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Abstract—Semi-anechoic chambers and open area test sites
validation in the frequency range between 30 MHz and 1000
MHz is typically carried out by comparing measurement
results obtained by using a pair of biconical and log-periodic
(broadband) dipole antennas with tabulated reference values
of normalized site attenuation (NSA) provided by CISPR and
ANSI standards. It is here shown, through simulations based
on validated electromagnetic models of biconical and log-
periodic dipole antennas, that the NSA reference values
reported in the CISPR 16-1-4 and ANSI C63.4 standards may
differ up to about 3 dB from those obtained by using pairs of
calculable broadband antennas. Large deviations are observed
both in the lower frequency range (30 MHz — 250 MHz), where
the use of the biconical antenna pair is prescribed, and in the
higher frequency (300 MHz — 1 GHz), where a pair of log-
periodic dipole antennas is required. The observed 3 dB
deviation is not negligible since the tolerance set by the
standard is + 4 dB.

Index Terms—antennas, electormagnetidcs, propagation,
measurements.

I. INTRODUCTION

Adequate performance of semi-anechoic chambers
(SAC) and open area test sites (OATS) is verified by
comparing the attenuation between a pair of broadband
antennas (the so called site attenuation, SA, expressed in dB)
normalized by sum of the antenna factors (each expressed in
dB(m™)) of the two antennas with tabulated reference values
of normalized site attenuation (NSA, in dB(m?)) [1, 2]. The
tolerance on the deviation between measured and tabulated
values is + 4 dB over the full frequency range from 30 MHz
to 1000 MHz.

The tabulated NSA reference values from 30 MHz to
1000 MHz are calculated assuming that an ideal pair of short
dipoles having a sin@ pattern over the E-plane and isotropic
over the H-plane are used as transmitting and receiving
antennas. Near field effects, coupling between the dipoles
and between the dipoles and their images are neglected. The
resulting NSA values in linear units are therefore calculated
through the following formulas (horizontal polarization)
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d represents the horizontal distance between the
transmitting and receiving antenna, 4, is the height of the

transmitting antenna, /4, is the height of the receiving

antenna, r=+/d*+(h,—h,)" is the distance between the

transmitting antenna and receiving antenna,

¥ =yJd* +(h, +h,)" s the distance between the image of

the transmitting antenna and the receiving antenna, A is the
wavelength, the maximum is taken over the range of height
scanned by the receiving antenna and the metallic plane is a
flat, infinite size, perfect conductor. Values of NSA for the
following standard geometry are reported in Table 1:
distance d =3 m, transmit antenna height %, of 1 m and

2 m (horizontal polarization) or 1 m and 1.5 m (vertical
polarization) and receive antenna height 4, scanning from

I mto4 m.

It is known, see [3] and [4], that NSA values calculated
through (1) to (4) in the frequency range from 30 MHz to
200 MHz may deviate by more than2 dB from those
numerically calculated accounting for near field and mutual
coupling effects and assuming that a standard pair of
biconical antennas is used to transmit and receive. Geometry
Specific Correction Factors (GSCFs) are indeed introduced
by ANSI in the standard [3] in order to better fit to reality in
this frequency range. Very recently the same approach has
been proposed by CISPR to national committees through a
document for comment [5].
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Fig. 1. Geometrical configuration of NSA verification.

CISPR provides a correction similar (but not identical) to
the GSCF and in the same frequency range from 30 MHz to
200 MHz. ANSI and CISPR correction factors are calculated
through electromagnetic simulations carried out by using the
Numerical Electromagnetic Code (NEC). The maximum
absolute value of the ANSI correction is 2.4 dB and the
maximum absolute value of the CISPR correction is 2.6 dB,
both in the case of vertical polarization, A7 = 1.5 m and
f=200 MHz.

Table 1. Values of NSA calculated through (1) to (4).

f NSAn NSAn NSAy NSAy
(MHz) hr=1m hr=2m hr=1m hr=15m
(dBm?) (dBm?) (dBm?) (dBm?)
30 15.8 11.0 8.2 9.3
35 13.4 8.8 6.9 8.0
40 11.3 7.0 5.8 7.0
45 9.4 5.5 4.9 6.1
50 7.8 4.2 4.0 53
60 5.0 2.2 2.6 4.1
70 2.8 0.6 1.5 3.2
80 0.9 -0.7 0.6 2.6
90 -0.7 -1.8 -0.1 2.1
100 -2.1 -2.8 -0.7 1.9
120 -4.2 -4.4 -1.5 1.2
140 -6.0 -5.8 -1.8 -1.5
160 -7.4 -6.7 -1.7 -3.7
180 -8.6 -7.2 -1.3 -5.3
200 -9.6 -8.4 -3.6 -6.7
250 -11.7 -10.6 -1.7 9.1
300 -12.8 -12.3 -10.5 -10.9
400 -14.8 -14.9 -14.0 -12.6
500 -17.3 -16.7 -16.4 -15.1
600 -19.1 -18.3 -16.3 -16.9
700 -20.6 -19.7 -18.4 -18.4
800 -21.3 -20.8 -20.0 -19.3
900 -22.5 -21.8 -21.3 -20.4
1000 -23.5 -22.7 -22.4 214

The corrected values of NSA are reported in Table 2
(ANSI) and Table 3 (CISPR). The maximum absolute
difference between the ANSI and CISPR corrected values is
0.8 dB (compare Table 3 and Table 4, NS4y, hr = 1 m,
f=60MHz). The dimensions of the simulated biconical
antennas are quite similar between ANSI and CISPR being
both based on the original MIL STD 461A design.

, Metallic

Table 2. Corrected values of NSA — ANSI, 50 Q balun.

f NSAn NSAn NSAy NSAy
(MHz) hr=1m hr=2m hr=1m hr=15m

(dBm?) (dBm?) (dBm?) (dBm?)
30 17.8 12.7 8.0 9.0
35 14.8 10.0 6.4 7.6
40 12.3 8.0 5.2 6.5
45 10.1 6.4 4.4 5.7
50 8.0 5.2 3.9 5.2
60 4.5 34 4.0 4.9
70 2.8 0.5 3.3 3.8
80 1.8 -1.4 1.9 2.6
90 0.5 -2.4 0.2 1.6
100 -1.1 -3.2 -1.1 1.0
120 -3.8 -4.2 2.2 0.9
140 -5.9 -5.9 -2.5 0.3
160 -7.4 -7.2 -2.5 -1.7
180 -8.3 -7.1 -2.5 -3.1
200 -9.0 -7.6 2.8 -4.3

Corrected values of NSA are provided for 3 m and 10 m
distances and 50 Q and 200 Q impedance baluns by ANSI
and 3 m, 5 m and 10 m distance and 50 Q and 200 Q
impedance baluns by CISPR. We here restrict the analysis to
the 3 m distance because it is by far the most common
distance adopted by testing laboratories and the one to which
the largest corrections apply. Further, the 50 Q balun is here
considered (see section II.A.).

Table 3. Corrected values of NSA — CISPR, 50 Q balun.

f NSAy NSAy NSAy NSAy
(MHz) hr=1m hr=2m hr=1m hr=15m

(dBm?) (dBm?) (dBm?) (dBm?)
30 17.8 12.7 7.8 8.9
35 14.8 10.0 6.2 7.4
40 12.2 8.0 5.0 6.3
45 9.9 6.4 4.2 5.7
50 7.7 5.4 4.1 5.4
60 4.4 3.3 4.7 5.3
70 3.1 0.1 3.6 3.7
80 2.0 -1.5 1.8 2.5
90 0.5 -2.4 0.1 1.5
100 -1.1 -3.2 -1.1 1.0
120 -3.8 -4.2 2.2 0.8
140 -5.9 -5.9 -2.5 0.5
160 -7.4 -7.2 -2.5 -1.4
180 -8.3 -7.0 -2.7 -2.9
200 -8.9 -7.5 -3.0 -4.0

It is important to highlight that no correction is provided
neither by ANSI nor by CISPR above 200 MHz and up to 1
GHz, i.e. in the frequency range where the use of a pair of
log-periodic dipole array (LPDA) antennas is recommended.
One of the scopes of this contribution is to fill the gap
deriving corrected NSA reference values for LPDA antennas.
It is shown that the correction is systematic (a larger NSA is
predicted with respect to that reported in Table 1), it tends to
increase with frequency, and it is quite significant (up to 3.2
dB at 1000 MHz). Another scope of this contribution is to
quantify how well the numerical model simulates real
(commercial) biconical and LPDA antennas having standard
dimensions. This is an important aspect to consider in order
to give credibility to the simulations and to quantify the



uncertainties involved in the NSA verification, as stressed
also in [6]. The commercial broadband antennas here
considered are calculable within an uncertainty comparable
with their calibration uncertainty.

This paper is structured as follows. In the next section II,
the results supporting the validity of the numerical models of
the biconical and LPDA calculable antennas are presented.
In section III, the results of the NSA simulation based on the
previously validated numerical models are derived and
discussed. Conclusive remarks are reported in section I'V.

II. CALCULABLE BICONICAL AND LPDA ANTENNAS

We here provide evidence of validity of the numerical
models of a commercial biconical and LPDA antennas. Both
models are produced by the same manufacturer
(Schwarzbeck Mess - Elektronik OHG) and are owned by
the institution of the first author. These antennas have been
extensively used as reference antennas for calibration of
travelling samples for interlaboratory comparisons of
radiated emission measurements coordinated by the authors
and documented by several publications [7-16]. The
simulation software here adopted is FEKO [17], a well-
known commercial tool based on method of moments.

A. Biconical antenna

The simulated biconical antenna is the combination of
the BBA 9106 biconical radiating elements with the 50 Q
(1:1) balun VHA 9103 [18]. The 200 Q (4:1) balun VHBB
9124 is also available for combination with the same BBA
9106 radiating elements but the analysis will be limited here
to the 50 Q balun for sake of brevity. The computer aided
design (CAD) model of the biconical antenna is shown in
Fig. 2.

Fig. 2. CAD model of the biconical antenna.

The overall length of the biconical antenna is 131 cm and the
cone diameter is 53 cm. The meshing of the structure
consists of 622 segments and 418 triangles. The average
edge length is 12.9 mm and the standard deviation is 4.5 mm.
The numerically calculated antenna factor (AF) and the AF
provided by the manufacturer through -calibration are
compared in Table 4. The simulation reproduces the
calibration carried out by the manufacturer in order to
determine the free space AF. Two identical antennas are
placed in front of each other at 4 m distance and the insertion

loss between the two antennas is measured. The gain of the
two antennas (and AF from the gain) is obtained from the
Friis formula. The reference point for distance measurement
between the biconical antennas is their phase center. Free
space is easily reproduced in the simulated environment. The
manufacturer  determines  free-space ~ AF  through
measurements above a large conducting ground plane and
averaging the insertion loss over a height scan of both
transmitting and receiving antennas [19]. Evidence of the
capability to calibrate AF within the stated expanded
uncertainty was provided by the manufacturer through
participation in a European intercomparison in the frequency
range from 30 MHz to 1 GHz [19]. The maximum deviation
between the calculated and calibrated AFs is 0.9 dB,
comparable with the expanded uncertainty of calibration of
0.7 dB. This comparison validates the numerical model of
the biconical antenna.

Table 4. AF calculated by using FEKO and AF provided by the
manufacturer of the biconical antenna.

AF o
f AF FEKO Deviation
SCHWARZBECK
(MHz) (dB/m) (dB/m) (dB)
30 19.2 19.5 -0.3
35 17.2 17.0 0.2
40 15.3 15.1 0.2
45 13.4 12.8 0.6
50 11.5 11.0 0.5
60 7.9 84 -0.5
70 6.0 6.1 -0.1
80 6.7 6.9 -0.2
90 8.6 8.9 -0.3
100 10.4 10.4 0.0
110 11.9 11.8 0.1
120 13.0 12.9 0.1
130 14.0 13.8 0.2
140 14.7 144 0.3
150 15.4 14.8 0.6
160 15.9 15.4 0.5
170 16.3 15.8 0.5
180 16.7 16.1 0.6
190 17.0 16.4 0.6
200 17.2 16.5 0.7
210 17.5 16.6 0.9
220 17.7 16.9 0.8
230 17.8 17.2 0.6
240 18.0 17.5 0.5
250 18.2 17.5 0.7
260 18.4 17.8 0.6
270 18.7 18.3 0.4
280 19.1 18.7 0.4
290 19.6 19.1 0.5
300 204 20.3 0.1

B. LPDA Antenna

The model of the simulated LPDA antenna is VUSLP
9111B. The size of the antenna is represented by the distance
between the tip and the pair of elements of maximum length,
which is 60 cm, and the overall length of these elements,
which is 77.6 cm. The simulated structure is discretized
through 3633 triangles whose average edge length is
12.1 mm and the standard deviation is 8.0 mm. The CAD
model of the LPDA antenna is shown in Fig. 3. The



simulation reproduces the calibration of the manufacturer,
which consists in the measurement of the insertion loss
between the terminals of a pair of identical LPDA antennas
placed in front of each other at 3 m distance (gain is then
obtained through the Friis formula, and AF is obtained from

gain).

Fig. 3. CAD model of the LPDA antenna.

The reference point of the LPDA antenna for distance
measurement is halfway between the tip and the pair of
elements of maximum length. Free space AF is determined
both through simulation and measurement. The comparison
between the simulated and calibrated AF is reported in Table
5. The maximum deviation between the two AFs is 0.6 dB
which is less than the expanded uncertainty of calibration
(0.7 dB). This comparison validates the numerical model of
the LPDA antenna.

Table 5. AF calculated by using FEKO and AF provided by the
manufacturer of the LPDA antenna.

AF
f AF FEKO Deviation
SCHWARZBECK
(MHz) (dB/m) (dB/m) (dB)
300 13.2 13.8 -0.6
350 15.0 14.8 0.2
400 15.4 15.5 -0.1
450 16.0 16.2 -0.2
500 16.7 17.1 -0.4
550 16.9 17.5 -0.6
600 18.0 18.5 -0.5
650 18.8 18.8 0.1
700 19.4 19.2 0.2
750 19.5 19.8 -0.3
800 19.9 20.2 -0.3
850 20.4 21.0 -0.5
900 21.3 21.3 0.0
950 21.1 21.5 -0.3
1000 21.7 22.0 -0.3

III. NSA VALUES OBTAINED THROUGH THE
CALCULABLE BICONICAL AND LPDA ANTENNAS

The simulated NSA values are obtained by mimicking
the corresponding NSA measurement procedure. The values
in the frequency range from 30 MHz to 250 MHz are
calculated by using the numerical model of the biconical
antenna. Those from 300 MHz to 1 GHz are calculated by

using the numerical model of the LPDA antenna. The height
scan of the receiving antenna, from 1 m to 4 m, has been
discretized through 10 cm steps (31 steps). A spot
verification has been done at 1000 MHz with a finer step of 5
cm (61 steps) in order to check if the 10 cm step is too coarse
to detect the minimum of the SA with adequate accuracy.
The result of this verification is a maximum deviation of
0.054 dB between the minimum SA obtained with 10 cm and
5 cm steps. Then the 10 cm step is adequate.

Table 6. Values of NSA calculated by using the numerical models of the
biconical and LPDA antennas.

f NSAn NSAn NSAy NSAy
(MHz) hr=1m hr=2m hr=1m hr=15m
(dBm?) (dBm?) (dBm?) (dBm?)

30 17.5 12.4 8.1 9.1
35 14.7 10.0 6.7 7.8
40 12.3 8.0 5.6 6.8
45 10.2 6.4 4.7 6.0
50 8.2 5.2 4.1 5.5
60 4.5 3.5 3.8 5.0
70 2.1 0.7 3.3 3.9
80 14 -1.8 2.1 2.5
90 0.6 -2.6 0.4 1.5
100 -1.0 -3.4 -1.2 0.8
120 -3.9 -4.2 2.2 0.9
140 -6.1 -6.1 -2.6 0.3
160 -7.7 -7.5 -2.6 -1.8
180 -8.7 -7.3 2.7 -3.4
200 -9.2 -8.0 -3.0 -4.8
250 -10.3 -10.5 -4.1 -7.2
300 -12.4 -11.1 -9.1 -9.9
400 -13.4 -13.3 -12.9 -11.4
500 -15.7 -14.5 -14.6 -13.7
600 -17.8 -16.1 -14.0 -14.6
700 -18.8 -17.2 -16.8 -16.6
800 -19.4 -18.2 -17.8 -17.2
900 -20.8 -19.6 -18.9 -18.6
1000 -22.0 -19.8 -19.2 -19.3

The deviation between the values in Table 6 and Table 2
in the common frequency range from 30 MHz to 200 MHz is
comprised between —0.7 dB and 0.4 dB. Similarly,
comparing Table 6 with Table 3 the deviation results to be
within —1.0 dB and 0.6 dB. These figures quantify the
residual deviation that could be expected between
measurements and tabulated values once that CISPR and
ANSI corrections are applied. Note also that the deviation
between CISPR and ANSI corrections is comprised between
—0.8 and 0.4 dB.

In the frequency range from 300 MHz and 1000 MHz
Table 6 is compared with Table 1. No correction values are
indeed recommended by ANSI or CISPR in this frequency
range. The outcome of this comparison is that the NSA
values in Table 6 are systematically larger than those in
Table 1 and the deviation tends to increase with increasing
frequency. The maximum deviation is 3.2 dB at 1000 MHz
in vertical polarization at /. =1m. This result can be easily
explained by the larger directivity of the LPDA antenna

compared with the directivity of the simple short dipole
model. A larger SA indeed results since the transmitting and



receiving LPDAs are not aligned at the same height when the
minimum SA is detected in the height scan.

IV. CONCLUSION

Commercial biconical and LPDA antennas are available
that can be calculated to within state-of-art calibration
uncertainties, i.e. abundantly less than 1 dB. The numerical
models of these calculable antennas can be exploited to
generate reference NSA values whose closeness of
agreement with reality is expected to be comparable with the
accuracy of the numerical models themselves. Correction
factors proposed by ANSI and CISPR in the frequency range
between 30 MHz and 200 MHz are effective in reducing the
discrepancies between measured and tabulated NSA values.
However also the frequency range above 200 MHz and up to
1000 MHz requires consideration since discrepancies of
about 3 dB are predicted in this frequency interval if no
correction is applied to the original NSA tabulated values
based on the short dipole transmitting and receiving antenna
model.
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