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Abstract

GIS (geographic
representation of geospatial
time-varying information. In
spatiotemporal database)

information system) applications
objects
this paper,
to represent and manage states and events causing

increasingly require the
fuzzy extent and querying of
we introduce a FSTDB (fuzzy

with

changes of dynamic fuzzy objects using fuzzy set theory. We also propose the
algorithms for the operators to be included in a GIS to make it able to answer
queries depending on fuzzy predicates during a time interval and a method to
identify the development process of objects during a certain period based on the
designed database. They can be used in application areas handling time-varying
geospatial data, including global change (as in climate or land cover change) and
social (demographic, health, ect.) application.

1. Introduction

Most natural spatial phenomena are not
crisply delineated, but are bounded by
transition zone. For example, the
boundary between the grassland A and
woodland 5B may be gradual through a
transition zone rather than a crisp
boundary. Moreover, these objects change
from time to time. Questions relating to
spatial relations of those objects can be

"Does a region A a little overlap or
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somewhat contains a region B at some

time " GIS applications increasingly
require the representation of geospatial
objects with fuzzy extent and querying of
time-varying information. So far there
have been several models proposed to
with

boundaries without concerning the time

represent objects indeterminate
dimension of data, and A few researches
have been reported on the dynamic
behavior of such objects [3,5,7,8,13]. On
the other of

spatiotemporal data models have been

hand, a large number



proposed to deal with dynamic spatial
objects, but they do not accommodate
fuzzy nature of objects [2,6,9,12]. In this
study, we describe a fuzzy spatiotemporal
database based upon fuzzy set theory,
which is capable of not only managing
lifelines of objects or states of objects, but
also describing the events causing object
changes during their lifelines. Then, we
introduce the algorithms for operators to
be included in a GIS to make it able to
answer queries depending on fuzzy spatial
predicates during a time interval. The
method for approximately analyzing binary
topological relations between fuzzy spatial
objects based upon 9IM model in [4]. We
also describe a method of identifying the
development process of objects during a
certain  period the designed
database. They can be used in application

using

areas handling time-varying geospatial
data, including global change (as in climate
land change), social
(demographic, health, ect.) applications.
The rest of this paper is organized as

or cover

follows: in the next section we review
previous works followed by a design of
FSTDB. In section 4 we construct fuzzy
spatiotemporal relationship operators and
an algorithm to retrieve the development
of an object. Finally, we draw conclusions

and give future work in section 5.

2. Related Work

This section summarizes several typical
spatiotemporal data models, models for
geospatial objects with fuzzy boundaries,
and a definition of fuzzy objects.

2.1 Spatiotemporal Data Models
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Till data
models assume that spatial objects have
crisp boundaries and precisely define
relationships with others. Snapshot models

now, most spatiotemporal

that support the world's existence at
present or as a collection of the temporal
which to track
different versions of the same object over
several non-related tuples within the
same table. As an alternative of the
snapshot models, time-based models such
as amendment approach and
ESTDM have been suggested in order to
identify individual changes or events to
the data set between snapshots [2,6,9].
Another model proposed together with a
specification of spatiotemporal database

[12] being lately
directly applicable to

snapshots, is unable

vector

query language

introduced is
applications without any modification.

2.2 Geospatial with

Fuzzy Boundaries

Objects

There are several approaches available
to represent vague objects. The approach
in [3] extends the indeterminate boundary
of a region into a boundary zone, called
broad boundary, which is situated around
the region. Because this model treats a
boundary as a thick boundary,
distinctions between points lying within it
cannot be made [11]. The concept of
vague regions [5] generalize this
approach in the sense that such a region
can be a pair of arbitrarily located and

finer

in

discrete crisp regions. This view presents
a very coarse and restricted description of
fuzzy regions, since it differentiates only
between three parts. Thus the original



gradation in the membership values of the
points of the boundaries gets lost [7].
They do not base on fuzzy set theory
while it is considered as a tool for dealing
with fuzziness and vagueness.

2.3 Definition of Fuzzy Regions
and Fuzzy Spatial Relationships

Fuzzy regions defined based on fuzzy
set theory take a view as a collection of
nested crisp a-cut regions [7,11]. Spatial
objects are considered in 2D space. Let
e Xx Y—10,1]1 be the membership function
of a fuzzy region F. An a-cut region F, for
a€[0,1], is defined as F={(xy)
IR Fx,1}, whose boundary is defined by
all points with membership values of a.
The kernel of F'is then equal to F;. Hence
Fis represented as F={Fy | 0<i<Ap} with
>0+ 1 FouS Fuw1 for 0<i<| Ar| -1 and Aris
the level set a€ [0,1] representing distinct
a-cuts of the F.

A fuzzy region F is a simple fuzzy
region if it is fully connected and convex.
A fuzzy said to be fully
connected if and only if its a-cuts are
connected for all a>0.

region 1is

With such the view of a fuzzy region,
fuzzy spatial topological relationships are
determined by computing the topological
relationship between collections of a-cut
regions [7,11]. Denote by m(PS) the
value the  topological
relations between two fuzzy regions P and
S'is determined by the formula below:

ﬂf(P,S)=ZZ(ai _ai+l)(aj -a

i=l j=1

representing

j+1)”cr(Pm'7Sog’)

where N is the number of a-cuts; 7.{~,
»Sg) is the topological relation between
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two crisp a-cuts identified by 9IM [4].
The values of the aggregated topological
relations between £ and S fall into the
range [0,1]. Consequently a set of eight
fuzzy spatial predicates is gained 77 =
{disjoint;,  meet,

overlaps, coversy,

coveredByys, equaly, insider, containsr}.

3. A Design of FSTDB

This section
FSTDB based
independent researches on spatial

launches a design of
of
and

on integration

temporal databases.
databases,

In term of spatial

whenever a new object
instance is inserted into a database, the
old one should be deleted. It does not
the ability of the
information about geospatial

objects that have been changed with

support managing

historical

temporal evolution. In view of temporal
databases it is extremely hard to mange

directly spatial objects without any

modification.

Object Different years
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Figure.l States and process of objects through
time serious

Fuzzy regions are extracted from field
observation data. It is assumed that the
change of natural phenomena is a gradual
Thus
different times should be linked to form
lifeline of the objects. This implies that if

continuous process. regions at



two regions are the spatial extents at two
subsequent times of the same object, their
overlap should be than their
overlaps with the region of any other

larger

object. Under this assumption we can find

the successor of a region at time t, by
calculating its spatial overlaps with all the
regions that appeared at each time tp+;.
The one that has the maximum overlap
will be identified as the
Regions, as illustrated in figure.l, thus can
be linked to form lifelines of objects that

Successor.

may have shifted expanded, shrunk
between two successive times. The region
that appears at a specific moment

represent a new object, and regions that
disappear at some moment represent
disappearing objects.
merging and splitting objects can be
identified.

Design of relations

Furthermore,

in database as
follows:  Current_Object(Old,  AlpCut,
BWidth, spat,,...,spat, Geo, NonSpat, VTs,
EType) where OId is identifier of objects;
AlpCut represents the value of a-cuts;
BWidth denotes the width of object
boundaries; spat; are geometric elements
describing spatial extents of objects, show
geometric elements; Geo shows the actual
shape and size of the objects in a metric
sense; NonSpat is a non-spatial attribute
vector of objects; V7s is the starting time
of the valid time vector VIXV7s, VT7e>
and V7e is the ending time; EType
indicates state transitions of objects.
Relation Link(O/d, HId) is generated since
a state transition can be related to many
objects, for example merge event, in that
Hid is a historical pointer identifying
father of object existing in History_Object.
History_Object(Hld, AlpCut, BWidth,
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spaty,...,spat, Geo, NonSpat VT, EType,
Prev) in which Prev denotes the previous
pointer of the object determined by O/d in
this relation.

4. Integration of Fuzzy Spatial

and Temporal Relationship
Operators
This part describes an algorithm

defining fuzzy spatiotemporal relationship
operators and another one allows to
identify the history of a given object.

4.1
Relationship Operator

Fuzzy Spatiotemporal

Fuzzy spatiotemporal operations are
motivated by the simultaneous integration
of temporal and fuzzy spatial operations in
queries. Incorporating time values into a
is to determine the

query language

temporal relationships between objects.

Table 1. Time relational semantic
expression

Temporal

Temporal Semantics Expression
Operators P P

Begin(a)=Begin(b) A End a)=End b)
(Begin(a)< Begin(b) A\

Enda)> Begin(h) NEnd a)<End(b))
V (Begina)> Begih) A
Begin(a)< End b) \ Enc{ a)> End(b)
(Begin(a)> Begin(b) vV
Begin(a)=Begin(b)) A
(Enda)<Endb) V Enda)=Endb)
Begin{a)=Begin(h) N Enda)=Endb)

Begin(a)> Begin(b) A Enda)=Endb)
End(a)< Begin(a)

a equals b

a overlaps
b

aduring b

a starts
a finishes
b
a before b

The semantics of some temporal
relationship operators [1] are presented

as relational expressions as in table 1,



interval
by

where a and b are two time
whose elements are
functions Begin() and End()
Fuzzy spatial relationship predicates
have values falling in the range [0,1]
which are embedded in queries by using
their qualitative linguistic descriptions as
an interpretation of the membership
values. For example, depending on the
value of overlapr we can distinguish not
overlap,

extracted

quite overlap, and completely
overlap. not, quite, and completely are
called fuzzy quantifiers, each is
represented by an appropriate fuzzy set
with the membership function. Before
applying we need to define a classification
for them: Create Fuzzy_Quantifier(not,
quite, - completely); it: Set

Fuzzy_Quantifier.

then active

We are now ready to define fuzzy
spatiotemporal operators by the algorithm
1. Given two fuzzy regions P S a fuzzy
quantifier Fg, and a spatial predicate Spre
which create a fuzzy spatial predicate
Fq.Spre, and a temporal predicate 7op.
The algorithm proceeds two steps. First,
check the temporal
table 1 for Top.

If this condition is satisfied, go ahead
checking fuzzy spatial condition. In this
step, the aggregated spatial relationship
between two given regions have to be
calculated, the determined value is used to
examine whether it matches values
defined for Fg.Spre. The algorithm returns
TRUE if both fuzzy spatial condition and
temporal condition are satisfied, otherwise
FALSE value will be returned.

relationship using

Algorithm 1. Fuzzy spatiotemporal
operators
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Function F_Spatiotemporal_Predicates(F, S, Top,
Fq, Spre)

Denote by fst_value=FALSE value indicating the
aggregated spatial relationships between P& S.
Step 1. Check temporal condition

Get two time periods (7sTIe) and (72sT2e) of
P, Srespectively. Check their relation 7op using
table 1

Step 2. Examine fuzzy spatial condition
//calculate the aggregated spatial relationship
for(i=1;i<n;i++)//n is number of a-cuts
forG=1;i<n;j++)

temp=0; crispRekF0; result=0;

Identify a-cut regions Pg,Sq;

If their spatial relation matches Spre then

temp+ =(alpj~alpjp*crispRel,

Identify
result =(alpj-alp;)* temp;

a-cut regions P Sa

if result coincides the values defined for Fg in
Fuzzy_Quantifer then fst_value=TRUE;

return fst_predicate;

End

4.2 The Operator Tracking the
Development Process of Objects

Qur FSTDB described above allows us to
manage all historical objects that vary their
It
retrieve objects during a given period. We

states through time. 1s necessary to
propose an operator used in the select
clause of the query statement to extract
historical information of designed fuzzy
spatiotemporal objects. All historical objects
in FSTDB

historical pointers. In addition the ability of

can be retrieved by using

what
events happened to objects at some time in

extracting historical information,
their lifelines are also known. The steps
processing the algorithm are described
clearly in algorithm 2 with input being a

given object i/d and a given time period TF.

Algorithm 2. The development process of
objects



Function Development_Process(id)
historical pointer=NULL;
Stepl: Scan the relation Current_Object to
find id.
If id exists then
If its valid time VT
overlaps 7P then exit;
Otherwise, Retrieve all the pointers
HId such that O/d matches id from
the relation link.
Step 2. For each Hid found,
If HId 1=NULL set
historical_pointer=HId which refer to
the relation History_Object;
Step 3 For(; historical_pointer '=NULL;)
If (an object overlaps the valid time V7)
- Display the attributes of its object;
- Set its previous pointer Prev of
designed object into
historical_pointer,

does not

End

4.3 Example Queries

We now illustrate how data are stored in
our FSTDB using dynamic fuzzy geospatial
objects describing in the figure 1. Next,
we apply this design to we represent the
expressions of some typical queries in
which our newly proposed operators are
used.

Whenever a new object instance is
inserted, its old version is inserted into
the relation History_Object and update its
existing time period. For simplicity, some
attribute fields such as central location of
fuzzy objects and non-spatial attributes.
Objects and their data are represented in
the below relations.

0Id |VTs |Area a-cuts |BWidth |EType
4 (20001 1137.8 | 1...100 .. shift
5 [2000) 586.8 {1...100 .. split
7 12002| 609.8 | 1...100 .. merge
Current_Object
0Id |HId
4 |1
5 (2
7 |6
7 13
Link
a | B¥
HId| VIs | VTe | Area . EType | Prev
cuts| idth
1 11990/ 2000 (1108.1 appear | null
2 (19902000 |644.3| .. | .. |appaer | null
6 |2000(2002|586.8| .. |.. | split 2
3 11990) 2002} 28.0 appear | null

History_Object

Query 1: Find all current objects that
completely inside a beach region having
fuzzy boundary A since 2001.

Select O/d

From Current_Object

Where F_Spatiotemporal_PredicatelOld, A,
complelely, inside 'VTs, Now after '2001, Now');

Query 2: What objects were quite
overlap the foreshore region having vague
boundary A during 1989-1999

Select Old

From History_Object

Where F_Spatiotemporal Predicate(Hld, B,
quite, inside, ‘1989-1999 contains'VTs, VTe);

Query 3: List all of the histories of the
region 7 from 1995-2003

Select Development_Process(id=7)
From Current_Object a, Link, History_Obeject
Where 'a. Ts, Now ovelaps '1995, 2003";

Both query 1 and query 2 are fuzzy
spatiotemporal queries. To answer them,
we use the defined operator
F_Spatiotemporal_Predicate in the WHERE
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clause with the parameters identified from
the question. Output is a set of objects
retrieving from the relations in database
satisfying both temporal relationship and
fuzzy spatial relationship with the given
objects in the query.

Query 3 requires historical information
during a specific time period 7F. To
process this query we use the operator
Development_FProcess for object with id
equal 7. The process of this object
evolution is expressed by the sequence of
states and the related state transitions
provided by the stored data in relations.
Concretely, object with identifier 7 is
found in the Current_Object, its valid time
overlap 7P. We know that this object was
merged by two objects 6 and 3. Following
their pointers Hid in relation Link to
retrieve their information in the relation
History_Objects. For object 3, print all
information of this object. For object 6,
we know that it is splitted from object 2,
so after printing its information continue
to follow its previous pointer to retrieve
its father in the table. The
processing stops outputting
information of 2.

same
after

5. Conclusions

This paper presents a design of FSTDB
that manages all historical information of
fuzzy spatial objects. We then proposed
new fuzzy spatiotemporal
Specially, the development
process operator allows us to not only

retrieve all

relationship
operators.
historical information of
objects, but also show what events such
as split, merge, or shift occurred to
objects at a specific time during a given

time periods. This study can be used in

application areas handling time-varying
geospatial data, including global change (as
in climate or land cover change) and social
(demographic, health, ect.) applications.

We are going to build a FSTDB system
for a specific application for example
costal geomorphology study. Moreover, a
suitable indexing method to efficiently
retrieve fuzzy spatial objects is a research

direction in the future.
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