T. Ubeda and M. Egenhofer

Correcting Topological Errors

Advances in Spatial Databases--Fifth International Symposium on Large Spatial Databases, SSD "97, Berlin

M. Scholl and A. Voisard (eds.), Lecture Notes in Computer Science, Vol. 1262, Springer-Verlag, pp. 283-297, July 1997.

Topological Error Correcting in GIS

Thierry Ubeda
Laboratoire d’Ingénierie des Systemes d’Information
Institut National des Sciences Appliquées de Lyon
Bat 404, 20 avenue A. Einstein
69621 Villeurbanne Cedex - France
ubeda@if.insa-lyon.fr

and

Max J. Egenhofer
National Center for Geographic Information and Analysis
and
Department of Spatial Information Science and Engineering
Department of Computer Science,
University of Maine, Orono, ME 04469-5711, U.S.A.
max @spatial.maine.edu

Abstract

It is agreed upon that topological relations ore of great importance regarding to GIS data sets
consistency. A lot of errors that can be found in GIS data sets are coming from a lack of
knowledge about topological relations between the geographical objects stored in the database.
Consequently, topology can help to find errors in GIS data sets, and can help to correct them.

The topic of this paper is to present how topological relation can be used to detect and to correct
errors in GIS data sets. Such an approach required three parts : the definition of errors, how to
check the database and how to correct errors. This paper focus on the first and the third part.

Error will be described using topological integrity constraints. This method allowed one to define
the constraints that fit its own data set, and then allowed to take the semantics of data into account.
Correction will be made by applying transformations to the data. For each error, a set of possible
corrections will be compute and the end-user will have to choose the appropriate one.

1. Introduction

Spatial Analysis in GIS is often hindered by erroneous information among data sets. Answers to
spatial queries and spatial reasoning are then not reliable. Different kinds of spatial errors in GIS
data sets can be defined. Structuring errors, like non polygon closure and self-intersecting lines,
are coming from data structures. Two main origins can be drawn: the data structure is weak or the
data do not respect the data structure requirements. Semantics errors, like a road within a lake and a
building described as a line, are coming from the real world description. Such errors can not be
found without using the semantics of real world entities.

Structuring errors depend on data models and data structures of GIS (Geographical Information
Systems). Several attempts to define properties of geographical objects have been made (Ubeda &
Servigne 1996a and 1996b, Plumer 1996). The goal of those properties was to detect and to avoid
structuring erros. The list of properties defined in (Ubeda & Servigne 1996a and 1996b) is not
complete for all kinds of data models, but can be used as a starting point for most of data
structures. The list of properties given in (Plumer 1996) was complete for the data model he
studied, namely planar graph. It appears that a classification of data model in GIS is required to
design a set of properties suitable for all spatial databases. Unfortunately, such a classification
doesn’t exist yet. In (Franck 1984), Franck proposed a classification for model using only points
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and arcs. Area objects have to be added to such a classification if we want to cover all kind of data
models.

Semantics errors are defined using the meaning of geographical objects, that is to say the real
world entities described by the object. Topological errors are a kind of semantic errors.
Topological relations are based only on the shape of objects, but semantics of objects have to be
taken into account to decide whether a topological scene is an error or not. Topological relations are
of great importance in GIS (Cui & al 1993). A lot of errors contained in GIS came from erroneous
topological relations among geographical objects (Laurini & Milleret-Raffort 1994). Most of GIS
do not deal with topological relations, or consider only few relations such as adjacency and
inclusion.

The goal of this paper is to define a correcting process for topological errors in GIS. A complete
topological error correcting process should contain the three following parts:

A topological error definition process

A topological error checking process

A topological error correcting process.

In this paper, topological errors will be defined as topological integrity constraints. Each time a
constraint is not respected, an error is found. A scene in which a topological constraint is not
respected is an error.

In a first part, a topological integrity constraint definition method will be introduced. It is based on
topological relations defined by the 9-intersection model (Egenhofer 1991). It allows to define a
constraint using all possible topological relations (and not only inclusion and adjacency).

Secondly, a topological error correcting method will be presented. The goal of such a process is to
compute a set of possible corrections among which the end-user has to choose.

The way to present correcting scenarios will be discussed in the last part, then we will conclude.

3. Topological Constraints Definition

3.1 The 9-intersection model

This topological model has been designed by Max J. Egenhofer in (Egenhofer & Herring 1990,
Egenhofer 1991). In this model, binary topological relations between two objects A and B are
defined in terms of the nine intersections of A’s boundary (A), A’s interior (A) and A’s exterior
(A-) with the boundary (B), interior (B) and exterior (B-) of B (see figure 1).

Each object A and B can be a point, a line or a polygon.

Definition of each part of each kind of geometric object is the following:

P is a point : P=P=P.
Lisaline: L = the two ending points of L.
L =L-L.

Pois apolygon: Po = the intersection of the closure of Po and the closure of the
exterior of Po.
Po = the union of all open sets in Po.

For each intersection, the value empty () or non-empty () is compute and store into a 9x9 matrix:

dANIB JdANB° JANBT\ ... .. o

if the intersection is empty
A’NgB A°NB° A’NB™ | ifthe intersection is non-empty
A Né¢B A NB° A NB~
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CONSTRAINT = (Entity classl, Relation, Entity
class2, Specification).

Figure 1. The 9-intersection Matrix.

3.2 Group of relations

The 9-intersection model can be applied to all kinds of geographical objects. Considering points,
lines and polygons, it leads to six groups of relations: point/point, point/line, point/polygon,
line/line, line/polygon, polygon/polygon.

In (Egenhofer & Herring 1991), the authors gave the list of relations that can be realized in each
group, if objects are embedded in 2-D (see Table 1).

Group of relations Number of
relations
point/point 2
point/line 3
point/polygon 3
line/line 23
line/polygon 19
polygon/polygon 6

Table 1. Number of relations per group.

They consider two converse relations as only one since it is possible to change A in B and B in A.
Converse relations can only happen between two objects of the same kind, namely in point/point,
line/line and polygon/polygon groups.

3.3 Design of new constraints

Topological integrity constraints will be defined between two geographical objects. The topological
relation between two objects is the main part of the constraint. Considering the shape of objects, it
is possible to compute all possible topological relations between two objects (according to the 9-
intersection model). Considering the semantics of objects (their meaning), it is possible to define
which topological relation is consistent and which one is inconsistent.

A topological constraint is defined as the association of two geographical objects, a topological
relation between them and a specification (see Figure 2) which can be one of the following:

1. Forbidden

2. Atleast ntimes

3. Atmost N times

4. Exactly ntimes

Figure 2. The definition of a topological constraint.

The specification forbidden is the most interesting and usable one. Topological integrity constraints
defined using this specification are a mean for end-users to describe topological situation they do
not want to occur in their database.

The number of possible topological relations between two objects is an impediment to the design of
such constraints. To provide an easy way to use interface, end-users must be given a set of
topological relations described by names and not by mathematical definitions.
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Unfortunately, it is almost impossible to give expressive names to all the relations. In addition,
some topological relations are so closed that to avoid a situation to happen one will have to create
several constraints (one for each topological relation matching some characteristics). For example,
to forbid a river (a line) to cross a building (polygon) six constraints have to be defined.

To provide a more usable interface, topological relations sharing common attributes have been
grouped in subsets. Such subsets have been built in each group of relation (points/points,
points/lines, etc.). For example, in the line/polygon group, a subset called cross have been created.
It contains all topological relations where the line’s interior intersect the polygon’s interior and
exterior : (L°P°=)(L°P=). For more details see (Ubeda & Servigne 1996b).

3.4 A visual interface to define topological constraints

In this part, we present a visual interface to define topological integrity constraints. Specifically, a
dialogbox in which the user can choose a pair of entities, a topological relation or a set of
topological relations, and a specification (see Figure 3).

Topological constraints are defined following the lists of operations given here:

1. Choose a first class of entities.
2. Choose a second class of entities.
3. Choose a relation or a set of relations among the list proposed.
4. Define the specification.
Topological Constraints Definition E3
Class entity 1 : Class entity 2 :
[Foad - [Building =
Topological Relation : L
ICross Ll New set |
Single Relation |
Specification | Forbidden j N I :’

Topooagical Constraints

A Road - Inside - a Building - is - Forbidden Remove
& Road - Cross - a Building - is - Forbidden

Cancel

dill

Figure 3. the definition interface of topological constraints.

In the case shown on Figure 3, the constraint defined is:

(Road, Inside, Building, Forbidden)

The dialogbox shows a schema that illustrates the topological relation chosen in the constraint
definition.
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This interface has been designed using VisualC++.
Examples of topological constraints
C1(Road, Cross, Building, Forbidden)

C2(Sluice, Joint, Waterpipe, Exactly 2 times)

This visual interface allows one to define constraints based on topological relations, as a first step.
The next step is to translate them into a language capable of checking them.

Such a language is out of the scope of this paper, but is not out of the scope of the whole study on
topological consistency of spatial data.

4, Correcting Scenario Computation.

The goal is to define a model to compute corrections to topological integrity constraint violations
(topological errors). The model described in this part deals only with constraints defined using the
forbidden specification. This specification is most useful, and the most common one. In addition,
such constraints are very easy to describe. It is easier to define a case that should not happen than
to define a case that must exists. A topological constraint is then defined as an inconsistent
topological relation between two geographical objects.

Since an error is defined as a forbidden topological relation between two objects, the way to correct
an error will be to change the topological relation between those objects. A set of correcting
scenarios will be computed by applying several kinds of changes to both objects involved in the
forbidden topological relation (together or one after each other). The changes proposed are the
following :
Objects modification :
Moving the objects.
Reshaping the objects.
Deleting one object.
Object splitting (so creating an new object).

4.1 Objects modification

We present in this part two different kinds of modifications. Changes, as moving an object, ensure
that the surface area of object remains unchanged. Other changes, as reshaping, have been
designed to leave the topological relation between the reshaped object and the other objects of the
databases unchanged (objects not involved in the forbidden relation).

4.1.1 Moving

One of the two objects involved in the forbidden relation will be moved according to main
directions. We use the letter A for the moving object and the letter B for the other object.
The main directions are :

X axis

Y axis

perpendicular to B (when possible)

parallel to B (when possible)

along A (when possible)
For the moves perpendicular to, paralld to and along, if the object is not a straight line, the
direction has to be defined regarding to the boundary of the object :

for a line : the two end points,

for a region : the boundary segment that is the closest to the other object.

Such a correction does not change the length of a line, or the area of a region. The relative position
of the two object is the only change. Consequently, determining all the possible moves of one
object leads to all the possible new scenes.
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For each direction, A can be moved according two ways. An ending condition to the move is when
the topological relation between the two objects changes. The new scene is stored into a list of
correcting scenarios and the object A is moved again until the relation become disjoint. Each time a
new topological relation is reached, the scene is added to the list.

As disjoint is as well a topological relation, the last scene is stored. Nevertheless, since a lot of
positions are available for A (in this particular case), a minimum distance between the two objects
is defined. This distance depends on the precision of point coordinates in the database. The stored
scene based on the disjoint relation is the one in which the distance between the two objects is the
minimal distance set for the database.

The following correction algorithm computes the correcting scenarios based on main directions:

Ri = the forbidden relation betwee n A and B
Er = the list of correcting scenarios
For both object, Aand B
JA does not move (resp ectively B)
For each direction
For both way
Rc (current relation b etween A and B) = Ri
Repeat

Move B until R(A,B)= Rc

f R(A,B)= R then

|add R(A,B)to B

[End If

Re= R(A.B)
Until Rc = Disjoint
Fnd For
FEnd For
End For

Figure 4. Main direction correcting algorithm.

4.1.2 Reshaping

Reshaping means moving a part of an object, leaving the other part unchanged. The goal of such a
correction is to change the topological relation between the two objects without changing the
relations with the other objects of the database. This kind of correction will affect the length of a
line or the area of a region. Consequently, it will have to be applied to both objects (one after each
other, always keeping one object unchanged) in order to determine all the possible new scenes.
Such corrections will be used to adjust the borders of two closed regions, a line and the border of a
region, or two lines. The adjustment will be made by a force-fitting algorithm that will snap
characteristic points of A onto characteristic points of B. A characteristic point is a point used in the
shape definition of the object (for example to describe the boundary of a region or a line).
Homologue points are defined as a pair of very closed characteristic points, one belonging to A and
the second to B, that will be snapped onto each other by the force-fitting algorithm.

There are two steps in the reshaping process :
homologue points finding
force-fitting algorithm
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Homologue points finding
The goal is to find which point of A and B will be matched. This process is defined by the two
following steps :
1. Compute the distance between all points of A and all points of B. Store the results in a
distance matrix.
2. The homologue points are each couple of points for which the distance is minimum and
under a value d, set by the end-user.

Force-fitting algorithm
The goal of this algorithm is to defined how to adjust very closed objects. It works on homologue
points that have been computed by the previous process. The algorithm is described on Figure 5.

List of pair: ot hamologoe poines

P cach conee aiive pai
R ol e log e paml s,

Tu both A s defivion The iz al least one There ace sevezi
and 18 Jel*milig=r, poenl helween (he 1w paits hawean the
Lo rednr oxists Foamelgrae ~eiar: cither hanolowee poin s e
Latw cer 1he two i1 Al defirvition o ia ~eladt's dolinilica uad
hornolo,e peinls B's et il B's deSnitica

l Toer Seuat 18 l l Tan Soearrios l

Marac: cach paiz of | | Merac e Delore | | Merge and aveste & Crzarz 4 polylioc
r'll‘yl;‘l-r! \Nil]l Hl1 |‘1'.ill|.l'

. . Fire 115 1w class
liwx o lupiae pocnl - [l . -
poats tene of A uad

\B/ q)/ one ol B
- = % ! % Lretiags shormas
/!\ So— e il s points.

Figure 5. Force-fitting algorithm.

Applying these algorithm to all the homologue point provides all the possible scenarios of
correction according to characteristic point matching.

For a line, only one of the ending points is allowed to move. Some other characteristic points can
also be moved at the same time.

4.2  Deleting one object.

This correction is useful when an object have been digitized twice. Two objects very closed to each
other can then be found. Two corrections are possible :

keeping A and removing B

keeping B and removing A.
This leads to two correcting scenarios.
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4.3  Object splitting (Creating an object).

The last way to change the topological relation between two objects is to split one of them into two
different sub-objects. The only condition to check is that the two new topological relations are
different from the previous one. This kind correction is useful to keep the planarity of a map. For
example, when two lines crossing each other is a forbidden topological relation, a way to correct
such an error is to create a point at the intersection of the lines and to split one of the line into two
parts.

Such a correction can be proposed when the forbidden topological relation is such as one of the
two objects shares a part of its interior with the interior or the boundary of the other object :
(01°02 =) (01°02° =)
The corrections are :
to split one of the two objects into several parts (2 or more)
to create a new object based on the shared part and removing this part from each other
object.
The following table gives the possible corrections for lines and regions.

Topological Correction schema New relations
relation to
correct
Line- Line
Pyl addd od _
A = y A's dcﬁnitilon b=
) (L1 L2=)
3 (L1 L2=)
TWa New aCenicers
L1 L=
A A
L1 L2=
-.- {" A:' 'I
Points jnz SHE L) L=
I delinition
bat not 1
A's celiniticn
A (L1 L2=)
L1 L2=) i [ (L1 L2=)
L1 L2=) 2
T L1 L2=0

TWQ NEW SCENCIS

Table 2. Line-line splitting corrections.
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Line - Region

/. o>

L
/ ) L R =
2 lines

(L R=)(L R°=)

2 T L R=
L R=)(L R°=) e \| -

L R= / N

2 TeHiong

Region - Region

@ __
[=]= = =4 |
®
R1 R2 =
1= - =4 @ R1 R2 =
® _
®
=1 - —4 _®_—I
®

Table 3. Line-polygon and polygon-polygon splitting corrections.

5. Correction Scenarios Presentation and Application

For each topological error, a list of correcting scenarios will be computed. The last step of the
correcting process is then to choose which one to apply. To help the end-user to select the
appropriate correction, the list of correcting scenarios will be presented using filtering and sorting
process.
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Filtering process
1. All the correcting scenarios in which the topological relation is used in a topological
constraint are removed from the list of corrections. This will be applied when there is
more than one constraint defined for a given pair of geographical objects.
2. For correcting scenarios obtained by moving one object, a maximum range is defined.
All corrections for which the moving distance is over the threshold are removed from the
list of corrections.

Sorting process
The end-user can specify one parameter that will help him to find the appropriate correction.
Correcting scenarios where this parameter is verified are proposed first. The possible values for
this parameter are :

1. keeping the area of the object unchanged

2. minimum distance move

3. border adjustment (result of force-fitting first)

4. keeping two objects

5. specitying the new topological relation

Those two process will facilitate the choice of the correcting scenario to apply. If the end-used
cannot find an appropriate correction among the list proposed, a set of tools will be provided in
order to let the end-user modify the geographical object.
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