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Abstract— A hybrid method is proposed for specific absorp-

tion rate analysis in a human body located in the near field

of typical GSM base-station panel antenna. The method com-

bines FDTD technique with analytical description of the near

field of isolated antenna. The approximate results are found

to be in excellent agreement with the results obtained by us-

ing the traditional FDTD. The most important advantage of

proposed approach is minimization of computer memory re-

quirements and computation time.

Keywords— cellular telephony, GSM, human exposure to EM

fields, antennas, near field, specific absorption rate.

1. Introduction

According to International Commission on Non-Ionizing

Radiation Protection (ICNIRP) guidelines [1] and IEEE

standards [2], to evaluate exposure conditions to EM fields

specific absorption rate (SAR) must be calculated. It is

advisable to use full-wave numerical methods to evaluate

SAR [4]. Finite-difference in time domain (FDTD) method

seems to be the most frequently used approach in such

cases. The method has been successfully applied to evalu-

ate exposure conditions in far-field of antennas [6], where

plane-wave excitation can be assumed. However, evalua-

tion of SAR in the vicinity of GSM base-station antenna

using classical FDTD usually cannot be performed due to

computational limitations. Since the FDTD domain should

enclose antenna as well as human body phantom, while the

distance between them increases the computer storage re-

quirements and computational time grow rapidly. To over-

come the limitations mentioned above, parallel FDTD tool

using super-computing platforms has been proposed [8].

For the same purpose, hybrid method, combining method

of moments (MoM) with finite elements method (FEM) has

been employed [9].

In this paper, another hybrid approach to evaluation of hu-

man exposure conditions in near field of typical GSM base

station panel antenna is proposed. The method combines

FDTD [7] with analytical description of antenna’s near

field. To evaluate near field of the antenna, its discrete

model is employed [10, 11, 12]. It must be stressed, that

proposed approach can be used to evaluate exposure condi-

tions even when antenna’s geometry is not exactly known,

while all needed parameters of antenna’s model can be ob-

tained form the catalogue data only. For proposed hybrid

method, computer requirements are independent of the dis-

tance between antenna and human body phantom.

2. Method description

In this section proposed hybrid method for evaluation hu-

man exposure conditions in near field of GSM anten-

nas is described. The approximate results are compared

with those obtained using traditional FDTD method. Be-

cause of huge computer memory requirements for tradi-

tional FDTD, derivation of the method and its validation

is carried out for simple, rectangular box human phantom.

Dimensions of the phantom (height × width × thickness

= 80× 50× 20 cm) correspond roughly to dimensions of

adult man’s trunk, and its electrical parameters (εr = 42,

σ = 0.97 S/m) – to average parameters of human body

for 900 MHz. The same fantom is recommended for SAR

measurement procedure [4].

Let us consider the situation depicted in Fig. 1. The phan-

tom is located centrally in front of 730370 antenna [15].

This antenna is widely used in GSM 900 base-stations.

When the human phantom is located close to the source

(in near field), significant influence on antenna parame-

ters is expected. To examine this coupling phenomena, in-

put admittance of the antenna as a function of the dis-

tance between antenna and phantom has been calculated.

Fig. 1. Rectangular box phantom in the vicinity of GSM panel

antenna.
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The results are presented in Fig. 2. As can be observed, if

the distance is greater then approximately 0.7–0.8 m, the

phantom influence can be almost completely omitted.

Fig. 2. Input conductance of panel antenna as a function of the

distance between antenna and phantom.

The total field in the vicinity of the phantom can be treated

as sum of incident field (E i, H i), produced by current flow-

ing in the antenna, and scattered field (Es, Hs), resulted

from interaction of incident field with the phantom. If the

influence of the phantom is negligible, current distribution

in the antenna is such as current distribution in separated

antenna. In such cases incident field can by successfully

calculated using so-called discrete model [10]. Panel anten-

nas, which seem to be the most popular for GSM 900 MHz

as well as for GSM 1800 MHz base stations, are made up

of identical “cells” (see Fig. 1). Each cell consists of sev-

eral dipoles placed in front of a reflector. In discrete model,

the original antenna is replaced with discrete linear array,

where each cell is modelled by one source. The total field

is calculated as a sum of the fields radiated by sources.

The field of each source is obtained using far-field formu-

las. The model gives excellent results if observation point

is located at the distance grater then ∼ 2λ from the an-

tenna. All needed parameters of discrete model can be eval-

uated from catalogue data of the antenna only [10, 13, 14].

Thus, the model can be used for fast calculation of inci-

dent field even if antenna’s geometry is not exactly known.

To evaluate exposure conditions, knowledge of total field

only inside human phantom is needed. Consequently, if

discrete model is employed for incident field calculation,

problem space for FDTD method can be significantly re-

duced to the nearest vicinity of the phantom, as it is il-

lustrated in Fig. 3. It results in decrease of needed com-

puter memory and time of computations. In this paper

FDTD formulation for total/scattered field is used. Thus,

discrete model is employed only for calculation of incident

field on the Huygens boundary between regions. To extend

FDTD domain to infinity, Berenger’s perfectly matched

layer (PML) [7] has been used.

In order to validate the proposed method, approximate re-

sults has been compared with those obtained using classi-

Fig. 3. Problem space for proposed hybrid method.

Fig. 4. Electric field intensity [V/m] inside the phantom along

its symmetry axis.

Fig. 5. Total power [W] absorbed by the phantom as a function

of the distance ( f = 900 MHz, Pin = 1 W).

cal FDTD. Calculations has been carried out for numerous

distances between antenna and phantom. In Fig. 4, elec-

tric field intensity inside the phantom along its symmetry

axis is presented. Total power absorbed by the phantom

as a function of distance is depicted in Fig. 5. As can be
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easily observed, excellent agreement has been obtained for

the distances greater then ∼ 0.9 m.

3. Results

To study exposure conditions in the near field of base sta-

tion antenna heterogenous model of man has been used.

The computer phantom, which has been developed by vis-

ible human data [16] and provided by American National

Library of Medicine, carries information about parameters

of 39 different types of tissues. Used model is made up of

196×114×626 voxels with 3 mm resolution.

The following conditions have been considered. The phan-

tom faces the 730370 antenna, so that the maximum of

radiated field can be observed at head-level. The distance

between the antenna and the phantom was being changed

from 0.75 m to 10 m, which is far field boundary accord-

ing to classical 2D2/λ criterion [5], with 0.25 m step. For

each distance electric field intensity E in human body was

calculated and then SAR distribution was obtained:

SAR = σE2/ρ ,

where σ and ρ denote conductivity and density of the

tissue, respectively. Then, the results was compared

to safety guidelines. IEEE and ICNIRP restrictions are

based on limitation of whole-body SAR and local SAR

for any 10 g [1] or 1 g [2] of continuous tissues. To select

a tissue volume of the specified SAR-averaged-mass, the

techniques described in [3] has been employed. According

to [3] only a 5% deviation of demanded mass is permitted,

and a tissue volume must have a cubical shape. It is easy

to satisfy such conditions if a 10 g mass averaging is evalu-

ated. Some difficulties may occur when a 1 g mass average

SAR evaluations have to be proceeded, because of a 3 mm

phantom resolution. If it is not possible to reach the desired

value of the required mass in cubical volume, the following

method has been developed. All the voxels in the vicinity

of centered location [3] have been divided into 27 subvox-

els. Each subvoxel has mass equal to 1/27 mass of a basic

voxel, and a resolution of 1 mm. Thus, it is possible to

create a precise cube with a required mass of tissue. In

Figs. 6 and 7 SAR distribution in two cross-sections of

the man model located at the distance of 1.5 m are pre-

sented for power radiated by the antenna equals to 10 W.

Table 1

Tissues with most intensive power absorption

SARtis/SARwb

Part of body Distance [m]

0.6 1.5 3.5 6.0 8.0

Eye lens 26.71 40.53 32.52 23.61 19.26

Eye cornea 18.67 27.91 22.24 16.16 13.15

Eye aqueous humor 14.19 22.05 17.70 12.85 10.47

Eye sclera/wall 11.73 18.23 14.82 10.63 8.71

Pituitary gland 10.92 15.81 12.77 9.31 7.62

Fig. 6. SAR1g distribution on sagittal and coronal views for

distance 1.5 m ( f = 900 MHz, Pin = 10 W).

Fig. 7. SAR10g distribution on sagittal and coronal views for

distance 1.5 m ( f = 900 MHz, Pin = 10 W).
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For each considered distances most of electromagnetic en-

ergy is absorbed by muscles (∼ 40%), fat (∼ 25%) and skin

(∼ 5%). The investigation also shows that except brain and

eyes, the other body organs are strongly protected by tis-

sue layers such as muscle, fat, bone and skin. Some brain

and eye-tissues absorb EM energy significantly more inten-

sively compared with the rest of the body, as it is presented

in the Table 1. Maximal local SAR values are concentrated

around the head and chest, where distinct hot-spots can be

observed. For example maximum local SAR is localized in

eye when the distance between model and antenna is equal

to 1.5 m. When the distance is increased to 8 m maximum

local SAR occurs in muscle of chest.

Fig. 8. Antenna input power needed to exceed SAR restrictions.

The results depicted in Fig. 8 show minimal antenna input

power which makes the SAR restriction to be exceeded. As

can be observed, to reach 1 g SAR restrictions the smallest

input power level is sufficient. 10 g restrictions play impor-

tant role close to antenna only – if the distance is greater

then about 3 m whole-body SAR restrictions dominate.

4. Conclusion

In this paper hybrid method for specific absorption rate

calculation in near field of GSM panel antenna is pro-

posed. The method combines FDTD technique with ana-

lytical description of the near field of isolated antenna. The

approximate results are found to be in excellent agreement

with the results carried out by using the traditional FDTD.

Obtained results show, that comparatively high SAR level

can be observed in brain and eye tissues. However, it is

also presented, that SAR restrictions can be exceeded if in-

put power of the antenna is relatively high compared to its

typical values (about 40 W).
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