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even may represent different radiocommunicationises, as
Abstract—This essay presents applicative methods to redudunking systems, broadcasting, wireless access, et

human exposure levels in the area around baseéiags stations in First, the main methods used to evaluate the expdsuels
a environment with multiple sources based on ITU-Tare met with an especial focus on the point sounethod
recommendation K.70. An example is presented tcetstand the which is chosen for this study. Then the cumulatfiatal)
mitigation techniques and their results and alsieden how they can exposure ratio will be presented in order to urtdecs how
be applied, especially in developing countries wheere is not  extarnal sources affect the accuracy of the assssrAfter
much research on non-ionizing radiations. that, mitigation techniques will be studied to gptilem later

Keywords—Electromagnetic fields (EMF), human exposure'n the case of study. This essay finishes with keiens and

limits, intentional radiator, cumulative exposureti@, base recommendations
transceiver station (BTS), radiation levels.
Il. EVALUATION OF EXPOSURELEVELS

I. INTRODUCTION To evaluate the human exposure to EMFs [6], basic

CCORDING to latest World Health Organization [1]restrictions based directly on established heaftacts are
A(WHO) and 13 country Interphone [2] study reseaschedefined; calculate them in real situations are usedeing

mobile phones can contribute to health deficiencyery difficult. Reference levels for human expostarelectric,
including the increased risk of brain tumours, egmcer, Magnetic and electromagnetic fields are derivethftioe basic
salivary glands tumours, testicular cancer, nongkods restrictions using the realistic worst-case assionpabout
lymphoma and leukaemia [3]; and though so far ndyshas exposure. If the reference limits are met, then Hasic
linked BTS with human health risks, it is better tmke restrictions will also be met; if reference levale exceeded,
preventive measures such as periodic assessmentheof that does not necessarily mean that the basidatests are
electromagnetic emissions at them and even tryitigate the €xceeded. It means that the demand for the conggliarith

radiation levels to provide greater protection émeral public.

In developing countries, as Ecuador, just scarcen@r
research on non-ionizing radiation
telecommunication regulator in Ecuador [4] and thebile
operators must take in account the recommendatirased
by international entities in order to comply withurhan
exposure levels, it means protect human againstioronng
radiation.

ITU-T Recommendation K.70 [5] defines techniquesalvh
may be used by telecommunication operators to atalthe =
cumulative exposure ratio in the vicinity of trantting
antennas and to identify the main source of rasfiatit offers
guidance on mitigation methods which allow reductiof

radiation level in order to comply with exposumilis. It also ...

provides guidance on procedures necessary in thimament
in which, in most cases, there is a simultaneoymsxe to
multiple frequencies from many different sourcesditing
sources may belong to many mobile telephony opesaind
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the reference levels is a conservative approach.
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The real source of intentional EMF is the trandnmgtt
antenna, not the transmitter itself. Transmittimgeana is the
main source that determines EMF distribution in wi@nity
of a transmitting station. The radiation emitted kye
transmitter enclosure is unintentional radiatiom the other
hand, the intentional radiation is that emitted bye
transmitting antenna which is most important toeassthe
exposure and determines radiation levels in areessaible to
people.

The most important step in the exposure assessisi¢ne
evaluation of radiation levels in the consideregbatn typical
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transmitting and base stations, many operatingugrgies are
used, so the cumulative exposure assessment isregqu
Depending on the accessible data, models and neetheet
for the evaluation, the results have a lower oh&igaccuracy.
In general, more detailed information concerning ithdiation
sources and more sophisticated methods and maoekaiistd
higher accuracy. In some cases, the accuracy ahhleation
is limited because of the lack of appropriate daiacerning
transmitting equipment (antennas).

radiation pattern. The accuracy of this model ddpewn the
field region and on the antenna gain [reference].

This model is fully applicable in the far-field fieg; this is,
for distances from the transmitting antenna bigban:

2D?
dy = max |32, —— ey

here:

. . W
Depending on the method used and accessible datgy s the distance between the transmitting antemethe

concerning radiating sources (antennas) and depgrmdfi the
needs and required accuracy, in general three apiprievels
may be applied and may be efficient in cases meraatice

[7].
A. Full-Wave Methods

The highest accuracy of calculation of the refeeclewels
will be achieved by the numerical modelling usinte ®f the
full-wave methods based on solving Maxwell’'s equiadi in
frequency or time domain. It includes the methodnaiments
(MoM), finite-difference time domain (FDTD) and man
others. Such methods of calculation may be usedafor
region of the EMF. They use detailed-segmented isoadle
systems — the more detailed-segmented model is, uked
better accuracy of the evaluated field distribusiachieved.

The accuracy of the results of calculations strpriglpends
on the exactness and the range of accessible datarming a
transmitting antenna, which includes antenna gegnaetd its
feeding arrangement. Cellular panels contain a hugaber
of active radiating elements (up to 256) which e with
different amplitudes and phases. Without such médion,
the calculation is impossible or may be used fageaeral
assessment only.

Numerical modeling provide a good opportunity tketanto
account almost all substantial factors influenaiadiation, but
they are useful in rather simple cases only, ornfear-field
regions in which other methods are not sufficiersbeurate.
This happens so because it is very difficult toeml all the
data needed. Additionally, sophisticated softwaraed a
experience in electromagnetics are required, tegethith
huge computer resources.

B. Synthetic Methods

In this model each antenna is considered to bet afse
elementary sources which have identical paramefEnss
model may be employed for distances beyond the-fieder
distance calculated with respect to the maximune siz an
elementary radiating source.

The model leads to very accurate results, but ¢earacy is
lower than in numerical modelling because the dogpl
between radiating sources in neglected. In mangscdiis
assumption is well fulfilled. A disadvantage ofghnodel is
that exact information concerning the feeding agesments of
system containing many radiating sources is reduire

C.Point Source Model

It is a simple but very effective model which asssnthat
the transmitting antenna is represented only by paint
source, situated in the antenna electric centrehavihg its
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point of investigation
D is the maximum size of the antenna
A is the wavelength

If the results of calculations are to be accurate
minimum distance between the point of investigatm the
transmitting antenna has to fulfil requirementstfor far-field
region. This limitation may be substantially desesd by the
use of the synthetic model but it requires addalon
information concerning this transmitting antennaiclthmay
be impossible to collect.

A disadvantage of this model is in the immediat@nity of
the antenna, where the dimension of the antenndsnieebe
taken into account in the exposure assessment.

D.Special Considerations

Some external influences must to be taken in cenaiibn,
such as reflections since the radiation patterres aways
provided for free space conditions. A reflectioronfr the
ground, buildings, fencing and some other structunay lead
to an increase in the value of the reference lehét; means
electric field strength is multiplied by a factdt.should be
noted that in a complex environment, with manyeeibns,
only the one with the highest multiplication facsrould be
considered. In practice, the maximum value of the
multiplication factor is 2 for the electric fieldrength which
corresponds to 4 for the power density.

It is necessary to specify the uncertainty of tb&utt when
performing a calculation. The calculation of unagrty with a
95% confidence interval should be done. The expé&nde
uncertainty shall not exceed 3 dB for the powersidgnlf the
calculation uncertainty exceeds 3 dB, the limituesl should
be reduced.

E. Parameters of the Transmitting Sations

The transmitters used in radiocommunication produce
electromagnetic waves which, by feeding lines, detvered
to the transmitting antennas and radiated inteethéronment.
The best situation is when the calculation is bagethe exact
information concerning the radiating sources (theivalent
radiated power ERP, radiation patterns, etc.). amyrcases, it
is very difficult to obtain such information. Théoee, the
general data concerning the transmitting systemewund
consideration may be helpful. General charactesstif the
intentional radiation sources (transmitters anchgmaitting
antennas) such as: transmitter power, transmitingenna
radiation patterns, antenna gain, antenna heigtt BIRP
(equivalent isotropically radiated power).
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Ill.  CUMULATIVE EXPOSURERATIO

In most cases, a typical transmitting station ciostanany
transmitting systems operating on many frequendieghis
case, in the area around the antenna sre, the
electromagnetic field has a complex structure witlany
components of different frequencies and differerldi
strengths, varying from point to point.

The exposure assessment in the multiple sot
environment® requires the calculation of thcumulative
exposure W. All the operating frequencies mustdresiderec
in a weighted sum, where each individual sourceré-rated
according to the limit applicable to its frequel

For the frequencies range above 100 kHz, in whiah
thermal effect isdominating the cumulative exposure,
coefficient Wt has the following form:

300 GHz

W, = Z <£>2 <1 ()

i=100KHz \ V*

Where:

Eiis the electric field strength at frequen
El,i is the reference limittdrequency

Simuitanzous sxposure - Public (]

TW_ch_¥1
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Fig. 2 Example of cumulative exposure ratio Wt and idésgifon of
the main source of radiati

For the induced current density and electrical glétion
effect, relevant up to 10 MHz, and electric fieteagth as th
reference level, the coefficient We has the forrovah in
equation 7-2:

E:
Z Sl 3)
. E

For compliance with the regulations, both coeffit&eW of
the cumulative exposure should be less than 1.cdheitions
concerning electrical stimulation effects are intaot at very
short distances from the transmitting antennaally with no
access for people.

Equations (2) and §3how that the exposure assessme
the multiple sources environment requires the ptexfi of the
electric field strength for each operating frequen8uch
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prediction, including calculation of theoefficients W, can be
done using methods described in SECTIOI

A.Main Source of Radiation

In the multiple sources environment, at each olaEnv
point, the components radiated from all transngttamtenna
are present. In most cases, only one corent is dominant
and has the biggest influence on the total exposewel.
Identification of the dominant radiation source
indispensable to consider the possibility of redgcithe
radiation level.

The main source of radiation may be identified by
calculation of the coefficient Wt in the points aofvestigatior
regularly distributed in the area accessible toppeoAll the
points should be at the same height, our case 12t
(above the terrain level) with respect to the gobuevel,
uniformly distributed along a line from the antenna towe
the maximum distance considered, usually hundrédsetres.
The azimuth angle for such calculation should be tlos
common maximum of the horizontal radiation pattgtiRP)
of all antennas. If, for diffrent antennas, the maxima ar¢
different azimuth angles, then the calculations imayequirec
for all the respective azimutl

B. Compliance Distances

Considering the exposure limits given by ICNIRP,igi
possible to calculate distances to the tratting antennas at
which exposure limits are achieved. Such distanaes
different for different types of transmitting anters.
Compliance distances [Hre also different for the gene
public and for the occupational exposure becausdiffe#rent
limits for these two types of expost

9

@,

Fig. 3 Exposure zone

Compliance distances may be evaluated in many v
depending on the accuracy required and on thealatidable,
as seen in SECTION II. It should be always asstinedl for
distances greater than the compliance distanceratttiation
level is under the limh It means that if a lower amount of di
concerning a radiating source is available, them tiigher
overestimation of the compliance distances is reql

The point source model with an isotropic antenng &ith
the knowledge of the radiation patts are two useful
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approaches. In both cases, the compliance distanegsbe
evaluated accurately if numerical methods based
Maxwell’'s equations are used. The difficulty is tthihis
approach requires very detailed data concerningsinéting
antenna, special software and experience in theerioah
modelling.

D.Increasing the Antenna Gain

ONThe antenna gain corresponds directly to the aatenn
directivity; this means its ability to radiate mdrea desired
direction and to limit the radiation in other diteos. In a
natural way, the antenna directivity is used torelase the
radiation in the direction accessible to peoplee Hmntenna

The TABLE | presents a simplified method for thegjrectivity is closely related to the HRP and VR®liation

calculation of the compliance distances
radiocommunication transmitter stations operatingraaio
frequencies above 1 MHz.

IV. MITIGATION TECHNIQUES

A. Decreasing the Transmitting Power

The simplest method to reduce radiation level® iretiuce
transmitter power. Unfortunately, this method leali® to the
reduction of the coverage area and for this reéssmould be
used only if other methods for some reasons carnot
applied.

TABLE |
SIMPLIFIED METHODS TO CALCULATE COMPLIANCE DISTANCES

Radio frequency General Public

Occupational Exposure

Range Exposure
1to 10 MHz r=0.10* \/eirp * f r=0.0144 * f = Jeirp
10 to 400 MHz r =0319 x Jeirp r =0.143 x Jeirp
400 to 2000 MHz r =638 [eirp/f r =292« [eirp/f

2000 to 300000 MHz r =0.143 % \[eirp

r = 0.0638 * /eirp

r is the minimum antenna distance, in ngetre
f is the frequency, in MHz
eirp is the equivalent isotropically radiated powvethe direction of the

largest antenna gain, in Watts

B. Increasing the Antenna Height

If the antenna height is increased, then the dis@mno all
points of investigation are increased as well. &#ams that in
this case the radiation level is reduced. This cédn is even
greater because at the same time elevation anglethet
considered area are moved to another part of thtcake
radiation pattern (VRP) of the transmitting anteniis
method can only be applied if a possibility to #&se the
antenna height exists.

C.Decreasing the VRP Downtilt

The main beam tilt of the vertical radiation pattexf the
transmitting antennas is frequently used for penfonce
service reasons. This is because, in the firstaomation, in
a line-of-sight mode, all the energy radiated abdlie
horizontal plane is lost. This loss can be redunedarrowing
the vertical radiation pattern of the antenna systad tilting
the beam downward. In the cellular base statidres gowntilt
is also used to limit the coverage area, whichdases the
possibility of the frequency reuse. Main beamtiis also an
influence on the radiation level in the proximity the
transmitting antenna. It can be generally stateat thigger
downtilt gives bigger radiation levels in the pnoy of the
transmitting antenna. Although the main part of thdiation
is emitted in the main beam, the changes in thiatiad level
appear also in all remaining directions.
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fohatterns.

The HRP in cellular systems, where a typical cei three
sectors, each sector is served by its own trarisgigntenna.
Considering the exposure assessment, the radiation
components from all sectors have to be combinedtztbtal
radiation level is similar to that given by omnltional
transmitting antenna. If radiation in some direatio
(azimuths) is attenuated, then the coverage orethasnuths
is lower. Therefore, the changes in the transngitémtenna
HRP, made to protect people against radiation, yavedfect
the coverage area.

A different situation takes place in the case o€ th
transmitting antenna VRP, which determines theatéah as a
function of the distance to the antenna. Highen gaiplies
narrower main beam width and if the VRP has filladls,
then there are no losses in the coverage areaettlyi the
antenna gain is responsible for the division of thdiated
energy into two parts: the part which is radiatedhe main
beam direction and the part radiated to the aredemthe
antenna in close proximity to it. So, it can benséeat the
antenna gain (or more precisely the vertical maanb width)
may be used to reduce the radiation level in cpysaimity to
the antenna.

E. Changing the HRP

The possibilities of the radiation level reductiby the
changes in the HRP are very limited. For cellulasd
stations, it is possible to reduce the level bylaeipg panels
with a wide horizontal beam by one with a narrower
horizontal beam. The panel with the narrower hatiabbeam
needs lower transmitter power without loss in thdius of the
coverage but the transmitter power reduction restuft
decreasing the radiation level in the area accessilpeople.

F. Multiple Methods applied simultaneously

In some cases it can be necessary to apply moredha
method to achieve the required reduction of theatimh
level. All the methods described above are indeeendnd in
many cases they can be applied simultaneously.

V. CASE OFSTUDY

At Escuela Superior Politécnica del Litoral - ESPOL
University (Guayaquil - Ecuador) there are two BTS
(belonging to PORTA and MOVISTAR Operators). Some
other sources (AM, FM, VHF, UHF, etc.) radiateslie area
under study, but are not taken in account for th&tance to
the observation point, which is located in the Mycwf
Electrics and Computation Engineering.
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Fig. 4 Satellite view of ESPOL Campus

The main source of radiation is PORTA GSM 850 site, The resulting curves of exposure levels are

which uses antennas Kathrein dual band sector padei266

191 (height=2516mm, HRP=68, VRP=7.3, Gain=2*16. 5dB|)

with the following configuration:

The EMF-estimator ™ designed by ITU and

Telekomunikacja Polska is the simulator presentedlTU-T
Recommendation K.70 and it was the one used inptioject.
The configuration for the main source was the foilw:

TABLE I
SECTORSCONFIGURATION

Parameters X Y z

Height [m] 24.00 24.00 24.00
Azimuth [°] 0 90 260
Downtilt [°] 4 7 4
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o s
Azimuth fromthe antenna to the observation Tdeol

Allsources simutaneously [0,00 (%] [0,00 %1

Fieid Regions.

“requency [572 Mz Reactive nearfiid: (0, 1) !u'ﬂ n‘um m
Maximum sie of [ 1y Radating near-fild: (3, max(3},20% %) [038 pEsa_m

e steoin) Far-fiek: (max(2 , 209 = |

= EMF-estimator valdity: (0.620°/3 ;20)  [1142 o

File with HRP and VRP

Show /Set
CUsersichreyes\DesKopENF_estimator_y1_2_ _ EWF Fie
‘Addtional comments : SetEM3 file

v Refldion from o
ground (factor 2.56)

Fig. 5 Configuration of PORTA GSM 850

present
below:

Slmuhaneuux esposure - Public %]

Cumulative expasure b

05 GSMES0_PORTA,
040 GSM1900_PORTA
03 UMTS36_PORTA
030 GSMBSO_MOVISTAR
02 GSM1900_MOVISTAF

UMTS26_MOVISTAR

A e
0 0 140 210 280 50 420 490 560

30 700
Distance [m]

Fig. 6 Coefficient Wt distribution and contributiof each radiating
source

The following charts will show the current main s
levels and how this could change whether mitigation
techniques reviewed in SECTION Il are applied Yonl
possible ones).

A.Decreasein Transmitter Power

Equivalent plane-mave
power density [miw//m2]
0.0

[ ) 140 210 230 30 420 290 ) 63

0 o
DTP_GSMES0_PORTA —— GSME50_PORTA Distance [m]

EMF-gstimator

Fig. 7 Exposure levels and Decreased transmitteep

Decrease in transmitter power also decrease exposur
levels. However, this could lead to a reductiothie coverage
area.
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B. Decrease in the VRP Downtilt

Equivalent plane-wave
power densily [/ Am]
00

0 0 140 210 E 350 420 430 560 630
—— VRP DT_GSME50_PORTA —— GSMBS0_FORTA
EMF-estimator

700
Distance [m]

Fig. 8 Exposure levels and Decreased VRP downtilt

This technique decrease exposure levels, butésired to
narrow the VRP beam width for improve the antenaa.g
This usually means to change the antennas.

C.Increase in Antenna Gain

Equivalent planemnave
poiwer densit [niw /m2]
00

0 0 140 210 280 350 120 430 560 630

700
145 DT_GSMBS0_PORTA —— GSMBS0_PORTA Distance [m]

EMF-estimator

Fig. 9 Exposure levels and Increased antenna gain

Increasing the antenna gain implies to radiate nirorine
desired direction and limit it in other directions.

E. Multiple Methods applied simultaneoudly

E quivalent plane-nave
poiver dersiy (miw /m2]
100

0 70 120 z10 280 350 120 430 560 631

0 70
MMAS_GSMBS0_PORTA —— GSMAS0_PORTA Distance [m]

EMF-gstimator

Fig. 11 Exposure levels and Multiple methods agapli

Several methods can be applied simultaneouslyeij tre
independent of each other. This leads to a notsrieduction
in the exposure levels.

VI. CONCLUSIONS

The methods presented are intended for
considering the EMFs in areas around a BTS in otder
reduce exposure levels, avoiding risks to humaitthea

The accuracy of the exposure assessment strongbnde
on the data accessible during the evaluation. Asréldiation
emitted by the transmitting antennas is intentipnie
accuracy of the assessment is as good as the alatarning
the radiation patterns. Guidance is given concernihe
parameters of the typical transmitting antennas #melr
influence on the radiation levels in the area asibés to
people.

The coverage area strongly depends on radiatedrgoRie
(or EIRP). The same value of the ERP can be actlibyehe
low power transmitter feeding the high gain anteand by
the high power transmitter feeding the low gaineant. As

This may lead to change the antennas for nNarmowgf; as the protection against radiation is conadree much

horizontal and vertical beam antennas.
D.Changesin HRP

Equivalent plane-wave
power densiy (/2]
100

0 70 140 210 280 350 420 490 560 B3I

0w
HRP_GSHE50_PORTA —— GSMEs0_PORTA Distance jm]

EMF-estimatar

Fig. 10 Exposure levels and Decreased HRP beath wid

To decrease the radiation levels it is needed doae the
HRP beam width, which implies replacing panels liyecs
with narrower horizontal beam width.
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better choice is to use the low power transmitésding the
high gain antenna.

In order to reduce exposure levels, it is pradtcab
decrease the beam widths of the radiation pattéwts, VRP
and HRP. This is, the narrower the beam width htilgber the
antenna gain (higher directivity), improving the ima
objective.

In practice, the exposure levels around a cellldase
station can be decreased by replacing the exigt@mgmitting
panel by a panel with higher gain (if such a panests). The
transmitting panel with higher gain also requiredearease in
the transmitter power in order to sustain the ERHE the
coverage area.

Since the VRP is determined by the manufacturer, no

changes in this parameter can be performed

Changes in the HRP mean replacing the antenna by on

with narrower beam width. This makes an increasehin
antenna gain which makes possible a simultanecurgase in
the transmitter power by the same value. The radfuthe
coverage is preserved in the main direction froenghanel. For
all the other directions, the radius of the coverag lower,
which is a disadvantage of this method.

1SN1:0000000091950263

use when



Open Science Index, Electronics and Communication Engineering Vol:4, No:9, 2010 publications.waset.org/15067/pdf

World Academy of Science, Engineering and Technology
Internationa Journal of Electronics and Communication Engineering

Vol:4, No:9, 2010

VIl. RECOMMENDATIONS

Possible technical solutions to the problem wheer th
reference levels are exceeded in the multiple ssurc
environment can be avoided putting in practicetdohiniques
presented in several recommendations made by attenal
entities, such ITU and WHO.

In the case when many operators have radiatingcestin
the considered area, the proper solution has fole on the
basis of an agreement between all parties. In #se evhen
such an agreement is not possible, the operatorinttomuces
the last change in the installations will be reslole for the
appropriate limitation of the exposure level from source of
radiation so as not to exceed the allowed globait li

The mobile telephony operators should consideroasly
this study and ITU-T recommendations, especially2X K61
and K70, in order to keep the operation of BT Seampliance
with regulations concerning environmental protattagainst
non-ionizing radiation.

The Ecuadorian government, and government of ahgrot
developing country, should motivate the researchnof-
ionizing radiation in universities and the creatiaof
specialized centres. Also encourage the activecjzation of
the cellular operators and always keep the pubfarined.
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