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Abstract

Objective: Geospatial Information System (GIS) is predominantly used in urban planning, and improves quality of people
living in an area in many ways. Even though so many hardware and software systems are employed in GIS, the database
gains the greatest significance. The intension is to progress a spatial database that should be used as a representation or
model of the world, particularly to design for a very specific application. Analysis: The GIS data framework is the meth-
odology proposed to promote an application specific spatial database. It comprises of integrating heterogeneous type of
data, followed by constructing a semi-structured multi dimensional data model which directs to design a spatial database.
Findings: The novelty in this GIS data framework is Building Information Model (BIM) integrated with the traditional data
in support of answering indoor spatial queries. Moreover, this framework worked with BigData to support heterogeneous
type of data and to automate decision support system. Enhancements: The views focused on the case studies in this paper
help to travel in a new direction of GIS specification, utilization and research from the routine methodologies. This paper
widens the scope of research directions in order to establish new techniques in each diverse field.

Keywords: Big Data, BIM, GIS, Spatial Database

1. Introduction

Geospatial Information System is a computing technol-
ogy that analyzes geographical data and stored in a well
structured format. Next it supports manipulation of
stored data which may be helpful in visualizing geograph-
ical map as a more informative one. To provide solutions
to geographic problems require spatial thinking. Through
spatial thinking the clear and simple solution through
analysis of data become simple. Through this information
of each and every place on earth’s surface can be provided.
The knowledge about a place such as “what is where and
when” can be gained. In day to day life GIS makes a great
impact on our life style which may be realized (implicitly
or explicitly) or not even realized. To an individual to start
a day by checking the climatic condition and to be guided
with GPS navigation, GIS provides more crisp solutions.
In public service from ambulance dispatch to crime iden-
tification the services render by GIS are unavoidable.

*Author for correspondence

To be lucid, the integration of geography with data is
termed as GIS. Each and every moment our environment
is keep on changing rapidly. Keeping track of this rapid
change in spatial data is a challenging task. By record-
ing these kinds of temporal information leads to decision
support systems. That is the main utility of GIS. It helps to
open new avenues for scientific inquiry and creates spatial
data infrastructure in which no restrictive boundaries are
available. We areliving in two types of environment namely
natural and manmade which is illustrated in Figure 1. The
first one is powerful and self regulated and the other is
created and managed by human being. These two envi-
ronments increase conflicts in their own way in terms of
controlling them. The common vision of GIS is to develop
abstraction of earth surface as a “Digital World” which
is illustrated in Figure 2. This “Digital World” provides
better way to understand the features of earth’s surface. It
treats earth as a system to represent, control and commu-
nicate. The systems such as measurement, planning and
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Figure 2. Vision of GIS.

modelling are developed which provides services such as
management, decision making and monitoring.

2. Applications of GIS

GISisused for different purposes by adapting recent trends
and technologies which is described in Figure 3. During
climatic change conditions, flood is one of the main fac-
tors that affect the people from their routine work. The
Spatial Integrated Policy Infrastructure' is an integrated
tool of information management as well as decision abil-
ity with recent technologies. In control of atmospheric
pollution, emission and recycling of Carbondioxide?
near power plants are handled efficiently and cleverly by
sophisticated database system generated by GIS. In health
care?, GIS based tools are created to monitor atmospheric
five main air pollutants for hospitalization cases. The
selection of site for coal-fired power plant* is suggested
after analysing so many spatial factors. The GIS alone can
be the powerful tool to organize all spatial factors in a
centralized manner. To increase effectiveness and robust-
ness in site selection the fuzzy programming (interactive)
and Genetic Algorithm-II (non-dominated sorting) tech-
niques is applied along with GIS framework. The optimal
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Figure 3. Applications of GIS.

location selection of Photo Voltatic panels® in energy sup-
ply system is the major role for municipal service in a city.
The same especially for a campus® roof selection which
also plays as a considerable role. GIS identifies suitable
roof tops and maximizes the utilization of Photo Voltatic
installations. The assessment of wind energy resource’ in
offshore is to manage energy production and operational
costs. The parameters such as potential of energy produc-
tion, maintenance and operational cost are considerably
supported by GIS.

The GIS modelling framework provides serviceability
to keep archaeological sites® from harmful anthropogenic
and natural hazards. In coastal vulnerability approach’
the spatial and temporal progression of oil spill avoid-
ance and providing alertness. In health and place, GIS is
useful in community integration'® research what are all
the things happening related to community and where.
A visual environment is presented to query and iden-
tify locations based on their activities and interaction on
community basis. To create environment feel like to be a
part of a family or community.

In the field of land slide study area, GIS modelling is a
better acceptable solution than the grid overlay method™
which is an exhausting and time consuming process. It
can be extended for earthquake triggered landslides.
In site selection GIS has considerable application in
organic farm land selection®? and seismic station installa-
tion'. The former supported by GIS along with analytical
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hierarchal process. The latter is to observe vibration of
earth with seismic noise survey. GIS is a profitable and
beneficial approach for Spatial Planners and geographers
to make decision support tool. In urban planning GIS
simulate transportation network model*® to avoid traffic
congestion and transportation delay which is a challeng-
ing task. It provides simulation model and optimization
techniques for several functionalities. GIS is an effective
tool which plays a central role in wide range of applica-
tions and supports all kinds of data. In urban area, due to
the increased population growth the environmental pol-
lutions and traffic congestions are the threatening issues
which are handled effectively by GIS. The GIS tied with
remote sensing data plays a wonderful role to manage
land use, land cover changes and vegetation cover of a
National Park. The added advantage of park management
is for monitoring of ecological heritage and distribu-
tion of exotic or invasive species’®. The drastic increase
of population and development of mega cities are one
of the major factors for the climate change especially in
rain fall”. The analysis of long term trend of rainfall data
with GIS techniques capable of predicting increasing or
decreasing of rainfall.

3. Role of Computer Science in
GIS

To solve anything with GIS, computing plays an indivis-
ible portion for GIS analysts which can be referred in
Figure 4. The thing observed from the survey of the past
decade on the basis online and offline the professionals
from computer science gained GIS oriented jobs rather
than geography. The same reflected in research scope of

GIS along with Computer Science which is evidenced
from the chart in Figure 5. The graphics display tech-
niques such contour lines, shadings etc. as are used to
display abstraction of the world in a topographic maps.
The entire analysis and all location based functionalities
are carried out in the form of visualization which leads to
the success of GIS.

The GIS data are stored in a centralized manner for
flexible access and to manage in geo databases. These data
can be leveraged in web or mobile environments. The
application design provides a platform to design, con-
figure and integrate various services or functionalities.
The system administration is a field in which manage-
ment of hardware, software, storage, server and security
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Figure 5. Journal evidence of GIS.

are maintained. The system administrator provides the
responsibilities to manage the entire data and leverage the
power of access. The role of application designer and sys-
tem administrator are two extreme opposite end but tied
together to make up a full pledged system.

Obviously, security is to be provided if there is an
information system. In internet, the hacking and malware
are the serious threatening issues in data security. In GIS
data transmission internet is the predominant mode and
data authenticity can be succeeding with water marking
techniques'®. Lot of research scope can be involved in GIS
data security because it gaining importance almost in all
fields from lower (buildings) to higher scale (cities).

4. Relevant Technologies

GIS is a special kind which is entirely different from other
related systems such as DBMS, CAD/CAM, Automated
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Mapping and Scientific visualization System. In case of
DBMS the implicit information such as names of coun-
tries, states, cities, etc. and their zip codes can be recorded.
But there is no recording of geographical coordinates and
query related to this are difficult. The location search or
identification of an object by its longitude is found to be
difficult. For example, a spatial query “to identify petrol
bunk around 100 N or across town from 300 E Main?”
could not be processed which lacks in geographical data
management.

The automated mapping is a cartography tool which
supports two dimensional graphical design and display
which has limited database facilities. The facility man-
agement integrates different sources of data but lacks in
spatial analytical tools. The CAD is mandatory for engi-
neering design and display system which supports 3D
graphics. It deals with shapes and dimension but lacks in
reference of geographical location. The CAD refers earth
as digital cube where as GIS refers as digital world. The
database management system existing in CAD but it is
limited to non-spatial data. So many visualization sys-
tems are there which concentrate on different views and
projections. Mainly they all lack in database support and
spatial analysis tools.

5. Importance of Database in GIS

What actually needed for information system is database
to implement. Being GIS is a special kind of information
system also requires database which should integrate spa-
tial as well as non-spatial data. The GIS database contains
data about spatial features, activities or events which is
described by means of points, lines or polygons (areas/sur-
faces). GIS manipulate queries on these kinds of data and
retrieve spatial information. A decision making system
is achieved with set of automated functions. Information
system is a management of data for sharing between peo-
ple by adopting latest technology in data maintenance
and communication network. The main two types of GIS
are spatial and non-spatial data (attribute data). The spa-
tial data describes location of a geographic feature in the
form of coordinates and projections. The attribute data
describes properties of spatial entity and characteristics of
spatial feature and not deal with location information so
called non-spatial data. To distinguish the two the loca-
tion of a city is spatial data whereas coverage, pattern of
roads, number of buildings etc. are non-spatial data. GIS
identifies quick patterns and able to answer challenging
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questions. In urban growth plans and policies various
changes and patterns can be observed to suggest growth
models. To do so the integration of remote sensing data
and GIS techniques is supportable and Shannon’s entropy
model helps to identify urban sprawl®.

6. Research Scope in GIS
Database System

The Oracle and ESRI® are the leading industry which
deals with spatial database management systems. The
Oracle helps to cover the nature and properties of spatial
data with new set of data types. The Environmental System
Research Institute (ESRI) is an international software
industry which provides training, support and services for
geographical information system. It is a supplier of wide
variety of software products such as ArcGIS, ArcView,
ArcGISServer, ArcIMS, ArcSDE, ArcGISMobile, ArcPad
to fulfil different requirements. The ESRI* is a geo tech-
nology developed by adopting young technologies such as
Cloud computing, BigData analytics etc., in computing.
The Geo Spatial Design civilizes the Geo visualization and
Geo analytics by easy and flexible integration of the above
mentioned computing technologies. The open source
softwares such as PostgreSQL, MySQL, Cassandra and
MongoDB contribute their roles in spatial data develop-
ment and management. The Cloud computing* provides
a platform for data storage and computation in ubiquitous
manner. The availability of Internet made this technology
a successful one. Its usage various from simple mail ser-
vices to Google map with Flickr. The ESRI tools are made
available in online by using this cloud services. By doing
so the mapping services such as creation, interactivity and
sharing are possible without any limits.

The representation of geographical location and
dimension of things with 3S (RS, GPS, GIS) technology
is used for spatial modelling®. The data gathered from
Internet of Things is processed and managed which
improves data intelligence with analysis and mining.

The uncertainty issues in data set decreases the per-
formance of clustering large data set and quality can be
improved by using Voroni, Mahalanobis and Clara tech-
nique or by combining all the three together*. The SOA
(Service Oriented Architecture) supports for monitoring
and managing information from utility networks (elec-
tricity, sewage, water, gas, communication networks etc).
BigData capable of handling large set of disparate data®
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especially raster data set which is a challenging task. The
storage of large geographical data set of past and future
is not only the issue but integration and management of
diverse information is also handled by Hadoop file sys-
tem. It supports rapid retrieval and provides hope for
interactive processing as well as analysis of large volumes
of satellite data.

Usually GIS application is preferable for public
administration, urban planning and larger organization.
Its application may even be extended to various types of
building with large landscapes and amenities. The inte-
gration of spatial and non-spatial data of a building leads
to a smart building. The combination of buildings with
landscape structure leads to a smart city which can be
further extended to country and world (refer Figure 6).
The types of buildings with large landscapes (wiki) with
its examples are illustrated in the figure 7. GIS is a major
keyword for smart city projects. So, every private and
public institution starts adopting GIS standards in the
management system which make smart city projects easy
and worthy one.

The BIM (Building Information Model) standards
are incorporated into management system which pro-
vides structured data and information. The integration of
BIM and GIS plays a considerable role for the develop-
ment of smart projects for an initial building level. The
size of BIM increased drastically every year in terms of
Terabytes by extending so many Infrastructure model. So,
BigData analytics® may be the preferable option for stor-
age and management of building information in terms
of Terabytes. The detailed description of landscape along
with buildings can be useful for next level like smart city
projects.

.smart World
.smart

Countries

. smart
Cities
.smart

Landscapes

® smart
Buildings

Figure 6. Formation of smart World.
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Figure 7. Research scope in types of buildings.
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The GIS based models can be created for each specific
types of building which describes both indoor (BIM) and
outdoor views (GIS). This kind of database management
of both spatial and non spatial data creates a new platform
for further research scope in knowledge reasoning and
discovery as well as in data mining to identifying pattern
trends. A semi structured multidimensional model can
be incorporated with the database system to provide vari-
ous web and mobile oriented services. The architectural
diagram to create such model and database management
system is described in Figure 8.

The sources of GIS data may be non-spatial data of a
spatial location, geographic features described on a the-
matic map, remote sensing of satellite or aerial images,
shape and dimension of CAD data, GPS coordinates,
survey measurements of boundaries, surface modelling,
utility and transport system etc. The integration of these
data and migration are possible with data conversion tools
and collected in dataware house. The integration of BIM
with GIS is solved with so many preferable solutions. The
main issue is the mapping of IFC (Industry Foundation
Class) with CityGML (City Geography Markup Language)
is a challenging and critical task. The one to one mapping
of integration is not at all possible because in CityGML
four LODs (Level of Details) are there. A user perspective
simplified surface model* could be generated which is
easier to load and process building information on GIS.

Once the data becomes ready it’s an initial way to con-
struct a structured data model which used to understand
what the problem is. GIS data modelling is a needy way to
“think spatially”. It helps to represent our world in a GIS. The
functional patterns that are visible in geographic space are
identified and spatial relationships between them. As always
a structure is helpful to combine them together and drive

Indian Journal of Science and Technology | 5 -



Research Directions on GIS Database Design and Management

Data Sources

Administrative Boundary
*  Field Survey
e Blue Print

Network Infrastructure

®  Aerial Photography

BigData Analytics

Spatial Dataware House

Integration of
Heterogeneous
Data

ETL Tool

® Raster model

*  Vector model

Building Infrastructure
e BIM
e CAD
Other Files / Documents.

e Structured
* Non-Structured

Spatial Data

Semi Structured
Multidimensional Data Model

Usecase Representation:

e land and Resocurce
Management

* Facilities and Utilities
Management

s Property Planning

* Green Space
Management

* Location Based Services

e Disaster / Risk
Management

& Environmental
Meonitoring

Software Tools Outcome

*  Web services
*  Mobile services

Spatial DBMS

Spatial Database Schema

Spatial Querying and Indexing

Figure 8. GIS database
(architecture).

design and management

meaningful models. The major objective of the GIS model-
ling is to study and understand the phenomena of spatial
objects in the real world. Its purpose is to represent mean-
ingful features, events and processes in geographical space.
Moreover, it could be split into several layers such as land
and resource management, facilities and utilities (energy
saving) management, property planning, green space man-
agement, transportation network, disaster management
and environmental monitoring. The formal model estab-
lished with CASE tools” decreases complexity and increases
flexibility as well as extensibility. Using this GIS modelling
the generation of spatial database schema is easier to build
which in turn helps to develop spatial databases.

Spatial databases are used in a wide variety of real
word applications. The main purpose is to manage and
integrate spatial and non spatial data. The GIS data can be
uniformly stored, managed and accessed in a centralized
manner. The main advantage of this spatial data manage-
ment is to leverage spatial information more effectively.
The way of GIS storage is in the form of vector and raster
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data. The vector data is stored as thematic layers of feature
classes. In vector data the feature class is the collection
of geographic features in the form of geometric types
like point, line and polygon, attributes (non spatial) and
coordinate positions. The feature data set is a collection of
feature classes and to define relationships between them.
The raster data is stored as its own thematic layer and
multiple raster images are grouped as a raster catalogue.

The spatial query is a statement or logical expression that
identifies geographic features based on a location or its rela-
tionship. As spatial database is a representation of points,
lines or polygons, the spatial query might answer which
points are contained within a polygon or set of polygons.
They are also capable of answering features within a speci-
fied distance of an object or adjacent object’s features. There
are three main categories for spatial queries based on spatial
relationship takes place between various features and they
are direction, distance and topology. The first one deals with
orientation of features and next one asks features within a
specified distance of others. The last one queries about geo-
metric features of spatial objects and how it related spatially.
There are two forms in distance query that are nearest neigh-
bour queries (kNN) and range queries. The range queries®
inquire for certain objects within a predictable distance. The
coverage of the interested objects is identified by forming
regions (as polygons) and finding centroids.

The GPS technology led to the plenty of applications
impacting every aspect of recent trendy life style. It is an
essential element for road networks to carry through geo-
positioning.

In k-Nearest Neighbour®, the Spatial Keyword Query
(SQK) enhances the road network proximity and rel-
evance objects identification and at the same time filters
out the unqualified objects efficiently. The spatial query
types and examples are formulated in the Table 1.

The spatial indexing is a mandatory technique required
to perform efficient spatial query processing. Actually the
main objective is to speed up the query process. The data
structure which is more prominent to optimize spatial
queries is tree structure. The proficiency® of indexing is
evaluated based on the size, answering capability and effi-
ciency in time taken to construct.

7. Back Bone of Geo-Database
Development

The primary and indispensable step of Geo-Database is
‘modelling’ The term ‘spatial modelling’ is quite common
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Table 1.  Spatial queries with examples

) System
Spatial Query Example Queries Storage
Types
» What cities are east of Chennai? LDgical
» Which cities are south of Cauvery
Direction origin? Phase
« From which directions birds arrive to Conceptu al
vedanthangal? Phase
» How many cities are there within 10 km
of seashore? GIS Data
Distance » How far is it from Chennai to Trichy? F
» How far apart are all the earthquakes ramework
with magnitude of 7 or greater?
« Do any two lines share boundaries?
« Is any point contained within any
Topology polygon?
o Is any line cross other?

Figure 9. Modulating GIS data framework.

in different application areas. So it is highlighted as ‘Geo-
spatial modelling’ which is focused on geographical data.

Table 2. Object oriented feat ith benefit
The pieces of data modelling, structures and its applica- e Ject otieiried feattires with benerts

tions comprise the GIS environment. Initially, spatial data ObJ';Ct Oriented Benefits with GIS terms
is structured and modelled without temporal information. eatures
Once the implementation is succeeded it can be extended The spatial data (geometric plus

thematic) and operations are
encapsulated to represent the state of a
spatial object and its behaviour.

with temporal details. The GIS data framework is com- Encapsulation
prised of three approaches namely conceptual, logical and
system storage® which are illustrated in Figure 9.

The first one deal with design phase (i.e. modelling)

and the next one deal with implementation phase. The It maintains parent - child relationship

and its main advantage is reusability

which is more important for spatial
features.

Classification  |The abstract definition of a spatial object.

final stage represents the system internal storage and Inheritance
access. The data elements in the data model are integrated
one from different data sources which is mentioned earlier.
Next the relationships among them and rules and opera-
tion on these data are to be defined. There are different hierarchal order as a general class.
data model representations such as relational, network, o Among these the classes having unique
. . . Generalization and ;
hierarchal models, object oriented etc. Among these mod- Specializati features other than common is term
pecialization

els mentioned the object oriented data model* illustrates as specialization. Example: ‘Highway
road’ and ‘Subway road’ are considered

as a general Road and the reverse is
considered as specialization.

The classes having common properties
and behaviours are organized in a

the real world entities clear and flexible. The main advan-
tages are extensible and reusable and its benefits are list
in the Table 2. Because the GIS data is dynamic in nature
these advantages make the GIS framework stronger.

The collection of many other objects
and it may be homogeneous or

The spatial data infrastructure provides a framework Association heterogeneous. Its special form is
for the generation, implementation, maintenance and dis- aggregation and restricted form is
tribution of geographical information at national or global composition.
level. The entire basic structure is changed into spatial The list of objects which make up an
infrastructure as a development of GIS trends. The neces- A . object is termed as aggregation. Example:

ggregation

sary tool to implement spatial data infrastructure that is A city’ is made up of other objects as
roads, buildings and trading centres.

described above is illustrated in a table in Figure 10.
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GIS Formation Tools Required

Conversion of Raster Model to
Network Model

Integration of BIM with GIS

PostGIS/ ArcGIS

Talend ETL Tool

BigData Analytics Hadoop

Spatial Data Modelling

CASE Tools (UML)

Spatial DBMS PostGIS / Oracle Spatial

Figure 10. GIS formation and its tools requirement.

8. Case Studies for GIS

The residential apartments and military services are
two different extreme end applications. The GIS plays
an important and inseparable role in these two fields.
Nowadays the residential apartments are attracted with
so many good and sophisticated services. So GIS manage-
ment and services may gain good impact on real estates.
As a case study, take up the information system for a well
equipped apartment with various amenities. It views geo-
graphical layouts and physical data as two different forms.
The aim of GIS is to make different sources of data as a
unified system. The group of homogeneous features are

grouped as GIS layer. This layer represents map struc-
ture and various utilities such as buildings, road network,
water supply, sewage, phone supply, etc. The integration as
a single system capable of achieving functionalities such
as construction, green space management, route layout,
entrance of a block and lift, reconstruction suggestions,
wi-fi or surveillance camera foot coverage etc. The spa-
tial queries such as inner and outer queries and location
of external amenities such as swimming pool, party hall,
ATM centre, etc. can also be carried out.

In the case of military services, the GIS implementa-
tion is vital one to manage information under one roof.
The different categories of buildings in military services
are castle, barracks, arsenal etc. The castle is a large
building covered with thick compounded wall which
withstands against attacks. The barracks are nothing but
group of residential building of soldiers. The arsenal is
a place where collection of weapons and equipment are
stored. The entire geographical information system can
be organized and managed efficiently by GIS. It solves
the existing complexity and structural issues. The alter-
nate suggestions can be provided for inadequate of space
to house soldiers, security to the arsenals and castle by
monitoring and route map for pedestrians, cycling or
vehicular circulation.
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9. Conclusion

In this proposed GIS data framework BIM and BigData
are acting together to develop a GIS database to automate
answering of indoor as well as outdoor queries. The GIS,
BIM and BigData are the key ideologies which draw spe-
cial attention in research of database. In future, algorithms
and techniques can be derived to enhance identification
and extraction of data from BIM to handle indoor que-
ries. Moreover, research can be narrowed down to design
a system to a dedicated application for sophistication. It
opens new avenue for numberless research in spatial data
processing, management, mining and analysis.
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