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Abstract. The wide spread of Information and Communication Technologies and the 
development of Internet-enabled mobile applications have aggravated electromagnetic 
compatibility and ecology problems. Inability to excite electromagnetic field of a desired 
structure and strength with traditional approaches actualizes additional actions, including 
providing diffraction on propagation path, to resolve these issues. Diffraction on a stand-alone 
obstacle along the propagation path and the one on set of obstacles near receive antenna 
location can be considered as the additional actions in ultrashort band. The accomplished 
studies have shown that one the most effective means to lower electromagnetic field strength is 
to shield the receive antenna with vegetation from jamming radio equipment. Moreover, 
vegetation resolves electromagnetic ecology issues, for the energy flux density can be lowered 
by about two orders of magnitude. 

1. Introduction 
Up-to-date society development is accompanied by an extensive use of Information and 
Communication Technologies [1]. The aggravation of electromagnetic compatibility and ecology 
issues are the disamenities of this process. In addition, the hardest problems of the electromagnetic 
compatibility lie within radio spectrum overflow [2]. These problems arise when several 
communication services and similar services operators use adjacent service bands. For instance in [3] 
it is shown, that rapid evolution of land mobile telecommunications of GSM-900 standard aggravated 
electromagnetic compatibility with short-range navigation and landing devices working in P-GSM 
band (890-915/950-960 MHz) essentially. Moreover, solving this problem by switching into E-GSM 
band (880-890/925-935 MHz) has severe constraints.  

Electromagnetic ecology issues aggravation is caused by expansion of Internet-enabled mobile 
applications [4]. As a result, in high-populated areas a complete cover of non-ionizing radiation from 
base station aerials is formed [5]. Thus, electromagnetic field of base station antenna transmitters has a 
constant round-the-clock health impact on residents, including children, elderly and disabled. The 
consequences of this impact can be harmful under specific conditions [6]. 

Solving the issues of electromagnetic compatibility and ecology usually starts with known structure 
management techniques of electromagnetic field directly excited by antenna. As an example, 
construction design can presume composite materials application upon antenna carcass, as it I shown 
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in [7, 8]. For this technique the results and extended recommendations on electromagnetic field 
structure management of an antenna are given in [9]. It should, however, be noted that desired field 
structure cannot always be managed with conventional techniques. 

In the paper the applicability of additional actions based on consideration of ground-wave 
propagation characteristics in ultra-short band is estimated. As it is shown in ITU recommendations [2, 
10, 11], signal strength can be lowered on propagation path by artificial diffraction effects, produced 
when first Fresnel zone of a radio wave is tangent to a stand-alone obstacle or when energy is scattered 
near receiver on the set of obstacles. In the paper the first diffraction source is simulated by a stand-
alone high-rise building, while another one is simulated by vegetation. The applicability of these 
actions for electromagnetic ecology issues resolution is estimated simultaneously. At that, the obtained 
field strength is estimated according to regulatory documents [12-15]. 

Thus, the paper objective is the estimation of objects (buildings, vegetation) effect on 
electromagnetic strength attenuation near the receiver.  

2. Calculation methodologies 
Diffraction loss estimation on objects located on propagation path near the receiver is analyzed with 
ITU recommendations [2, 10, 11]. The vegetation effect on energy flux density is estimated through 
electromagnetic environment studies near residential building with regulations [14, 15] and the 
methodology given in monograph [16]. All the results regarding electromagnetic ecology were 
obtained with «preventive principle» recommended by the World Health Organization [17]. The 
principle calls for preventive actions to reduce possible harmful influence of radiation on human, even 
if the influence is not proven and is presumed out of the current scientific knowledge level. 

Efficiency of additional actions will be estimated in two steps. The first step research is aimed to 
estimate the diffraction effect on electromagnetic compatibility issues, while the second stage is linked 
to electromagnetic ecology issues. 

2.1. Stand-alone obstacle diffraction effect 
To estimate the effect of obstacle in the form of a building a model of double isolated knife-edge 
edges will be used, as it is recommended in [10]. The problem geometry is shown on Figure 1 taken 
from [10]. 

 
Figure 1. Method for double isolates edges 

This method consists of applying single knife-edge diffraction theory successively to the two 
obstacles, with the top of the first obstacle acting as a source for diffraction over the second obstacle. 
The first diffraction path, defined by the distances a and b and the height 

1h , gives a loss L1 (dB). The 

second diffraction path, defined by the distances b and c and the height 
2

h , gives a loss L2 (dB). The 

total diffraction loss is then given by: 

cds LLLL  21 .                                                                    (1) 

L1 and L2 are calculated using formulae [10]: 
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d1 and d2 - distances of the two ends of the path from the top of the obstacle; 
- wavelength (m); 
h - height of the top of the obstacle above the straight line joining the two ends of the path. If 
the height is below this line, h is negative; 
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A correction term Lc (dB) must be added to take into account the separation b between the edges. Lc 
may be estimated by the following formula: 
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2.2. Diffraction effect on set of objects 
To analyze the diffraction loss on objects near the receiver the ITU recommendations [2] will be used. 
The problem geometry and legend are shown on Figure 2 taken from [2]. 
 

 
Figure 2. Geometry of tasks 
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According to ITU [2] recommendations, benefit, in terms of protection from interference, can be 
derived from the additional diffraction losses available to antennas which are imbedded in local 
ground clutter (buildings, vegetation, etc.). The maximum additional loss is 20 dB above 0.9 GHz, 
and progressively less at lower frequencies, down to 5 dB at 0.1 GHz. 

The additional loss due to protection from local clutter is given by the expression: 

33.0–625.0–6tanh–1)exp(-25.10
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where 

     5.05.7tanh1375.025.0  fF fc , 

dk  - distance (km) from nominal clutter point to the antenna; 
h - antenna height (m) above local ground level; 
ha - nominal clutter height (m) above local ground level; 
f – frequency (GHz). 

The additional protection available is height dependent, and is therefore modelled by a height-gain 
function normalized to the nominal height of the clutter. Where the clutter parameters are more 
accurately known they can be directly substituted for the values taken from Table 1 [2]. 

Table 1. Nominal clutter heights and distances 

Clutter (ground-cover) category 
Nominal height, ha 

(m) 
Nominal distance, dk 

(km) 
High crop fields 
Park land 
Irregularly spaced sparse trees 
Orchard (regularly spaced) 
Sparse houses 

 
4 

 
0.1 

Village centre 5 0.07 
Deciduous trees (irregularly spaced) 
Deciduous trees (regularly spaced) 
Mixed tree forest 

 
15 

 
0.05 

Coniferous trees (irregularly spaced) 
Coniferous trees (regularly spaced) 

20 0.05 

Tropical rain forest 20 0.03 
Suburban 9 0.025 
Dense suburban 12 0.02 
Urban 20 0.02 
Dense urban 25 0.02 
High-rise urban 35 0.02 
Industrial zone 20 0.05 

2.3. Electromagnetic environment estimation 
To estimate electromagnetic environment according to offered methods of signal strength depression 
the correlations from [15] were used for frequencies over 300 MHz. To calculate energy flux 
density (EFD) П  let’s use the following formula 
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77.3/П 2E ,                                                                 (7) 
where E - electric field intensity amplitude (V/m). 

For mobile communication systems maximum permissible level of radiation power, which does not 
cause permanent changes in human body, is equal to 10 W/cm2 [14, 15]. 

3. Results and discussion 

3.1. Solving the electromagnetic compatibility issue  
In the research the transmitter power was assumed to be equal to 100 W. Antenna centers were placed 
at the following heights: 100 m for mobile communications base station antenna and 10 m for 
receiver. Obstacle distance from the transmitter was assumed to be equal 10 km; it consisted of two 
peaks of equal height spaced 100 m apart. As it is shown in [10], the assumed model describes high-
rise building. In the research the building height was variated in the range from 30 to 90m. Moreover, 
clutter distance was variated in the range from 0.1 to 0.02 km; clutter parameters were taken from 
Table 2. Path length changed within line-of-sight range for used antenna height. 

For spatial separation is required for radiation sources by electromagnetic compatibility rules, let us 
also assume that the path length is also variated in the range from 15 to 25 km. In Table 3 the results 
of loss forecast for the considered transmission path are given for a dense urban zone. It follows from 
Table 2 that the distance from transmitter will be equal to 200 m and clutter height will be equal to 
20 m in this case. 

Table 2. Loss structure forecast at reception point 

Loss, dB Path length, 
km Total Basic Obstacle 

diffraction 
Clutter 

Signal strength at 
reception point, 

dB 
Stand-alone obstacle (building) height 30 m 

15 136.73 114.32 6.26 16.10 -116.42 
20 139.96 116.86 6.23 16.10 -119.96 
25 141.18 118.84 6.22 16.10 -121.18 

Stand-alone obstacle (building) height 60 m 
15 130.41 114.32 6.29 16.10 -110.41 
20 139.96 116.86 6.23 16.10 -119.96 
25 141.18 118.84 6.22 16.10 -121.18 

Stand-alone obstacle (building) height 90 m 
15 136.73 114.32 6.26 16.10 -116.42 
20 139.96 116.86 6.23 16.10 -119.96 
25 141.18 118.84 6.22 16.10 -121.18 

 

The analysis of table data shows, that basic loss contribution to total losses is about 83.9%, 
diffraction loss contribution is 4.5% and clutter loss near the receiver is 11.6%.  

In the analysis process of clutter influence, the path length was considered to be equal to 25 km and 
the stand-alone obstacle height was equal to 30 m. Stand-alone objects were used as clutter sets of 
objects from the Table 2; the object properties were set equal to the properties of the set. The 
simulation results are shown in Figure 3. 

The simulation results analysis shows, that the highest signal loss (in the range from 18.5 to 15.6 
dB) caused by multipath effect can be observed in cities and close to deciduous trees. Mixed tree 
forest also causes signal loss, but the contribution of this clutter is only 7.03 dB. Stocky vegetation, 
low-rise buildings and sparsely built suburban areas have no significant influence on signal loss.  
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Thus, we can conclude that shielding the first Fresnel zone does not solve the receiver broadside 
radiation problem, which is one of electromagnetic compatibility issues. The most effective approach 
is linked to planting vegetation near the receiver in the direction of jamming radio equipment.  

 

 
Figure 3. Forecasted clutter level for different objects 

3.2. Solving the electromagnetic ecology issue  
In [18-20] it was shown that sanitary protection zone size, in which the energy flux density is lower 
than the maximum permissible level of 10 W/cm2, is about 30 m for GSM antenna with transmission 
power 100 W. Let’s consider the gain in energy flux density loss for different vegetation types. In 
Table 3 calculated gain values are given for reference point placed 10 m high (second floor of 
residential building). 

Table 3. Achievable field loss at point of receive with vegetation clutter 
Clutter (ground-cover) 

category 
Nominal 
height, ha 

(m) 

Nominal 
distance, 

dk 
(km) 

Signal 
strength with 
reflections, 

dB 

Signal loss, 
dB 

Gain in energy 
flux density 
loss, times 

Coniferous trees 20 0.028 -59.67 19.57 90.52 
Mixed tree forest 15 0.028 -59.65 19.55 90.15 
Park land 4 0.02 -56.12 16.02 40.72 

 
The analysis of table data shows, that vegetation use lowers energy flux density by about two 

orders of magnitude. At that, the most rational choice is green belt zones of high-rise coniferous and 
mixed tree. Park land with stocky vegetation is less effective to lower energy flux density level in 
residential areas. This conclusion is proved true by recommendations of monograph [16]. It is said that 
long attenuation of electromagnetic wave propagating through vegetation is between 0.15 and 
0.26 dB/m depending on polarization type in frequency band of about 1 GHz.  

Therefore, vegetation resolves electromagnetic ecology issues in residential areas.  

4. Conclusions 
The carried out research in additional actions efficiency (i.e. building stand-alone high-rises in mobile 
communications radio paths, using vegetation near the reception point) in resolving the issues of 
electromagnetic compatibility and ecology has shown the following: 
 Planting vegetation near the receiver in the direction of jamming device provides signal loss of 

about 10 dB greater than the stand-alone high-rise on the radio path.  
 Coniferous trees provide maximum gain in signal loss. The difference to the next best choice of 

mixed trees planting is 7.03 dB. Stocky vegetation has no significant influence on signal loss.  
 Vegetation also provides energy flux density loss of about two orders of magnitude.  
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 It is necessary to consider nominal tree height when choosing vegetation type to resolve 
electromagnetic ecology issues. Park zones with stocky vegetation are less effective for energy flux 
density decrease in residential areas.  
 

References 
[1] Webster F. Theories of the Information Society 2014 4rd edition. Oxford: Routledge ISBN 

9780415718790 
[2] Recommendation ITU-R P.452-16 Prediction procedure for the evaluation of interference 

between stations on the surface of the Earth at frequencies above about 0.1 GHz Web-site: 
https://www.itu.int/rec/R-REC-P.452-16-201507-I/en (accessed February 11, 2017) 

[3] Kharin A S, Kalugin V G, Sukhatsky S V Tvarovsky Yu V Shorin O A, Du K O (2010) 
Telecommunications (11) 8-12 

[4] Ali S, Khusro S 2016 Indian J. of Sci. and Techn. 9 (19) doi: 10.17485/ijst/2016/v9i19/53088  
[5] Zvezdina M Yu, Shokova Yu A, Kundrukova N I, Kutukova V D, Pozdnyakova A V 2017 IOP 

Conf. Series: Earth and Environmental Science 50 012029 doi: 10.1088/1755-
1315/50/1/012029 

[6] Levitt B B, Lai H 2010 Environ. Rev. 18 369-95 doi: 10.1139/A10-018 
[7] Liu X, Burokur S N, Lustrac A de, Sabanowski G, Piau G P (2012) PIERS C 33 doi: 

10.2528/PIERC12073007 
[8] Gabriel’yan D D, Zvezdina M Yu, Sinyavsky G P 2007 Uspekhi sovremennoi radioelektroniki 

(Achievements of Modern Radioelectronics) (1) 48-65 
[9] Gabriel’yan D D, Zvezdina M Y, Kostenko P I 2001 J. Commun. Techn. and Electron. 46 (8) 

875-78 
[10] Recommendation ITU-R P.526-13 Propagation by diffraction Web-site: 

https://www.itu.int/rec/R-REC-P.526/en (accessed February 11, 2017) 
[11] Recommendation ITU-R P.1546-5 Method for point-to-area for terrestrial services in the 

frequency range 30 MHz to 3000 MHz Web-site: https://www.itu.int/rec/R-REC-P.1546/en 
(accessed February 11, 2017) 

[12] ICNIRP (International Commission on Non-Ionizing Radiation Protection) 1998 Guidelines for 
limiting exposure to time-varying electric, magnetic and electromagnetic fields (up 300 GHz) 
Health Phys.74 494-522 

[13] IEEE (Institute of Electrical and Electronic Engineers) 2005 C95.1-2005 IEEE Standard for 
Safety Levels with respect to Human Exposure to Radio Frequency Electromagnetic Fields, 3 
kHz to 300 GHz (New York IEEE) Web-site: https://standards.ieee.org/findstds/standard/C95.1-
2005.html (accessed February 11, 2017) 

[14] Ministry of Health of the Russian Federation 2003 SanPin 2.1.8/2.2.4.1190-03 Hygienic 
requirements on land-based mobile communication location and operation (Moscow) 

[15] Ministry of Health of the Russian Federation 2002 MG 4.3-1167-02  Methodological guidelines 
for energy flux density estimation for electromagnetic field for location of radio facilities with 
operating band of 300 MHz – 300 GHz (Moscow) 

[16] Spodobayev Yu M, Kubanov D P 2000 Electromagnetic ecology basics. Moscow: Radio i 
svyaz’. 

[17] WHO Library Cataloguing-in-Publication Data 2004 Establishing a dialogue on risk from 
electromagnetic fields. http://www.who.int/peh-emf/publications/en/russian_risk.pdf 

[18] Zvezdina M Y, Shokova Yu A, Shokov A V 2015 Proc. Int. Conf. on Application of 
Information and Communication (Rostov-on-Don) 399-403 doi: 
10.1109/ICAICT.2015.7338588 

[19] Zvezdina M Yu, Shokova Yu A, Shokov A V, Dymchenko A A, Parhomenko P A 2015 Int. J. 
Theor. & Appl. Sci. 03 (23) 10-17 doi: 10.15863/TAS.2015.03.23.3 

[20] Zvezdina M Yu, Shokova Yu A, Shokov A V, Andronov M A, Tyul’pin V I 2015 Int. J. Theor. 
& Appl. Sci. 08 (28) 56-64 doi: 10.15863/TAS.2015.08.28.8 

All-Russian research-to-practice conference “Ecology and safety in the technosphere”                    IOP Publishing
IOP Conf. Series: Earth and Environmental Science 66 (2017) 012005           doi:10.1088/1755-1315/66/1/012005

7


