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Abstract: The magnetic fields at different operation conditions, in and out of the measurement points, were estimated and visualized by the developed visual software, which has 3D screening unit, based on Artificial Neural Networks and Grid Data. The software enables users to estimate the electromagnetic field distributions in and out of the measurement points.
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1. Introduction

Transformer substations work based on electrical equipment causing electromagnetic pollutions, which affect both living creatures and electronic equipment. Based on the ICNIRP (International Commission on Non-Ionizing Radiation Protection) guidelines 1998, a European Parliament and Council Directive on minimum health and safety requirements regarding the exposure of workers to electromagnetic fields, has been adapted in spring 20041.
    The most prevalent sources of magnetic fields ( MFs ) in substations are2-5 : (a) High voltage and low voltage buses and lines, which include: Low voltage side transformer bus work, Bus work segments, Pot-heads and Underground cable entering / leaving the facility; (b) Currents in connections to the ground mat from structural steel, transformers and other metallic structures in the substation; and (c) Air core reactors and capacitor banks. There are some studies dealing with electromagnetic fields ( EMFs ) in the substation6-11.  Hayashi et al9-11 measured 60 Hz MFs in substations and proposed a simple analytical method to calculate MFs. Analytical model12-18 were developed to carry out the computations on field distortion due to the metallic structures, earth currents etc. Caldecott & Sebo19 studied scale modeling of MF distribution in substations. Studies are available on measurements, modeling, design, management, reduction and shielding of MFs in the substations2,3,5,20-25.
In recent years, Geri & Veca26 proposed a full three-dimensional calculation model based on a multipole technique able to predict MF of a transformer substation. Keikko et al27 investigated MFs in 20/0.4 kV substations from the occupational exposure point of view. Magnetic field measurements28 in 10 MVA substations were compared with the established safety limits. In 2005, Elhirbawy et al29 used Artificial Neural Networks (ANN) to estimate MF around power transmission lines. 
There have been also several different studies available about EMFs in transformer substations30-40. The effects of allowable MF at a rigid bus substation30 and of dimensions and neutral points of a transformer on EMFs in a transformer center32 were studied. In other studies, analyzing MF shielding31 and grounding potentials in transformer centers33-37 were investigated. Measurement techniques for recording interferences of voltages and currents, and EMFs and MFs38, the effects of transients in gas insulated switchgear39 and distribution of electrical fields of high voltage apparatus40 have been analyzed and studied. EMFs and MFs around electrical machines41,42, the germination of plants43 and controlling human erythrocytes’ orientation44 have been recently worked on. In the previous works6-29, MFs have been visualized in two dimensions at the measurement points in many cases. 
In this study, MFs have been represented in 3D covering all points around a transformer substation center. Visual software, which has 3D screening unit, based on ANNs has been developed. This provides that the researchers might consider the effects of the distributions around electrical and biological environments more clearly, effectively and efficiently. 
6. Conclusions 


Results based on ANN model were found accurate and sufficient. This program enables users to estimate the distribution of EMF even out of the measurement points. The use of ANN allows users to analyze the system having less system data. 3D screening provides more visual environment to the researchers. EMFs measured at or around the transformer substation center can be compared with the standard values that how much they are in the limit values. EMF data can easily be taken into developed software so that the use of RS-232 is not necessary for this application. New adaptations to the software developed for the different design environments can be made. This study might also be adapted to similar studies on EMF distributions of base stations. The only drawback encountered in this work was to integrate GridData into software developed. 
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