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ABSTRACT: Global System for Mobile Communication (GSM) technology is one of the fastest growing
technologies and most demanding application all over the world. But the health implication of its equipment used or
installed in residential area has become subject debate among Nigerian. This work, made an attempt to determine the
safety distance for installing GSM mast in residential area by measuring power density radiated from the foot of the
GSM mast at different distances; 10m, 15m, 20m, 25m, 30m, 35m, 40m, 45m and 50m. Fuzzy logic technique was
used to forecast power density measured from the GSM mast as 38.9uW/m?, 9.26uW/m?, 9.30uW/m?, 9.24uW/m?,
2.47uW/m?, 2.47uW/m?, 2.38uW/m?, 2.37uW/m? and 2.36e ®uW/m®. Specific Absorption Rate (SAR) is computed
as 1.09¢*W/Kg, 2.60e"W/Kg, 2.61e W/Kg, 2.62¢ W/kg, 6.94e “W/Kg, 6.69¢ °W/Kg, 6.66e/Kg and 6.63¢ °W/Kg
from the forecasted power density respectively. The calculated SAR is compared with the standard SAR values, for
localize and whole part of the body (0.08Kg/W and 2.00Kg/W) given by the International Commission on Non —
Ionizing Radiation Protection (ICNIRP) and found to be far below recommended level. This work also, suggested
that, 10m is a good distance for installing GSM mast away from residential areas. @JASEM
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The introduction of global system for mobile
communication (GSM) has significantly solved the
problems of communication in Nigeria. However,
the health risk of using mobile equipment (ME),
living under or near the GSM mast has become a
subject of concern among Nigerians. Some groups
opined and believed to date that, the non-ionizing
radiation from GSM mast is inimical to health. That
is, living near the mast for a long period of time can
cause several diseases such as cancer, persistent
headaches, destroy reproductive organ and damage
brain (Dariusz et al,, 2002; Santini et al., 2003;
Lennart et al, 2007; Akintola et al, 2009;
Shangchen et al,, 2009). In contrast, some groups
like International Commission on Non Ionizing
Radiation (ICNIRP), Mobile Manufacturer Forum
(MMF) that manufactures ME and GSM operators
across the globe insist that radiation from GSM mast
does not have sufficient energy to cause discernible
effect on human body (Shalangwa, 2010; Mamilus
and Anthoney, 2012). Many literature also reported
that long term exposure of non-ionizing radiation
may have effect on a specific part of a body like
eyes (Hyland, 2000), brain (Leif, 2003; Sahar and
Jabir, 2013), testes and pregnant women (Person,
1997 and Thomas et al, 2002). This is because,
these parts of the human body have relatively
insufficient blood to dissipate excessive heat
generated due to non-ionizing radiation. Quite a
number of researches have been carried out on this
issue. For example, (Thomas et al., 2002 and
Lennart et al, 2007), but mostly conducted in

*corresponding author E-mail: deshalangs3g @yahoo.com

different geographical areas. The methods mostly
used to assess the radiation include, regression and
correlation (Akintola et al., 2009; Shalangwa, 2010;
Shalangwa, 2011; Mamilus and Anthoney, 2012).
This work proposes to determine the safety distance
for installing GSM mast in residential area with the
following objective; to measure power density from
the foot of GSM mast at different distances (10m —
50m), develop simulation model of fuzzy logic to
forecast the amount of the power density measured,
from the previous and actual power density
measured, use the values of the forecasted power
density and compute the SAR then, compare the
calculated SAR with the standard values of SAR for
the whole and localize part of the body given by the
ICNIRP and suggest the safety distance for
installing GSM mast.

MATERIALS AND METHODS

Study Area: Mubi is the second largest city in
Adamawa State; it has many GSM masts installed
on different streets. This research considered the
GSM mast installed in this area (Lukuwa) because
of the several institutions situated there. These
include; Adamawa State University, Federal
Polytechnic, Collage of Health, Government
Secondary School, Government Technical College
and Mundra Model School to mention but few.
Students spend most of their time in this area and it
will be useful to investigate the radiation of this
area. Point to point communication is achieved by
using GSM mast usually installed in the residential
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areas. These antennas are mounted on mast roughly
above the ground level; they are mostly circular in
shape and are made to radiate power density when
transmitting signals. The antenna parameters
installed at the study area are summarized as given ®
in Table 1

Table 1: Standard Parameters, for GSM
Mast Installed at Lukuwa, Mubi.
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days, which is considered as initial power density
(P) measured. After a week, the measurement was
repeated at the same distances for another 7 days,
considered as the new power density (B) measured.

These separate measurements were conducted to
enable the expert formulate the fuzzy rules. The
average values of the power densities measured are
summarized in Table 2 and, are also presented in

Parameters Specification
Transmitter’s Gain 45 (dBm)
GSM Mast Height 30 —40 (m)
Carrier Frequency 900/1800 (MHz)
Bandwidth Broadband
VSWR 2:1

H-Plane Beam

Omni Directional

Fig. 1.

Table 2: Initial and New Power Density Measured

Width

E-Plane Beam 100 degree
Width

Polarization Vertical
Operational -20 to +60°C
Temperature

Storage -30 to +75°C
Temperature

The materials used in this work are as followed:
Measuring Tape, Table, GSM Mast and
Electromagnetic Meter. The Electromagnetic Meter
has the following features (Data Memory, Audible
Pulse Ticker, Audio Warning Alert, Dosage Expose
Chart, Muti-Function Key parts and Digital Display)
was placed on a table of 1m height away from foot
of GSM mast throughout the measurement, in order
to measure the power density at a specific distance
(D). The measuring tape was used to measure the
distance required between the foot of the table and
the GSM mast. These measurements are carried out
in two phases.

The measurement of the power density was
conducted at different distances (10m — 50m) for 7

Method of Data Analysis: Fuzzy Logic and Specific
Absorption Rate: Fuzzy logic simulation model is
developed to predict the total amount of the power
density measured since the measurements are
carried out in two different phases and SAR level
will be computed from the predicted power density.

Fuzzy logic is a modelling and computing tool,
usually developed based on the “degree of truth”
(Zedah, 1965) rather than the normal Boolean logic
(0 or 1) generally used in modern computer. The 0

D (m) P (uWm'™) B (uWm™)
10 36.96 37.16
15 13.02 02.52
20 08.76 09.29
25 07.03 07.49
30 06.58 06.13
35 02.95 03.03
40 01.97 02.00
45 01.67 01.78
50 02.20 02.32

From Fig. 1, it can be seen that, as the distance
(D) increases, the power densities decreases (P
and B).

i ! ] ! | . .
% A ' H H ] | | —Previous Power Densty Measured
\ i 1 | = Actual Power Dendity Measured

-
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//

Power Densities
2

M
1 15 il % i % L] )
Distance

Fig. 1: Power Densities against Distance

or 1 are considered in fuzzy logic as the “extreme
cases of truth” which means numbers can exist
between them. For example, power density
measured or radiated from the GSM mast may be
classified as low, moderate or high radiation. In
fuzzy logic technique, relationship can exist
between low, moderate or high radiation. Fuzzy
logic can be employed to solve indispensible
problems, like prediction of future occurrence of an
event driven from the previous or present
information. In order to realize the implementation
of the fuzzy logic procedures, Fig. 2 will be utilized.
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Fuzzifier | FIS o | Defuzzifier
A
A 4
Rule Base Fuzzy Output
(forecasted)
|
\ 4
Measured Calculated
power SAR

Fig 2: Block diagram of fuzzy logic procedure.

As shown in Fig. 2. Firstly, the inputs (power
density and distance) are fuzzified and sent to the
Fuzzy Inference System (FIS), plus the fuzzy rules
developed by an expert(s). Secondly, the rule acts
on the fuzzified inputs in the FIS and gives an
output. Thirdly, the output of the FIS is defuzzified
to produce the required output.

Fuzzification of Input and Output Data: The first
step to take into cognizance using fuzzy logic
models is to fuzzify the input and output. Usually,
the input/output are fuzzified based on the data
range (maximum and minimum) for defuzzification
to be realised (Farzaneh, 2010 and Franck, 2013).

Classification of Input and Output Data: The
distance (D), initial power density (P) and new
power density (B) are classified as follows: short
distance SD (2-15m), medium distance MD (14-
40m), long distance LD (35-63m), low initial power
density: LP (1 - 13.5uW/m’), average initial power
density AP (3.5-15uW/m’), high initial power
density HP (11-60pW/m?). Also, low new power
density LB (3.5-15uW/m?), average new power
density AB (3.5-15uW/m?) and high new power
density HB (11-60pW/m?).

Membership  Function (MF): Membership
function is a graph that defined how input and
output are mapped between 0 and1. MF may be
classified into mainly two sub-classes:
continuous  (triangular, gbell, trapezoidal,

Gaussian and piecewise) and discrete (generic
singleton and singleton). In this work, triangular
would be adopted. This is chosen because of its
flexibility on all kinds of data. It’s consist of a
vector say r, and three parameters namely a, b, c,
where a and c locate the lower limits, b locates
the upper limit of the triangular MF and f is
function of the variables (r, a, b, ¢) given by

[0, xSa]

f @ a b, ¢ —Iﬁ'anSbI
T _|Z%’;,b3x3c|
lO, chJ

Whereas, the MATLAB syntax may be written
as

r=trim f (1, [a, b, c]). 2)
Table 3 — 5 give the summary of the linguistic
terms and MF intervals of the distance, initial

and new power density measured respectively.

Table 3: Linguistic terms and intervals for MF
of distance

999

Linguistic Interval
Term a b c
SD 2.103 9.577 14.90
MD 14.00 25.67 39.89
LD 34.46 4741 63.23

Table 4: Linguistic terms and intervals for MF of power density measured

Linguistic Interval
Term a b ¢
LP 1.000 2.686 3.500
MP 3.500 9.429 15.00
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| 11.00

| 47.00

| 60.00

Table S: Linguistic terms and intervals for MF of actual power density measured

Linguistic Interval
Term a b c
LP 1.000 2.686 3.500
MP 3.500 9.429 15.00
HP 11.00 47.00 60.00

1000

Formation of Fuzzy Rule Base: This is an important aspect of fuzzy logic. The rules determine how fit is
the prediction. The rule is achieved using IF-THEN conditions using any of the following operators; AND,
OR or NOT. In set theory, the relationship between P and D may be written formally as

PND={R:Re PNRe D} 3)
Similarly, the union of the sets can be expressed as
PUD={R:Re PURe D} 4)

While, In fuzzy logic, REPND iff, REA and A stands as the universal set of P and D. Equation (3) and (4)
are transformed based on fuzzy operators as given in (5) and (6)

uP N uD(A) = min{uP(A), uD(D)},,; ~ ©
uP U uD(A) = max{uP(A), up(D)}, ,  ©

Based on expression (5) or (6), the fuzzy rules would be developed, where up pg and pp are the MF of the
initial and the new power density measured with the MF of their corresponding distances.

The rules were formed as follows

1. If (distance is SD) AND (power density is HP), then (actual power density is HB).
2. If (distance is AD) and (power density is MP), then (actual power density is AB).
3. If (distance is LD) and (power density is LP), then (actual power density is LB).

Fuzzy Logic Simulation Model incorporates, two Constants (inputs), Multiplexer
which multiplex’s the inputs, Fuzzy Logic
Controller with Ruleviewer, Display and Scope.
The input data is randomly selected from the sets
of the sample data collected. For example, P =
13.02uWm™" at D = 15m. After simulation the
power density predicted is shown on the display

as 9.26uWm'' in Fig. (3) and it is also indicated

E’_

/XX\ Display

v v

Fuzzy Logic
Controller
with Ruleviewer

Scope

P Radiation Density
Fig 3: Fuzzy Logic Simulation Model

The block diagram shown in Fig. (2), can be
transformed into the simulation model of the
fuzzy logic depicted in Fig. (3). The model

on the rule viewer in Fig. (4).
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Distance = 15 Previous_Radiation_Densty = 13

Radiation_Density = 9.26

0 ] L

Fig 4: Defuzzified (predicted output of one
sample data)

Error Analysis: The measure of the prediction
accuracy is considered using absolute percentage
error (APE) and mean absolute percentage error
(MAPE), as given in Equation (7) and (8).

|actual-forecast|

APE = X 100% @)
actual
MAPE=1 " actual-jorecast| » 100%  (8)
n actual

Power Density and Specific Absorption Rate:
Theoretically, power density comprises of electric
field, E and magnetic field, H. Usually, obtained
from poynting theorem, given by

P=(ExH) )
Where the total electric field and the total magnetic

field are related as given in (10)

(10)

Equation, (10) has the dimension of impedance
measured in ohms, which is called the characteristic
impedance designated by Z, as given in (11).

Z=—=|= (11)

For any medium, whether conducting or not, the
characteristic impedance of a free space may be Z =
Zo, W = Mo and € = gy Therefore, Equation (12)
becomes

1001

z, = |*o — 1207 =3770 (12)

&

Where, p is the permittivity of free space and ¢ is
the permeability of free space. The power density
measured from GSM mast may be evaluated using
Equation (13).

E?
Po =— (13)

Zo
The electric field, E takes all it components in x, y, z
plane as

E’=E;+E}+E: (14)

In order to, determine the specific absorption rate
(SAR), Equation (15) is applied.

2
SAR(,B)zaE—:cd—T,t—>O (15)
P dt

Assuming that, the temperature (T) effect and the
specific heat capacity (c) are neglected. The
SAR level is obtained by combining (13) and
(15) as given in expression (16).

_ 3710F,
p

B

(16)

Whereo, is the conductivity measured in
Q™ 'm™1), Py, is the power density measured
from the GSM mast and p, is the mass density in
(kgm™3).

Equation (16), defines the rate at which radiation
energy is absorbed by human or animal body,
when exposed to the Radio Frequency (RF)
which may consequently destroy tissues or
organs in human body (Shalangwa, 2011;
Mushtaq and Vijay, 2013). And can be used to
calculate specific absorption rate of localize and
whole part of the body.

RESULTS AND DISCUSSION

Fuzzy Sets and MF for Input and Output
Variables: Fig. 5 - 7, present the MF of the
distance, initial and new power densities
measured respectively. In all cases, the first,
second and third bigger triangles of the MFs
provide information about (SD, LP, LB), (MD,
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MP, AB), and (LD, HP, HB) described in terms
of (a, b, ¢) as previously indicated in Table 3 — 5,
respectively. In addition, the smaller triangles at
the base of the bigger triangles are formed when
the bigger triangles overlap, which define the
degree of truth or intersections between the
bigger triangles given as SDNMD, MDNLD,
LPNMP, MPNHP, LBNAB and ABNHB and
these relationships range as follow 14.1 — 14.9
m, 35.1-39.9m, 11.1 - 14.9 yW/m* 3.6 — 13.4
uW/m?, 11.1 — 149 pW/m* and 3.6 — 134
uW/m’*based on the scale chosen for a particular
MF, respectively. These are information used to
facilitate the formation of the fuzzy rules in
Equation (5).

Membership function plots plm pOIme 181
sD MD LD
input variable "Dlstance':
Fig 5: MF of the Distance
Membership function plots plot points: 181
1] MP HP

input variable “Prevnous,ecnatlonaensury"

Fig 6: MF of the new power density measured

plot points: 181

Membership function plots

LB 4B HB

output varisble "Actual, adiation ensity”

Fig 7: MF of initial power density measured.

As earlier stated, fuzzy logic model is developed to
predict the amount of power density measured. At
10m, 20m, 25m, 30m, 40m, 45m and 50m, the
predicted power density is greater than the initial
power densities measured by 1.94uWm™,

1002

0.54pyWm’', 2.26uWm™", 2.71pWm™, 0.41uWm™,
0.7uWm™, 0.16uWm™ and greater than the new
power density measured by 1.74uWm™, 0.01luWm'',
1.80uWm', 3.16uWm™, 0.38uWm™", 0.59uWm",
0.04uWm™' respectively as shown in Fig. (8),
While, their corresponding SAR (B) level computed
from the predicted power density using Equation
(16) are obtained as 1.09¢™ W/Kg, 2.62¢°W/Kg,
2.61e°W/Kg, 2.61e’W/Kg, 6.69¢°W/Kg, 6.66¢°
W/Kg, 6.63 ¢® W/Kg. However, it is observed in
two peculiar cases, at 15m, 35m the predicted power
density is less than the initial and the new power
density measured by 3.76uyWm’, 0.48uWm™" and
3.26uWm™, 0.56uWm™ with their corresponding
SAR levels as 2.60e”W/Kg, 6.94¢°W/Kg
respectively. In general, it is observed that, the SAR
level reduced by x10 when distance increase in
every 15m. Furthermore, the MAPE is determined
as 19.87% from Equation (8) and model efficiency
is validated as 80.13% and it is also, observed that,
at 40m, 45m and 50m, the forecasted power density
increased by 0.0luWm'', while its corresponding
SAR reduced by 0.03¢® W/Kg.

=
=

' ' ' ! v | —Presious Power Density Measured
L[ —Rctual Pover Densty Meastred

e Fovecasted Power Density

=

=
T

Power Densities
-

01“0 15 | % ' 3% k) 4 4
Distance

Fig 8: Power Densities vs Distance

In addition, all the power densities followed almost
the same pattern, as the distance increases; the
radiation reduces as previously —mentioned.
Although, the forecasted power density seems to be
constant from 15m — 30m

Comparison between the calculated and the
Standard SAR Level: The maximum SAR level
calculated is 1.09 x 10 W/Kg at 10m, this value is
compared with the standard values of the SAR level
of the localize (10g/tissue) and whole part of the
body given by 2.00W/Kg and 0.08 W/Kg,
respectively as depicted in Fig. (9), and found to be
far below recommended level. Therefore, this work,
suggests that, 10m is a good distance for installing
GSM mast away from residential areas because, the
SAR level obtained at this distance is 99% safe, far
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less than the standard values (1.09 x 10™ Kg/W <<
0.08 or 1.09 x 10 Kg/W <<2.00Kg/W).

Calculated, whole and localize part of body
2.00
(W/Kg)

1.09¢™
(W/Ke) 0.08

(W/Kg)
"‘-:!!!!:‘~:f!!!!tl__§____--‘

Fig 9: SAR levels

Conclusion: Despite the fact that, the introduction of
GSM technology has tremendously solved the
problem of telecommunication in Nigeria, the health
implication of power density radiated from GSM
phones or mast installed in residential areas has
become an issue of concern amount Nigerians. This
work, utilized fuzzy logic technique to forecast the
power density radiated from the GSM mast and SAR
level is computed from power density measured.
Based on SAR level obtained, it is recommended
that, 10m is a good distance for installation of GSM
mast in residential area in Nigeria. In addition, it is
suggested that, multi-disciplinary research should be
carried out to ensure more positive result.
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