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ABSTRACT 

 The visualization techniques are essential for easy understanding of the information 

content of the data sets collected during the field survey for the present study. The data 

mining techniques are used for extracting the information content of the data sets. The 

objective of the present study is to employ the information visualization techniques and data 

mining techniques for the spatial data base pertaining to a geographical region of the study 

site. The Latur district in Maharashtra state of India is chosen as study site. The use of the 

spatial database for knowledge discovery is demonstrated visually in the geographical 

representation.  

 The objective of this study is Designing and plotting of data to prepare a spatial 

database for Latur district, data mining techniques are used on different classes of spatial and 

non spatial attributes in the spatial database, making user friendly access to Latur district 

information like searching for a village location or measuring distance between two or more 

locations and Village level assessment, extraction and visualization of population, sex ratio 

and literacy attributes using a new data mining method 
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INTRODUCTION 

The visualization techniques are essential for easy understanding of the information content of 

the data sets collected during the field survey for the present study. The data mining 

techniques are used for extracting the information content of the data sets. The objective of 

the present study is to employ the information visualization techniques and data mining 

techniques for the spatial data base pertaining to a geographical region of the study site. The 

Latur district in Maharashtra state of India is chosen as study site. The use of the spatial 

database for knowledge discovery is demonstrated visually in the geographical representation.  

 

SPATIAL DATA BASE: A METHODOLOGY 

A spatial database is a database that is optimized to store and query data related to objects in 

space, including points, lines and polygons for a spatial data infrastructure. While typical 

databases can understand various numeric and character types of data, additional functionality 

needs to be added for databases to process spatial data types. These are typically called 

geometry or feature. Database systems use indexes to quickly look up values and the way that 
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most databases index data is not optimal for spatial queries. Instead, spatial databases use a 

spatial index to speed up database operations [1]. 

In addition to typical SQL queries such as SELECT statements, spatial databases can perform 

a wide variety of spatial operations. The following query types and many more are supports 

[2]. 

 Spatial Measurements: Finds the distance between points, polygon area, etc. 

 Spatial Functions: Modify existing features to create new ones, for example by 

providing a buffer around them, intersecting features, etc. 

 Constructor Functions: Creates new features with an SQL query specifying the vertices 

(points of nodes) which can make up lines. If the first and last vertex of a line is 

identical the feature can also be of the type polygon (a closed line). 

 Observer Functions: Queries which return specific information about a feature such as 

the location of the center of a circle, etc. 

A. Hierarchy and decision tree of Latur district spatial database 

The Fig.1 shows the hierarchy of Latur district spatial database. The database is created using 

a spatial database system called NRDB Pro 2.6.1 and we use the backend database MS-

ACCESS 2003 for storing the spatial data attributes. In this spatial relational database, there 

are more than 50 tables designed and implemented for different data classes and their 

attributes of Latur district using a hierarchical data model. 

 
Fig.1 A hierarchy of Latur district spatial database. 

The structure of the database with table names and some important field names are shown in 

Fig.2. 

 
Fig.2 Structure of Latur district spatial database. 
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B. Map digitization in spatial database 

In the structure of Latur district spatial database (Fig.2), most of the tables/fields consist of 

spatial data elements like administrative boundaries, rivers, lakes, district locations, taluka 

(sub-district) locations, roads, elevation, villages location etc., which are in the form of points, 

lines and polygon geometries. The first step is to digitize the data in the database, because 

only 15% digitized data was available and remaining data has been digitized manually using 

available resources. 

Digitization of data in the spatial database has been done through following steps 

 To start any digitization in the spatial database, the first step is to assign the map 

projection and ellipsoid for that map/project. We have used UTM (Universal Transverse 

Mercator) projection and WGS-84 (World Geodetic System 1984) ellipsoid for Latur 

district spatial database.  

 Next we have created a spatial data tables for required maps/spatial elements with 

respect to the number of required fields and their data types.  

 The third step is to georeference the images of maps, which will be used as base maps 

for digitization of the spatial data classes/regions. If the resource map is in the computer 

readable form, then directly we can use that for georeferencing and can use as a base 

map for digitization using the prescribed scale as mentioned on that image map. If the 

map is a chart/paper map, than we have to scan it first, and use it as base map image 

after completion of the georeferencing process. 

 The fourth step is the digitization, which is the process of creating digital vector maps in 

the spatial database using available resources like digitizer, mouse etc. 

 After completion of digitization process, the digitized geometries will be stored into the 

database and will be available for further processes like, querying, joining, updates, 

analysis, etc. 

Similarly, we have digitized and compiled number of maps for different purposes in the Latur 

district spatial database and they are shown in Fig.3.  

 
Fig.3 Exported map layers from Latur district spatial database. 
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The Fig.4 shows the complete layered map of Latur district extracted from Latur district 

spatial database. 

 
Fig.4 The Complete layered map of Latur district 

 

DATA MINING FOR TALUKA (SUB-DISTRICT) LEVEL STATISTICS 

The data mining with respect to talukas is a process of computing, querying and mining 

important and inter-related data sets of each taluka. The basic data sets of individual taluka is 

stored in the Latur district spatial database and queried accordingly for necessary information 

of taluka wise statistics. The taluka level statistics of all 10 talukas are calculated for sex ratio, 

area wise comparison, number of villages, total, male and female literacy attributes. The result 

chart of all queries are shown in Fig.5 and geographically visualized in Fig.6. 

 
Fig.5 Taluka wise representation of villages, sex ratio and literacy. 
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Fig.6 Geographical representation of taluka wise analysis. 
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VILLAGE LEVEL INFORMATION MINING 

A. Mining population and literacy data 

The „villages‟ is a name of spatial data table prepared to store village level information  

represented by point geometry with several attributes  in the Latur district spatial database. In 

this section, we have demonstrated few village level statistics by calculating new attributes 

like sex ratio, total percent literacy, male percent literacy and female percent literacy of 

individual village based on the values of existing attributes like, total population, male 

population, female population, total literacy, male literacy and female literacy (census 2001) 

in the spatial database. The computed data values are exported and visualized geographically 

in Fig.7. 

 

 

Fig.7 Geographical representation of village level analysis 
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B. Mining nearest village level natural water resources data 

Water resources are sources of water that are useful or potentially useful. Uses of water 

include agricultural, industrial, household, recreational and environmental activities. Virtually 

all of these human uses require fresh water. The 97% of the water on the Earth is salt water, 

and only 3% is fresh water. The entire Latur district has rivers and reservoirs as the natural 

ground water resources. The availability of natural water resources many villages in Latur 

district is extracted from spatial database. The Fig.8 is demonstrated for the villages, which 

are near to (less than or equal to 3KM) reservoirs and Fig.9 shows the villages, which are near 

to (<=3KM) from rivers. 

 

 

Fig.8 Villages near to reservoirs (<=3KM) 
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Fig.9 Villages near to rivers (<=3KM) 

The Fig.8 and 9 take into account only few villages that are falling under the area nearest to 

natural water resources.  

C. Mining village level health care services 

The entire Latur district has 46 primary health centers (PHCs) and 256 sub centers for more 

than 943 villages. The number of villages utilizing their health care services form their nearest 

(less than or equal to 5KM) PHC is demonstrated geographically in the Fig.10. The villages 

which are not in the specified range are shown in Fig.11. These following figures state that 

the 334 villages are found within 5KM range from their concerned PHCs, and 415 villages are 

found more than 5KM range from their concerned PHCs based on the training data in the 

Latur district spatial database. 
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Fig.10 Villages within <=5KM range to their PHCs 

 

Fig.11 Villages not within <=5KM range to their PHCs 
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CLASSIFICATION OF VILLAGES, BASED ON CLUSTERED SEX RATIO 

ATTRIBUTES USING ASSOCIATION RULE MINING  

 

In this section, we have prepared a method to classify the number of villages based on the 

values of their clustered sex ratio attribute using association rule mining. The following are 

few steps to perform this task. 

 The primary data values for sex ratios (females per 100 male) of all villages of Latur 

district are calculated using the total male population and total female population 

(census 2001).  

 SR i = F_Pop i / M_Pop i * 100; 

 Next process is to count the number of villages which are having unique or same 

associated sex ratio values.  

 Cluster the uniquely identified or having same associated sex ratio values of villages.  

 And finally classify the clustered villages in to a required manner. 

The above said steps are performed in Latur district spatial data base and the results are 

shown in Fig.12. 

 
Fig.12 Classified and clustered villages same sex ratio. 

The Fig.12 shows classified and clustered information of sex ratio values of Latur district. 

The number of clusters containing villages having same sex ratio values are shown along Y-

axis and the number of villages in a cluster are shown along X-axis. For example, the first 

value having 67 number of clusters that contain of villages in each with their unique sex ratio 

values. The next value 23 is the number of clusters that contain 2 villages in each with same 

sex ratio values, etc. It is observed that the number of clusters decreases as the cluster size 

increases, which implies that the Latur population is non-uniform in terms of sex ratio values 

distribution.   
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A. Sex ratio analysis with village literacy 

This section describes the analysis of values of sex ratio with total percent literacy, total male 

percent literacy and total female percent literacy. The sex ratio values are number of females 

per one male. 

i. Sex ratio analysis with total percent literacy 

In this section, we have analyzed the values of sex ratio with respect to the values of total 

percent literacy of villages. The Fig.13 shows the associative results of sex ratio and total 

percent literacy values of more than 750 villages of Latur district. The most of the associative 

results are found within the range of 50% to 67% total literacy values with 0.87 to 0.99 sex 

ratio values, which is shown within the circle in Fig.13. The scatter diagram of the data in 

Fig.13 indicates that the data is uncorrelated i.e there is no correlation between sex ratio with 

literacy of Latur district. 

 

 

Fig.13 Sex ratio with total percent literacy 

ii.  Sex ratio analysis with total male percent literacy 

This section provides the analysis of sex ratio with respect to the values of total male percent 

literacy of villages. The Fig.14 shows the associative results of sex ratio and total male 

percent literacy values of more than 700 villages of Latur district. The most of the associative 

results are found within the range of 61% to 77% total literacy values with 0.88 to 0.99 sex 

ratio values, which is shown within the circle in Fig.14 and the data is uncorrelated. 
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Fig.14 Sex ratio with total male percent literacy 

 

iii. Sex ratio analysis with total female percent literacy 

This section provides the analysis of sex ratio with respect to the total female percent literacy 

of villages. The Fig.15 shows the associative results of sex ratio and total female percent 

literacy values of more than 700 villages of Latur district. The most of the associative results 

are found within the range of 41% to 52% total literacy values with 0.87 to 0.98 sex ratio 

values, which is shown within the circle in Fig.15 and the data is uncorrelated. From the 

Fig.14 and 15, we observe that the female percent literacy is much lower than the male 

percent literacy, while sex ratio and literacy data remain uncorrelated in the both cases. 

 

 

Fig.15 Sex ratio with total female percent literacy 
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B. Extraction and performance evaluation of class clusters for villages attributes 

In this section, we have evaluated the performance of villages based on the village attributes. 

Here we have prepared three different equal clusters based on each of the attributes, namely, 

sex ratio, total percent literacy, total male percent literacy and total female percent literacy 

attributes, using the range of aggregate minimum and maximum values. 

 For example, the new attribute sex ratio (females per 100 males) (SR) of all villages are 

calculated and found them to be in the range of minimum 55 to maximum 109 in the Latur 

district spatial database. This range is divided in to three different equal groups called classe 

A, B and C having weight (Wt) 3/1, 3/2 and 3/3, respectively. The criteria and the weight of 

those class clusters of a particular village will be based on the number of conditions in which 

the village‟s value will satisfy. This process will be repeatedly applied on all the remaining 

attributes of villages like, total percent literacy (TPL), total male percent literacy (MPL) and 

total female percent literacy (FPL). The decision tree of this method is shown in Fig.16 

 

 

Fig.16 Decision tree for village performance evaluation. 

  SR   TPL 

  MPL      FPL 
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After successful classification and clustering processes on all the above said attributes, we 

added the class values of all four extracted attributes of particular villages and divided them 

by 12 (Maximum weight of four clusters, i.e. maximum 3/1 for each).  

 

Fig.17 Average performance evaluation of villages 

The village level performance evaluation is worked out, and found 2 villages are of 37.5%, 5 

villages are of 45.85%, 20 villages are of 50%, 1 village is of 54.16%, 9 villages are of 

58.33%, 102 villages are of 62.5%, 2 villages are of 70.83%, 175 villages are of 75%, 275 

villages are of 87.5%, and 146 villages are of 100% performance results. The number of 

villages and their performances are shown in the Fig.17. 

The statistical results of performance evaluation of Latur district villages as per sample data 

sets in Latur district spatial database are: 

Mean = 81.2234 

Median = 78.5 

Std. Deviation = 14.12132 

 

The performance evaluation of individual villages has been done and visualized in a 

geographical representation in the Fig.18 

 

Fig.18 A GIS map of performance evaluation of villages. 
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The Fig.18 visualizes the locations of villages with their performance value according to their 

location point size. 

 

MINING AND VISUALIZING ZONES OF UMLAND 

Umland of a particular town or city is the area in which the region and the city are culturally, 

economically and politically interrelated. It is also known as urban hinterland, sphere of 

influence, catchment area, urban field, city region, etc., by different geographers. It is the 

region of close relationship which is binded by circulation of goods, movement of people, 

flow of ideas and a considerable degree of interdependence between the core and the area 

around [3], [4].  

Udgir is the fifth largest regional centre next to Latur in Latur district. This is class II town 

(2001) and is likely to attain the status of class I in 2011. It is an important educational and 

trading centre of the region. Therefore, Udgir has been chosen to study Umland.  

The main aim of the present study is to identify and delineate Umland of Udgir which is 

rapidly growing town and to analyze the characteristics of Umland in terms of the 

occupational structure. Countryside interrelating factors such as milk, vegetables, and central 

interrelating factors such as education zone of Umland of Udgir are examined.  

The GIS techniques have been used to extracting, analyzing and visualizing the zones of the 

attributes as mentioned above. 

The modern means of communication have enabled towns and cities to extend the range of 

their services tremendously, thereby rendering more efficient and quicker services to the 

countryside. The natural conditions of the Umland, the character of its people and the city” 

[5].  It is expected that an analysis of the bilateral relationships between the city and the 

surrounding area will reveal the nature and intensity of influences exercised by the city, as 

well as, the variation in the extent of area of influences of central places.  In other words, such 

a study will go a long way in the understanding of spatial and functional relationships 

between the city and its Umlands. The shape, size, gradient, etc., in time and space would of-

course, be the most vital part of the work.  The importance of the work, therefore, is two-fold, 

namely, theoretical and applied.  This study would be useful to urban geographers, town and 

country planners and other scientists intimately concerned with dynamics of urban centers. 

 

A. Meaning of Umland 

Generally the term um-land is used to indicate the area in which the city and its countryside 

exist in a cobweb of a symbiotic relationship, i.e. they are related historically, economically, 

politically, socially and culturally with each other.  Considering its evolutionary aspect, it 

seems that the meaning of the term “um-land” has changed and was some what different from 

its original meaning in the course of time.  The term “Hinterland” was also in use with an 

identical meaning with the term “Um-land” in the past. According to Andre Allix, a French 

scholar and the first exponent of the term, the um-land consists of the area immediately 

around a city, more particularly affair centre. The word “Um-land” has a German origin  

(“Um”=around).  But according to Dr.Gilbert the word “um-land” is translation of the 

Swedish word “Omland” (Swedish “Om”=around).  Mr. E.V.Cleef also tried to discuss the 

origin and meaning of the term “Um-land” and tried to distinguish between the Hinterland 

and Um-land.  (Cleef E. V. was of the opinion that to limit the hinterland only to the port 
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cities is really untenable and hence distinguished both the terms very clearly). In his opinion, 

Hinterland means the area adjacent to a trade centre (extending to and including its satellites) 

within which economic and some cultural activities are focused largely on the primary centre, 

whereas “um-land” means the area contiguous to a trade centre (extending to and including its 

suburbs or “Urblets”) whose total economic and cultural activities are essentially one with 

those of the primary centre.   

B. Importance of Umland 

The study of Um-land constitutes an important aspect of urban geography. It helps to 

understand the complexities of the real world.  It also helps to realize the unbalanced 

economic growth in the region. Once we observe the unbalanced economic growth in the Um-

land of any centre; one can promote the growth of other centre in Um-land so as to remove 

this unbalanced economic growth”.  Thus the study helps in town and country planning. F.S. 

Hudson in his book, “Geography of Settlement”, argued that “When undertaking market-

research or planning industrial development and effective local government areas, planners 

should take in to account the size, shape and character of urban fields”.  He further added that, 

“even the population of a town and its sphere of influence is an important consideration in 

market research”.  As a service centre, a town has both short comings and advantages. The 

study of Um-land helps to find out these shortcomings in order to prepare the development 

plan of the city.  Town and um-land are the aspects of one and the same coherent whole and 

hence should be taken as one unit for Town-Planning in perspective of an urban Eco-System. 

C. Methodology for extracting area of associated points. 

Calculating zone of influence of a particular area is a process of joining all the outer bounds 

of each other. In this section, we have used GIS techniques to calculate the zone of influence 

of countryside services of a particular region which are as follows: 

i. Define the surface 

Defining the surface can be associated with creating the database within which the 

topographic information will be entered and stored. The application software requires the 

input to name the surface or default name. For these instances, we have already performed a 

spatial database for Latur district and chosen Udgir as sub region to perform these tasks.  

ii. Add input data 

Now, we have named the surface and created the database, the software application expects to 

identify and input data with which it is used to represent the surface. We must enter either 

points or contour data or a combination of both. Entities for input can be selected directly or 

can be entered by specifying the layer upon which the data is located within the file. When 

working with GIS, we must specify the coverage or shape file name. 

iii. Generate TIN model 

A triangulated irregular network (TIN) is a digital data structure used in GIS for the 

representation of a surface. A TIN is a vector based representation of the physical land surface 

or sea bottom, made up of irregularly distributed nodes and lines. But in this process, the TIN 

model represents a surface as a set of contiguous, non-overlapping interconnected triangles of 
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point, which are mentioned in the coverage map or shape file. Within each triangle, the 

surface is represented by a plane. The triangles are made from a set of points called mass 

points. The TIN model is attractive, because of its simplicity and economy, and is a 

significant alternative to the regular raster of the grid model. The Delaunay triangulation is a 

proximal method that satisfies the requirement that the one drawn through the three nodes of a 

triangle will contain no other node. We have generated the TIN model for getting the covered 

area by points in coverage map or shape file, which is created in our spatial database. 

iv. Surface display 

The surface representation resides within the database of shape file. Display can be delivered 

to the user at any time and can be represented temporarily or result in the generation of 

physical entities. A temporary representation would be the delivery of hidden line view of that 

particular generated area.  

v. Calculating area 

Once we generate the coverage map of that specific file and import into the database, it will 

be easy to map and calculate the area of that covered region of that shape file. 

 

CONCLUSION 

The need of digitization of all socio economic factors and their analysis become necessary to 

overcome these problems by the planning, development and monitoring authorities. In this 

research paper we have presented how to design and develop a spatial data infrastructure of a 

particular province (Latur district as our study area) and analyze the data for gender equality, 

literacy, available and needful natural resources, government services etc. are extracted using 

some common data mining techniques and visualized to geographical visualization. In the sub 

district level analysis, we found that the leading sub districts like, Latur, Ahmedpur and Udgir 

results are better literacy point of view, but very poor in terms of gender equality than the 

remaining. The Deoni, Jalkot and Renapur sub districts having better results in gender 

equality but very poor in literacy. The total rural population of Latur district is observed in 

terms of sex ratio is non-uniform. The literacy of rural population is 77% for male and 52% 

female only. In the village level analysis most of the villages found in the critical zones in 

terms of education, health and family planning, natural resources and the services provided by 

the local authorities so the focus should be mode on these. The educational services to 

countryside by nearest town place covering more than 2400 Sq. KM of area. It is observed 

that the students suffering to travel from long distances to take education from their 

countryside. It‟s for E-governance. The present study opens up new directions of research 

work consisting of design and development of geo-spatial data infrastructure for applications 

such as, the web based GIS information retrieval system pertinent to various social 

sectors/attributes like, crime GIS, Transportation GIS, GIS for electricity management, GIS 

for educational management, GIS for Health care, etc.. The expected outcome of these 

research works can be of help to improve social knowledge discovery and development of 

society. 
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