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Geometrical Spatial Integration Model  

for Geo-Information Management
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Geospatial information systems provide avenues to fulfill users’ quest for both absolute 
and relative locations of features/objects. To achieve this, the users need to have access 
to different geospatial data sets from various sources. This calls for integration of data 
from different geospatial sources. But, there are shortcomings as different data sets 
may not map exactly onto one another, one of reasons being the difference in features’ 
geometry. This paper presents a conceptual model for geospatial data integration that 
can identify and measure differences and adjust spatial geometries of geospatial features 
to form meaningful objects which can be used for geo-spatial analysis, modeling, and 
easy geo-information management.

1. Introduction
Geospatial information systems especially Geographical Information Systems 
(GIS) have enabled users to analyze, model, and visualize geospatial (space and 
earth related) data. This has made GIS a useful media for exchange of geo-spatial 
information among individuals and organizations and a basis (both as science and 
tool) for space and location based decision-making.

However, it takes a lot of time, effort, resources, and skills to create and store 
geo-spatial data and because of that, in most situations many practitioners do not 
have all the data they need in one database (FGDC, 2007). To meet this need, 
many individuals and organizations use geo-spatial data from different sources. 
This has made geo-spatial data integration difficult to ignore as there is need to 
take advantage of different spatial data in different locations to reduce on the cost 
and time involved in data production.

Geospatial data integration is not straight forward as these data sets are collected 
by many individuals/organizations and sometimes using different methods, 
standards, data models, and information technologies. As result, the data may vary 
in spatial geometries causing heterogeneity, which can be zonal/horizontal or 
layered/vertical fragmentation (Kampshoff, 2006). In this paper, we handle zonal 
heterogeneity which is a result of geometrical difference in thematically similar 
data sets that can be evidenced by incomplete or inaccurate mapping of the data 
sets.

This paper looks at the need for geospatial data integration which motivates 
investigation into the different data integration approaches, spatial representation, 
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geometrical integration and their limitations. We use the outcomes of that research 
to triangulate different methods as we move towards designing specifications for 
a Geometrical Spatial Integration Model (GSIM). We end this paper by a look at 
proposed future work and conclusion.

2. The Need for Geo-spatial Data Integration
Currently, we are seeing developments in technologies which are creating services 
which need geospatial data comparison (Najar et al., 2006) and integration (Sester 
et al., 2007). This is evident with increased geo-spatial developments like Google 
Earth,  Microsoft’s MapPoint.Net, Oracle Locator and Spatial, and ESRI’s ArcGIS; 
new platforms, vendors, users, and conferences and publications on location-
based services (Zhao and Motorola, 2002), (Chang et al., 2007), (Sester et al., 2007), 
(Busgeeth and Rivett, 2004). These developments and changes although seemingly 
diverse, are related as they all use and take advantage of the geospatial information 
available (Sagayaraj et al., 2006). That is why we are seeing increased importance 
of location in information systems and services (Strader et al., 2004).

Increasingly, technologies like the Internet, web services, image capture and 
communication, low cost spatial data collection tools, grid computing power, and 
On-Line Transaction Processing (OLTP) application (Skog, 1998), (Sharma, 2005), 
(Sohir, 2005) among others utilize geo-spatial data. In the process, technologies are 
positively influencing the need for spatial data integration.

The need for geospatial integration is further fuelled by Location Based 
Services and Location-Tracking trends; for example in the United States the move 
to location-aware mobile phones have been driven by the federal government’s 
enhanced 911(E911) mandate (FCC, 2006). Also, researchers are experimenting 
with ideas such as leaving messages for other people attached to certain places, all 
enabled by on-line location services (Sharpe, 2002). All these examples underline 
the emergent need for geospatial data integration to improve on sharing and 
information management (Shi and Yeh, 1999).

Further use of geospatial data and need for integration can be seen in 
Enterprise Location Services and Software (ELSS); which concern the use of 
location-specific information within information systems. Several technologies 
combine to make ELSS including the Service-Oriented Architectures (SOA) and 
the automated location determination technologies like GPS, cellular networks, 
and radio frequency. Also, spatially-enabled IT Infrastructure, Open Standards 
like Geographical Markup language (GML), Spatial Data infrastructures (SDI), 
3G System (Zhao and Motorola, 2002), etc are becoming very common (Sharma, 
2005, Sohir, 2005). 

All these technologies provide avenues for sharing geo-information from 
different sources. But for many organizations, integration is still a major challenge 
in GIS projects.
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3. Data Integration Approaches
The need for integration arise from the nature of geo-spatial data and information 
- huge data sets, different formats, and the need to share information between 
organizations and individuals (Evans, 1997), (Erdi and Sava, 2005). However, most 
data sources, databases and information systems are not designed for integration. 
Thus, whenever integrated access to different source systems is desired, the 
sources and their data that do not fit together have to be coalesced using additional 
adaptation and reconciliation functionality. The goal is always to provide a 
homogeneous, unified view on data from different sources. 

Integration tasks may depend on various factors such as those (Ziegler and 
Dittrich, 2004) list: “the architectural view of system; the content and functionality 
of the component systems; the kind of information that is managed by component 
systems (spatial data, alphanumeric data, multimedia data; structured, semi-
structured, unstructured data); requirements concerning autonomy of component 
systems; intended use of the integrated system (read-only or write access); 
performance requirements; the available resources (time, money, human resources, 
know-how, etc.); and the source and type of method used to collect the data”.

Additionally, several kinds of heterogeneity typically have to be considered. 
These include differences in (i) hardware and operating systems, (ii) data management 
software, (iii) data models, schemas, and data semantics, (iv) middleware, (v) user 
interfaces, and (vi) business rules and integrity constraints (Ziegler and Dittrich, 
2004).

Different researchers ( (Ziegler and Dittrich, 2004), (Nebert, 2003), (Sohir, 
2005), (Musinguzi et al., 2004), (Evans, 1997), (Nebert, 2003), (Erdi and Sava, 
2005), (Kilpelainen, 1997), (Friis-Christensen et al., 2005), (Skog, 1998), (Sharma, 
2005), (Sester et al., 2007), and (Bell, 2005), and so on ) present different ways of 
addressing the integration problem which can be done at presented system layers, 
data storage, open systems, and setting sharing channels. These include:-

Manual	 Integration: users directly interact with all relevant information 
systems and manually integrate selected data. The users have to deal with different 
user interfaces and query languages that require detailed knowledge on location of 
data, logical data representation, and data semantics.

Peer-to-peer (P2P) Integration: a decentralized approach to integration 
between distributed and autonomous peers where data can be mutually shared 
and integrated. P2P integration constitutes, depending on the provided integration 
functionality, either a uniform data access approach or a data access interface for 
subsequent manual or application-based integration.

Common User Interface: user is supplied with a common user interface (e.g. 
web browser) that provides a uniform look and feel when accessing data from 
different relevant information systems. System are separated but homogenization 
and integration of data is done by the tools like search engines.
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Integration by Applications: integration applications access various data 
sources and return integrated results to the user. This is mostly suitable for systems 
with a few components since applications become many as the number of system 
interfaces and data formats to homogenize and integrate grows. Examples include 
workflow management systems that allow implementation of business processes 
where each single step is executed by a different application.

Integration by Middleware: Middleware provides reusable functionality 
that is generally used to solve dedicated aspects of the integration problem e.g. 
SQL-middleware. Applications are needed in the form of middleware tools and 
are usually combined to build integrated systems and they are relieved from 
implementing common integration functionality.

Uniform Data Access: logical integration of data is accomplished at the data 
access level. Global applications are provided with a unified global view of 
physically distributed data, though only virtual data is available on this level. 
However, global provision of physically integrated data can be time-consuming 
since data access, homogenization, and integration have to be done at runtime. 
Examples include mediated query systems, portals for Internet/intranet, federated 
database systems, etc. 

Open systems: geospatial data integration is done using distributed models that 
are based on open systems technologies like OpenGIS, XML, GML, etc.

Geo-information Sharing Infrastructures: communities agree on how to share 
data like SDI, Geospatial Data Clearinghouse, Proprietary protocols, GIS-network 
integration, CRUD matrix (which stands for Create, Read, Update, and Delete) 
where modeling tool is used in data-oriented methodologies to show processes 
and their associated data. CRUD is a spatial data integration approach based on 
comparing organizations spatial data in a matrix. It shows data sets on the vertical 
axis and their associated departments or users on the horizontal axis. The matrix 
provides information on data ownership, maintenance, use, and geographical 
distribution.

Common Data Storage: Here, physical data integration is performed by 
transferring data to new data storage; local sources can either be retired or remain 
operational. This approach provides fast data access. Examples include federated 
database systems, data warehouses (data from several operational sources like 
OLTP are extracted, transformed, and loaded (ETL)), storing geo-data with 
varying standards in same geodatabase using multiple representation, and attribute 
versioning.

However, these approaches do not meet all the requirements, as some times, 
there is need to change and adjust geometries of spatial features (Peng, 2005), 
so that data with varying geometries can fit exactly on each other to allow the 
process of integration to succeed. Thus, in this paper we base our approach on 
common data storage to develop a conceptual GSIM. The model is to support the 
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determination of differences between the geometries of geo-spatial datasets; then 
to adjust these geometries so that data can be integrated before they are adapted/
adopted in sharing avenues and used in spatial analysis and modeling.

4. Spatial Representation and Geometrical Integration
Geo-Spatial data is data that occupies cartographic (map-able) space that usually 
has specific location according to some geographic referencing system (e.g. x-y) or 
address. This data is represented using two major data structure: raster and vector, 
which help to store spatial characteristics of features. Vector data are based on 
features and have x and y coordinates. Raster data are based on pixels, with a grid 
like system of rows and columns (Burrough, 1986), (Nievergelt and Widmayer, 
2006).

In developing GSIM, our focus is vector data. Vectors are scalable drawings 
created from mathematical calculations and stored in the computer as mathematically 
defined geometrical primitives (points, lines/curves, and polygons) making them 
easy to create and edit. Vectors can be reduced and enlarged with little loss of 
quality because the equations can easily be recalculated at new scales (Chrisman, 
1997).

A geometrical point is a one-dimensional feature (has length only and no 
width). It is a spot (location) that has no physical or actual spatial dimension. 
Points indicate specific location of features, which are usually not shown in true 
size, especially for things that are too small to depict properly at a given scale. 
Points also show location of intangible (non physical entities) features e.g. address 
or location of occurrence like traffic accidents. A lines has a beginning and an end 
and are linear features; either real (e.g. road) or administrative (e.g. boundary). 
Sometimes the thickness of the line indicates a measure (such as amount of traffic 
on a road) or type of road (such as primary verses secondary). A polygon is an 
enclosed area, a two dimensional feature with at least 3 sides (and therefore with 
an inside area  and perimeter) e.g. plot of land - (Burrough, 1986).

Spatial objects can be grouped into layers, also called overlays, coverages, or 
themes. One layer may represent a single entity type or a group of conceptually 
related entity types e.g. a layer may have only river or may have rivers, lakes, 
and swamps. Options depend on the system as well as the database model and 
some spatial databases have been built by combining all entities into one layer 
(Goodchild, 1992).

Elements of reality modeled in a GIS database have identities: (i) the element in 
reality – entity “a phenomenon of interest in reality that is not further subdivided 
into phenomena of the same kind”, (ii) the element as it is represented in the 
database – object “a digital representation of all or part of an entity”, and (iii) a 
third identity important in cartographic applications, namely the symbol that is 
used to depict the object/entity as a feature on a map or other graphic display  
(Tomlin, 1990).
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Geometrical integration incorporates schema integration and solving semantic 
conflicts of the datasets (Kampshoff, 2005). The interest here is the schema 
integration at the model level as the spatial feature can be broken into primitives 
(such as point, line/arc, and polygon). The primitives are expected to be the same 
for similar thematic datasets (datasets representing the same feature), but it is not 
always the case. In some situations, we have spatial geometrical heterogeneity 
existing which can be zonal/horizontal or layered/vertical fragmentation 
(Kampshoff, 2005).

Zonal heterogeneity is the result of capturing thematically similar data 
independently by different individuals with no common framework being 
followed. Examples of problems include:- same points with varying coordinates, 
arcs which are supposed to be the same intersecting, neighboring areas overlapping 
each other, etc. These lead to geometrical and topological inconsistencies like 
creating sliver polygons, dangling arcs and nodes. Layer fragmentation occurs 
when a base-layer on which the integrated multi-layer datasets depend is replaced 
by an updated version but the rest of the new layers are collected using the old one. 
This is termed as systematic tessellation (Masuyama, 2006) which is the difference 
due to use of different geodetic models when capturing layers.

In this research, we look at zonal heterogeneity, where the differences have to be 
determined and adjusted in order to have physical data integration at layer levels. 
(Casado, 2006) and (Kampshoff, 2005) present several approaches to geometrical 
integration which include:- 

Similarity or Helmert Transformation approach which deal with whole layer 
being treated as solid image where the geometry adjustment is done to change the 
whole layer. Although the angles between features are preserved, the distances are 
not. This approach is not applicable in our situation as we do not consider layer as 
one solid object but we are interested in changing the geometry of a single element 
on the layer.

Affine Transformations approach to geometrical correction preserve neither 
distances nor angles although it can change the geometrical of the whole layer. 
Again this approach can not accomplish our need of just adjusting specific 
features.

Rubber sheeting method allows local distortions and preserves topological 
properties by distributing random errors through out the data set. This is good 
to overcome the problem of having other feature to appear more changed than 
others, but it is not an individual feature change method and can not directly be 
applied to change the shape of specific primitive as it will distribute the error to 
others which do not have any problem.

Complex Conformal Mapping approach preserve angles and multiplies the 
length of short segments by a certain factor as it tries to keep the features on the 
layer undistorted. This approach is for whole layers and may not be applied to a 
single element of the layer’s geometry.
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Other geometric correction algorithms like one developed by (Lee et al., 2002) 
are for satellite image correction as the parameters considered in the correction are 
instrument characteristics, the satellite motion, earth rotation, terrain effects, and 
the ground control points (GCP) which are not applicable in vector GIS.

Stochastical geometrical integration tries to balance the geometrical error 
available in the layer and in the process does not reproduce the values for data 
points as the random error is filtered in these locations.

Deterministic geometrical integration models can be applied when the random 
error is of negligible magnitude. That means that if the separation between features 
is very big, this approach can not be applied.

Kampshoff (2005) combines the last two approaches to come up with an 
improved geometrical integration model. Since this approach needs several points 
from a true map which have known coordinates in order to carry out adjustment, 
it can not be applied in our situation where we may need only to move a feature 
without using known points as they are may not available .

5. Triangulation of Methods For GSIM
For established fields of science like Information Systems (IS), academicians often 
take different approaches in order to solve different problems, and expand on the 
researches. There are many reasons for this including (King and Lyytinen, 2005), 
(Benbasat and Zmud, 1999), (Niehaves, 2005), (Wangler and Backlund, 2005), (Erdi 
and Sava, 2005), (Aronson, 1998), (Bernard et al., 2003), (Mingers, 2001) : - 

a. The need to achieve a relation between IS and other fields.
b. Different approaches have been used by researchers as it gives them the 

opportunity to be creative.
c. The question of whether existing research approaches provide a suitable 

basis to start new research.
d. New researchers in IS with little or no knowledge about IS research 

approaches and paradigms end up creating new approaches. 
e. The rapid change in Information Technology (IT) has led IS researchers to 

adopt or create new approaches which can cope with IT changes.
f. The changing needs of users such as the use of geo-spatial/location data in 

many IS
g. The emergence of open standards has forced researchers to change 

approaches.
Diverse academic disciplines, approaches, and research communities contribute 
to IS research (Niehaves, 2005). It is against this background of diversity that we 
develop GSIM using multi-methods so that it can benefit from such a variety of 
approaches and contributions. In the process, it helps us to see IS-related phenomena 
from different points of view (Mingers, 2001), (Weber, 2004), thus eventually 
benefitting the GSIM development. Among the issues that we considered was 
to develop GSIM using different approaches/paradigms basing on independent 
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components/units/object/sub-models, which can function both as stand alone or 
integrated with others to accomplish a task.

This means that GSIM is not tied to one format (Bernard et al., 2003) and 
changes are implemented by modifying specific component concerned. Emphasis 
will be placed on developing the GSIM that can be implemented using messaging, 
UML, GML, and XML manipulation for identifying data components and 
trigging different units/objects. The development of the GSIM will  also utilize 
spatial validation, spatial matching, spatial interpretation, reverse engineering, 
and system thinking (Aronson, 1998), and GIS spatial functions such as overlay, 
merge, connectivity, neighborhood, and operations.

6. Specifications and Design of GSIM
Assume a user has two geo-spatial data sets from different sources and s/he is 
interested in using the two data sets, thus s/he has to integrate the two data 
sets. Several issues may emerge that need to be considered during the design of 
GSIM:- 

a) geo-spatial data may contain bias e.g. some features being over emphasized 
and some under represented

b) different data sets representing the same entity may extend over a different 
area

c) data sets may just be incomplete i.e. do not have all the required elements 
for certain analysis and modeling to be meaningful

d) sources may contain closely related and overlapping data
e) data may be stored in multiple data models and schemas
f) topology requirements like overlap, containment, connections, and 

adjacency may be missing  
g) data sources may be having differing query processing capabilities

Questions we asked ourselves in order to define a problem that formed the basis 
for designing GSIM were: - a) When are two spatial data sets different? b) Is the 
difference due to geometry? c) Which of the data sets is correct or better? d) 
What parameters of geometry are different? e) Can the geometrical parameter be 
changed? f) How much of the difference is due to geometrical difference? g) How 
can geometrical parameters be adjusted? h) How can a combined spatial geometry 
be built? i) How can data sets be combined?

The above questions were filtered to get the specific components of GSIM 
(see Figure 1): spatial scaling, spatial data matching, best spatial data set, spatial 
components identification, geometrical spatial difference, geometrical spatial 
adjustment, geometrical spatial builder, topology creation, and final model 
development.
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Fig 1:  Geometrical Spatial Integration Model Components

Spatial Scaling

Two data sets are checked to see if they occupy the same aerial extent, if not the 
data sets are adjusted so that they occupy the same area. This may involve a change 
of scale because of shrinkage or enlargement of a particular data set. If data sets 
representing the same area have different scales, then scale change has to be done 
so that the data sets cover the same area extent. The intension here is not to handle 
whole scale of the data within the object although scale change can take place so 
that the datasets cover the same area extent. The scale change, which is handled 
by the GSIM, affects individual geometries of the spatial elements for example 
changing the shape of polygon say a plot of land. 

Spatial Data Matching

The main purpose for this object is to determine if two spatial data sets are 
different and if the difference is due to geometry. Here, we also determine which 
geometrical parameters are causing the difference.  This involves spatial object 
matching to predict errors due to inexact matching, which end up producing for 
example sliver lines/polygons.

We employ the ideas of spatial data matching and spatial interpretation in 
determining the spatial data sets with similar geographies and comparing spatial 
data sets at object level, will take advantage of the computational model developed 
by (Masuyama, 2006) . The end product at this level is an algorithm that can 
determine spatial geometry differences and identify which components of the 
geometry are causing the mismatch. The main considerations are scale, resolution, 
and actual errors in a data set. 
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Best Spatial Data Set

This compares different data sets using known data sets (especially base data set) 
or known controls. The purpose is to identify correct data sets or to assess which 
data sets should be used as the basis and whose integration parameters will be used 
during adjustment. 

Spatial Component Identification

As the various components of geo-spatial data sets have to be handled differently 
during special adjustment, the role of this component is to breakdown the different 
primary component of the data set into individual layers i.e. point layer, ploylines 
layer, and polygon layer.

Geometrical Spatial Difference

This is used for geometrical quantitative difference determination. This involves 
the process of extracting the geo-data’s spatial geometry and determining the 
geometry relationships of components depending on the particular geo-data 
source.

Spatial validation is utilized to determine elements and is based on a) Logical 
cartographic consistency such as overlap, containment, adjacency, and connectivity, 
b) Closed polygons, c) One label for each polygon, d) No duplicate arcs and e) No 
overshoot arcs (dangles). GIS spatial functions like overlay, merge, connectivity, 
neighborhood, operations are also utilized to develop an algorithm for geometrical 
quantitative spatial difference determination. Current computational models 
which are based on geometric features like one suggested by (Masuyama, 2006) 
will be employed. 

The outcome this should be able to handle:-
• For line features, the whole line feature is picked at a time and comparison 

takes place in the following parameters:- length of the ploylines, location 
(using coordinates) of the nodes and vertices, overlap, number of nodes, 
thickness, and continuity (connectivity).

• For the point features, an imaginary fine grid is over laid on the two data sets 
so that the values in each grid can be compared. The grid size is according 
to the scale of the data set i.e. the grid square is determined by the scale 
at which the comparison is being done. The difference is determined and 
comparison in precision, resolution, and actual data values is done. If 
the difference is zero, we assume that the two cells are the same and if 
the resultant is not zero (could be positive or negative), then the two are 
different. 

• For polygons, whole polygons are compared, the shape, corner/edge 
coordinates, overlaps, label points, adjacency, containment, over size, 
under size, neighborhood, not closed, and does not have a label.
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Geospatial Ontology and Geometrical Spatial Adjustment

After identifying the components causing the differences and determining how 
much of the difference exist; this unit/object breaks down geometries of data 
to individual primitives (points, arcs and polygons). This is done as geometrical 
differences (not semantics differences as described by (Budak Arpinar et al., 2006)) 
within individual features among thematically similar data sets can still remain 
present even after overlaying and merging. So the adjustment should be done on 
the primary elements – the primitives of individual features.

This approach is being adopted as spatial data has been conceptually defined as 
geometric data consisting of points, arcs and polygons  (Lu et al., 2007) and these 
conceptual objects (geometric data) are used to represent GIS objects/features 
which should be robust and efficient in terms of storage, retrieval, processing and 
good graphical reconstructing.

However, to handle the different primitives at the same time brings in 
challenges in terms of requiring different algorithms to adjust the different 
primitives (Masuyama, 2006). This is so as it can be observed by taking a close 
look at the different primitives. It is evident they have different geometries and 
situation could be made simpler if only one type of primitive can be handled 
during geometry adjustment. In this research we look at disintegrating the lines/
arcs and polygons into points as a move towards providing only one primitive 
type (points) on which geometry adjustment can take place. 

Spatial validation and Spatial Reverse Engineering (SRE) are employed here to 
help in disintegrating geo-data from any source into primitive objects/elements. 
This is done by considering the strength and goals of SRE (i) to analyze a data 
set, (ii) to identify the data’s components, (iii) to identify the interrelationships 
of the data components, and (iv) to create representations of the data in another 
form or at a higher level of abstraction.  SRE helps to return to a less complex or 
more primitive state or stage of the spatial data geometry. The resultant algorithm 
has to accomplish geometrical point correction according to the geometrical 
spatial difference of features which could have comprised of ploylines, points and 
polygons.

Geometrical Spatial Builder

This unit/object looks at the different spatial primitives that have been adjusted 
and builds them into objects which have spatial meaning; these are later combined 
during topology creation and building.

Topology Creation and Building

As GIS data should have proper topology to enable users to carry out modeling and 
analysis, this unit/object combines the spatial objects generated using geometrical 
spatial builder into proper polygons, ploylines, and points and creates relationships 
between them to obtain meaningful spatial data sets.
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Final Model Development

This is the combining of data sets after the above units/objects have played their 
roles. After developing the different units, the resultant GSIM is achieved using 
an iterative process where the design rules for each possible sequence of the unit/
object are taken into consideration and deployed according to given user needs/
requirements. The resultant GSIM and also the different units/objects can be 
deployed using approaches like novel service retrieval  (Klein and Bernstein, 2004) 
that capture service semantics using process models and apply a pattern-matching 
algorithm to find the services with the behavior the user wants.

Model Validation and Evaluation 

To make sure the model can be utilized; GSIM will be evaluated with the help of 
topological requirements testing. This will be carried out both theoretically and 
experimentally using the following criteria: the maturity and capabilities of each 
object, whether or how well each object can be used in conjunction with others, 
and how the whole model can fulfill geometrical integration requirements. A goal-
based evaluation will be performed to decide if our goals are met. We will look 
for logical cartographic consistency involving testing for overlap, containment, 
adjacency and connectivity. This requires all polygons be closed, there be no 
duplicate arcs and no overshoot arcs (dangles) and only one label for each polygon, 
and so on. GIS spatial functions like overlay, merge, connectivity, neighborhood, 
and operations will also be utilized in testing.

7. Future Work
The conceptual GSIM will be implemented and tested to determine if it meets 
the need of the geospatial data integration.  We will examine how GSIM can take 
advantage of the expanding geo-technologies like GML. Subsequently we plan to 
investigate if it can be adapted and used in spatial analysis and modeling which can 
feed into sharing avenues like SDI and general go-information management.

8. Conclusion
The main function of geospatial information systems is to provide location specific 
information which is easy to understand and can be used in decision-making.  In 
this paper, we have presented a conceptual Geometrical Spatial Integration Model 
(GSIM) which when implemented can identify and compare differences and adjust 
geometries of primitives (points, lines, and polygons) so that they fit exactly to 
come up with complete and meaningful spatial features. With this model in place, 
geospatial practitioners may be able to identify sliver primitives and features 
in data sets which can be eliminated, making integration easier, and leading to 
increased use of different data sets created and kept by different individuals. This 
may facilitate natural resources managers/users access to geo-information, and 
lead to improved analysis and modeling results, reduced cost and time involved in 
geo-spatial data production, and informed location-based decision-making.
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