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ABSTRACT

The purpose of our project is to apply the tool of Geographic Information System (GIS) in study area of
facilities and process planning for the betterment in the healthcare sector of Tamil Nadu. The project aims
to carry out work to find the optimized suitable location for government healthcare facilities in the state by
cumulating the information obtained from GIS and correlating it with the data obtained from various
sectors of Tamil Nadu and then implementing statistical tools of standard deviation and variance. Hence
this project will be an initial and a critical step to select an optimized and an organized location from the
results obtained thereby developing the heath care sector in Tamil Nadu.
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INTRODUCTION

A geographic information system (GIS) is a
system used to design, capture, manipulate,store,
manage, and analyze all types of geographical
data. GIS applications are tools that allow users
to create queries which are interactive , help in
analyzing spatial information , correlate and edit
the data in form of maps and finally conclude
presenting the results of all these
operations[1].GIS is also referred as geographic
information science (Gl Science) the science
underlying geographic concepts, applications,
and systems[2].

This data is usually combined with tabular data
which is known as attribute data .Attribute data
is basically appended in Tabular format to spatial
features. A typical example of this would be
market. The appropriate location of the market is
the spatial data. Additional data such as the
market products, stock capacity would make up
the attribute data [3].

It is the cumulation of these two data types that
makes GIS an effective tool in the area of
facilities planning through spatial analysis [4].
GIS cannot be considered just software because
people and numerical methods are combined
along with the software to enable spatial
analysis, manage big data and display
information by mapping [5].
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GIS finds its importance in both problems
solving as well as decision making processes, as
well as for visualization of data in a spatial
environment. It can be used to determine (1)
features location as well as also for those linked
to it, (2) where there is an actual need of
location, (3) density of the given features within
the given boundary, (4) detailed information
about ongoing activities in the vicinity (5)
detailed information about the activities in the
neighbourhood, and (6) and how a specific area
has improved or deteriorated over time by
studying the causes for the same [6-8].

STUDY AREA

The study area is the southern state of Tamil
Nadu in India. The states’ coordinates are
11.1271° N, 78.6569° E. Tamil Nadu, being a
coastal state is prone to various water-borne
diseases like cholera, acute diarrhoeal diseases
(ADD) etc. The state is having 33 districts and a
population of 6.79 Crores as in 2012. The sex
ratio is 996 females per 1000 males, the
population density is 555 and literacy rate of the
state is 80.09%.
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METHODOLOGY

The objective of our paper is to determine the
best location where our healthcare facility can be
located using GIS. Hence we have carried out a
simple statistical approach for accomplishing the

Stepl: The first step of our model involves
gathering data from various districts of Tamil
Nadu [9]. This data includes the number of cases
of Actual Diarrhoea disease and cholera as well
as the number of deaths caused by the same.

same. This model follows four basic steps Given below is the data list.
SuNo_| Districts 2006 2007 2008 2009 2010 2011 2012 2013
Cs Ds Cs Ds [Cs Ds |Cs [Ds [Cs Ds |Cs Ds |Cs Ds Cs Ds

1 Kancheepuram | 3402 | 0 [ 1649 | 2 [ 1576 | 1 [ 1855 | 3 | 545 | 3| 8639 1 [ 436 1 [ 415 [ 2
2 Tiruvellur 6606 | O | 6420 | 0 | 6655 | 4 |4%3 | 0 883 ) 0| SM64 | 2 |4M0 | 0 | 416 [ 5
3 Cuddalore M7 | 2 [ 8158 | 2 (852 10 [ 7459 | 2 6124 | 1| 1640 | 4 [20875| 0 | 31026 | 1
4 Vilipuram 1850 | 2 [ 955 | 2 | 787 | 7 |19 2 | 655 [ 5| 4890 | 5 [11549] 0 | 1079 | 2
5 Vellore 3400 [ 0 |3805 [ 4 [387 [ 5 [2700 ] 0 [3355] 1 [ 10840 [ 0 [uM1| 0 [ 964 | 3
6 T.V Malai 6499 | 1 |65 [ 2 [ o [ M| 1 (943 0| 1093 [ 1 |1497] 0 | 12754 ] 1
7 Dharmapuri 1 0 Lo [ 57 [ 3[4 0 [106[3] 34t [0 (f20] 2 [ 1M [0
8 Krishnagiri 31| 3 [160 | 1 [ us | 1] 6 | 1 [260 [ 8] 37 | 0 [ SM8 ] 2 | 4120 | 4
9 Salem [ o [ [ o[ 4 [ 3o 2 [28] 0 924 [0 [10185] 0 |29 [ 2
10 Namakkal 497 | 1 [so0 [ 3 [0 [M5 1 ]120 9 1 [ 166 | 0 | 102 | 0
1l Erode 1509 | 2 [495 | 0 [162] 0 |1461| 0 | 814 [0 684 | 0 [ 5170 ] 0 | 440 [ 0
12 Coimbatore 1846 | 1 [ 1374 ] 0 [ 1447 0 | 85| 0 |53 [0] 27 |0 [243] 0 [1665 [ 0
13 Tiruppur 0 [ o[ oo 39 [ 0] 30 0 | 61 | 0 [ 609 [ 0
14 The Nilgiris 0 0 0 [ o [ 34 o[9[ o] o (0] 3m [0 |69 | 0 |44 0
15 Tiruchi 1368 | 1 [ 248 | 2 |534] 0 |4648] 0 [528[ 3| 18151 | 0 [15459| 1 | 14097 [ 0
16 Karur | 0 [ o0 [ o | o [6s6[ 1 |34 [0 194 [0 ]1m3[ 0 | 158 ] 0
7 Perambalur 596 | 0 [ 156 | 1 [ 199 | 4 | 169 | 3 [ 230 [0 15386 | 0 [1439| 0 | 13002 | 1
18 Pudukotai 39 | 3 (e | 2 [ ag o |35 1 [ N[0 106 |1 [T 0 [ N4 0
19 Thanjavur 19 | 1 [ 175 [ 0 |65 [0 [1760] 0 [75 |1 [ 1070 | 3 [113] 2 [ w81 | 2
2 Tiruvan 3 ] 0 [ 15 ] o |60 [ 1 [682] o [419 [ 1] 1086 | 0 [9597 ] 0 [1435 [ 0
2 Nagapatfinam | 500 | 0 | 20 | 0 [161] 3 | 3 [ 0 | 0 [0] 84 0 [ 451 | o [ uss [ 0
2 Madurai 624 | 1 | ™47 | 2 | 7416 [ 7 [7528] 0 [7433] 2 [ 6084 | 1 [ 766 | 2 | 454 | 0
pi] Theni 366 | 0 [ 2 ] 0 | 159 [ 1 |3062]| 0 |60 5| 5333 | 0[S0 0 |42 0
A Dindugal 204 [ 0 |31 [ 2 {4350 ) 3 [4d67 | 1 [5363] 5[ 93t [ 3 |34 3 | 4551 | 0
2 Viudmagr | 1015 | 0 | 347 | 0 [ 561 | 2 |10 0 [2009] 1| 417 [0 [2640] 3 | 26| 1
26 Ramanathapuram | 608 0 113 0 | 28 [ 2 [ 750 | 1 8 [2 1196 0 | 321 0 329 0
2 Sivaganga 739 1 0 [ 1094 [ 1 [ 1316 2 [1356] 0 [144] 1 [ 140 [0 [msd]| 0 [ MO 0
28 Tirunelveli 878 1 0 0 [m |1 ]| % 0 |61 )1 4187 2 | 4951 1 3833 0
2 Tuticorin 1085 | 2 [ | o [1797] 2 [1361 [ 2 |66 [ 2] 1330 [ 0 [ 1529 [ o | 1916 | 0
30 Kanyakumari T S | 0 [1500] 1 |5608) 0 | 0 [0 27 |0 [Mm| 0o [unijo
i Chennai 1683 | 0 [ 2499 ] 0 [ 210 2 |2670| 0 [150[ 0] 3183 | 0 |21 | 0 |27 | 0

Total 52555 | 22 [ 49920 | 26 [ 60325 | 63 [8876| 21 [62778 ] 45 | 210074 | 24 [199930| 17 | 189288 | 24

Source: Department of Public Health and Preventive Medicine, Govt of Tamil Nadu

Fig. 1: Cases of cases and deaths in Tamil Nadu due to Acute Diarrhoeal Diseases (ADD)

STEP2: The second step is the selection
process. Now in order to get the best results we
need to locate the facilities in an area which is
more prone to cases and deaths. Hence we
selected three regions with the maximum cases
namely Cuddalore, Vellore and Tiruchi
districts. Out of these three we need to find the
best district where our facility can be located
[10].
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STEP3: After collecting the data we have
focused these three areas. We have followed a
simple statistical approach . The statistical
tools used in our paper are Mean, Standard
deviation and Variance. The purpose of using
these tools is to calculate which area out of the
three is more prone to such cases in the given
period of years and also to measure how much
deviation is there from the mean . The image
below represents the calculations carried out .
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1 CUDDALCRE DISTRICT
YEAR CASES DEATHE DEWIATION ABOUT THE ME AN F 2[CASES) DEWIATION ABOUT THE ME &N [[H™2 [DEATHS)

2008 27 2 -6085.625 37034831647 075 0.5625
2007 8758 2 -4544.625 20653615397 -0.75 0.5625
2008 8622 0 -4780.625 220854375.397 725 52,5625
2009 7459 2 -5843.625 34147953147 0.75 0.5E25
200 6124 1 -7178.625 51532656897 -175 30625
20M 16440 4 3137.375 93431218917 125 15625
2mz 20875 1] 7572.375 57340863147 -2.75 78625

1 17723375 4102147 -175 20625
AVGE 13302.625 275
WARIAND 69440680 9.6E87E
sD 82728882 294746

2 VELLORE DISTRICT

YEAR CASES DEATHE DEWIATION ABOUT THE MEAM F™2 DEWIATION ABOUT THE ME&M [C H™2 [DEATHS)

2008 3400 1] -2707 73278497 -lE26  2E40625

2007 3808 4 -2302 5299204 7 2375 BE40625

2008 3871 5 -2236 4999696 " 3378 1390625

2009 2700 1] -3407 11607643 -l625 2640625

2010 3385 1 -2752 75736047 -0.625 0390625

20M 10840 1] 4733 22401288" -l625 2640625

2mz 24 1] 5134 263579567 -1E25 2E4062%

203 3644 3 3537 12510369 1375 1890625
AYGE 6107 1625
WaRIAND 12269630 3.73438
sh 35013839 193245

3 TIRUCH CISTRICT

YEAR CASES DEATHE DEWIATION ABOUT THE MEAN F™2 DEWIATION ABOUT THE MEAN [[H™2 [CEATHS)

2006 1368 1 -6975.375 48655056397 0125 005625
2007 2482 2 -5B61.375 34355716897 1125 1265625
2008 5324 1] -3013.375 9116625.3317 -0.875 0765625
2009 4643 1] -3695.375 13655736397 0876 0.7E5E25
2010 5218 3 -3125.375 97679688917 2125 4515625
20m 18151 1] 3807.625 9613350914 -0.876  0.7B5E25
2mz 15459 1 7115.625 BOE32119.147 0125 005625
203 14037 1] 5753.625 3304200647 -0.875 0765625

AVGE 8343375 0.875
WaRIAND 36334724 110938
sD B077.2945 106327

Fig. 2: Manual Numerical Calculations for finding the most suitable location for health care facility for Acute
Diarrhoeal Diseases (ADD).

Step 4: This is the final step which is the this district out of the other districts in Tamil

conclusion drawn from the above results .The
following numerical results was obtained for
the Cuddalore District:

Mean (for cases):13302.625 and Mean (for
deaths):2.75

Variance (for cases):68440680 and variance
(for deaths):8.6875

Standard Deviation (for cases):8272.8882
and Standard Deviation(for deaths):2.94746

From the above results we interpret and
conclude that Cuddalore district is facing the
most difficulties and is most prone disease
area. Hence we need to locate our district in
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Nadu to get the best outcome.
EXPERIMENTAL WORK

After getting the numerical data for all the
districts, the geographic information was
mapped by using ArcGIS Software. Different
GIS layers were used in the study including the
population density and the existing healthcare
facilities in the region [11]. The study showed
that the ADD and Cholera are more common
in female worker population in Tamil Nadu.
Therefore GIS map for female workers density
were drawn using different layers. (Fig.3)
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This map provides 2011 Census of India data at State and District level.

Sources: Esri, HERE, DeLorme, USGS, Intermap, INCREMENT P, NRCan, Esri Japan, METI, Esri China (Hong Kong), Esri Korea, Esri (Thailand), NGCC, ©®
OpenStreetMap contributors, and the GIS User Community

Fig.3: GIS map showing the population density of female workers in and around Cuddalore, Tamil
Nadu.
transportation maps in and around Cuddalore
The healthcare facility location should be well were drawn. (Fig.4)
connected to highways and railway. Therefore
using transportation layers in GIS tool the

World Transportation NG O Nag|

World Transportation

@

This reference map provides a transportation and street name labels reference overlay that is particularly useful on top of 1km

imagery.
Sources: Esri, HERE, DeLorme, USGS, Intermap, INCREMENT P, NRCan, Esri Japan, METI, Esri China (Hong Kong), Esri Korea, Esri (Thailand), NGCC, €
OpenStreetMap contributors, and the GIS User Community | Esri, HERE

Fig. 4: GIS map showing the presence of highways and railway in Cuddalore, Tamil Nadu.
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The next step is to determine the location of
existing healthcare facilities around Cuddalore.
For this we used the layer Health India to draw
the map along with Tamil Nadu Highway layer
and then superimposed the maps [12-13].

(Fig.5)
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Sources: Esri, HERE, DeLorme, USGS, Intermap, INCREMENT P, NRCan, Esri Japan, METI, Esri China (Hong Kong), Esri Korea, Esri (Thailand), NGCC, ©
OpenStreetMap contributors, and the GIS User Community | Oak Ridge National Laboratory (ORNL) Geographic Information Science and Technology
(GIST) Group; National Geospatial-Intelligence Agency (NGA) Homeland Security Infrastructure Program (HSIP) Team.

Fig. 5: GIS map showing the highways and existing health care facilities in and around Cuddalore,
Tamil Nadu.

RESULTS AND DISCUSSIONS

The most suitable location for the
establishment of healthcare facility for acute
diarrhoeal diseases was found to be the
Cuddalore District in Tamil Nadu. Several
layers were added on ArcGIS and the maps
were overlapped [14-15]. It is well connected
to roadways and railways with frequent
occurrence  rates of  transport.  The
establishment of healthcare facility will impact
most number of patients and will prove to be
beneficial and efficient use of public money.
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