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Normalized Site Attenuation Standard Correction
From Numerical Computing

A. Askri, C. Vollaire, L. Nicolas, and D. Prebet

Abstract—In this paper, a numerical model for site attenua-
tion is described. Both horizontal and vertical polarization are pre-
sented. Ideal site attenuation values are compared with three-di-
mensional (3-D) finite-element results in the frequency range re-
quired by the standards. The results show significant errors in com-
puting 3-meter (m) site attenuation in the 30–300 MHz frequency
range. New values for the normalized site attenuation are then
given for 3-m measurements. Such a numerical tool can be used
to optimize the performances of indoor test site such as semi-ane-
choic chamber.

Index Terms—Antenna factor, semi-anechoic chamber, site at-
tenuation, propagation.

I. INTRODUCTION

B ECAUSE it is difficult to have convenient space for open
area test site (OATS), normalized site attenuation (NSA)

has become the standard method for determining the accept-
ability of electromagnetic compatability test sites to perform ra-
diated emission measurements. The criteria for site acceptance
is specified in ANSI C63.4 as well as other standards [1]. It is
based on a comparison of the measured NSA for a given site to
the calculated theoretical NSA of an ideal site. The ANSI C63.4
Standard requires that the measured NSA must be within 4 db
of the theoretical NSA in the frequency range of 30–1000 MHz
in order the site under evaluation to be considered acceptable
for performing radiated emission testing [1].

Semi-anechoic chambers are currently used for indoor
antenna measurements, electromagnetic interference measure-
ments and electromagnetic compatibility measurements [2].
For such systems, the back reflections due to the walls are
minimized in order the sources to radiate like in an OATS.
Performances required for a test site are based on the ideal site
attenuation model developed by Smith et al. [3].

Many researchers have taken delight of the exact theoretical
relations that could be compared with practical measurements
experience at their different centers of measurement, and their
different models. All the presented results show a good agree-
ment between measured and theoretical values. The maximum
deviation is below the 4 db specification required by ANSI
63.4. The method proposed by American National Standard In-
stitute (ANSI) [1] and [3] for the evaluation of the NSA is ob-
tained with a geometrical optics approximation [1], [3]. Prac-
tical experience has shown that correction factors must be added
on the general formulation of NSA in order to take into account
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several effects. In [4] and [5], the assumptions in the method
introduced by the ANSI are analyzed. A new approach based
on the self and mutual impedance between the antennas (tuned
dipoles and broadband antennas) is examined. The results pre-
sented in [4] and [5] show that the mutual impedance is much
lower than the sum of self-impedance and load impedance. Fur-
thermore, the self-impedance is approximated by a simplified
equations and the antennas factors do not change with the an-
tenna height. In [6] a near-field correction factor is presented for
the 30-Mhz to 200-MHz frequency range for 3- and 10-meters
(m) distances and for both horizontal and vertical polarizations.
Furthermore, the introduced modification of the equations for
calculating NSA with the complete electric field shows that the
largest errors occur for horizontal polarization at a frequency
of 30 MHz. It is recommended the complete expression for the
electric field of a point dipole should be used in calculating site
attenuation and in calibrating antennas for measuring site atten-
uation. A correction for infinite conducting ground plane is also
introduced.

In [7], the NSA can be similarly characterized on the ideal
open-field test site by defining the effective distance from the
source to the observation point. Numerical results for horizontal
polarization agree with those of the ANSI. However, the results
do not agree for vertical polarization. In [8], a new model based
on a complex image theory is presented. It can affiliate near-
field correction factored the contribution of Norton surface wave
component but only in the case of the vertical electric dipole.

In this paper we propose a method to compute the NSA nu-
merically. This method is based on a three-dimensional (3-D) fi-
nite-element (FE) formulation. Numerical results are compared
with analytical ones. New values of NSA are given for 3-m mea-
surements. This numerical formulation is then used to predict
the NSA of semi-anechoic chamber. This technique allows a
low-cost design of semi-anechoic chambers.

II. THEORETICAL NORMALIZED SITE ATTENUATION

Site attenuation is measured by using a pair of tuned dipole
antennas. The standard (ANSI Standard c63.4-1988) sets the
procedures for the NSA measurements on a test site [1]: two
antennas are set up on the test site using specified geometry as
shown in Fig. 1. The NSA procedure requires two different mea-
surements of received voltage . The first reading of is
made with two coaxial cables disconnected from the antennas
and connected to each other via an adapter. The second reading
of is performed with the coaxial cables reconnected to their
respective antennas, and the maximum signal is measured when
the receiving antenna’s height is scanned. The signal source

0018-9464/02$17.00 © 2002 IEEE



694 IEEE TRANSACTIONS ON MAGNETICS, VOL. 38, NO. 2, MARCH 2002

Fig. 1. Measurement receiving voltage. (a) and (b) .

voltage is kept constant. The first reading of is called
and the second is . These values are used in

the following equation for the measured NSA. All terms are in
decibel [4]

(1)

where
transmitting antenna factor;
receiving antenna factor;
mutual-impedance correction factor.

The ideal site attenuation is calculated from the model de-
veloped in [3]. The basic model for a semi-anechoic chamber
is shown in Fig. 2. The total field in the receiving point is the
superposition of the field in direct path and indirect path. A con-
venient choice of site attenuation could be expressed in terms of
antennas factors of receiving and transmitting antennas, respec-
tively, and

(2)

The normalized site attenuation is then defined by dividing
(2) by the of the two antennas

(3)

Written in decibels, the NSA becomes

(4)

where is the frequency (MHz) and is the
maximum received electric field from a theoretical half-wave
dipole with one picowatt of radiated power and receiving an-
tenna located at .The process is repeated for
a receiving antenna located at heights varying between 1 and 4
m to obtain because the measured attenua-
tion is affected by more than just the site and the antenna factors.
Table I shows the lengthy algebraic equation required of calcu-
lations. Several different correction factors may be introduced
if the antennas have changeable antenna factors [4].

Figs. 3 and 4 show the theoretical site attenuation for the
maximum received electric field, for different frequencies and
for both horizontal and vertical polarization. The formulation in
[3] assumes that the receiving antenna is in the far field region

Fig. 2. Propagation geometry for horizontal (left) and vertical (right)
polarization.

TABLE I
THEORETICAL MODEL FOR NSA

of the transmitting antenna. If not the case, the E-field falls off
as an inverse function of (distance). Further study shows that
theoretical results are innacurate, especially at lower frequen-
cies. It is possible to get an error at 30 MHz by disregarding

and higher terms [6].

III. NUMERICALLY COMPUTED NSA

The developed FE formulation works in the frequency do-
main [9]. It can handle dielectric, permeable or absorbing ma-
terials. Absorber losses (dielectric and finite conductivity) are
combined in the complex permittivity. Free-space radiation is
taken into account using absorbing boundary conditions. In the
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Fig. 3. Horizontal NSA (3 m).

Fig. 4. Vertical NSA (3 m).

case of the Faraday box, the walls are modeled as perfect elec-
tric conductors.

This formulation is directly written in terms of or vector
fields. Vector FE are used (first-order tetrahedral), leading to
one complex unknowns per edge of the mesh. This allows to
take into account different material interfaces such as air-ab-
sorbers or absorber-wall. To obtain a good accuracy, ten nodes
per wavelength are at least necessary

(5)

where
source term;
three-dimensional Engquist Majda ABC;
external surfaces;
source surface.

Fig. 5. Application of Ampere’s law.

Fig. 6. Antenna factors for tuned and small dipoles.

The transmitting antenna is modeled with an initial sinusoidal
current distribution for tuned dipoles and with a triangular cur-
rent distribution for small dipoles. Thin wire element has been
introduced in the geometry to simulate the receiving antennas.
It has been shown that the back scattering effect on the transmit-
ting antennas can be neglected. NSA is computed from the rate
of both currents on transmitting antenna and on receiving an-
tenna obtained by using the Ampere’s law around the antennas
(Fig. 5).

In the numerical formulation, the current density is imposed
on the transmitting antenna. In the 200-MHz to 1-GHz fre-
quency range, accorded dipole antennas are used as transmitting
and receiving antennas. At frequencies below 200 MHz, the
NSA is evaluated with dipole accorded to 200 MHz (especially
for vertical polarization). For the vertical polarization, the far
end of the antenna should be kept at 25 cm or more above
the metal ground plane. The computed NSA is obtained by
applying (6)

(6)

SA is the site attenuation between transmitting and receiving
antennas, and AF is the factors of the transmitting and receiving
antennas. In terms of current NSA is given by

(7)

The AF of transmitting and receiving antennas is calculated
by using a time-domain integral formulation based on antenna
theory [10]. AF is defined by using the ratio of electric field of
incident electromagnetic wave arriving at an antenna (1 V/m)
to the voltage induced by the incident wave on the antenna. For
tuned dipoles, the induced current is multiplied by the radiation
resistance to obtain the induced voltage [ in (8)]. For
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Fig. 7. Three-dimensional computation of NSA (instantaneous E field).

Fig. 8. E field on symmetry plane and on dielectric absorbing material in the
anechoïc chamber (vertical polarization—200 MHz).

small dipoles used in vertical polarization below 200 MHz, the
induced current is multiplied by the modulus of the complex
impedance of the small dipole [11]. So AF is given by

(8)

Fig. 6 shows the results of AF calculations using a Time-
Domain Integral Formulation in the case of small dipole and
tuned dipole [10], [12].

Fig. 7 shows the instantaneous E field for a 3-D simulation
for vertical polarization ( MHz) and in free space with
ground plane. Computation has been performed on a HP station
J5000 (PA risk 8500 processor with 1 Go of RAM). The solver
is the CG with SSOR preconditioning. The geometry is meshed
with 56 780 nodes and 304 189 first-order tetrahedral elements
leading to 10 h of CPU time.

From Figs. 3 and 4, it is shown that the theoretical NSA
is accurately calculated for vertical polarization. In horizontal
polarization, at low frequencies, large differences may be ob-
served between theoretical and numerical results. The assump-
tions made in the theoretical model—antennas are modeled as
point sources and far field approximation—are not valid even if

Fig. 9. E field on a mid segment (vertical polarization—200 MHz).

wide-band antennas such as log periodic or biconical antennas
are used.

IV. SIMULATION OF SEMI-NECHOIC CHAMBER

An example of 3-D simulation of stationary waves in an semi-
anechoic chamber with a dipole as transmitting antenna for ver-
tical polarization is shown in Fig. 8. Dimensions of the chamber
are 7.5 4.5 3 m. Absorption is obtained using multilayer
composite absorbers. In the anechoïc chamber, the validation
has been performed for both vertical and horizontal polariza-
tion and for several frequencies by comparing computed field
and measured field with small probes (Fig. 9).

The NSA of the semi-anechoïc chamber can be computed for
a receiving antenna located at different heights and results can
be compared with the theoretical values. New configurations of
absorbers can be easily tested numerically.

REFERENCES

[1] Method of measurement of radio-noise emissions from low-voltage elec-
trical and electronic equipment in the range of 10 kHz to 1 GHz, ANSI
Standard C63.4, 1988.

[2] “ C. I. S. P. R. 16 Specification for Radio Interference Measuring Ap-
paratus and Measurement Methods,” International Electromechanical
Commission.

[3] A. A. Smith, Jr., R. F. German, and J. B. Pate, “Calculation of site atten-
uation from antenna factors,” IEEE Trans. Electromagn. Compat., vol.
EMC-24, pp. 301–316, Aug. 1982.

[4] A. Sugiura, “Formulation of normalized site attenuation in terms of an-
tenna impedances,” IEEE Trans. Electromagn. Compat., vol. 32, pp.
257–263, Nov. 1990.

[5] A. Sigura, T. Shinozuka, and A. Nishikata, “Correction factors for nor-
malized site attenuation,” IEEE Trans. Electromagn. Compat., vol. 34,
pp. 461–470, Nov. 1992.

[6] J. D. Gavenda, “Near-field corrections to site attenuation,” IEEE Trans.
Electromagn. Compat., vol. 36, pp. 213–220, Aug. 1994.

[7] W. S. Bennett, “Normalized site attenuation newly characterized,” in
Proc. 1998 IEEE Int. Symp. (Electromagnetic Compatibility, 1998), pp.
141–146.

[8] P. T. Trakadas and C. N. Capsalis, “A mixed model for determination
of normalized site attenuation in OATS,” IEEE Trans. Electromagn.
Compat., vol. 43, pp. 29–36, Feb. 2001.

[9] J. L. Yao-Bi, L. Nicolas, and A. Nicolas, “ elements on hexa-
hedral and vector A.B.C.’s for unbounded microwave problems,” IEEE
Trans. Magn., vol. 31, pp. 1538–1541, May 1995.

[10] F. Bost, G. Rojat, and L. Nicolas, “A time-domain integral formula-
tion for the scattering by thin wires,” IEEE Trans. Magn., vol. 36, pp.
868–871, July 1999.

[11] C. A. Balanis, Antenna Theory. New York: Wiley, 1982.
[12] Y. Takiguichi, E. Kimura, and M. Takuda, “NSA characteristics of ane-

choïc chamber using FDTD method,” in Proc. 4th Eur. Symp. Electro-
magnetic Compatability (EMC Europe 2000 Brugge), pp. 257–262.


