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Abstract

The increased uses of mobile phones have raisditpaterest in possible health issues associatétl exposure to electromagnetic
energy. For the speedy transmission and avoidiegctinstruction of more towers, the single tower lbarshared by multiple network
operators. The simultaneous exposure to multigguency fields, the sum of all the radiation mastaken into consideration so the
radiation intensity level exceeds by several tithes the prescribed guideline. Hence, the publicgsgg exposed to continuous, low
intensity radiations from these towers. Presentv8uthas been designed to identify signal strengtbrey the people dwelling near
the base station. Signal Strength predicted bygiatiion of NDVI methodology is taken into accowont flactors like trees, trunks,
leaves, branches, their density and their heighlative to the antenna heights and also it has lmsdculated by both theoretical and
practical. In this regard the present study, praatifield investigations of existing towers havetbeone by using SCEPTOR (Mobile
GIS/GPS receiver). These GPS data fed to GIS faticrg a new layer along with DEM file and satellimage for creating virtual
model.3D city model has been performed for theyséuda. Finally the radiation hotspot area has bégentified by using viewshed
analysis.
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1. INTRODUCTION

In recent years there has been an unprecedentedhgirothe

frequency (f) is in MHz. Hence, for GSM900 tranging
band (935-960 MHz), power density is 4.7W/m2 and fo
GSM1800 transmitting band (1810-1880 MHz), it is

universal communication industry which has resulieda
dramatic increase in the number of wireless devibéshile

services were launched in India at 1995 and itnis of the
fastest growing mobile telephony industries in tverld.

According to the Telecom Regulatory Authority oflia, the
composition of telephone subscribers using wirefessh of

communication in urban area is 63.27% and rurah dse
33.20%. By 2013, it is estimated that more than biti®n

people will be having cell phone connection in indrhis has
led to the mushrooming of supporting infrastructimethe
form of cell towers which provide the link to bagation from
the mobile phone. With no guideline on the placenodrcell

towers, they are being placed randomly closer taoals,
creches, public playgrounds, on commercial builgljrtgpspi-
tals, college campuses, and terraces of denselylged
urban residential areas. In Many cases for avoitliegtower
pollution the tower commissioning people fixing raathan
one antenna on a single tower hence, the publibeisg

exposed to continuous, low intensity radiationsdioyble or
triple times greater.

In India, we have adopted radiation norms given@\IRP
guidelines of 1998 for safe power density of f/20@here

9.2W/m2. The ICNIRP guidelines clearly state thar f
simultaneous exposure to multiple frequency fields,sum of
all the radiation must be taken into consideratidowever, in
India, we have applied this limit to individual dar, so the
radiation level exceeds by several times than erencribed
by ICNIRP guidelines, depending upon the total nemdf
transmitters in that area.

The biological effects of RF-EMF at molecular lewetuce
thermal and non-thermal damage, which will be doe t
dielectric heating foremost to protein denaturatiqguolar
molecular agitation, cellular response through muale cas-
cades and heat shock proteins, and changes in endyetics

in cells. The three major physical parameters of BRF-
radiation is frequency, intensity, and exposure atian.
Although the non-ionizing radiations are measuress|
dangerous than ionizing radiation, over-exposune cause
health hazards.

The remote sensing integrated with GIS can playagonrole
in signal strength prediction by integration of NDV
methodology has been taken into account for corisigle
factors such as trees, trunks, leaves, branches, diensity
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and their heights relative to the antenna heightss term
“remote sensing” is broadly defined as the techesqdior
collecting images or other data about an objectm!
measurements made at a distance from the objeese
techniques have emerged agpropriate tools in providin
with spatial information. Because of the systematiquisition
through satellites , affordability high levelmfecision & the
possibility of obtaining time series data, Satellite imag
are increased in the beinutilized as data sources
conjunction with geographical information systéGIS) for

mapping.

2. STUDY AREA

Tirunelveli town has been taken up for the detasiedly. The
district is located in the southern part of Tamédu. It is
surrounded by Virudhunagar Districttime north, th Western
Ghatsin the wesKanyakumari Districin the south
and Thoothukudi Distridn the east. The district covers

area of 6,82&m2. It lies between 8°05 and 9°30’ no
latitude and 77°05" and 78°25’ east longitude. Tradrict hes
diverse geographical and physical features. Itnhagntains (&
stretch of the Western Ghats and low land plaihshak &
perennial river (the Tamirabararand small seasonal ers.
study area lies in the south part of Tirunelvestdct, in the
North-east corner of Tirunelveli district and has spreeer an
area of 127 Km2 (8°05' to 9°30' N latitude and B7°d
78°25' E longitude).lt lies at an altitude of 42 ahove se
level and has a population of 1, 60,662 as per ceofs2@11

Fig -1: Study Area

3. MATERIALS AND METHODOLOGY

SOI topographic maps which surveyed on -82 (updated
for major details during 20066) are used for generation
base map. The topographical map no. 58H/10 is efstiale
1:50,000. The satellite data taken for this stugy the
multispectral Linear Iraging Self Scannir-lll (LISS-III)

sensor data of the RESOURCESAT acquired on

December 2012.This image variation shows the difft
characteristics like tone, texture, pattern cadte, It is used t

identify various land use and land cover cla. Software
used is ERDAS Imagine 9.1, Arc GIS (Version 10.0)h
Analysis Tool, Spatial Analyst and 3D Anal

Various thematic maps, NDVI, LULC map were prepe
from satellite image. Settlement area was digitifesim
LULC map. Locations of existingower GPS points were
collected by SCEPTER. These obtained data wergritid
into GIS environment. Finally the thematic map veasatec
which shows the existing tower location. Viewshexhlgses
were accomplished for identifying the signal cogeraanc
quantify hotspot area.

Spatial data Non-Spatial data

Database Creation

Topographical Satellite image

map (LISS I
I = | ! ¥
‘ Thematic maps ! NDVI | Existing Population Health hazard
fower bcition statistics for the from the health
study area information
3D City Model —"# l o

GIS Integration

Radiation
Hotspot Area

?

Viewshed Analysis

Fig -2: Methodology

3.1 Signal Strength Measuremet

In general, the power levels at distance D can dleutatec
easily using equation bela

P4 = PG/4IID? Watt/nf

Whereas;

P, is Power Density at a distance

P is Power;

G is absolute antenna ge
For example
For p=20 W G=17 db = 50, R=50 n;=0.0318 w/r
Conversion from Watts to dbm

Pgom™ 10 log 1000 P (W) /1W) + !

Table 1 shows the signal Strength which was caledldy
both theoretical and practic
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Table-1: Comparison of Signal Strength

~ | No of Opera ~ Operators. ~ | Practical ~ | Theoretical -
BSNL, Vodafone, Airtel, Airce 15.05 12.2
13.8 5.03
12.04 13.8
16.81 12.04
12.04 13.8
1s.05 12.04
13.8 13.8
12.04 13.8
BSNL, Airtel, Aircel, Docomo, 16.81 12.04
Reliance, MTS, Docomo, Idea 15.05 5.03
BSNL, Airtel, Aircel 12.8 s.03
BSNL s.03 s.03
BSNL, Doc 12.04 13.8
BSNL, Airt 15.05 2.03
16.81 5.03
16.81 s.02
12.8 12.8

Aircel,
MTS, BSNL 12.04 12.04
BSNL 9.03 15.05
Aircel 9.03 12.04
BSNL 9.03 12.04
BSNL, Airtel, Idea 13.8 12.04
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4. RESULTS AND DISCUSSION

Wireless telecommunication is the transfer of infation
between two or more points that are physicallycutnected.
In GSM network planners increasing system capabiyy
locating transmission antennas at heights lowan theround
trees & buildings. The trees act as obstaclesénraéidio path
causing both absorption and scatter of radio sighaGSM
antennas on cell tower transmit in the frequenageaof 935-
960MHz; 1805- 1830MHz. GSM-900 uses 890-915MHz to
send information from the mobile station to the ebagation
(uplink) and 935-960MHz for the other direction \(ddink),
providing 124 RF channels (channel numbersl to $pdred
at 200KHz..

SATELLITE IMAGERY OF TIRUNELVELI TOWN A

asvwe

Fig -3: Satellite imagery of Study area

4.1 Existing Tower Location

Wireless communications requires efficient netwpl&nning
of cellular mobile communication. The industry indé
network site identification and planning, signalreagth
measurements with coverage estimation for the esiparof
system. In Tirunelveli city there are 76 fixed towexmong
them 34 BSNL, 23 Vodafone, 28 Airtel, 28 AircelR@liance,
10 Tata Docomo and 12

idea towers. Their area of

influence/coverage area, a peak hour of each ttaerbeen
discussed below.

4.1.1 BSNL

Thirty four numbers of towers having a Shared tdsver
coverage area of 8-9 kms with a height of 60-80fiese
towers are located in the north, central and westite of the
city, but the southern and western part of somepaoperly
take up the network connection.

4.1.2 Airtel

Twenty Eight numbers of towers having a Shared tmwe
coverage area of 9-10 kms with a height of 80 fajdvity of
the towers present in the centre of the city arely tbover
almost entire city.

4.1.2 Vodafone

Twenty Three numbers of towers having a shared rfewe
coverage area of 8-9 kms with a height of 70 ftcdted in
centre, northern portion and another one is inmaréstern
part of the town, west and southern portions aregetting
proper network connection.

4.1.3 Aircel

Twenty Three numbers of towers having a Shared rfewe
coverage area of 7-8 kms with a height of 50-60Tfko
towers are located in north eastern and southweptation of
the town.

4.1.4 Reliance

Nine numbers of towers having a Shared tower's Gme
area of 14 kms with a height of 50-60 ft. Locatedhe south
western and north eastern part.

4.1.5 Tata Docomo

Ten numbers of towers having a shared tower’'s emesarea
of 5 kms with a height of 40-50 ft. Located in ratn,
western and south eastern part of the town.

4.1.6 ldea

Twelve numbers of Idea having a shared tower’s Eme
area of 9 kms with a height of 40-55 ft. locatedsouthern
part of the city.
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N Table 2 showshe tower points which have five and more t
TELECOMMUNICATION TOWER LOCATION A five antennae.

4.2 NDVI Method

NDVI is an index of vegetation health and dens@youds,
water, and snow have larger reflectance’s in teibha than ir
the near infrared whiléhe difference is almost zero for ro
and bare soil. Vegetation NDVI typically rangesnfr®.1 up
to 0.6, with higher values associated with gredtsisity anc
greenness of the plant canopy. Surrounding soil eouk
values are close to zero while thfferential for water bodies
such as rivers and dams have the opposite tremdgetatior
and the index is negativeNIR andired are the reflectance

— - the near infrared and red bands respectively ircédse of IR-
IC LISS Ill data. NDVI is calculatednd applied for each
T T pixel of sample areas of stL area as per the equation
0--—_—_05' E— dmlomeuers Legend NDVI = (BS - BZ) / (B3+ BZ)
£ Towers
Boundary The DN values of NIR band -3) in built up areas shows 50-

100 ranges whereas in Red Ban-2) in same built up areas
shows range from 495. HenceNDVI for built-up areas

Fig -4: Existing Tower Locatio becomes 0.1 to 0.35 .The DN values of NIR ban-3 band)
in water areas shows & ranges whereas in Red Bane-2)
Table -2: Attribute table for No. oDperator in same built up areas shows-20 by which NDVI for built-
up areas becomes negative va.
tower point
FID | shape | AREA| PERIMETER | TOWER#| TOWERAD | NO.OPERATOR
3 1 | Point 0 ] 1 16 4 NDVI MAP N
2 | Point v 0 2 i El FHI60E FII8%E TT40M2°E T 42187 743247 A
3 | Point 0 0 3 13 7 . : : : :
4 [ Point 0 0 4 19 4 warsnd Foars
5 | Point 0 0 5 21 3
6 | Point 0 0 5 22 4
7 | Point 0 0 7 20 3
3 | Point 0 0 3 23 5 S| (v
3 [ Point 0 0 3 24 3
10 | Point 0 0 10 25 2
11 | Point 0 0 11 26 6
12 | Point 0 0 12 27 4 frazmean e
13 | Point 0 0 13 28 6
14 | Point 0 0 14 29 3
15 | Point 0 0 15 30 2 — —
16 | Point 0 0 15 31 H
17 | Point 0 0 17 32 5
18 | Point 0 0 18 33 3
19 | Point 0 0 19 34 6 e | sissnssa
20 | Point 0 0 20 35 1
21 | Point 0 0 21 36 3
22 | Point 0 0 2 37 5
23 | Point 0 0 23 38 3 ITRVE 1 E 1r0E 1Az eE as2E
24 | Point 0 0 24 39 6
25 | Point 0 0 5 40 4
26 | Point 0 0 26 41 2 L‘:i%imm
27 | Point 0 0 o 42 5 0051 2 3 4 = . o7erETe
28 | Point 0 0 28 43 1 O —w— Kilom eters
29 | Point 0 o 28 44 6 BOUNDARY
30 [ Point 0 0 30 45 3
31 | Point 0 0 31 4 5
32 [ Point 0 0 32 4 7 .
33 | Point 0 0 33 43 1 Fig -6: NDVI Map
34 [ Point 0 0 34 49 4
35 [ Point 0 0 35 50 7
38 | Point 0 0 38 51 4
37 | Point 0 0 3 52 5
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Table -3: Signal strength measured by NDVI Anal

_ X - Y - 4 ~ | signal Strength (db} ~
| 1 8.74 77.724 438 -78.2
| 2 8.728 77.742 49 -70.6
| 3 8721 77.743 50 -75.3
| 4 8.722 77.738 51 -67.56
| 5 8.726 77.723 53 -97.7
| 6 8.74 77.723 52 -93.5
| 7 8.741 77.743 a9 -85
| 8 8.73 77.748 as -74.9
| 9 8.722 77.74 a9 -73.2
| 10 8.729 77.691 48 -79.34
| 11 8.709 77.722 a9 -72.65
| 12 8.71% 77.715 51 -87.33
| 13 8.711 77.702 52 -75.8
| 14 8.726 77.703 52 -83.5
| 15 8.722 77.719 a3 -86.90
| 16 8.73% 77.723 52 -81.34
| 17 8.742 77.731 55 -89.34
| 18 8.738 77.717 53 -82.54
| 19 8.741 77.738 52 -74.3
| 20 8.728 71.724 50 -72.32
| 21 8.728 77.705 48 -79.68
| 22 8.722 77.705 a7 -74.34
| 23 8.731 77.704 49 -71.30
| 24 8.734 77.638 50 -73.78
| 25 8.733 77.635 53 -94.3
| 26 8.724 77.64 54 -92.5
| 27 8.724 77.648 56 -84.3
| 28 8721 77.652 53 -79.23
| 29 8.72 77.661 55 -74.34
| 30 8.72 77.676 a3 -87.65
| 31 8.718 77.666 45 -83.57
32 8.727 77.644 50 -78.32

4.3 3D City Model

The methodology followed for the development andlysis
of 3D model for the study area is shown in Figu! Initially,
the satellite images downloaded from Bhuvan collected
and are geoeferenced using ground control points. Later,
geographical database of feature layers of exidéatures ha
been prepared for the study area in the ERDAS IM¥&D.1
environment. Then, attribute data is added to treatec
feature layers. The same feature layers are openéadas
Imagine Virtual GIS environment. The feature layars first
converted in to 3D features and then are extrudeal ieigh
of the value given in the respective attribute ¢atol see a 3l
model. Approximate height value is obtained from field d
The buildings and roads of Tirunelveli town wergitized in
Erdas Imagine in the form of shape files. The bodd were
created as polygon features. The boundary andot layet
have been created as a line features.

Fig -7: 3D City Model

4.4 Viewshed Analysis

In Geographic Information System environment, vieed
analysis is the result of a function that determjngiven &
terrain model, which areas on a map can be seendrgiven
point(s), line or area. In the communications indysthis
function has beensed to model radio wave coverage an
site transceiver towers for cellular phones. Foreless
telecommunications providers, a GIS viewshed amallgas
great potential to help plan network extensions sitying
transmitter towers.

Fig -8: Viewshed Analysi

Wireless telecoms provide telecommunications acdeg
using portions of the radio spectrum to transmié.

Table -4: Attribute table for Viewshed Analy:

—m— — .

[} Raster Attribute Editor - observerLimg(Layer_1) t P: T | i)
. .

File Edit Help

=N " I B et |1 2

Fon Tlass Names Tolor Fed Green Blus Tpecity Histocram

1 7063

Perimeter il| 7065
Hidden Region 0

T
——

—"
isible by 1 064 085 11148
Visible by 2 0 il 1831
Visible by 3 1 1] 382
Visible by & [ 018 [l [1 06] -
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If the wavelength used is a Line-Gfght frequency, then 5. CONCLUSIONS

viewshed should show the regions that receive a signal
from a potential tower site. So, given the LOS pmtips of
the wavelength, a viewshed would show the zonee #i
receive data, calleda communications viewshed
‘commshed’. From that information, further viewst
analyses would aid in creating a chain of towersduoer a
desired region. Next, building height data was reed for the
whole study area and about 1200 building site: extracted
from satellite data.

Remote Sensing and GIS oriented signal strengttiqiien
can considerably improve prediction quality complate the
theoretical free space model whidoes not take into account
any local terrain feature effects. Mobile towers eonstructe:
without much considering the impacts of radiatiatensity.
This paper examines the frequency intensity & i
hotspot area has been quantified. From thiearch we can
conclude the radiation intensity level for K.T.C.agdér,

Vannarpet, Thachanallur and Town has been sigmifig

(1]

2
Fig -9: HotSpot zone for radiatic (2]

Above figure differentiate the region covered byngse
observer, two and more than two observer.

(3]

(4]

Fig -10: Viewshed Analysis with 3D Mod [5]

The radiation Hotspot zone for the stuahea ha been shown
in the figure 10 and 11.

(6]

[7]

(8]

Fig -11: HotspotZone for Radiatio

high so the network operators must aware aboutatiation
intensity.
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