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ABSTRACT

Geospatial Information Systems help decision maker through its various spatial
analysis tools. The main component of any GIS project is data. It may cover more than 70%
of any GIS development processes. In order to increase the efficiency of data gathering,
database matching can be used. Matching datasets has also a remarkable role in the process of
data updating. The main objective of this paper is to design and implement a semiautomatic
system for matching two vector datasets. This paper introduces a new algorithm to find the
matching objects. The system is, then, able to transfer attribute information to the matched
object.

Feature matching or spatial object matching is often achieved by one of these
algorithms: Geometric matching, Topologic matching and Semantic matching. In this
research linear objects are evaluated using their geometric parameters such as lengths,
azimuths and a new parameter called "Enclosed polygons".In order to improve the matching
of point objects geometric parameters like distance and control points are introduced. The
matching efficiency is improved by defining a new topologic parameter called "guide
objects" for both linear and point objects matching.

In the real world, the human brain matches the relations first and then finds the
matching objects by comparing the relations. The objects which have more mutual relations
are probably the same. Using the concept of "guide objects" is actually simulating this
method. Whit this parameter it is possible to evaluate the topologic and geometric
characteristics of matching candidates in the same time. Using "guide objects" which guide
the human in the real world, is one of the most effective parts of this method.

To compare the relations between guide objects and main objects, a "comparison
matrix" was defined. Comparison matrix calculates and stores similarity degree between the
relations of target candidate objects. This matrix checks the similarity of all guide objects in
reference and target layers and then assigns a cost for each pair objects. The paper is
presenting several case studies in which the superiority of the algorithm is shown.
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1-Introduction

Spatial information, hardware, software, algorithms and expert human resources are
the five main components of a geospatial information system (GIS). Spatial information is



vitally important in spatial sciences since all the decisions are made based on such
information. Moreover, data production costs are mostly accounted for more than 60% of any
GIS project.

Even though, spatial data collection and maintenance are time consuming and very
costly, frequently the same objects are measured and stored in various data formats, different
data standards, and with diverse quality characteristics. The challenge was intensified by the
emergence of Internet. Spatial data integration can address the problem properly by taking the
characteristics of all the available data and using it for new applications.

Integrating various data sets faces several problems. The representation of similar
spatial objects with different geometrical properties such as location, and quality is perhaps
the most cited one. Figure 1 shows two different dataset from the same region.

In order to integrate a variety of spatial data sets, objects that represent the same
features in the real world must be identified. Matching is the process of finding
corresponding geometric objects in several data sets [1]. Matching algorithms are well known
in the field of computer vision. Many matching algorithms are reported in the literature.
Various accuracy and efficiency estimates are also claimed on certain data types by
practitioners [11, 12]. However, these methods were mostly addressed specialized problems
with limited reusability. Their matching performance drops dramatically as soon as the data
type or the test area changes. All approaches are based on similar concepts: from a set of
geometric entities, an object is searched which is most similar to the given feature. The more
detailed the description of the elements the easier the corresponding objects can be found. If
the level of similarity is derived from its shape, color, size, the approach is called feature
based matching [13].

In this paper a matching method for point and line objects is developed and
implemented in ArcGIS software. Related research works are reviewed and analyzed first.
Being characterized by introducing “Comparison Matrix” and “Guide layer”, the algorithm
has been successfully tested for two topographic datasets.

2-Related works

Matching algorithms finds their ways in Geospatial information systems first. The
attempt was made for:

o Integrating scattered datasets for a new application. The advantage is to improve
accuracy and reduce the costs of collecting data [7,11]

e  Multi-representation of objects. In this case spatial databases consist of several
geometrical elements with different scales from a single region. A correct and
appropriate connection between these datasets must be established to have a useful
multi-scale vision of the real world. Making this connection is possible through
matching the identical features [3]. Automatic cartographic generalization can be
improved using multi-representation.

e Uniformly present a database such that data updating can be done on other collections
[5].

e Sharing spatial data. The technique of datasets conflation with different conditions,
error elimination methods and also multi-data matching can ease up data [2].

e Integration is one of the great goals when digital databases have been collected and
set available. When the data are not integrated, using them is so complicated and
difficult while they are related to each other [7].



e LBS' applications. The most important data which LBS users deal with are spatial
data. The users of these systems need an integrated system for accessing to the spatial
data but in fact the real world of the spatial data has been divided into separated
sections and combining these sections is an important and vital task. The problem
would be remarkable if these separated sections have been saved from spatial data in
integrated and multi-databases. So, it should be noted that combining and integrating
data and subsequently matching features, are the important and initial principles of
working with spatial data in LBS [9].

Early matching algorithms were mainly focused on merging similar geometric
objects without the possibility of post processing the matching pairs [10]. Further
extensions were made to search for identical objects in two data sets and use them for an
exchange of attributes or for homogenizing geometry. The assumption behind these
approaches was the identity of data models. Matching algorithms were, then, extended to
address semantics heterogeneity of spatial data sets. Matching techniques of the later are
known as conflation [15]. With the assumption that one data set is captured to a higher
quality, the geometry of the data set with the lower quality is improved [13, 14]. Further
approaches of relational matching for photogrammetric tasks have been presented by
Haala and Vosselman (1992) and Zilberstein (1992). Mats Dunkars have worked on multi
representation based on the matching of two datasets. In his work a Unified Modeling
language (UML) for multiple representation dataset has been developed. A group of
candidates for matching are selected using Structured Query Language (SQL)
functionality [8]. Volz introduced several parameters to estimate the degree of
corresponding or consistency; respectively, between features is determined by evaluating
their topological and geometric consistency [10, 6].

| 3- Methodology Used

In all past researches, several parameters existed that the user should introduce the best
matching after evaluating all parameters and their results [4]. In this research, methods for
less-interference of human factor have been proposed. Some parameters define and some new
methods for evaluating them create. In this research, it has been tried to evaluate the features
cases with each other and the relations of features with the ones in the same layer and with
the existing features in other layers. The parameters divided in two main parts: 1- geometric
parameters and 2- guide layers or guide objects. The geometric parameters are defined for

| point and linear objects separately but the guide objects are same for them.

| 3-1- Geometric Parameters

As mentioned, a series of regulations and instructions is needed for matching and its
control so it would be possible to do matching by referring to them and setting special
conditions. So these regulations and instructions are defined in the form of parameters. In
fact, the defined parameters and also the process of matching are conditions which human's
mind pay attention and interferes them in his work unconsciously. Therefore, the cases which
features can have with each other are considered and extracted in the form of parameters.
Each parameter has a weight in process and finally after computing all of the parameters a
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weighted average calculates and then the parameters evaluate. In this research point and
linear matching approach have been developed.

e Point Features Matching Parameters

First of all for determine the candidate objects for matching from second dataset
(Reference dataset), a buffer drawn around of Target object. The size of buffer depends on
the type of features and the scale and user determines it. All features from second dataset
which are located in the buffer are candidates for matching at first time. The parameters
which are used for point features are as follow:

A. Distance

The distance between Target point and matching candidate features computes
(Figure 1). The feature which its distance is less is the more appropriate candidate feature
with analyzing the distance parameter. This is a simple and effective parameter. The
computed distances are normalized for enter in comparison matrix and they must be store
in a matrix for normalization computing. In the Py equation, The Di is the computed
distance for each candidate points which we call R; from the Target point. The (x, yr) is
the coordinate of Target point. The (Xri, yri) is the coordinate of candidate points. The
Dimax and Dpin are the maximum and minimum distance between Ri and the Target point.
The result of normalization function is a digit between (0, 1).
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E.q.1: The Normalization Equation for Distance Parameter

B. Using fixed control point

The point control (Cr) which user knows its exact matched point (Cg) in the second
dataset and is sure about its accuracy, is a very good parameter for evaluating the
candidate points of matching. In this research the control point are defined for point
objects (Figure 1). For evaluating and using this parameter, in first dataset the Target
point (T) connects to the control point and in the second dataset, each candidate R;
connects to the matched of control point (Cr). Then for each R;, the Length and direction
of two lines (T;Cr and R;;Cr) evaluate.
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Figure 1: Control point in Target Data Set and its Matched in Reference Data Set
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E.q. 2: Weighted average for control point parameter for each R;

Equation 2 shows the weighted average between length and azimuth differences for
control point parameter. The length difference and Horizontal Angle difference have its
own weights. @) and wp are the weights of length difference and the Horizontal Angle
difference.

¢ Linear Features Matching Parameters:

In order to evaluate linear features, parameters are introduced and used some of which
are seen in the past works. But the way of using their performance is presented in a new way
in this research. In addition guide objects have defined. The linear parameters have explained
in below:

A. Lines length:

This parameter is given value from the length difference of candidate and Target lines.
The less in this number, is the more appropriate candidate and saves. Similarly, these lengths
differences stores in a matrix. These measures must be normalized; the equation for this goal
is in follow (E.q.3):
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E.q. 3: The Normalization Equation for Line Length Differences

B. Line Angles:

Similarly the candidate who its horizontal angle’s is similar to the target horizontal
angel is the best candidate in the angle’s parameter. The angles are stored in a matrix and like
the other parameter this matrix normalizes. The result matrix name is N (1;). In the future the
way of using this matrix will explain. E.q. 4 is the normalization equation of Angle
differences in line objects.
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E.q. 4: The Normalization Equation for Angles

C. Comparison of Polygons:

By crossing the main line with the line which is drawn by connecting the first point and
the last point directly, some polygons are created both for Target and candidate lines
(Figure2). By comparison of both created polygons in both datasets, it is also possible to
compare the position and situation of Target and candidate lines with each other by
evaluating the geometry of the polygons. Comparing the polygons is done by difference of
three parameters: Number of polygons, Mean of areas and the Standard Deviation. In E.q. 5,
N is the Matrix of number of polygons, M is the Matrix of mean of areas and the 9 is the
Matrix of standard deviation.



Figure 2: The Enclosed Polygons Parameter in line feature

The value of each parameter stores in a list for determination the maximum and the minimum
of each parameter.
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E.q. 5: The Weighted Average Equation for Enclosed Polygon Parameter

3-2- Guide Objects:

Guide layers are in fact guide features which their relation (topology and geometry)
evaluate with the candidates and the Target object. Topologic relations between features are
applied in addition geometric parameters. Guide objects can be point, line, and polygon. The
methods of using guide objects are same for point and linear main objects. The only
difference is that the linear features have been converted into 3 points which represent each
line so that it would be easier.

A. Point Guide Object

For point guide objects distance differences and Horizontal Angle differences of the
lines which connect the guide point and the main objects have compared.

B. Line Guide Object

In this case similarly two buffer draw around target and each candidate point. The lines
which locate in the buffers are guide lines. We evaluate the only the part of lines which are in
the buffer. The result of this average of horizontal angle and line length's called the line guide
object’s result.

C. Polygon Guide Object

Polygon guide objects have 2 situations:
1- The small and many polygons
2- The large and less polygons.
In this research for both 1 and 2 situation propose algorithms separately. For small and
many polygons the gravity center of each polygon extracts as an indicator of each polygon
and for large and less ones the nodes of polygon extract as indicators of polygons. Similarly,



the length difference and the horizontal angle difference compute for each line which
connects the target point to the guide polygon’s gravity center in target data set and the
candidate point to the guide polygon’s gravity center in reference dataset. The result of
average shows the fitness of each candidate by the polygon guide object.

As said before the using way of guide objects for linear features are as below:
1- For each target and candidate line three points which are the indicators of each line extract.
2- The all process for guide objects is same for these three points. After calculating three
points’ behavior, an average compute and the result assigns to each line. Figure 14 shows the
extraction the three points of each line.

4- Comparison Matrix

With this matrix all guide features of T, R; are compared. Because there would be
several features adjacent to every R;, for each R; that is a matching candidate for T, there are
many features to compare each other. Therefore, it is possible to compare a couple of features
adjacent to R; with identical features adjacent to T with this matrix. The number of rows and
columns of this matrix is equal to the number of guide object for each R; and T (Figure 3),
more appropriate feature would be determine. Each parameter’s result store in a matrix and
each matrix normalized.
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Figure 3: The Steps of Extracting a result from Comparison Matrix



5- Implementation

In the map there are target and reference layers with their legend layers which play
guide objects role. Because of many steps of matching algorithm the all steps of process
haven’t shown and in the figure 4(a) the final result of matching have shown. After selecting
the target and reference layers and weights of each parameter, the process starts. In the last
part of algorithm, there is a table of target objects ID in first column and the candidate objects
ID from reference dataset which algorithm found for target objects and the fitness percent for
each target object in last column. Some candidate objects maybe assign to two or more
objects of target layer. For this case the final operation works which select the best pair of
matching and does the matching again while all target objects find the best matched object
from reference layer.

6- Conclusion

In this research, principles which used in vector matching algorithms were evaluated
and their advantages and disadvantages were discussed. Using of guide objects in this
research is very similar to spatial join in ArcGIS software. This algorithm is third join type
which can be called "Similarity join". This kind of join has two advantages. First is that in
using guide objects is based on similarity, position and distance but the spatial join in ArcGIS
only is based on distance. In ArcGIS the software searches based on distance and assign one
object from second layer and doesn’t any attention to similarity and topologic conditions.
Another advantage of developed algorithm in this research is that this method shows the
fitness percent. With this ability the user can understand of accuracy of matched pairs. For
the same target and reference layers the spatial join in ArcGIS finds 8 true matching pair for
17 objects and the similarity join (Developed in this paper) finds 13 true matching pair for 17
objects. The result of spatial join is 47% and the result of similarity join is 75%. The
comparing of 4(a) and 4(b) figures shows these results. Two algorithms have some common
result and both of them have some failed and incorrect results. The case study data is from
Tehran block in 1:25000 and 1:5000 scales which captured by two different organ.
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Figure 4: (a) The Final matching pairs, (b) The Results of Spatial join in ArcGIS
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