
Publication VI

Jyrki  T.  J.  Penttinen.  2008.  DVBH  radiation  aspects.  In:  Guangzhi  Qu,  Karl
Guðmundsson, and Sæmundur Þorsteinsson  (editors). Proceedings of  the 5th
IEEE  International  Symposium  on  Wireless  Communication  Systems  (ISWCS
2008).  Reykjavik,  Iceland.  2124  October  2008.  IEEE.  Paper  number  32175.
Pages 258262. ISBN 9781424424894.

© 2008 Institute of Electrical and Electronics Engineers (IEEE)

Reprinted, with permission, from IEEE.

This  material  is  posted  here with  permission  of  the  IEEE. Such permission of
the  IEEE  does  not  in  any  way  imply  IEEE  endorsement  of  any  of
Aalto  University's  products  or  services.  Internal  or  personal  use  of  this
material  is  permitted.  However,  permission  to  reprint/republish  this
material  for advertising or promotional purposes or  for creating new collective
works for resale or redistribution must be obtained from the IEEE by writing to
pubspermissions@ieee.org.

By choosing to view this document, you agree to all provisions of the copyright
laws protecting it.

mailto:pubs-permissions@ieee.org


IEEE INTERNATIONAL SYMPOSIUM ON WIRELESS COMMUNICATION SYSTEMS 2008 PAPER NUMBER 32175 
ISWCS’08, 21-24 OCTOBER 2008, REYKJAVIK, ICELAND 

Abstract—The typical radiating power levels of the DVB-H 
sites are normally between the values used in mobile and 
television broadcast networks. It is thus important to take into 
account accordingly the EMC (Electro Magnetic Compatibility) 
as well as the human exposure limits in the DVB-H transmission 
facilities. This paper presents a practical method for estimating 
the safety limits of human exposure and EMC in different DVB-
H installation environments. Furthermore, case studies are 
presented for the most typical environments. 
 

Index Terms—DVB-H, planning, optimisation, radiation, 
safety 

I. INTRODUCTION 
HE radiation of the DVB-H transmitter sites can be 

assumed to be higher than in mobile networks. As there 
are normally mobile or broadcast systems installed in the same 
site as DVB-H, it is essential to dimension the safety distances 
in order to minimise the risk of inter-system interferences. On 
the other hand, the human exposure limits must be calculated 
for both technical installation personnel and for the public. 

The DVB-H transmitter site antennas can be located to the 
telecom or broadcast tower as well as on the rooftop or 
indoors of the buildings. The power level should be adjusted 
accordingly in order to avoid any interferences or safety zone 
extensions. This paper presents the methodology to estimate 
the safety distances in typical environments. 

II. SAFETY ASPECTS 
The DVB-H radio transmission is defined to the frequency 

range of 470-862 MHz (UHF IV and V) with a channel 
bandwidth of 5, 6, 7 or 8 MHz. The channels can be divided 
into several sub-channels as the used bit stream is relatively 
low. DVB-H can also be deployed to VHF III and L bands. 

The power level of DVB-H depends on the transmitter 
manufacturer solutions. Typically, the power amplifiers can 
produce around 100-9000 W (output power to the feeder), 
although the maximum power level might be limited to few 
thousands of watts in practical solutions. 

DVB-H radiation is non-ionising like in case of mobile 
network technologies. The radiation does not thus alter the 
human cell structure as can happen in ionising systems like x-
ray equipment. Nevertheless, a sufficiently high non-ionising 
radio transmission power can increase the cell temperature. 

The radiation in given distance can be estimated with 
various propagation models. The simplest one giving the 
maximum values is the far-field attenuation in free space: 

( ) ( )fdL log20log2044.32 ++=  (1) 
 

The safety distance of the DVB-H antennas must be assured 
in the deployment of the system. A simple but practical 
method can be created based on the fact that the antenna is 
located to the tower or rooftop, and that the most meaningful 
area to be investigated is found below the antenna. 

The DVB-H antenna solution can be based on omni-
radiating poles or directional antennas. The Figure 1 shows an 
example of the far-field horizontal and vertical radiation 
patterns of the directional antenna used in DVB-H. As can be 
observed from the Figure, in the practical installation 
environments, the vertical radiation pattern is the most 
meaningful when estimating the field strength and safety 
zones. 
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Fig. 1. Example of the horizontal plane of the antenna radiation pattern. The 3 
dB attenuation determinates the beam width. In this specific case, the beam 
width is about 60 degrees. The second pattern shows an example of the 
vertical plane of the directional antenna radiation. In this case, the beam width 
in 3 dB attenuation points is about +/- 14 degrees, i.e. 28 degrees. 
 
 

In order to obtain the safety limits below the DVB-H 
antenna, a loss analysis with different angles from the antenna 
can be done. Having the vertical antenna pattern, respective 
coordinate system and linear scale for the antenna radiation 
attenuation as shown in Figure 2, an antenna attenuation table 
can be created with the scale from 270 to 180 degrees (back 
lobe) and from 180 to 90 degrees (main beam). 180 degree 
vertical angle means the point below the antenna. In this 
specific example, the following Table I can be obtained from 
the respective antenna data. The 90 degree angle represents 
the main beam of the antenna with 0 dB loss. Please note the 
difference with the conventional marking of the angles, as 
normally 0 degree elevation represents the horizon and -90 
degrees the point below the antenna.  
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Fig. 2. An example of the vertical pattern in linear scale with 3 dB resolution. 
 
 

 
 

The values of the table can now be analysed in two phases. 
The first task is to obtain the minimum attenuation value for 
the back and side lobes, i.e. in beam angle of 270-180 degrees. 
In this example it is 20.9 dB. As also the minimum attenuation 
of the horizontal pattern falls into this value, it can be used as 
a reference for the complete back side (hemisphere) of the 
antenna. The vertical angle between 180-90 degrees is used 
for the analysis of the main lobe. The angle is the independent 
variable used to obtain the respective safety distances. 

The next step is to calculate the safety distance for the 
radiation power, which is the result of the DVB-H transmitter 
power, transmitter filter, cable, connector and jumper losses, 
possible power splitter loss for multiple antenna arrays and the 
radiation pattern loss in function of the elevation angle. 

The safety distance depends on the regulatory decisions. As 
a common type of regulations, the reference [1] can be used in 
order to obtain the respective formulas. 

The immediate area close to the antenna is the near-field 
region. Most of the electromagnetic energy in this region is 
stored instead of radiating. The field has considerable 
variations within this zone, making the field estimation 
extremely challenging. Further away from the antenna, the 
reactive near-field decreases and the radiating field becomes 
predominating as a function of the distance until the far-field 
zone finally stabilises the characteristics of the radiation 
making the calculation of the field strength reliable. 

The dimensions of the radiating antenna have impact on the 
minimum distance where the far-field starts dominating. 
Assuming the variable D indicates the largest dimension of the 
antenna and if � is the wave length of the observed signal, the 
following formula can be used for the calculation of the 

minimum far-field limits in case of large antennas (i.e. if the 
greatest dimension of the antenna is much more than the wave 
length), according to [1]: 

 

λ

25.0 Dd fieldfar =−
 (2) 

  
For the small antennas, the following formula can be used: 
 

π
λ

2
=− fieldfard  (3) 

 
The next calculations are valid for the far-field, in 

frequency range of 300-1500 MHz, which falls into the 
operating frequency range of DVB-H. In this specific case, the 
maximum power density for the general public in the DVB-H 
frequency range can be obtained by the following formula: 

 

150
)(MHzfW =  (4) 

 
Now, the power density in the far-field region can be 

obtained by the following formula: 
 

22 44 r
PG

r
EIRPW

ππ
==  (5) 

 
In the formula, EIRP is the effective isotropic radiated 

power (W), r is the distance from the radiating antenna (m), P 
is the power fed to the antenna, and G is the antenna gain 
compared to the isotropic antenna (10log10[G] in dBi). 

It is now possible to estimate the safety distance in front of 
the DVB-H antenna. Investigating Table I, it is possible to 
estimate the safety distances also in different sides of the 
antenna. Let’s select the 700 MHz frequency and transmitter 
power of 1500 W after the filter loss. The additional cable, 
connector and jumper loss (L) can be estimated to total of 3 
dB. Using the antenna pattern presented in Figure 2 assuming 
its gain (G) is 13.64 dBi and the physical dimensions are 190 
× 500 × 1000 mm, the power density and EIRP values are: 
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The minimum safety distance in main beam is thus: 
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TABLE I 
EXAMPLE OF THE ANTENNA ATTENUATION VALUES (IN DB). 

Deg Av Deg Av Deg Av 
270 23.1 210 26.0 150 23.1 
260 26.0 200 24.4 140 16.5 
250 30.5 190 21.9 130 14.0 
240 28.0 180 20.9 120 20.0 
230 24.4 170 20.9 110 10.8 
220 24.4 160 30.5 100 2.2 
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The wavelength of the used frequency is, when c is the 
speed of light: 

 

m
Hz

skm
f
c 43.0

10700
/000,300

6 =
⋅

==λ  (9) 

 
Let’s revise the minimum distance for the far-field in order 

to make sure the calculation is valid. As the extreme 
dimension of the antenna is more than wave length (1m), the 
antenna is considered large, and the far-field distance limit is 
thus: 

 

m
m
mDd fieldfar 2.1

43.0
)1(5.05.0 22

≈⋅==− λ
 (10) 

 
The calculation is valid as the value is in far-field zone. For 

the radiation angles of 180…90 degrees, the following Table 
can be created. 

 
 

 
For the vertical back and side lobes, i.e. for the vertical 

radiation angles of � = 270…180 degrees, the common value 
of 20.9 dB was obtained from Table I. This value corresponds 
the minimum safety distance of 1.6 meters for the whole range 
of the above mentioned angles. As can be observed from the 
Tables I and II, the relatively narrow vertical beam width 
provides reduced safety distances outside of the main lobe. 
The Figure 3 clarifies the idea of the safety distances in 
graphical format. 
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Fig. 3. An example of the safety distances in function of the angle of the 
vertical antenna radiation pattern. 

 

 
Fig. 4. An experimental antenna installation. With the values presented in the 
example, the vertical safety distance behind the antenna is 1.6 m.  

 
In case of the Figure 4, using a 2 meter high antenna pole, 

the safety distance below the antenna is thus achieved for the 
personnel inside the building. As the antenna is in the edge of 
the roof top, the main beam is also secured. In addition, the 
roof material provides with additional attenuation for the 
indoor. 

The Figure 5 shows and extended analysis with the same 
radio parameters as previously but varying the transmitter 
power level between 100 and 9000 W. 
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Fig. 5. The safety distances for a set of transmitter power levels presented in 
logarithmic scale, with the parameter setting of the presented example. 

 
As can be observed, lower the power level is and closer to 

the back side of the antenna, many of the calculated points 
falls below the minimum far-field distance of 1.2 m. As the 
calculation is not accurate in those near-field spots, the 1.2 m 
limit can be considered as a minimum limit for all the cases in 
near-field. 

In case of the Figure 4, the safety limits on the rooftop 
should be marked accordingly in case of e.g. the maintenance 
personnel closing the antenna. The back side of the antenna 
can be marked as round with the minimum of the calculated 
safety distance, with preferably extra margin as the antenna 

� =270…180 deg: 
Area to be avoided in 
back beam, r=1.6 m for 
all the values of � 

� =180…90 deg: 
Area to be avoided 
in main beam, 
r=f(�) according to 
Table II 

TABLE II 
EXAMPLE OF THE SAFETY DISTANCE VALUES FOR THE ANGLES 180…90 

DEGREES WITH THE RESPECTIVE VERTICAL PATTERN ATTENUATION. 
Deg Av rmin Deg Av rmin 
180 20.9 1.6 130 14.0 3.4 
170 20.9 1.6 120 20.0 1.7 
160 30.5 0.5 110 10.8 5 
150 23.1 1.2 100 2.2 13.4 
140 16.5 2.6 90 0.0 17.2 
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pole can affect on the final radiation pattern of the antenna 
(i.e. the pole might act as a part of the antenna elements). 

For the main beam, the horizontal radiation pattern must be 
taken into account by calculating the safety limits on the sides 
of the antenna. A mask with sufficient additional margin can 
be used e.g. by observing the reference attenuation points of 
20, 10 and 3 dB and the respective angles. In practice, it is 
important to assure the personnel can not cross the main beam 
accidentally as the full EIRP might mean considerable safety 
distances in front of the beam. 

 

Rooftop
 

Fig. 6. In case of the rooftop installation, the respective safety distance on 
sides of the antenna should be calculated according to the horizontal radiation 
pattern of the antenna. 

III. EMC LIMITS 
When the DVB-H antenna is installed in the tower, there 

might be antennas of the other telecommunications systems on 
top and below of the DVB-H antenna. The EMC calculations 
should thus take into account mainly the upper and lower side 
lobes of the DVB-H antenna. 

The analysis methodology presented in the previous chapter 
can be used also for the EMC calculations. The following 
Figure 7 shows a principle of the EMC in the towers. The 
DVB-H antennas create a certain electro magnetic field 
strength around the antenna, which might be considered as an 
interference field for the antennas of the other systems nearby. 
 

 
Fig. 7. When using a directional antenna, the relative field strength above and 
below the antenna depends on the attenuation of the vertical radiation pattern. 
 

Like in previous case, the vertical radiation pattern can be 
used as a basis for the EMC field estimations. In fact, the 
vertical pattern right above and below the antenna is the most 
important as the antennas of the other systems are normally in 

the same vertical line of the tower. 
As can be observed form the Figure 2, the vertical pattern in 

this case example is symmetrical above and below the antenna 
element. The attenuation value around 180 degrees (below the 
antenna) as well as 0 degrees (above) is thus 20.9 dB as 
shown in Table I. 

In order to calculate the interfering electrical field, the 
following formula can be used: 

 

π
ηP

r
Ei 2

1=
 (11) 

 
The variable � is the wave impedance in air with the value 

of 377 , P is the transmitter power (EIRP) including the 
gains G and attenuations A. 

Let’s revise the electrical field for the previously presented 
case examples with the transmitter power levels of 1500 W in 
2 meter distance of the main beam. As shown previously, the 
example yields a total EIRP of 17.83 kW, which produces the 
following field in 2 meters distance in the main beam. 
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The field strength reduces according to the radio 
propagation environment. Assuming the worst case, the free 
propagation loss can be assumed as shown in Formula 1.  

The antennas of the other systems might be relatively near 
of the DVB-H antennas due to the lack of the space in the 
tower. The essential question is thus, what is the minimum 
allowed distance between the antennas. 

The allowed field strength depends on the immunity level 
of each system. As an example, the commercial electrical 
equipment are able to handle interference field strengths of 
about 2-10 V/m. For the professional electrical equipment as 
well as e.g. mobile network elements, the requirement is 
considerably higher. 

In addition to the pure field strength, also the frequency is 
essential. As an example, the GSM 850 and GSM 900 might 
suffer from the distortion caused by the harmonic components 
of the DVB-H transmission in the radio spectrum whilst GSM 
1800/1900 is safe due to the frequency difference and filtering 
of the equipment. 

For the situation with the antennas located on top of each 
others, the attenuation value of the vertical radiation pattern of 
the DVB-H should be taken into account. The value for the 
EMC calculations can be estimated by observing the 180 
degree angle of the vertical radiation pattern. In practice, the 
value might need additional margin in order to take into 
account the possible variations e.g. for the pattern inequality 
around 180 degrees, and the possible side-effect of the tower 
itself which can interfere the radiation pattern. The effect of 
the radiation pattern can now be extended in the following 
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way. 
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The Av represents the attenuation (dB) in the observed 

vertical direction; in this case, the value is 20.9 dB both right 
above as well as below the antenna as can be seen in Table I. 
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Fig. 8. The electrical interference field in the main beam of DVB-H antenna 
with the transmitter power levels of 100 – 9000 W (cooresponding EIRP of 
1.2 – 104 kW). 
 

EMC, vertical 180 deg and 0 deg
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Fig. 9. The electrical interference field above and below the typical directional 
DVB-H antenna with the transmitter power levels of 100 – 9000 W 
(corresponding EIRP of 9.4 – 848 W). 

 
The severity of the interfering field depends on the 

frequency, i.e. how considerable the frequency separation is. 

The effect of the main beam should be observed especially 
when the DVB-H antenna faces the antenna of another 
system. The EMC safety distance is sufficient in most of the 
installation cases as there should be sufficiently open area in 
front of the antenna, but there might be situations e.g. with 
antennas located on rooftops in both sides of a street. It is thus 
important to make sure that the facing antennas (e.g. DVB-H 
antenna on rooftop and GSM 850 antenna on the other side) 
are producing sufficiently low field within the respective 
distance. The field in the main beam might be quite high as 
can be observed from the Figure 8, meaning that the mid level 
and highest power transmitters should be avoided in rooftops. 

IV. CONCLUSIONS 
The results of the case study shows that the installation of 

the directional antenna in telecom or broadcast tower, as well 
as on the rooftop of the building, can be done in controlled 
and safe way. The logical way of obtaining the safety distance 
limits is to observe the vertical radiation pattern of the antenna 
as the antenna is above the population in the tower 
installations. In rooftop cases, the vertical beam dictates the 
safety distance which should be analysed more detailed in all 
the angles, from the point below the antenna up to the main 
beam direction. The corresponding height of the antenna is 
relatively straightforward to design based on this information. 

As for the EMC, the vertical beam analysis can be used in 
the designing of the location of the DVB-H antenna in the 
telecom or broadcast tower. In multiple directional antenna 
installation, the final vertical radiation pattern depends on the 
antenna array and should be calculated or measured taking 
into account the power splitter loss. The EMC safety distance 
above and below the antenna depends on the frequency 
separation and on the maximum field strength that the other 
systems can support taking into account the respective vertical 
beam attenuation of the other systems. 
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