Life and motion configuration
Pierre Hallot, Roland Billen
'Geomatics Unit, University of Liége, 17 allée dA&t,
B-4000 Liege, Belgium
{P.Hallot, rbillen}@ulg.ac.be

1 INTRODUCTION

Spatio-temporality is key research issue in Gedgcapnformation Science
(Yuan and Hornsby 2007). It is crucial to develdjcent spatio-temporal (ST)
reasoning processes to fully exploit incredible Biformation sources. A
solution is to integrate time to existing qualiatispatial reasoning models such
as RCC (Randell, Cui et al. 1992) or 9-intersec{igenhofer 1989). However,
there exists others way to develop ST reasoningeiodAs mentioned in
(Kontchakov, Kurucz et al. 2007), it is sensiblel&velop ST reasoning models
based on the description of ST shapes. Nevertheliesisations occur. For
Instance, most of trajectories descriptions mogektulate that moving objects
do not share the same place during their evoluBecondly, most of the models
consider only coexisting objects. However, it coblmppened that one of the
studied object disappear for a while. Finally, gsitheses models requires
implementing new ST operators. We propose a SToreag model valid for
coexisting and non coexisting moving objects. At thtage of the research,
objects are assimilated to points. The paper isctired as follow. First we
present the concept of “ST states” and their rgmasion. Then, we construct
life and motion configurations by combining thes&3 states”. Finally, we
conclude.

2 SPATIO-TEMPORAL MODEL AND REPRESENTATION

2.1 Spatio-temporal states

ST evolution of objects can be rather complexs not limited to sharing or not
common place during their evolution. Questions ld&astence, appearance,
presence... occur: does a baby exist before his?Mi#il this retired soccer
player play again...? We gather notions existence, presence and spatial
interaction between two objects at a given time into a concefped “ST state”.
Considering that there is a time period where geablhas not yet existed and
one where it will not exist anymore and that aneobjcould not revive, we
introduce the notion of existence between two dbjext a given time; four
possibilities occur between points A and B: A does exist and B does not



exist {AAAAB}, A exist and B does not exisBAAAB}, A does not exist and B

exist {AAAIB} and finally, A and B exist §AAdB}. When existent, an object

can bepresent or not (e.g. an existing object that is out of #malysed space, or
not visible). As a result, other specific combinas appear; no presence of
object A is denoted by (A). When two objects arespnt (and therefore are
existent), it becomes possible to consider spatiaractions between them at a
given time. Topological relationships have beerded to characterise these
interactions. At a given time, two possibilitiescac between points A and B: A
and B are equal {e} or A and B are disjoint {d}. @bining all these different
possibilities regarding dependence relations betwamncepts, we obtain ten
possible states between two objects (Fig. 1) amelcasion tree which is a JEPD

set: {e}; {d}; {(A)}; {(B)}; {(A)B)}; { BA AB}; { BA A(B)}; {A AZBY; {(A)
ABB} { 3A ABB}.
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Fig. 1. Top: representation of the 10 possible “statesivben two points with absence and non existenceepties.
(Question marks represent non present objectsjoBotiecision tree of the ten possible “states”..

2.2 Conceptual neighbourhood diagram

Following conceptual neighbourhood diagram (CNDJaity (Freksa 1991), we
may say thatwo states are conceptual neighbourhood if an only if there is a
continuous evolution between them without any intermediary states. However,
moving from an existence state to a non existetate & only possible once as
we assume that a “dead” object can not revive. UMD is structured



consequently; top layer concerns the non coexistasgs and bottom layer the
coexisting cases. When moving from the bottom lageihe top layer, there is
no way down....Two kinds of transitions are possibli¢hin the CND (see
figure 2); the ones that can be repeated manystifmentinuous lines) and the
ones can be only crossed one time in each way éddstes).
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Fig.2. Conceptual neighbourhood diagram of the ten StEsta

3 LIFEAND MOTION CONFIGURATIONS

According to Hayes (Hayes 1990), (ST) regions ulaoeer time are termed
gpatio-temporal histories. ST history of a point object is a line, continsoor
not depending on object’s presence. There is igfimf life and motion
configurations when considering ST histories infasface (one axis being time
and the others being related to the Euclidean spaoension where points
move). However, it is possible to characterise (®anze) ST histories using a
set of successive states ordered in time. Possilsleessions of states will define
a finite number of spatial configurations. The lé@d motion configuration
representation of ST histories is done adoptinggederated notion of ST space
where the space axis is limited to the represamtatdf three positions to have



efficient visual expression of topological relastips disjunction and equality
(fig. 3).
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Fig.3. The life and motion configuration {d,@A }represented using a degenerated temporal space.

The set of states is composed by,(e, ..., 8¢), the ten possible state values.
They are combined a finite number of time n whighvhat we call the level of
the life and motion configuration. Life and motioconfigurations are denoted as
{e1,&,...,6}. There exist 4 continuous life and motion configtion at level 2,
88 at level 3, 778 at level 4... When considering nontinuous ST histories,
the number of ST configuration blows, e.g. for lev& there is 100
configurations...127269 for level 6...
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Fig.4. Extract of the life and motion configuration ofvéd 3. The spatial axis of the temporal space isica and the
temporal one horizontal.

3 CONCLUSION

We have proposed an extended temporal representafioexistence and
presence of objects. We have used this represeamiaimbined with topological
concepts between objects to define ST statesparicular ST relationships
between two objects at a given time. We ended up with ten possible states which
are a JEPD set and we sketched their CND. Basddi®mew representation,
life and motion configurations, i.all the possible interaction between two
points in a topological and temporal point of view, have been created to
formalize ST histories. Future researches will ®eheck our model‘s validity
with real dataset and propose generalization inmaifpve space.
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