N
N

N

HAL

open science

From Quantitative Spatial Operator to Qualitative
Spatial Relation Using Constructive Solid (Geometry,
Logic Rules and Optimized 9-IM Model, A Semantic

Based Approach
Helmi Ben Hmida, Christophe Cruz, Frank Boochs, Christophe Nicolle

» To cite this version:

Helmi Ben Hmida, Christophe Cruz, Frank Boochs, Christophe Nicolle.

From Quantitative Spa-

tial Operator to Qualitative Spatial Relation Using Constructive Solid Geometry, Logic Rules and
Optimized 9-IM Model, A Semantic Based Approach. IEEE International Conference on Com-
puter Science and Automation Engineering (CSAE), May 2012, Zhangjiajie, China. pp.453 - 458,
10.1109/CSAE.2012.6272992 . hal-00778527

HAL Id: hal-00778527
https://u-bourgogne.hal.science /hal-00778527
Submitted on 20 Jan 2013

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://u-bourgogne.hal.science/hal-00778527
https://hal.archives-ouvertes.fr

From Quantitative Spatial Operator to Qualitative Spatial Relation Using
Constructive Solid Geometry, Logic Rules and Optinged 9-IM Model

A Semantic Based Approach

Helmi Ben Hmida, Frank Boochs
Institut i3mainz, am Fachbereich Geoinformatik und
Vermessung
Fachhochschule Mainz, Lucy-Hillebrand-Str. 2 55128
Mainz, Germany
e-mail: {helmi.benhmida, boochs}@geoinform.fh-
mainz.de

Abstract—The Constructive Solid Geometry (CSG) is a data
model providing a set of binary Boolean operators ich as
Union, Difference and Intersection. In this work, tese
operators are used to compute topological relationbetween
objects defined by the constraints of the nine Intsection

Model (9-IM) from Egenhofer. With the help of these
constraints, we define a procedure to compute theopological

relations on CSG objects. These topological relatis are

Disjoint, Contains, Inside, Covers, CoveredBy, Equa and

Overlaps, and are defined in a top-level ontology ith a

specific semantic definition on relation such as Tamsitive,

Symmetric, Asymmetric, Functional, Reflexive, and
Irreflexive. The results of topological relations omputation are

stored in the ontology allowing after what to inferon these
topological relationships. In addition, logic rulesbased on the
Semantic Web Language allows the definition of logi
programs that define which topological relationshifg have to
be computed on which kind of objects. For instancea

“Building” that overlaps a “Railway” is a “RailStat ion”.

Keywords-component; Topological relations ; 9-IM;
Constructive Solid Geometry; Ontology; logic rules; OWL;
SWRL;"

I.  INTRODUCTION
“Qualitative spatial relations are symbols abstoactof
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Laboratoire Le2i, UFR Sciences et Techniques
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B.P. 47870, 21078 Dijon Cedex, France
e-mail: {christophe.cruz, cnicolle}@u-bourgogne.fr

topological relationships belongs to two main categs —
connection based [4], and intersection based [Bf Both
models fall to the same topological relationshipsthe two
simple 2D regions. From a logical point of view,eth
qualitative models are defined to infer on topotadi
relations without taking into account real geonstri
Operators were defined on these relationships aitpwthe
specification of a spatial query language. The Open
Geospatial Consortium (OGC) defined a standard
nomination to the basic topological relations [Bypological
operators are used to query the topological reiakip
between two spatial entities. These relations gmeraiors
are between intervals R! and for regions ifR?. Zlatanova
in [7][18] gives a survey on different 3D modelsdan
relations inR3. The spatial operators available for spatial
query language consist of 3D Topological operators
(disjoint, within, contains, etc.) [8], 3D Metricperators
(distance, closerThan, fartherThan, etc.) [9], 3ie@ional
operators (above, below, northOf, etc.) [10] amwlfy 3D
Boolean operators (union, intersection, etc.) [11].

From theR® space implementation point of view in [9],
the octree-based implementation [13] and the B-Rep
approaches are used to define the spatial opedtarguery

geometric representation, which allow computationalanguage [12]. In the octree-approach, octreeswallthe
analyses independent of, but consist with, graphicagppiication of recursive algorithms that succedgiirerease

depiction” [1]. Qualitative spatial relationshipseaused in
many areas of Computer Science. Actually, reasoabayt
such relationships is fundamental to infer abowtphical
depiction through logic mechanisms. In additiongsth

the discrete resolution of the spatial objects eygd. The
B-Rep, approach is used for metric operators sachralist,
maxdist, isCloserto and isFartherfrom relations. The
bounding facets of each operand are indexed by-ealted,

relationships  facilitate the access to data by @nqu axis-aligned bounding boxes tree (AABB tree). The
processing mechanism that refers to objects and theygorithm uses the AABB-tree structure to identiéndidate

relationships. Qualitative spatial reasoning israppate for
prediction and diagnoses of physical systems inaitgtive
manner, especially when no quantitative descriptisn
available or computationally intractable. Methodsr f
modelling spatial relationships have been compilad
several surveys such as [3][4].

pairs of facets, for which an exact, but expenglistance
algorithm is employed.

From the semantics point of view, the qualitatipatsl
relations are used to perform inference and to tifyen
inconsistencies on these relations. An ontologyethas

Current models fompproach is described in [14] and focuses on regioR?.



In our current work, we will focus more on tRédimension
environment where the 3D topologic relation comfoitais
carried out by external libraries which made theceion

process more optimal. The presented approach aims @

defining topological relations based on the optediz9
Intersection Model ifR3[2], and compute them with the
Boolean operators defined by Constructive Solid réetoy
(CSG) [21]. Actually, the 9-IM model is widely used
represent spatial relations Rf. These relations exist also
in R® with much more variation and complexity. In the
actual contribution, the quantitative spatial opms are
implemented using built-ins based the Semantic \Reles
Languages (SWRL) which allows the definition of itog

Spatial object representation can be divided ino t
main categories, the surface-based representatidntte
volume-based representation [19]. The surface-based
representations are materialized by the grid mdHelshape
model, the facet model and the boundary representéB-
Rep). The volume-based representations are takauog pia
the 3D array, the octree, the constructive solidngetry
(CSG) and the 3D TIN. Such a spatial object reprasi®ns
are used to compute spatial and topological relatioy the
use of unary or binary operators. Among the differe
defined spatial relationship, we put the lightliistpaper on

BACKGROUND

program base on Horn-like clauses. This language ithe 3D topological operators.
designed to perform logical program on Ontology Weba Topological relationships

Language (OWL). Consequently, the results of thgbe

spatial operators may enrich the ontology with igpat
relations between the different object represeniadCSG

model.

3D CSG

3D CSG operators used to compute 9-IM relations
9-IM

Logic rules are used to define which relationships have to be computed on
which objects

v
Logic Rules

New qualitative topological relationships enrich the ontology. Knowledge
processing can be undertaken

A

Ontology and
Inference

Figure 1. General overview of the process sequence from agydb
CSG geometric data model.

Figure 1 depicts the process sequence for thehenet of

Spatial reasoning is a process that uses spatiahyttand
artificial intelligence to model and to analyze tgia
relations between objects. The standard models are
composed by the Simple Feature Relations, the Edenh
Relations and the RCC8 Relations [17]. The Simple
Features Relations are based on the defined sthrafar
OGC and are composed of the following relationships
Equals, Disjoint, Intersects, Touches, Within, Gams,
Overlaps, and Crosses [16]. The Egenhofer Relatibbs
are composed of the following relationships: Equals
Disjoint, Overlap, Covers, Covered by, Inside, Gimg [1].
Finally, the RCC8 Relations are presented by: Equal
Disconnected, Externally connected, Partially cyaping,
Tangential proper part inverse, Tangential proget, Non-
tangential proper part, Non-tangential proper paverse
[17]. Initially, binary topological relations betwe two
objects, A and B, are defined in terms of the four
intersections of A’s boundary64) and interior (A°) with
the boundary B) and interior (B°) of B. Recently, this

an ontology containing 3D objects. The ontology ismodel has been extended by considering the locaifon

populated with topological relationships based MWR&
rules. Once done, the inference process on
relationships makes a step forward to infer newvkadge
out. The used logic rules are based on new topuabdguilt-
ins defined based on the 9-IM constraints, and edetpfor
each object’s relation using 3D CSG objects andi€2oo
operators. The following example is a SWRL rulet thses
the “topo:overlaps” built-ins.

Building(?b) * Railway(?r) " topo: overlaps(?b, ?r) 2>
RailSation(?b)

This paper is divided into 5 sections. Section tofuces
the technical background on 9-IM, Constructive &oli
Geometry operators, and logic rules. Section 3sdedth
the important elements of the topologic qualifioatprocess
implementation. Section 4 shows the first resutid section
5 concludes this paper.

each interior and boundary with respect to the rotigect’s

thesterior. Therefore, the binary topological relatioetween

two objects A and B, irR? is based upon the intersection of
A’s interior (A°), boundary&A), and exterior (A-) with B’'s
interior (B°), boundary §B), and exterior (B-). The 9
intersections between the six object’s parts desca
topological relation and can be concisely represiity a
3x3 matrix, called the 9-Intersection Model. Thendsy
relationship R(A,B) between the two objects is then
identified by composing all the possible set irgetmns of
the six topological primitives, i.&°nB°, 8AnB° ,A-n B°,
A°néB ,8An8B, AndB, A°n B,8AnB,A n B, and
qualifying empty U ) or non-empty+[) intersections. For
example, if two objects have a common boundary, the
intersection between the boundaries is non-empty, i
8An 8B ==l f they have intersecting interiors, then the
intersectionA°n B°is not empty, i.eA°n B° = =[] Table

1.



TABLE I. THE 9-IM MATRIX
A°NB° A°NnéB A°NB~
Ruapy =|6ANB° SANSB SANB~
A"NB° A" NnéB A NB~

Actually, a spatial region (BIM or GIS) has simglyree
topologically distinct parts: the interior, the mary, and
the exterior. Specifying any part of the first gesrg will

completely determines the region of the other p&tsed
on this observation, it appears reasonable to aesdinait
topological relations between regions can be cheriazed
by considering the intersections of any pair oftgpafor
example, boundary/exterior or interior/exteriorthex than
only the boundary/interior intersections. To assessh
alternatives, one has to determine whether theetsaction
based on the boundary / interior / intersectiorsgigivalent
to one based on boundary / exterior or interioxtegor

intersections. If so, the characterization of togatal

relations would have to be the same in each caasedon
this assumption, we opt to use the 9-IM principieniore
optimal way by reducing it to a four intersectioroahel

based on the interior / exterior of each 3D geomdtable2.

TABLE II. OPTIMIZED 9IM MODEL (LEFT) AND THE CORRESPONDENT

GRAPHICAL REPRESENTATIONRIGHT)

9 €
0 00

B. CSG-based implementation of 3D topological relations

The Constructive Solid Geometry is defined by Fiidd A.
Lohmdller in [21]. It is a technique used in safitbdelling.
It allows the modeller to create a complex surfacebject
by using Boolean operators such as union, intemseair

A°n B°

R(A,B) = (A— N B° 47N B_)

A" NB~

represented by a tree, where each leaf represgmimiive
and each node a Boolean operation. There are oy f
CSG standard defined operations, which are maitsgthby
the union, the intersection, the difference, theeise and
Clipped_by. These methods return the resultingisafithe
operation and are restricted to objects includinglased
space. Actually, lines and planes are both objebtish do

not enclose a volume, as consequence, no possibe C
operations can be applied on them. As a converitiona

solution, a solid will be created from a line andne by
adding a small noise rate to the above mentionedchgtry,
always with respect to the fact that the addedencése is
always less than those related to the used instrucheing
the survey of real objects. In the next, we willimhafocus
on the implication of the CSG topologic operatothivi the
optimized 9-IM model to qualify directly 3D topolimg
relation.

C. Ontology and rules
The term Ontology has been used for centauriesfioel

an object philosophically. Within the computer sce
domain, ontology is a formal representation of the
knowledge through the hierarchy of concepts and the
relationships between those concepts. In theorplagy is
a formal, explicit specification of shared concetlization
[24]. In any case, ontology can be considered
formalization of knowledge representation and Diption
Logics (DLs) and provides a logical formalizatiom the
Ontologies [25].

Description logics (DLs) [26][27] are a family oh&wledge
representation languages that can be used to espres
knowledge of an application domain in a structussd
formally well-understood way. The following example
defines a Mother as a Woman which has at leasiicGtgpe

of Person. By inference, it means that every imtligi type

of Women which as at least a relation with a Peeswh the
type of the relation is “hasChild”, then this Womanof
kind of Mother.

as

Mother = Woman [l 3hasChild. Person

As the Semantic Web technologies matured, the mded
incorporating the concepts behind description logithin
the ontology languages was realized. It took femegations
for the ontology languages defined within Web eowiment

to implement the description language completehe Web
Ontology Language (OWL) [28] is intended to be used
when the information contained in documents needset
processed by applications and not by human [29¢. Adrn
logic, more commonly known the Horn clauses hasbee
used as the base of logic programming and Proluguiages
[31] for years. These languages allow the desorpf
knowledge with predicates. The Horn logic has given
platform to define Horn-like rules through sub-laages of
RuleML [23]. Summarizing, it could be said that @ogy

%efines the data structure of a knowledge base thisd

knowledge base could be inferred through varioterémce
engines. They can be performed under Horn logioutlin
Horn-like rules languages. The following Horn-likgle is
specified with the help of the SWRL language used t
define rules. It means any parent of a child aredghrent
has a brother, then the brother is an uncle.

Parent(?p, ?c) ~ Brother(?p, ?b) = Uncle(?b, ?c)

The set of built-ins for SWRL is motivated by a mbat
approach that will allow further extensions in figueleases
within a (hierarchical) taxonomy. SWRL's built-ins
approach is also based on the reuse of existingihsiin
XQuery and XPath, which are themselves based on XML
Schema by using the Data types. These built-inkeys for
any external integration, like the integration ofiet
topological operators. Built-ins in the SWRL can tsed
with the standard SWRL expressions. The built-irscess
the rule expressions to deduce the result and eowitth the



standard expression to return the results. For pl&m TABLE IV.  THE OPTIMIZED9-IM MATRIX

Person(?x) * hasHeight(?x, ?h) ” swrlb: greater Than(?h, _ o
6.5) =2 Tall(?x)
D. Enrichment of the ontology from Boolean operators
. 0 1 1 1 1 1
using CSG model (1 1) (o 1) (1 1)

The use of CSG model and its associated Boolean

operator allows us to model the topological retattps. In A disjoint B A contains B Aoverlaps B
. . . B disjoint A B inside A B overlaps A

order to combine SWRL rules with topological operst

news built-ins are defined to compute the operator.

Consequently, the results of the operators candee o

define queries or enrich the ontology with new fopgaal

relationships between two objects. The followingeru

specifies that a “Building” defined in the ontologkat TABLE V. EQUIVALENT QUALITATIVE RELATIONS TO QUALITATIVE

Table 5 presents the equivalent qualitative retati€or
each CSG operator. If one of these equations & fahe
relation between the two objects cannot be verified

overlaps a “Railway” defined as well in the ontofogs a CSGOPERATOR
“RailStation”. spatial CSG operators
relation
Building(?b)  Railway(?r) ~ topo: overlaps(?b, ?r) Disjoint | (ANB=0)A(A\B=-0)A(B\A=~0)A(ANB =~0)
—RailSation(?b) Contain | (ANB=-@)A(A\B=-0)A(B\A=@)A(ANE = -0)
Overlaps | (ANB = —0) A (A\B = —0) A (B\A==0)A(ANB = —0)

To make it realistic, two issues appear and havbeto
solved. First, the semantic definition of the relaships has
to be defined in the ontology level regarding thewn
properties. Second, the calculation of topological Regarding the ontology, the top level ontologyrisated
relationships using Boolean operators has to bénetkf to model the topological relationships. This ongyles used

B. Definition of topological relationshipsin the ontology
and new built-ins

regarding the constraints of the optimized 9-IM rlod to enrich an existing knowledge base to make isibbs to
define topological relationships between objectse Tiext
lll.  IMPLEMENTATION table summarizes for each topological relationpisne in

This section is divided into three sub-sectionse Tirst ~ the ontology using the prefix “swrl_topo”, its semtia
one describes how Boolean operators are used tputem characteristics and the new built-in to automatihe
the optimized 9-IM matrix for a topological relatioThe computation of relations with the help of SWRL sil@he
second introduces news relationships in the topHev swrl_topo:inside relation is the inverse relationf o
ontology and its built-in. Finally, the last sectideals with ~ swrl_topo:contains, and the relation swrl_topo:geve the
the translation engine which allows the computatitbthe  inverse relation of swrl_topo:coveredBy.
topological built-ins to enrich the ontology.

TABLE VI.  DEFINITION OF THE TOPOLOGICAL RELATIONSHIPS AND ITS
A. Calculation of 9-IM topological relationships using the SEMANTICS
CSG Boolean operators Topological ~ Property Characteristics SWRL built-ins

Regarding the optimized 9-IM matrix, Table 2, only€ationships  Name
operators about intersectioA (1 B), interior A° equivalent Disjoint topo:disjoint Transitive, Symmetric  swrl_topo:disjoint

A), complement 4~ is equivalent tol) are necessary. Table Irreflexive (?x, ?y)

3 presents relatively the new suggested mask for 3Dpntains  topo:contains  Transitive, Asymmetricswrl_topo:contains

topologic operations based on the interior ancettierior of Irreflexive (?x, ?y)

each solid geometry. In parallel, it presents tiative CSG Overlaps  topo:overlaps Symmetric irreflexive  swopd:overlaps

operation corresponding to each part of the mask. (?x, ?y)
TABLE IIl. OPTIMIZED 9IM MODEL (ON THE LEFT) WITH THE C. Translation engine

EQUIVALENT MASK USING CSGOPERATORSON THE RIGH . . . .
Q & K The translation engine allows the computation cftisp

Reap) = (A° nB> A°n B_) _ (A NB A\B ) SWRL rules which can also be queries. It interpriis
' A"nB°> A"nB~/ T@ABT{p\A4 AnB statements in order to parse the spatial compon@nmtse
Table 4 shows the optimized 9-IM matrices of theParsed, they are computed through relevant sfatations

topological predicates defined by Egenhofer. and operations by the translation engine through th
operations provided at the CSG level. The resuts a

populated in the knowledge base, thus making itiapa



rich, Figure 2. B. SQWRL based uses cases

As we have already selected a qualitative manngeeda

on semantic knowledge to define spatial opera®@\WRL
(SemanticQuery-EnhancedVeb Rule Language) language
‘Translation
Engine

Regular 3D
topological SWRL

Standard Engine

can be used as a query language to query the kdgele
base. The next equation is an example of a queay th
selections all distinct overlapping bounding box time
current knowledge base.

Vertical_BoundingBox(?x) 2 Vertical_BoundingBox(?y) /4

Figure 2. The translation engine that process 3D topologid&\les swrl_topo:overlaps(?x, ?y) — sqwrl:selectDistinct(?x,?y)

ith topological built-ins. o
Wi fopologieatburtins To test the performance of the quantitative 3D

topological operators, a various number of georegtwere
IV. QUALITATIVE 3D TOPOLOGICAL RELATION created. The geometries can be much more complexasu
EMPLOYMENT, TESTS AND RESULTS to be closed without whole. During the tests, theerg

Let's first remind that our solution is based on aexecution time is stored, Figure 4. Fewer than bOKes,

knowledge base structure instead of any standdedbdses the computation time stay'almqst cqnstant. But.umhm_
. o . 500 boxes, the computation time is asymptotic. Tikis
to improve the portability, the sharing degree ok t

A .~ explained by the fact that the query process coempthe
dhocumenj[ agddmostlg. to adg ahnew semaphc dlrggmrtﬂon Cartesian product of all the geometrical objects.
the acquired data. Figure 3 shares a print scr 0 Consequently, for k=2 and n=1000, the number of

qualified 3D topolqgical relationships betwee_n g.emi’es operations is almost an half million, and for n=000
detected from an airport scene. In the next, twokiad of  geometries the number of operations is almost SGomi
spatial queries on the knowledge base with a slyong consequently, after the computation of all relatiothe

implemented semantic 3D topological relations Wk  Boolean operators.

Time in MilliSeconds
For Project: @ Copy of FrahlewlcCS2012 For Class:  BoundingBox_3D For Individual 12000
e psserte | feted | dejont L X Sy XX
ol Thing o @ VerticalBB_10 N 10000
P $oxe 4 VertcaB_1
¥ @ Craradterisics | HorzertalEE_0 ¢ VercalEe 2
> O0x @ VertcaB_0 4 VerticaEE_3 8000
v DominConcept ¢ et 4 VercaEE_4
» O BuidingEement y isalE
4 VerticaBE 10 ¢ et 6000
P ©funtue @ VertcaBE_11 equals & & oers ®
v O Geometry @ Verliae 2 ¢ VericaBE_1
v ) BoundingBox 3D (13) Ve meE'a & VerticalEE_§ 4000
Horizental BoundingBor: (1) e meE’A
Vertcel_BoundingBor (12) ¢ e maa\aa} 2000
Ugne 2D @ VertcaB_§
Pen_3D
PE:;SD (104) et ] Cover ¢ Q & inerserts ¢ Q ¢ 0 Individual Number
v
- 4 VercaBE 8 '@ VericaBE_|
Soene (1) D & vericaE 6 3 10 20 40 100 250 350 500 1000

. . . . Figure 4. The SQWRL test performance up to 1000 boxes.
Figure 3. Qualified 3D topologic relations between an ontglog

individuals V. CONCLUSION

A. SWRL based use case This paper has presented a method to compute

Known as SWRL, Semantic Web Rules Languages witRutomatically topological relations using SWRL sil@he
the extended built-Ins to support the 3D topologicac@lculation of these rules is based on the dedinitof
processing is performed. As seen in mentioned SWe, r Constructive Solid Qeometry. Some S|mpI|f|c_at|or1Ivb|e
the antecedent part is composed by classes likéivaiis ~ Undertaken regarding the 9-IM computation of each
case, data properties, but also built-Ins for 3pptogy that topological relationship in order to reduce thecuakdtion

will be later on converted to simple object projearin this ~ Volume. Future work on topological relationshipsli vide
case. In the consequent part, and once the topalogi undertaken also about basic rules that can be etbfiom

assertion is verified, overlaps in this case, thg elements [32] and depicted in the next SWRL rule. This césode
will be classified as a semantic element from thesWall. g‘?”.e_ by a composition of relationmeet o contains &
isjoint.
Wall(?x) 2 Vertical BoundingBox(?y) A swrl_topo: overlaps(?x,?y)
A hasheight(?y,?h) /4 swrlb:greater Than(?h,3)— Wall(?y) meet (?a, ?b) ~ contains(?a, ?2c) = disjoint (?a, ?c)
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