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1. Introduction 
Over the last few years, the general noise level in the HF, VHF and UHF range has increased 
considerably and affects more and more the reception of weaker radio signals. This is not only due to 
the increasing number of actual radio applications, but also due to the increasing number of (in principle) 
wire-connected applications with permanently active broadband signals, which are transmitted on lines 
that are not suitable for such signals and therefore produce disturbing spurious radiation. Such 
disturbance sources are PLC-(Power-Line-Communication)-devices or VDSL-, VDSL2- and G.fast-
devices for fast internet in the neighbourhood. More potentially permanent disturbance sources include 
the increasing number of switching power supplies for electronic devices, PV plants and LED lighting 
devices. Additional possible future disturbance sources are appearing (e.g. EVs in charging mode by 
cable and by WPT). 

Usually in the standards and guidelines for the protection of radio services only the maximum acceptable 
disturbance is considered, which may originate from a single disturbance source, in order to avoid 
unacceptable interference of longer duration to radio services. EMI tests of electronic devices are nearly 
always carried out only with single devices in the laboratory. For the definition of permissible limits also 
the probability of coincidence concerning location, time and operating frequency are considered with 
certain assumptions. Low probability values result in additional relaxations compared to worst case. But 
due to the evolution described above, these “established” limits are getting continuously more and more 
unrealistic for practical disturbance problems with many nearby disturbance sources. 

In this paper, an attempt is made to determine the increase of total disturbance in the case of multiple 
nearby disturbance sources compared to the usual test situation with only one disturbance source.  
By means of the results it can be concluded, how much the limits used in tests of single devices should 
be reduced in order to ensure the same level of protection of sensitive radio services as in former times. 

2. Model used for Simulation 
For simulations, a model is needed that represents correctly the most important properties of the process 
concerned and which can still be handled with a reasonable amount of mathematical complexity. 

2.1 Assumptions and Calculations for the two-dimensional (plane) Case 
- Disturbance sources and disturbance victim in xy-plane, disturbance victim (dipole) in origin (0; 0)  

 

- In each point with integer coordinate numbers in xy-plane an identical isotropic disturbance source. 
 

The disturbance sources are like noise, i.e. not correlated and are distributed over all frequencies within 
bandwidth B of the receiver connected to the dipole (on y-axis). Therefore, instead of field intensities 
the disturbance power of the individual disturbance sources are superposed (added). Considering the 
increasing number of broadband transmission devices, this assumption should be quite realistic. 

The power density (in W/m2) generated by a single disturbance source at the location of the disturbance 
victim is converted by means of the effective antenna area (about Ao = 2/8) of the dipole (in origin on 
y-axis) into a corresponding disturbance power contribution (in W). The disturbance power density is 
inversely proportional to the distance d2 between disturbance source and dipole, i.e. proportional to 1/d2. 
In case of inclined incidence of radiation, the effective antenna area is A = Ao cos(), where = angle 
between distance d from disturbance source to disturbance victim and the x-axis, see Fig. 1.  

Here only the increase of the total disturbance power Ptot generated by all disturbance sources 
compared to the disturbance power P1 from only one disturbance source at distance D = 1 shall be 
considered. Therefore the disturbance P1 from this single disturbance can be set to P1 = 1. Compared 
to this P1 the contribution from point (x, y) in the general case is Pxy = cos()/d2  (see Fig. 1). 
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Fig. 1:  Situation for calculation of the resulting total disturbance interfering into a dipole with 

(2n+1)2-1 distributed, uncorrelated isotropic disturbance sources with identical power. 

For the calculation of the total disturbance power Ptot from all disturbance sources this calculation is 
performed for all (2n+1)2 - 1 points in the range from x = -n to x = n and from y = -n to y = n (without 
point (0; 0)) and all power contributions are added: 

 

 
                                  (2) 

 

By comparing Ptot with the power P1 from a single disturbance source at D = 1, the increase of 
disturbance Gn can now be defined: 

 
Gn can be indicated as a factor or in dB. With the assumption used (P1 = 1), the increase of disturbance 
Gn due to the many nearby disturbance sources is numerically equal to Ptot. 

 
Tab. 1: Increase of disturbance at dipole due to nearby uncorrelated isotropic disturbance sources 
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Table 1 shows this increase of disturbance (or “noise gain”) Gn as a function of n. The higher the number 
n, the higher is also Gn. With increasing n, the value of Gn increases at first relatively fast and then 
slower and slower. With three such layers parallel and close together (e.g. vertical distance 0.3 x D)  
Gn-values up to more than 17 dB are possible. 

In many EMI standards field intensity limits for disturbances originating from a single disturbance source 
at a distance of 3 m or 10 m are indicated. If there are many sources of this kind, which emit maximum 
disturbances according to these limits, with Gn the maximum possible total disturbance at the 
disturbance victim can be calculated. 

 Example: 
In CISPR 11 Ed.6 for a measuring distance of 10 m the limit for E is 30 dBV/m at 30 MHz for class 
B devices. If there are many such devices making full use of these limits within a distance of 300 m, 
we obtain n = 30 and Gn ≈ 12 dB. This means that instead of the just permissible 30 dBV/m, the 
result will be a total disturbance of 42 dBV/m!  

If there are many nearby distributed disturbance sources, a reduction of 10 dB of the limits would make 
sense in order to obtain the same protection of sensitive radio services as with only a single source. 

 

2.2 Assumptions and Calculations for the three-dimensional (spatial) Case 
The method of calculation can be used also for three-dimensional problems with the extensions shown 
below. It is also suitable to estimate the resulting total disturbance in and around buildings.  

- Disturbance sources and disturbance victim in xyz-space in the three-dimensional case, 
disturbance victim dipole in origin (0; 0; 0) on the y-axis. 

 

- In the three-dimensional case in many integer grid-values in parallel xy-planes an identical 
uncorrelated isotropic disturbance source.  

 

- The disturbance sources are distributed in several parallel xy-planes, which have a distance H 
between each other. 

 

- H can be = 1, but for modelling of the situation in buildings, lower values (e.g. 0.3, 0.4 or 0.5) may 
make sense. 

 

The disturbance sources are like noise, i.e. not correlated and are distributed over all frequencies within 
bandwidth B of the receiver connected to the dipole (on y-axis). Therefore, instead of field intensities 
the disturbance power of the individual disturbance sources are superposed (added). Considering the 
increasing number of broadband transmission devices, this assumption should be quite realistic. 
 

With the assumptions indicated above for the three-dimensional case (outside of origin) we obtain: 

 
 

Hereis the angle between the distance d from the disturbance source to the disturbance victim and 
the xz-plane.  
 

For the calculation of the total disturbance power Ptot from all disturbance sources, the contributions of 
all m parallel xy-planes, on which there are disturbance sources, are added (taking into account their 
respective z-coordinates): 

 

 
(5)  

 

The number m of parallel xy-planes to be considered in (5) with their respective z-coordinates  
(“z-layers”) is in principle independent of the n-values for description of the conditions in the xy-planes. 
The calculation of the disturbance increase Gn is performed again with equation (3).  
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3    Some Examples for three-dimensional Disturbance Situations  
 

3.1 Total Disturbance inside of a Building (Example: In Center of a Cube)  
 

As an approximation to the situation inside of a building with many disturbance sources on many (m) 
parallel planes, as an example the increase of disturbance in the center of a cube shall be examined. 
 

Fig. 2: 
Situation for calculation of the 
resulting total disturbance 
interfering into the disturbance 
victim (a dipole on y-axis) with 
distributed, uncorrelated 
isotropic disturbance sources 
with identical power in several 
parallel planes.  
 

On top the vertical plan is 
shown, on the bottom the 
horizontal plan. 
 

In the example shown n is = 3 
and there are disturbance 
sources on m = 7 planes in 
distance H from the base plane 
(with z = 0).  
 
 

 
 

In the case of a cube with D = H = 1 the number of layers is m = 2n+1. However, for the simulation of 
the situation in buildings, it may be useful to choose H < D. Therefore, here both cases are examined. 

 

Tab. 2:  Disturbance increase Gn in center of a cube with many distributed disturbance sources.  
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Tab. 3:  Disturbance increase Gn in center of a cuboid and H = 0.3 with many distributed 
disturbance sources. 

 

If the disturbance sources are not too close together, sometimes at buildings with a vertical unit  
H = 0.3 a better modelling is possible. If e.g. the distance of the disturbance sources in the xy-plane is 
10 m in reality, h = 0.3 corresponds to a floor height of 3 m, which is often quite realistic in practical 
cases. Therefore the values shown in Tab. 2 and Tab. 3 should be quite typical for the situation in 
buildings with many distributed disturbance sources. 
 

It must be noted, that the disturbance increase Gn is already quite high for H = 1. Even for relatively low 
numbers of floors or layers, Gn-values of 15 dB and more are obtained. For H = 0.3 and m > 8, Gn rises 
to values of 20 dB and more because of the higher disturbance source density.  
 
3.2 Total Disturbance in Antennas on Top of a Building 

 

Fig. 3: 
Simulation of  
the disturbance 
situation with 
disturbance victim 
(dipole on y-axis, in 
origin) as antenna 
over the center of a 
building with several 
floors shown in 
vertical and 
horizontal plan 
(quadratic). 
 
The z-coordinates of 
the disturbance 
sources are all < 0 to 
allow use of the 
already developed 
simulation programs 
for the situation of 
the cube and cuboid. 
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The situation shown in Fig. 3 with an antenna on top of a building is typical for fixed radio services or 
amateur radio stations. The floor number m = 3 should be typical for antennas on single family homes, 
if H = 0.3 is chosen. Later the case with m = 6 is examined, which should be representative for larger 
houses with several apartments.  

3.2.1   Antenna on the Roof of a Building with 3 Floors 

 

Tab. 4: Disturbance increase Gn at an antenna with one or two vertical units (each with H = 1) over 
the roof of a building with m = 3 floors with many distributed disturbance sources. 

 

 

Tab.5: Disturbance increase Gn at an antenna with one or two vertical units (each with H = 0.3) 
over the roof of a building with m = 3 floors with many distributed disturbance sources.  

 
At a building with 3 floors and H = 1, in the case of an antenna height of one vertical unit, the Gn-values 
are between about 8 dB and 13 dB (see Tab. 4). However, if with H = 1 the antenna height is two vertical 
units, the Gn-values are (due to the higher distance to the disturbance sources) somewhat lower and 
between 5 dB and 11 dB.  
However, if at a building with 3 floors H is 0.3, the distance to most disturbance sources is significantly 
lower, i.e. the effect of the disturbances and therefore Gn is considerably higher. In case of an antenna 
height of one vertical unit, the Gn-values are between about 14 dB and 16 dB, in case of an antenna 
height of two vertical units still between about 11 dB and 14 dB (see Tab. 5).   
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3.2.2   Antenna on the Roof of a Building with 6 Floors 
 

In case of a building with 6 floors with otherwise identical dimensions and antenna height, the 
disturbances are somewhat higher than with buildings with only 3 floors, because there are more active 
disturbance sources to be considered. 

 

Tab. 6: Disturbance increase Gn at an antenna with one or two vertical units (each with H = 1) over 
the roof of a building with m = 6 floors with many distributed disturbance sources. 

 

 

Tab.7: Disturbance increase Gn at an antenna with one or two vertical units (each with H = 0.3) 
over the roof of a building with m = 6 floors with many distributed disturbance sources.  

 

At buildings with 6 floors, the Gn-values are about 1 dB to 3 dB higher than at buildings with 3 floors 
under otherwise identical conditions, because the number of active disturbance sources is higher. 
 

At a building with 6 floors and vertical unit H = 1, the Gn-values for an antenna height of one vertical unit 
vary between about 9 dB to 14 dB (see Tab. 6). However, if the antenna height is two vertical units, Gn 
varies between 6 dB and 13 dB owing to the greater distance to the disturbance sources. 
 

However, if at a building with 6 floors and vertical unit H = 0.3, the distance to the disturbance sources 
is significantly lower, i.e.the effect of the disturbances and therefore Gn is considerable higher. 
For an antenna height of one vertical unit Gn is between 15 dB and 18 dB, at an antenna height of two 
vertical units still between about 13 dB and 17 dB (see Tab. 7). 
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4 Conclusions 
 
In this paper, based on the calculations and simulations performed, it was shown for the two-dimensional 
as well as the three-dimensional case that a considerable increase of the general disturbance level 
occurs, if there are many distributed disturbance sources in the neighbourhood. Even with a relatively 
low number of neighbouring disturbance sources, the disturbance noise level may rise by 6 dB to 10 dB, 
in and close to buildings with many disturbance sources even by up to 20 dB and more. Today this fact 
is also registered during field measurements and practical radio operation. 

The EMI emission standards used today are mostly based on obsolete assumptions (one disturbance 
victim (AM broadcast receiver) with only one neighbouring disturbance source). Moreover, nowadays 
there are often not sporadic disturbing devices, which are not operating continuously and are interfering 
on a few harmonics. Often there are broadband disturbance sources (e.g. xDSL, PLC) which are often 
operating continuously, at least during the whole day (e.g. PV plants), all night (e.g. lighting installations) 
or sporadically for many hours a day (e.g. charging devices). 

The limits in the EMI standards used today (“established and proven for many years”) mostly do not 
consider these facts. They focus mainly on sporadic disturbances coming from one dominant single 
disturbance source and superposition of disturbances from many different sources is not considered. 
The limits do not respect possible worst-case situations, but often allow massive relaxations based on 
probability considerations (improbability of high disturbance source density, improbability that disturbing 
source and disturbance victim simultaneously operate at all and moreover are on the same frequency). 
In the meantime the density of potential disturbance sources has increased significantly, because an 
average household nowadays typically incudes >10 devices with switching electronics, which are 
connected permanently to the mains (and often also to other lines) and which often operate with 
broadband signals.  

The relaxation of the limits, which is based on probability considerations in many EMI standards, is 
therefore no longer justified to the full extent, especially if the devices operate permanently or for many 
hours each day. Many valid EMI emission standards (“established and proven for many years”) are 
obsolete in respect of today’s reality and the limits defined in them should be reduced in order to ensure 
the same protection to sensitive radio services as before. This should be done not only for limits of field 
intensity values for radiated disturbances, but also for conducted disturbances on all kinds of lines for 
frequencies > 150 kHz, but at least for > 3 MHz in the HF, VHF and UHF range, where even relatively 
short cables or wires may act as antennas. 

Based on today’s real situation often with cumulative interference from many distributed 
disturbance sources close to disturbance victims, the limits should be reduced by at least 10 dB 
(or better by 12 dB) in order to ensure the same protection of sensitive radio devices as before. 

 

 


