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There is growing interest in many application domains for the temporal treatment and
manipulation of spatially referenced objects. Handling the time dimension in spatial
databases can greatly enhance and extend their functionality and usability by offering
means of understanding the spatial behaviour in time. Few works, to date, have been
directed towards the development of formalisms for representation and reasoning in this
domain. In this paper, a new approach is presented for the representation and reason-
ing over spatio-temporal relationships. The approach is simple and aims to satisfy the
requirements of coherency, expressiveness and reasoning power. The topology of the do-
main is defined by decomposing spatio-temporal objects into representative components
and relationships are defined between those components. Spatio-temporal reasoning is
achieved by composing the relationships between the object components using constraint
networks. New composition tables between simple spatio-temporal regions and between
regions and volumes are also derived and used in the reasoning process.

Keywords: Spatial reasoning, spatio-temporal reasoning, spatio-temporal representation,
spatial relations, qualitative reasoning, spatial databases.

1. Introduction

Time and space are primary dimensions in many application domains. Con-
ceptually, time is an essential dimension for understanding and modeling space.
For example, the distribution of land-based phenomena and activities is directly
dependent on the transformation and diffusion processes that have led to the mu-
L. Modeling both space and time
covers a wide spectrum of applications, including, medical and physical sciences

tation and evolution of the geographic space

and geographic and multimedia information systems. For example, by modeling
spatio-temporal objects and relations in a genetic database, we could pose queries
of the sort, “What is the effect of suppressing gene 2 on the growth of a group of
cells in the first three weeks of embryonic development?”.

Few works exist in the literature which address the problem of representing
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spatio-temporal relationships, or reasoning over spatio-temporal domains. The com-
plexity of the spatial dimension compounded with change over time hindered the
progress in this domain. On the other hand, several approaches have been devel-
oped for the representation and reasoning with temporal relations 3%5:6.7
with spatial relations 89101112 Treatment in space has proved to be more com-
plex due to its multi-dimensionality, and the variety of types of spatial objects and
spatial relations.

and

Recently, work has been developed for studying spatial change '* and spatio-
temporal relations 141516, Integrating time and space in most of the approaches is
based on approximating spatial objects by minimum bounding rectangles (mbr) and
representing spatio-temporal objects by parallel-piped shapes (through extending
the mbrs in time). The approach is limiting as only approximations of represen-
tations of spatio-temporal relations is possible. Other approaches exist 178 which
consider spatio-temporal objects by separate, start and end states, and ignore the
behaviour of the object between those states. These approaches are valid only if
the spatio-temporal objects co-exist in the same instance of time, and could fail
otherwise.

In this paper, a new approach is developed for the representation and reasoning
over spatio-temporal relationships. The approach is flexible and can be used with
different levels of complexities in space and time. Objects are defined using a repre-
sentative set of components in the spatio-temporal space. Relationships between ob-
jects are defined through relationships between their components. Spatio-temporal
reasoning is treated essentially as a constraint network problem. Composition tables
must be derived and used between objects of different types and dimensions. New
spatio-temporal composition tables are derived using the method in '°. In consid-
ering the temporal dimension, two new relationships were added to those table, i.e.
an nzn composition table is extended to an (n + 2)* table. For simplicity, simple
spatial regions are used to demonstrate the ideas in this paper, but the method is
readily extendible to handle different types and complexities of spatial objects.

The rest of the paper is organised as follows. In section 2, some requirements are
identified for the development of qualitative spatio-temporal formalisms. Section
3 defines the topology of the spatio-temporal domain by defining spatio-temporal
objects and the concept of episodes and their different types. The representation of
episodes and relationships in this domain are discussed in section 4. In section 5, a
new approach is presented for spatio-temporal reasoning and examples are given to
illustrate the complexity and effectiveness of the approach. Conclusions and a view
on future directions is given in section 6.

2. Requirements

Qualitative reasoning formalisms strives to satisfy two, sometimes conflicting,
goals, namely, Fxpressiveness and Reasoning power. A tradeoff is usually sought
between those goals. In the case of spatio-temporal reasoning, a third requirement
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Figure 1: Dimensions of the Spatio-Temporal domain.

emerges, denoted Coherence. Coherence is the ability of the formalism to handle
concepts from both the spatial and the temporal domains in a homogeneous and
integrated fashion. The three requirements are described below:

1. Expressiveness: The proposed formalism should be able to handle different
types and dimensions of spatio-temporal objects and different types and res-
olutions of spatio-temporal relations.

2. Reasoning power: A major goal in the development of the representation for-
malism is to form a basis for conducting spatio-temporal reasoning. Reasoning
power is the ability of the formalism to derive non-explicit relationships be-
tween spatio-temporal objects given the knowledge of some existing ones, e.g,
to deduce a relationship R3(0O1,03), given the relationships Rq(01,02) and
R2(02,03).

3. Coherence: The formalism developed must unify the ordered one-dimensional
temporal space and the unordered multi-dimensional spatial space. Hence,
homogeneous concepts must be used to handle both domains for the develop-
ment of a seamless formalism.

3. The Problem Domain

A spatio-temporal problem domain extends the usual 2D (or 3D) cartesian space
by considering the time dimension. For simplicity, the presentation in this paper is
confined to 2D spatial objects. However, the approach is applicable and extendible
to three dimensional objects. The dimensions of our domain are represented in
figure 1.
A Spatio-Temporal Object

In this paper spatial objects are considered to be functions of time. A spatial
object O; is defined as,

O; = f(t)
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Figure 2: An episode defined as the combination of all object states in the time
interval considered.

Examples of spatio-temporal objects in GIS include, boundaries of vegetation re-
gions, administrative or political boundaries which change over time. The behaviour
of objects with respect to time is not necessarily uniform or strict. Other approaches
in this domain usually consider temporal behaviour of objects through their start
and end states only and ignore any intermediate states. Those approaches assume
implicit linear and uniform behaviour over time.

In this work, this constraint is not imposed. Instead, every consistent behaviour
of a spatial object is considered separately within the duration of time when this
behaviour can be described by a single function. This spatio-temporal behaviour
shall be denoted, Episode of an object. For example, the spatial properties of an
object may change linearly over a certain period of time, followed by an interval of
no change, then followed by an interval of non-linear (e.g. cyclic*) change. This
history of an object can, therefore, be described using three different episodes.

An Episode

An episode is used to describe the behaviour of a spatial object over a certain
period of time.

A quantitative definition of an episode e; of an object o; over the time interval
t1 and ty is as follows.

ta
ei(0;) = [ fit)
t1

fi(t) is a function that holds between ¢; and t». I.e. an episode is a representation
of all the states of the object between times ¢; and t>. e;(0;) has a value (O;), at
time ¢, which is the spatial extent of the object at time ¢1, i.e. (O;), = [f(t)];, as
shown in figure 2.

An episode is a coherent part of the history of an object. The full history of an
object is a set of episodes.

n

history(0;) = Z e;

i=1

*The change of coast-lines can be described by cyclic function while the phenomenon of continental
drift can be described by a linear function.
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Figure 3: Some possible types of spatial change.

The function f;(t) can be used to qualitatively describe the different types of spatial
changes that can an object may undergo.
Types of Change

Change can be classified according to the type and the rate of change. A spatial
object can undergo any of four types of change in a spatio-temporal space, namely,
translation (movement), rotation (change in direction), uniform or non-uniform
scaling (change in size) or deformation (change in shape) or a combination of any
of them. The different types of change are depicted in figure 3

The rate of change can be either 0 or # 0, corresponding to change or no
change. A static episode is an episode through which the object does not undergo
any change, i.e. its state remains constant. Hence, a static episode is defined as,

[d(oj)r _0

it |,

A dynamic episode is an episode through which the object has undergone one or
more of the different types of change. It is defined as follows.

2]

a |, 7"

t1
Examples of types of spatio-temporal change are depicted in figure 4 in the case of
scaling or change of size.
Spatio-temporal Relations

Spatio-temporal relations are studied between episodes of two objects and might
be defined as functions of time.

Ri(ei(0;),em(0Or)) = f(t)
Two types of spatio-temporal relations can be identified:

Static Relations: A relation between two episodes is considered to be static if the
relationship remains constant between the spatial objects involved during the
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Figure 4: Some possible types of temporal change.
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Figure 5: Examples of: (a) static episodes and static relations, (b) dynamic episodes
and static relations, and (c) dynamic episodes and dynamic relations.

whole interval of time considered. For example, if R (e;,e,,) = touch at any
instant in time between t; and ¢, then R; is considered to be static in this
time interval. A static relationship can be defined as follows.

{dR(ei, em) } 2

dt =0

t1

Dynamic Relations: A spatio-temporal relation is considered to be dynamic if it
is not static, i.e. the relation between the spatial objects changes during the
interval of time considered. A dynamic relationship can be defined as follows.

{dR(ei,em)}

ta
dt 70

t1

Static relations may exist between either two static or two dynamic episodes. Dy-
namic relations exist only between two dynamic episodes or between a static and a
dynamic episode. Examples of these relationships are shown in figure 5.

4. Representation of Episodes and Relationships between Episodes
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Figure 6: Different approaches to the representation of qualitative spatial relations.

A qualitative relation in space or time can be defined by the set of constraints
that uniquely define it. Two approaches can be recognized for developing such
formalisms, as shown in figure 6, viz, a constraint-driven approach which starts
by defining a general set of constraints based on which a set of relationships can
be defined, and a relation-driven approach which starts by recognizing the set of
relationships (intuitively), and then identifying the set of constraints necessary for
their unique definition.

The work of Randell et al 2° for defining topological relationships between convex
regions is an example of the relation-driven approach. Another example is the
interval algebra developed by Allen 2. In the constraint-driven approach, the set
of all possible constraints is first identified and different subsets of the constraints
are combined combinatorially to define the different relations. Examples of this
approach is the general formalism for defining topological relations in space and
time !? using the intersection of object parts, and the definition of relations between
intervals using the relations between their end-points developed by Vilain and Kautz
22

Although simple and intuitive in dealing with simple object, the relation-driven
approach becomes very complex and error-prone when the domain of relations is
large. Also, reasoning using this approach can easily become intractable as noted in
23, The domain of spatio-temporal relations can be very large, making the task of
adopting a relation-based approach almost impossible. Figure 7 illustrates a small
subset of relations in this domain. A sound approach is needed to distinguish every
relation in this figure.

A representation approach to the definition of spatio-temporal relations must
satisfy the following requirements. It should be able to:

1. define the full set of temporal relations between episodes, namely, the set of 13
temporal relations between intervals and possible relations between intervals
and points.

2. define the topological relations between the start states and end states of the
two episodes considered.
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Figure 7: Some possible types of the overlap relationships between two volumes.

3. define the topological relations between the start and end states of one episode
and the body of the other episode in the case of not-equal temporal relation-
ship between episodes.

4. define the set of topological relations between the bodies of the two episodes
under consideration.

Few works exist that address the problem of spatio-temporal representation. Other
approaches deal only with the first three requirements above, and no works exist
have yet addressed the fourth requirement. Chomicki and Revesz 2* presented a
qualitative geometric approach to the representation of spatio-temporal objects.
Their method is based on qualitative description of objects as explicit geometries
and the definition of translation as the only transformation function in time. The
reasoning problem was not addressed, as object positions in space and behaviour
in time were described quantitatively. Erwig et al ¢ proposed moving points and
moving regions as the main types of spatio-temporal objects which they used as
data types in the definition of spatio-temporal databases. Their work is mainly
concerned with the identification and definition of spatio-temporal data types, as
discrete (snap-shots) or continuous function, and didn’t address the problems of
representation of relations of reasoning in this domain.

A constraint-based approach is adopted in this paper where episodes are repre-
sented by a number of components that reflect their spatio-temporal characteristics.
Relationships between episodes are then represented by the collective set of spatio-
temporal relationships between their components. The constraint-based approach
aims to avoid the need to classify and define a very large set of possible dynamic
relationships.

4.1. Representation of Episodes

Episodes can be generally represented by three components as shown in figure 8,
namely, two spatial regions, representing the extent of the episode at the start and
the end of the interval occupied by the episode (z; and z ), and a three dimensional
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Figure 8: The three topological components of an episode: its start state zg, its
end state ¢ and its interior (intermediate states) ;.

Figure 9: Examples of episodes for complex objects. (a) Region with a hole. (b)
Concave region with a virtual cavity.

spatio-temporal volume (z;) representing the interior of the episode between ¢ and
ty. This representation is also applicable in the case of the 4D spatio-temporal
episodes.

An episode type can be fully described using four components that correspond to
the four types of possible changes that it may undergo, as described in the previous
section. Hence, an episode can be described by a tuple (L, R, C, D), where L is the
translation component, R, the rotation component, C, the scaling component and
D, the deformation component. A value of 0 will be used to indicate no change and
1 to indicate change in that particular component. For example, e;(1,0,0,0) rep-
resents a dynamic episode that has undergone a translational change. The value of
the tuple is representative of the nature of change, i.e., e(L, R, C, D) = 0 represents
no change or a static episode.

The method of representation used here captures both the spatial and temporal
characteristics without imposing any restrictions on the spatial type of the episode
or its temporal characteristics. For example, the same decomposition strategy can
be used for representing more complex objects, such as, regions with holes, or regions
with virtual components, as illustrated in figure 9.

An episode is assumed to be embedded in an infinite, connected spatio-temporal
space. It is assumed to be connected and no overlap is possible between its con-
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Figure 10: (a) Adjacency matrix of the shape in 9(a). (b) Half the symmetric
adjacency matrix is sufficient to capture the representation of the episode.

stituting components. The topology of the episode and the embedding space can
then be described by a matrix whose elements represent the connectivity relations
between its components. This matrix shall be denoted adjacency matrix.

In figure 10(a), the representation of the episodes in figure 9 are represented.
Each region is represented by two areal components z; and zy and infinite areal
component z representing the surrounding area. The fact that two components are
connected is represented by a (1) in the adjacency matrix and by a (0) otherwise.
Since connectivity is a symmetric relation, the resulting matrix will be symmetric
around the diagonal. Hence, only half the matrix is sufficient for the representation
of the object’s topology and the matrix can be reduced to the structure in figure
10(b). In the decomposition strategy, the complement of the object in question shall
be considered to be infinite. The suffix 0 (zo) is used to represent this component.

4.2. Representation of Spatio-Temporal Relations

Spatio-temporal relations between episodes can be represented by the combined
spatio-temporal relations between their constituting components. Distinction of
topological relations is dependent on the strategy used in the decomposition of the
objects and their related spaces.

For example, in figure 11(b), a simple relationship between two episodes of simple
regions = and y is shown. This relationship is uniquely represented by coding the
individual relationships between the different components in a matrix structure,
denoted, the Component-Relations Matriz, as shown in 11(b).

It will now be shown how the representation method developed satisfy the re-
quirements identified in section 4 above.

1. If the start or/and end components of two episodes are connected or intersect,
i.e. not disjoint, then it can be inferred that they co-exist temporally. It is suf-
ficient, in this case, to represent their spatial relationships. If the components
are disjoint, then it is necessary to distinguish their temporal relationships.

Three possible types of disjoint relationships can be identified. These are
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Figure 11: (a) A simple relationship between two episodes. (b) Its corresponding
component-relations matrix.
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Figure 12: Different types of disjoint in the spatio-temporal domain.

illustrated in figure 12.

(a) d(z,y): indicates that object x is spatially disjoint from y and both
existed at the same time point.

(b) < d(z,y): indicating that object z is spatially disjoint from y and existed
before y.

(c) > d(z,y): indicating that object z is spatially disjoint from y and existed
after y.

Hence, the set of all possible temporal relationships between episodes, as well
as the topological relations between start and end states (requirements 1 and
2) can be represented by the set of 10 spatio-temporal relations between states
and end-states. The two temporal disjoint relationships will exist, irrespective
of the complexity of the objects considered. Hence, in the case of simple convex
regions, the set of eight topological relations is expanded to ten relationships
and so on.

2. The third requirement studies the case of non-equal temporal relation be-
tween episodes. In this case there must exist a relation between the start
or end state and the body of the other episode (between end states), i.e. a
relationship between a 2D and a 3D object. This relation is equivalent to a
2D spatial relation between a 2D component of one episode (start and end
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digjoint d(x,y) touch t(x,y)  overlap o(x,y) coveredby cb(x,y)

insidei(x,y) dividedv(x,y) slices(xy) Cross cr(x,y)

Figure 13: Different types of relationships between a region (representing an object
state) and a volume (representing the interior of episodes).
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Figure 14: (a) A simple relationship between two episodes. (b) Its corresponding
relation matrix, with different types of spatio-temporal disjointness.

states) and another 2D component of the other episode (cross-section of the
body of an episode). If the objects considered are simple convex regions, then
eight possible relationships can be distinguished. Different notations are used
for naming the relations as shown in figure 13. Hence, the domain of relations
in this case is the set of eight topological relations between convex regions.

3. In the fourth requirement, the topological relations between the bodies of
the episodes, i.e. between two volumes, are considered. The full set of re-
lationships between two convex volumes in space consist of eight topological
relations similar to those in the case of two simple regions in 2D space. Hence,
the six overlap relationships in figure 7 are uniquely distinguished using the
method.

From the above, the relations matrix in figure 11 can be modified as shown in
figure 14.

Other examples of spatio-temporal relationships are shown in figure 15 along
with their corresponding relations matrices.

Every instance of the component-relations matrix contains a collection of unique
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Figure 15: Examples of relations between episodes and their relations matrices.

relationships between the components, and hence, overall uniqueness and sound-
ness of representation are guaranteed. l.e. every possible relationship between two
episodes will have a corresponding matrix which uniquely distinguishes it.

5. Spatio-Temporal Reasoning

Spatio-temporal reasoning is carried out between episodes in a constraint-network
fashion. The composition of relations is achieved by combining the Relation ma-
trices, and propagating the relations between every pair of components of the two
episodes.

The pre-requisites for carrying out the reasoning mechanism are as follows.

1. Composition tables for objects, or end-states. In our case, composition tables
between simple regions need to be extended to include the different types of
spatio-temporal disjointness. The extended table is shown in table 1.

2. Composition tables for end-states and bodies of the episodes, i.e. between
regions and volumes. Four different tables are required to handle the differ-
ent combination. The tables could be computed using the spatial reasoning
approach developed in '°. Note that all the entries in the composition table
for region-volume and volume-region are disjunctive sets of all ten spatio-
temporal relations between regions and hence the table can propagate no new
information. The composition table between volume-region and region-volume
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Figure 16: (a) Composing the relationships in (a) and (b). (c) Corresponding
relation matrices.

is shown in table 2 as one example of the four tables.

3. Composition tables between the bodies of the episodes, i.e. between two
volumes in our case. Since we can reduce the relations between two volumes
to the same set of relations between two simple regions, the composition table
in this case will be similar to that produced for simple regions.

Some other examples of the reasoning process follows.
Example 1
Consider the relationships between the episodes of objects x, y and z as shown
in figure 16(a) and (b). Their Relation matrices are shown in 16(c).
Spatio-temporal reasoning is achieved using the following steps.

1. Propagate, systematically, the relationships between all pairs of components
from the different episodes using the components of the common object.

Hence in the above example, the relationship between s and z; is first derived
using their relationships with y,, y; and yy. Then, relationships are derived
between z, and z;, followed by z, and z;, and so on. As an example, the
derivation of the relationship between z; and z; and z; and z; is given below.

(a) R(xs,zs):
From the matrices, the constraint network between the two components
is shown in figure 17(a). Using the regions composition table, we have,
<d(zs,ys)A > d(ys,z5) —  All(xs, 2s5)
d(iﬂs,yi)/\ > d(yiazs) - All(xs, Zs)
<d(xs, YN > d(yr,zs) —  All(xs, zs)

By intersecting the resulting sets, we have the conclusion: All(zs, z5).
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zs
Xs

Figure 17: (a) (b)

(b) R(zj, 2i):
From the matrices, the constraint network between the two components
is show n in figure 17(b). Using the regions composition table, we have,

t(xiays) /\d(ysazl) — d(.’I}l,ZZ) Vt(xlazl) VO(Q?Z',Zi) \ Ct(xiazi) ch(xiazi)
d(zi,yi) Nd(yi, zi) — All(zg,2;)

By intersecting the resulting sets, the composition yields a disjunctive set
of relations: d(x;,z;)Vi(x;, z;) Volxy, z;) Vi(xs, 2;) Veb(x;, z;). This result
can be more concisely represented by the negation of the complement set
of relations, i.e. —e(x;, z;) A —ct(x, z;) A —cv(x;, 2;).

2. The full set compositions are refined and presented in a matrix, denoted, the
composition matrix, as follows.

Zs % zf
xs | All All <d
x; | All | =i A=cb A\ —eq | —cv A —ct A\ —eq
zy | >d All >d

3. The constraints in the matrix are then combined and mapped to the resulting
relation (or set of relations).

Identifying possible sets of relations

Soundness rules must be developed and used to map the composed relations
matrix between the components of the episodes into a set of possible relations
between the whole episodes. The development of such rules between objects of
different types and dimensions is an ongoing area of research 2> and is the subject
of a different work.

For example, the composition of relations in the example above indicated that
the possible relations between x; and z; may include ct(z;, 2;) or cv(x;, 2;). However,
the resultant relations between x; and z; rules out those possibilities.
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Figure 18: (a) Composing the relationships in (a) and (b). (c) Corresponding
relation matrices.

The case of static episodes is special, since the spatial relations between them
are preserved with respect to time.

5.1. Spatio-temporal reasoning with Static Episodes and Relations

A static episode is an episode where spatial extents of the object remains con-
stant in time. A static relation between episodes implies the episodes being involved
in a static spatial relation during their coexistence. The episodes in figure 5(a) are
static and are involved in a static relationship. In this case, a rule that govern the
inter-relationships between the episode components can be stated as follow. If the
interior of one episode e(i); has a relationship R with the start e(s)2 or end e(f)2
of another episode ey, then it must have the same relationship with the interior of
that episode e(i)2. Le. R(e(i)1,e(s)2) V R(e(i)1,e(f)2) — R(e(i)1,e(i)2).

This rule can be incorporated in the reasoning process by deducing the relation-
ship between z; and z; through the intersection of the set of relations between them
and all the components of the other episode. Le. R(z;,2;) = R(z;,2s) N R(z;, 2z;) N
R(x;,zp) N R(2i,xs) N R(23,25).

Example 2

Consider the relationships between the episodes of objects x, y and z as shown
in figure 18(a) and (b). Their Relation matrices are shown in 18(c).

Spatio-temporal reasoning is achieved by propagating, systematically, the re-
lationships between all pairs of components from the different episodes using the
components of the common object.

The full set compositions are refined and presented in the composition result
matrix, as follows.
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Zs Zi Zf
2, | <d | dVi <d
z, | Vit ]| dVi avi
27 | >d | dVi|dViV>dv<d

Figure 19: (a) The resulting matrix from the composition of relations in figure
example 2 . (b) The possible types of resulting relations.

Zs Zi zf
rs | <d |dVtVoVetVev <d
z; | dVt|dVtVoVetVev | dVEVoVetVcey
zp | >d All All

The relationship between x; and z; is calculated as follows.

R(z;,z;) = {dVitVoVvetVevn{dViVoVetVev}n{All}n{tvd}N{dViVoVcuVet} =
{dVt}.

It is noted that the matrix in not optimal, in the sense that some combinations
may be impossible. Soundness rules need to be devised to exclude those cases. For
static relations, it can be proved that if the initial propagation result is indefinite
for the relations between the interiors of episodes and other elements, including
bounding states, uncertainty must stem from the same disjunctive set of relations
(with the addition of temporal disjointness). Hence, the same approach used for
refining the relationship between x; and z; can be used other indefinite relations.
Hence, by intersecting R(x;, z;) with other indefinite results the composition result
matrix can be restated as shown in figure 19(a). The matrix can correspond to one
of six possible relationships shown in 19(b) and (c).

6. Conclusions

An approach was presented for the representation and reasoning over spatio-temporal
relationships. A spatio-temporal object is defined and then used to define the no-
tion of an FEpisode which is a collection of object states in a specific temporal
interval defined between a start and an end state. The topology of the episode is
defined by decomposing it into components representing its start, interior and end.
Spatio-temporal reasoning is carried out over episodes by composing the relation-
ships between their comprising components in a constraint network fashion. The
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following issues are also presented.

1. Different types of episodes are identified, namely, static and dynamic, reflect-
ing the nature of change of spatio-temporal objects over time.

2. Spatio-temporal relationships are classified into static and dynamic according
to whether spatial relationships between objects remain unchanged in time.

3. Spatial composition tables are extended by adding three different types of
temporal disjointness, namely, < d, > d, and d. When objects are not disjoint,
they are considered to be co-existing in time.

4. Different composition tables for relationships between bounding states and
interiors of episodes are derived using the method in '°.

5. In the case of static episodes, rules are defined and used to prune the compo-
sitions result into physically possible relationships.

The work in this paper is done within a framework of a research project which aims

at the development of intelligent spatio-temporal databases

1019~ Future work is

directed towards three main issues.

e Defining complex dynamic episodes where more than one type of change occur,
which is an important issue in simulation problem and other applications
domains.

e Defining complex dynamic relations reflecting possible complex interaction
between object.

e Utilising quantitative constraints, such as geometric configuration, in a hybrid
quantitative-qualitative approach. This is important in applications domains,
e.g. design and manufacturing, where topological constraints are not sufficient
to define episodes and their inter-relationships.
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cb

ct

cv

O <d all <d <d <d <d <d <d <d
Q all >d >d >d > d >d > d > d > d
OO <d >d All dvitvi dVvitvi dVvitvi d d dvitvi

Veb V o Veb Voo Veb V o Veb V o
m < d > d dVitVet dVitv = iVebVo tViVeb d dVv it dVitVi
Vev V o Veb V cv V o Vo Veb V o
@ <d >d d d i i All dVitVi dVitVi
Veb Voo Veb V o
@ <d >d d dvt i iVech dVitVecet dvVvitv = dVvitvi
Vecv V o Veb Vecv Vo Veb V o
@ < d > d dVitVet ict Vcv Vo = ViV ech ctVecvVo ct ct ct VcvVo
Vev V o Vet V cv V o
@ <d >d dVitVet tVetVcy iVebVo = Vecb V ct ct ct V cv ctVcvVo
Vecv V o Vo Vo
@ <d > d dVitVet dVitVet iVebVo oVecbVi dVitVecet dVitVet All
Vev V o Vev V o Vev V o Vev V o

Table 1: The composition table between for spatio-temporal regions.
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d t o cv— s ct — s cb — s i—s eq—s
- Al dvievi dvivo dVitVvo dVivo dVivo dVvivo dvivo
Veb Voo Veb Vi Veb Vi Veb Vi
Q@ dVtVvo | dVitvov dVitvo dVitVo dVitVvo tVoVi oV ebVi tVo
Vev Vet | =VevVeb iVeb cb
@ dVtvo dVitvo All dVitVo dVitvo oVebVi oVebVi o
Vew Vet Vew Vet Vet Vocv Vet Voew
% dVtvo dVitvo dVitvo dVitVo dVitvo oVebVi oVebVi oV cb
ViV b = Vev Vb Vew Vet
% dVitVo dVitVvo dVitvo dVitVo Al oV ebVi oV ebVi oV iVeh
ViV b ViV b
D | dvivo | tVvoves | ovevsvet | ovevvet | ovevvet | ov=vet oVebVi oV ecv
Vet Voew Vew Vew
@ dVtVo | oVeoVet | oVevVet | oVevVet | oVevVet | oVevVet oV = Vi oV etV ev
Vew Vet Veb Vev Vet
dVitvo tVo o oV cv oV etV ev oV b oV iVeb oV = Veu
veb

Table 2: The composition table between spatio-temporal regions (end-states of
objects) and volumes (bodies of episodes).




