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Abstract- Utility services are an important component of the physical 
structure of towns and there is a need for detailed information about 
the location and condition of their infrastructure. Acquiring data in 
the conventional way is time consuming and costly. The integration of 
GIS with electric utilities is tremendously improving the planning and 
operation of the system. GIS and GPS are also integrated for mapping 
and analysis of electric distribution system. In the present paper, the 
location of each distribution transformer in the Hosur town was 
collected using GPS. Hosur town was delineated from the satellite 
image using the GIS technique. Survey of India toposheets and 
satellite imageries are used to prepare various thematic layers viz 
landuse/landcover map, transportation network map. The solar 
radiation on the rooftop of each building was determined using the 
solar radiation tools in the arctool box of ArcGIS. The thematic layers 
were finally integrated into ArcGIS software to estimate the regions 
that are prone to high solar radiation for the installation of Photo 
Voltaic panels. 
Keywords- Distribution transformer, Remote sensing, Solar radiation, 
GPS, Point solar radiation tool 
 

I. INTRODUCTION 
Electricity is an aspect of the utility sector that is very 
essential to the smooth and meaningful development of a 
society. The primary purpose of an electricity distribution 
system is to meet the customer’s demand for energy after 
receiving the bulk electrical energy from transmission or 
sub transmission substation. Complexity of electrical 
distribution power system is the only reason for introducing 
new technologies such as RS and GIS technology. 
Database plays an important role in planning. There exists a 
relation between every spatial object and its non spatial 
database, for example, location of pole on earth is called 
spatial data and its height information is non spatial data. 
Satellite images are used in the identification of the spatial 
features. If an identity is not visible in satellite  image then 
a GPS receiver can be used to establish its location. In the 
present study, the electricity distribution system of Hosur 
town which lies between the longitude 77°48'28'' E to 
77°50'37'' E and latitude 12°42'36'' N to 12°45'12'' N have 
been studied. The distribution system comprises power 
lines and voltage-step-down equipment for electric service 
at industrial, commercial and residential sites. A 
distribution system may comprise three phase transmission 
lines, with typical operating voltages of 12 to 25kv line to 
line, and three phases, two phases or single phase tapped 
lines. Distribution feeders emanating from a substation are 
generally controlled by a circuit breaker which will open 
when a fault is detected. Automatic Circuit Reclosers may 
be installed to further segregate the feeder thus minimizing 
the impact of faults.  
The use of GIS in power system has greatly enhanced the 
efficiency in energy sector. Proximity to the furthest 

customer and high cost to invest capital, are the reasons 
that make the distribution system as an important part of 
electrical utility, which endeavor to improve the reliability 
of general power system. The power industry is expected to 
keep track of the electrical facilities (poles, power lines and 
transformers) involved in the distribution of energy to the 
end-users. With the aid of GIS, variety of information can 
be better organized on a computer system linking the 
database to an output map. Solar energy is widely used for 
power generation since it is non- polluting and a renewable 
resource. Nguyen and Pearce [1] have used an open domain 
approach to compute radiation including temporal and 
spatial variation of albedo and solar photovoltaic yield. 
 

II. STUDY AREA 
The present study area Hosur which lies between the 
longitude 77⁰48’28’’ E to 77⁰50’37’’ E and latitude 
12⁰42’36’’ N to 12⁰45’12’’ N is a town and municipality 
in Krishnagiri district in the Indian state of Tamil Nadu. It 
is the headquarters of the Hosur taluk of Krishnagiri 
district. It is located about 40 kilometers south east 
of Bangalore, 48 kilometers northwest of Krishnagiri, the 
district headquarters and 306 kilometers west of Chennai, 
the state capital. Hosur is known for its expanding 
manufacturing industries and its pleasant climate. The 
National Highway NH207 starts from Hosur in Tamilnadu 
and it ends at Dobbasapete in Karnataka. National 
Highway NH 44(Old Number NH7) is starting from 
Varanasi or Banaras in Uttar Pradesh and it ends 
at Kanyakumari in Tamil Nadu and this road is passing 
through this city. This city is well connected by road and 
rail network. 
 

 
Fig. 1 Map showing the study area 
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III. MATERIALS AND METHODS 
 

TABLE 1. DETAILS OF SATELLITE IMAGE 

 
TABLE 2. DETAILS OF TOPOSHEET 

 
The secondary data used in this study includes 
 Data collected from TNEB 
 Data collected from field survey 
The image of the study area is taken by the satellite SPOT. 
It is a high-resolution, optical imaging Earth observation 
satellite system operating from space. The Panchromatic 
Resolution is 1 m and multispectral resolution is 4m. The 
number of bands is 4 (B, G, R & NIR). The software 
ERDAS IMAGINE 9.1 is used for visual and digital 
interpretation, ArcGIS10 is used for vector layer 
generation, maintaining of database and layout preparation. 
The collected toposheets of study area were scanned, 
registered and mosaicked using ERDAS IMAGINE 9.1 
software. Satellite data were collected, preprocessed & geo-
corrected with respect to registered toposheet. 
Landuse/landcover map  has been created for the study 
area. Secondary data are collected by field survey and 
stored in database.  

 
Fig. 2 Satellite imagery of the study area 

 
The data acquisition began with the physical phenomenon 
to be measured. The first step in the methodology of this 
work was the collection of the required data from the study 
area. In this case, there are two types of GIS data involved 
such as spatial data and non-spatial data. The geographic 
location of each distribution transformer was acquired from 
the field survey using GPS instrument. The Cartosat DEM 
was used to generate the slope map of the study area.  
3.1 Landuse/landcover Map  
Landcover is that which covers the surface of the earth and 
land use describes how the landcover is modified. Land 
cover includes: water, snow, grassland, forest, and bare 

Soil. Landuse includes agricultural land, builtup land, 
recreation area, wild life management area etc. The Land 
cover reflects the biophysical state of the earth’s surface 
and immediate subsurface, thus embracing the soil 
material, vegetation, and water. Land use refers to man's 
activities on land which are directly related to the land.  

 
Fig. 3 Landuse/landcover Map 

 
The landuse/landcover map prepared includes seven classes 
such as open scrub, rocky area, water body, residential 
area, commercial area, industrial area and agricultural land. 
 

 
Fig.4 Chart depicting the % of landuse/landcover in the 

study area 
 
3.2 DEM and Slope 
The Cartosat DEM image downloaded from NRSC Bhuvan 
website was used to prepare slope map after georeferencing 
and clipping the study area using ArcGIS software. 

 
Fig. 5 Digital Elevation Model 

Satellite Acquisition year Spatial Resolution 
SPOT image 2012 PAN – 1m 

Toposheet No Scale Year of survey 
57H/13 & 57H/14 1:50,000 2011 
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The point solar radiation tool derives incoming solar 
radiation for specific locations in a point feature class. The 
polygon shape file of the buildings is converted into point 
shape file. The Cartosat DEM and the point feature of the 
buildings are given as input to this tool. The time 
configuration was given as whole year with monthly 
interval and others are kept default. Then it was processed 
to obtain the monthly solar radiation of each building 
rooftop in wh/m2      

 
Fig. 6 Slope Map 

 
3.3 Solar Radiation Analysis 
The solar radiation analysis tools are used to map and 
analyze the effects of the sun over a geographic area for 
specific time periods. The Area Solar Radiation tool is used 
to calculate the insolation across an entire landscape. The 
calculations are repeated for each location in the input 
topographic surface, producing insolation maps for an 
entire geographic area. The Points Solar Radiation tool is 
used to calculate the amount of radiant energy for a given 
location. Locations can be stored as point features or as          
x, y coordinates in a location table.  
The global radiation depends upon direct and diffused 
radiation. They can be calculated in the form of both 
feature class and raster image. The direct radiation is the 
radiation that falls directly on the ground. The diffused 
radiation reaches the surface after diffusing in the cloud 
and atmosphere. 
Global radiation (Globaltot) is calculated as the sum of 
direct (Dirtot) and diffuse (Diftot) radiation of all sun map 
and sky map sectors, respectively. 
Globaltot = Dirtot + Diftot 

Since radiation can be greatly affected by topography and 
surface features, a key component of the calculation 
algorithm requires the generation of an upward-looking 
hemispherical viewshed for every location in the Digital 
Elevation Model (DEM). The hemispherical viewsheds are 
similar to upward-looking hemispherical (fisheye) 
photographs, which view the entire sky from the ground. 
The amount of visible sky plays an important role in the 
insolation at a location. 

IV. RESULTS AND DISCUSSIONS 
4.1 Location Details of Distribution Transformers 
 

 
Fig. 7 Distribution transformer details 

 
The geographic location of each distribution transformer in 
the study area was acquired using GPS instrument. It was 
found that there were 154 distribution transformers which 
were pole mounted. The details such as distribution 
transformer (DT) ID, its voltage capacity, pole structure, 
section ID, etc was collected from the Tamilnadu 
Electricity Board. A database has been created from the 
GPS locations and other transformer details.  
4.2 Solar radiation at each building rooftop 
The buildings in the Hosur town have been digitized from 
the SPOT image. There were approximately 13580 
buildings in the study area. The monthly average solar 
radiation at each rooftop was calculated using spatial 
analyst tool in ArcGIS and it was observed that the solar 
radiation was high during the months of August, 
September, October and November. Each building rooftop 
receives different radiation at different times. The rooftop 
in which the radiation is high can be identified using the 
point solar radiation. 

 
Fig. 8 Map showing the digitized buildings 

 
4.3 Spatial Interpolation Map 
The spatial interpolation process gives a raster image using 
the point file generated from the point solar radiation tool. 
It adds close range radiation points together and forms a 
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raster image. Interpolation predicts values for cells in a 
raster from a limited number of sample data points. It can 
be used to  predict unknown values for any geographic 
point data, such as elevation, rainfall, chemical 
concentrations, and noise levels. This spatial interpolation 
map shown below has been generated using the Kriging 
technique.  

 
Fig. 9 Spatial Interpolation Map 

 
 

Kriging is an advanced geostatistical procedure that 
generates an estimated surface from a scattered set of 
points with z-values. Kriging is a geostatistical method of 
interpolation and they are based on statistical models that 
include autocorrelation (the statistical relationship among 
the measured points). Because of this, geostatistical 
techniques not only have the capability of producing a 

prediction surface but also provide some measure of the 
certainty or accuracy of the predictions. 
 

 
Fig. 10 Graph showing the mean global radiation variation 

in Kwh/m2 

 

V. CONCLUSION 
This study helps to estimate the rooftop solar potential of a 
particular building or a selected area. The locations of high 
solar radiation are determined using the point solar 
radiation tool and it is found that the months of September, 
October and November have high potential of solar 
radiation. Hence, those locations which have high solar 
potential can be selected for the rooftop photovoltaic panel 
installation. This study utilized GIS and GPS to determine 
the geographic location of each distribution transformer in 
the study area and a database was created for the routine 
maintenance.  

 

 
T ABLE 3.  MONTHLY AVERAGE SOLAR RADIATION AT EACH BUILDING ROOFTOP IN  WH/M2 

 
Fig. 11 Map depicting a part of Hosur town with extruded buildings 
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