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Abstract — An ongoing commitment to reducing undesired 

physical phenomena, typical of radiated emission tests at 

frequencies lower than 30 MHz, has led to several revisions of the 

standards and to different approaches for civil, military and 

aeronautical applications and devices with internal combustion 

engines. This made it impossible to compare results from 

different sectors and across different versions of the same 

standard. The use of an innovative rod antenna, with embedded 

receiver and data transfer via optical fiber, allowed us to analyze 

and compare various setups and showed that certain elements, 

introduced with the intention of improving the repeatability of 

measurements, actually made the measurements more random as 

well as less reliable in absolute values. We concluded that 

simplifying a setup, by removing the coaxial cable and the parts 

thought necessary to minimize its effects, improves repeatability 

while bringing the result closer to that achieved under 

undisturbed field conditions. 

Keywords—radiated emission measurements; rod antenna; 
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I.  INTRODUCTION 

Several standards [1]-[5] require the measurement of 
electric field radiated emissions in the frequency range 10 
kHz–30 MHz by placing a rod antenna at distances from the 
equipment under test that fall in the near-field region. It is well 
known that this operative condition presents some problems 
that adversely affect the accuracy of the measurement results. 
Measurements in near-field condition are very useful in several 
areas of application [6], e.g. in microwave devices and 
antennas diagnostics, in the determination of the far-field 
pattern of electrically large antennas; however, since this kind 
of measurements are made in the very close proximity of the 
source of radiations, the field under measurement can be 
heavily perturbed after the introduction of measuring 
instruments. 

Special methodologies have been proposed in order to 
minimize perturbations also in the framework of EMC activity, 
e.g. the modulated scattering technique [6] [7], but this kind of 
technique offers good performances when the field under 
measurement has an intentional narrow band spectral content 

and a stable amplitude higher than a suitable threshold level. 
Otherwise, in the case of measurement of unintentional low 
level emissions, it is necessary to use a direct measurement 
approach by placing electrically small probes in the locations 
where the field has to be measured. In the particular case of 
radiated emission in the 10 kHz–30 MHz frequency band, the 
common request of the standards is to use a rod antenna as a 
probe, made up of an electrically short monopole on finite 
ground plane, equipped with an electronic interface suitable to 

connect the high impedance output to the standard 50  input 
of a measurement receiver [8] [9]. The rod antenna must be 
connected to a receiver by means of a suitable transmission 
line, i.e. a coaxial cable, but the presence of this metallic 
connecting line could significantly modify the field 
measurement, and there is no easy way to take these changes 
into account or compensate for them. For this reason, this 
approach would thus not be recommended to perform field 
measurements, so the only possible approach is to adopt special 
precautions in order to reduce as much as possible the potential 
sources of perturbations and maintain accuracy and 
repeatability within acceptable limits. Toward this end, during 
the years standards have tried to introduce practical solutions to 
overcome these problems, leading to several revisions of the 
measurement setup. 

II. HISTORICAL EVOLUTION 

From a historical perspective [10] [11], since the extensive 
introduction of long distance radio communications in the 30’s 
and in the 40’s, it has always been of great interest to measure 
electric field disturbances in the frequency range from 150 kHz 
up to 20 MHz. This was critical in particular aboard aircrafts, 
where the need of reliable communications was conflicting 
with a high density (even in those years) of electric/electronic 
equipment, with short distances between the various elements, 
little cabling rules and lack of EMC standards. Extensions 
below and above that original range were based on wider 
spectrum usage than the original application. Especially after 
World War II the need of a reliable and repeatable test method 
became more and more important, but its development was not 
easy, considering the wavelength, the presence of radiating 
sources of both low impedance and high impedance, a number 



 

of scattering elements and several other boundary conditions 
certainly not ideal. 

Eventually, the use of a 1,04 m (41”) rod antenna was 
standardized in 1953 with the release of MIL-I-6181B, with a 
test set-up similar to the one shown in Figure 1. It is worth 
noting that the distance from the antenna to the EUT (“Test 
Sample”) was only 30,5 cm (12”), that the passive rod antenna 
was directly connected to the high impedance receiver input 
and that the receiver was battery operated, so the ground plane 
was the only electrical reference available. 

This electric field radiated emission test was subsequently 
adopted by several agencies and services, resulting in different 
standards for civil and military uses. It is not possible to make 
an exhaustive list of all these standards and reports, but a 
watershed can be identified in MIL-STD-461 and MIL-STD-
462, that superseded the previous MIL-I-6181, MIL-I-26600, 
NADC-EL-5515 and similar. Many other important proprietary 
standards specified over the years the use of the 1,04 m and 1 
m rod antennas, like for example several editions of CISPR 25 
(automotive), RTCA/DO-160 and subsequent revisions 
(aerospace), several issues of ANSI C63.4 (civil), DEF-STAN 
59-41 P3 and revisions (military), Bellcore GR-1089-CORE 
(telecommunications), etc. 

However, as reported by several authors [12]-[15], mostly 
due to heavy resonances, the measurement accuracy of rod 
antennas has always been a problem, resulting in large 
differences from a lab to another lab and from test to test even 
in the same lab. In order to reduce this poor repeatability, the 
test setup configuration went through significant changes over 
the years. The test distance varied from the initial 30,5 cm to 1 
m; the counterpoise was practically absent in the first 
measurements, then a 30,5 cm x 30,5 cm counterpoise was 
defined and eventually the actual dimension of 60 cm x 60 cm 
has been established. Even the height of the antenna was 
modified over the years, to be now standardized around 70-100 
cm (counterpoise) over the ground floor of the test site. 
Maximum frequency of use ranges from the early 20 MHz of 
MIL-I-6181B to 30 MHz generally adopted nowadays. 

But certainly the most controversial issue in terms of test 
repeatability is the grounding of the counterpoise [16]. Original 

rod antenna radiated measurements were performed with a 
battery operated receiver and with practically no counterpoise. 
However, after a true counterpoise was introduced, basically 
four different configurations were tested over the years: 
floating, vertical bond strap, horizontal bond strap, bonding via 
coaxial cable shielding (with/without ferrite) [16]. Results of 
the tests heavily depend also from the nature of the test bench 
(metallic, non-metallic) and from the dimensions of the test 
site/chamber [13] [14]. Even though MIL-STD-461F addressed 
the resonance issue, it did so only partially, and a better 
solution, although non complete, was only provided in MIL-
STD-461G. [17]. 

Indeed, there are several opinions on the rod antenna setup, 
but the possibility to model different test setups with several 
codes – now easily available and running on every PC – gave a 
lot of improvement on these studies and allowed to make 
theoretical analysis and subsequent experimental verification 
on the assumptions adopted [18] [19]. These evaluations have 
shown that the lowest measurement uncertainty is probably 
obtained by using a rod antenna in a completely floating 
configuration [17] [19], although not all the experts could agree 
on this solution. That also suggests the use of a fiber optic 
connection to the receiver; this kind of approach has been 
verified to be the optimal solution also for radiated emission 
measurements for frequencies higher than 30 MHz in order to 
minimize uncertainty contributions due to the effects of coaxial 
cables connected to the antenna [20]. 

In this framework, by considering an elementary reference 
radiating circuit, in the paper a detailed numerical and 
experimental analysis on the electric field under measurement 
is reported. In particular, the field configurations generated in 
the measurement setups defined by the different standard 
revisions are compared with the reference field configuration, 
i.e. the field generated by the reference radiating circuit in 
undisturbed field condition (without any measurement device). 
The aim of the activity is to establish the optimal configuration 
that minimizes the effects of the perturbations associated with 
the measurement setups proposed by the different standards 
and their revisions. 

The paper is organized as follows. In section III the 
different measurement configurations considered in the 
analysis and the adopted models for simulations are described. 
A selection of the numerical results obtained by simulations 
and experimental data are reported in Section IV. Final 
comments and conclusions are drawn in Section V. 

III. MEASUREMENT CONFIGURATIONS 

As discussed in the previous Section, in order to improve 
the reproducibility of the electric field measurements for 
frequencies lower than 30 MHz, the standards in their different 
revisions have introduced various and heterogeneous boundary 
conditions that do not lead to sufficiently converging and 
repeatable measurement results. The starting point of the 
analysis is the definition of the electric field under 
measurement, that in most cases is the field generated by a 
cabling that runs parallel to one edge of a horizontal metallic 
ground plane placed at a height h over the metallic floor of the 
measurement site [1]-[4]. 

 

Fig.1 Early days Rod Antenna Test Setup standardized (with battery 

operated receiver). 



 

According to this observation, and according to the 
approach of other authors who have dealt with this kind of 
issue [10] [14] [15] [18] [19], a simple reference radiating 
circuit has been adopted as the source of the field under 
measurement both for numerical analysis and for the 
experimental activities. By summarizing the requests of 
currently applicable standards, it is possible to define two main 
measurement configurations: a configuration [1] [2] where the 
counterpoise of the rod antenna is electrically bonded to the 
ground plane (Fig. 2), and a configuration [3] with the 
counterpoise isolated from the ground plane but electrically 
connected to the floor with the shield of the coaxial cable (with 
ferrite) that runs toward the measurement receiver (Fig. 3). 

In order to define the electric field under measurement, 
simulations and measurements have been performed with an 
“Undisturbed Field” configuration (i.e. without any 
measurement device) composed by a rectangular ground plane 
(0,75 x 1,8 m), horizontally placed over an infinite perfectly 
conductive floor at an height equal to 0,9 m and electrically 
connected to the floor via five vertical metallic strips having 
width equal to 15 cm. The geometry of this configuration is 
shown in Fig. 4. As source of the electric field under 
measurement, a simple reference circuit has been adopted; as 
shown in Fig. 4 the circuit was made of a straight metallic wire 
of length 1,5 m placed parallel to the ground plane at a height 
of 5 cm [1]. 

 

The wire was placed at a distance of 10 cm from the edge 
of the ground plane, and at its ends a signal generator and a 
resistive load were connected. Starting from this reference 
configuration, three operative measurement scenarios have 
been considered for measurements and simulations: 

a) Isolated Counterpoise configuration (Fig. 5), 

obtained by adding to the Undisturbed Field setup only the 

metallic counterpoise (60 x 60 cm) of a hypothetical rod 

antenna lying on the z axis and working in ideal operative 

conditions (i.e. without any additional electrical bonding and 

cabling). 

b) Counterpoise bonded to floor configuration (Fig. 

6), derived from the previous one by adding a vertical coaxial 

cable that galvanically connects via the cable shield the 

counterpoise to the metallic floor. The cable is equipped with 

a common mode choke according to MIL-STD-461F 

requirements. 

c) Counterpoise bonded to ground plane (Fig. 7), 

where, starting from the isolated configuration, the 

counterpoise is directly connected to the ground plane by a 

bonding metallic strap according to CISPR25. 

Without any loss of generality in the framework of the 
discussion of this paper, in order to compare the results 
obtained with geometries (representing the different 
configurations) as much as possible comparable, the height of 
the counterpoise has been always considered equal to the 
height of the ground plane (90 cm). Similarly, with the 
exception of the bonding with the floor where the geometry of 
the connection is well defined (vertical cable with a ferrite), the 
presence of generic cabling connecting the counterpoise to the 
measurement receiver has not been taken into account. The 
negative effects of the additional boundary condition due to 
cablings have been already analyzed and verified in details by 
other authors [10] [11] [17] [19]. Finally, in the simulations we 
assumed the presence of perfect metallic connections between 
the metallic parts (i.e. between the counterpoise, the bonding 
strap and the ground plane; between the ground plane, the five 
vertical strips and the floor). Future activities will include the 
analysis of the MIL 461E setup, that for non-conductive tables 
requires the use of a vertical bonding strap. 

 

 

Fig.4 Geometry of the “Undisturbed Field” configuration (reference 

circuit on ground plane). 

 

Fig.3 Mesurement setup with counterpoise isolated from the ground 

plane but connected to the floor via coaxial cable shield. 

 

Fig.2 Mesurement setup with electrical bonding between ground plane 

and counterpoise. 



 

 

 

IV. SIMULATIONS AND MEASUREMENTS RESULTS 

All the configurations have been numerically analyzed; a 
model of the measurement scenarios has been developed and 
used for simulations according to the guidelines of the NEC 
software [21]. The electric field generated by the reference 
circuit placed over the ground plane has been calculated on a 

planar vertical rectangular domain laying on the y-z plane (x = 

0; -0,8  y  0,8; 0,1  z 2,1), having dimensions 1,6 x 2,0 m 
and with its vertical axis coinciding with the z-axis. The 
simulations have been performed for a discrete set of 
frequencies (10 kHz, 100 kHz, 1 MHz, 10 MHz, 15 MHz, 20 
MHz, 25 MHz, 27 MHz, 29 MHz, 30 MHz) assuming as 
amplitudes of the input signal of the reference circuit (Vo) the 
same amplitudes adopted during experimental measurements. 
The simulation results obtained e. g. for f = 1 MHz are reported 
in Figs. 8-11, where the amplitude of the Ez field component 
(i.e. the field component that would contribute to the output 
signal of a hypothetical vertical rod antenna of length 1 m 
placed over the counterpoise along the z axis) is shown. By 
comparing the reference Undisturbed Field results (Fig. 8, that 
shows the amplitude of the field under measurement) with the 
results obtained for the other configurations (Fig. 9-11, where it 
is also possible to note from field amplitude distribution the 
position of the counterpoise) one can observe that, as expected, 
the less perturbing configuration is the Isolated Counterpoise 
one (Fig. 9). This configuration represents the operative 
condition of a rod antenna over an isolated counterpoise, e. g. 
connected via fiber optic to a measurement/control system. 
Similarly, it is possible to observe that the presence of a 
bonding to floor (Fig. 10) or a bonding to ground plane (Fig. 
11) implies increased Ez amplitudes along the z-axis, in 
particular for z > 0,9 m (where a hypothetical rod antenna 
would be placed). Similar behaviors can be observed by 
analyzing the results obtained for the other values of the 
considered discrete set of frequencies (here not reported due to 
space limitations). 

 

 

 

Fig.7 Geometry of the “Counterpoise bonded to ground plane” 

configuration. 

 

Fig.6 Geometry of the “Counterpoise bonded to floor” configuration. 

 

Fig.5 Geometry of the “Isolated Counterpoise” configuration. 
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Fig.9 Electric field simulated amplitudes (Ez component, Isolated 

Counterpoise configuration, f=1 MHz) on a rectangular vertical plane 

(x=0; -0,8  y  0,8; 0,1  z 2,1). 
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Fig.8 Electric field simulated amplitudes (Ez component, Undisturbed 

Field configuration, f=1 MHz) on a rectangular vertical plane (x=0; -0,8 

 y  0,8; 0,1  z 2,1). 



 

 

 

The same simulated results of Figs. 8-11 but limited to the 
z-axis are reported in Figs. 12-15. With this representation it is 
even more evident that the Ez field component behavior for 0,9 

 z  1,9 (i.e. the position of a hypothetical rod monopole) 
more similar to the Undisturbed Field behavior, is that of the 
Isolated Counterpoise configuration. It is worth noting that the 
peak in Fig. 14 (Counterpoise Bonded to Floor configuration) 
at h=0,45 m is due to the voltage drop on the ferrite impedance. 

In order to experimentally validate the simulations, two 
kinds of measurements have been done: 

a) By using a wideband electric field probe (Narda STS EP105, 

 

 

 
100 kHz-1 GHz) the amplitude of the Ez component has been 
measured in a discrete set of heights h from the floor (10 
positions for the Undisturbed Field setup and 5 positions for 
the setup with the counterpoise). The measurement results are 
compared with the corresponding simulations in Figs 12-15. 
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Fig.15 Electric field simulated () and measured (----) amplitudes (Ez 
component, Counterpoise Bonded to Ground Plane configuration, f=1 
MHz) on the z axis. 
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Fig.12 Electric field simulated () and measured (----) amplitudes (Ez 
component, Undisturbed Field configuration, f=1 MHz) on the z axis. 
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Fig.14 Electric field simulated () and measured (----) amplitudes (Ez 
component, Counterpoise Bonded to Floor configuration, f=1 MHz) on 
the z axis. 
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Fig.13 Electric field simulated () and measured (----) amplitudes (Ez 
component, Isolated Counterpoise configuration, f=1 MHz) on the z axis. 
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Fig.11 Electric field simulated amplitudes (Ez component, Counterpoise 

Bonded to Ground Plane configuration, f=1 MHz) on a rectangular 

vertical plane (x=0; -0,8  y  0,8; 0,1  z  2,1). 
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Fig.10 Electric field simulated amplitudes (Ez component, Counterpoise 

Bonded to Floor configuration, f=1 MHz) on a rectangular vertical plane 

(x=0; -0,8  y  0,8; 0,1  z 2,1). 



 
It can be observed that, despite the differences, measurements 
confirm the behaviors of simulations. 

b) Finally some measurements have also been done by using a 
fiber optic isolated rod antenna (NARDA STS FR4003, 9 kHz–
30 MHz) [22] and by feeding the reference circuit with the 
same values of frequency and amplitude for V0 used for 
simulations; measurements have been performed with the 
counterpoise with the three different boundary conditions used 
for simulations (isolated, bonded to floor, bonded to ground 
plane). Such measurements are compared in Fig. 16 with the 

field values obtained by integrating simulations (Ez) for 0,9  z 

 1,9 (the position of the rod monopole). For the particular case 
of the isolated counterpoise configuration, simulations have 
been done also with the complete model of the rod antenna (a 
vertical cylindrical conductor over the counterpoise loaded at 

the output port with a 10
12

 [] resistance). The electric field 
values, plotted in Fig. 16 and sufficiently congruent with the 
measured data, have been obtained by adding the antenna 
factor of the rod antenna to the simulated open circuit voltage 
Voc values (defined at the output port of the rod antenna). The 
comparison of Fig. 16 confirms that the best operating 
condition is the one with isolated counterpoise, as already 
argued by other authors [17] [19]. 

V. CONCLUSIONS 

A detailed analysis of the electric field under measurement 
in the main different configurations defined by the standards 
for radiated emission for frequency lower than 30 MHz has 
been performed. The analysis has been conducted both with 
simulations and measurements and the conclusion is that the 
configuration that provides the most consistent results with the 
reference field distribution (i.e. the field generated by the 
source without measuring equipment and auxiliary devices) is 
the one with isolated counterpoise. During the experimental 
activities this operative condition has been implemented by 
using a fiber optic isolated rod antenna with integrated 
receiver. 
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Fig.16 Rod antenna meaurements and simulations results. 


