probable 

location was found. 

Dual 200/600 MHz IDS antenna 

was used. 

Photo by B. Nadilo & 

Z. Tanocki 



GPS survey of the Brač airport runway 

(island Brač, Croatia), testing new 

runway. 

Dual 200/600 MHz IDS antenna was 

used. 

Photo by Josip Sočo 

This survey is a joint effort 

of Faculty of Civil 

Engineering Osijek and 

Faculty of Civil 

Engineering, architecture 

and Geodesy in Split. 

New 

runway 

Old 

runway 

New 

runway 

Old 

runway 
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Split Airport 
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Action TU1208 – WG3  

Meeting 

Edinburgh, April 27-28, 2015 

preparing for measurement on Split Airport 

measuring at the end of the 

day 
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Edinburgh, April 27-28, 2015 

• the central part of the runway was divided into 15 

sections, for which 16 lines of measurement are 

defined 

• the driving of the vehicle on the define lines was 

ensured by setting the plastic cone every 25 to 30 m 
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• the central part of the runway was divided 

into 15 sections, for which 16 lines of 

measurement are defined 

 

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

 



Radargram, one measurement line on section A 
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Results of 16 measurement lines for section A 
from 0-744,00 m to 0+000,00 m 

• data collected by line measurement were used to form the map 
of the asphalt layer thickness using AutoCad Civil 3D  

 



Asphalt thicknesses map for section A 

from 0-744,00 m to 0+000,00 m 

• asphalt layer thicknesses map have been used to determine the depth of milling and 
to help designer to find optimal solution for pavement  rehabilitation 
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attention! 


