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Abstract

We introduce a visual langug for the specification of tem-
porally changing spatial situations. The main idea isdp-r
resent spatio-tempar (ST) objects in a two-dimensional
way by their tace The intesections of thesedces with
other objects a interpeted and tanslated into sequences
of spatial and spatio-tempal predicates, called delop-
ments, that can then be used, feample to query spatio-
tempoal databases.

1. ST Objects, Pedicates, and Deelopments

Spatio-tempaal objectslike flying airplanes, migrating
whales, or spreading firesugathe characteristic property
that the are spatial entities banging wer timeand that
these changes awmontinuous For the modeling of these
data the concept aspatio-tempaal data typeg1] has been

relationshipis nothing it a sequence of spatial relation-
ships that hold wer time interals or at time points.

Topological relationships between dvspatial objects
are well knavn; for two regions there xsts a canonical
collection of eight topological predicates calledual
meef covers, coveredBY disjoint, overlap, inside andcon-
tains But only the first four predicates can be true at an in-
stant in time; the are callednstant pedicates The other
four predicates can only hold for a period of timeythge
calledperiod pedicates

If a spatial predicate isalid for each point in time of a
certain time interal, we obtain a basispatio-tempaal
predicatewhich is written lile the corresponding spatial
predicate bt with an initial capital letterSuch a predicate
can be rgarded as a function taking ewspatio-temporal
objects as guments and yielding a booleaalwe as a re-
sult. Basic spatio-temporal predicates camvrme com-

introduced which includes the treatment of continuous spa-bined to more complepredicates describirdgvelopments
tial changes. This conceptgards ST objects as functions [2]. Developments are represented by alternating sequences
from time to space. In thisay, amaoving point(for exam- of spatio-temporal predicates and spatial predicates and are
ple, representing an airplane) izvei as a function from  written davn by juxtaposition. Consider theample of an

time to a spatial data tygeoint it describes a point that
changes its locationver time. Anevolving region (for ex-
ample, representing a raging storm) igegi as a function
from time to a spatial data typegion; it describes a tem-
porally changing rgion that can mee and/or grav/shrink

and change its shape. ST objects can also disappear and re-

appearA very instructve view of ST objects is to consider
them as purely geometrithree-dimensionabbjects, that
is, the time axis is garded as a third geometric dimension.
An evolving region is then represented as@ume in 3D
space, and a ming point is visualized as a 3D cerv
Temporal changes of ST objects, in particuiaduce
temporal changes of their mutual topological relationships.
For example, at one time twvevolving regions might be
disjoint where some time later shenight intersect. An ob-
senation is that during certain time periods the topologica
relationships between both objects are constant and that

certain points in time these relationships change. Conse-

guently we obtain an alternating sequence of time irtisrv
and time points at which the topological relationships be-
tween both objects are constant. Hencgpatio-tempaal

airplane running into a hurricane. Thisrdlpment can be
formulated a®isjoint meetinsidewhich we abbréate by
Enter. A flight running out of a hurricane can be character-
ized by

Leave := InsidemeetDisjoint

A flight traversing a hurricane can be either written as
EnterLeaveusing dened predicates or it can be denoted
as

Cross := Disjoint meetinsidemeetDisjoint

Note that instant predicates and their corresponding spatio-
temporal predicates (kkmeetandMee) that occur ne to
each other in a delopment can be andvebeen meyed

| to the respecte spatio-temporal predicate. Othgamples
6({0 be visualized bel) are:

Toudh := Disjoint meetDisjoint
Bypass.= Disjoint MeetDisjoint
Graze := Disjoint meetOverlapmeetDisjoint



2. Visual Specifications of Deelopments gion in the specification of ag®n/region predicate is rep-
resented. W do that analogous to the representation of

Due to the strong analogy between ST objects and 3Dmoving points: display tw objects (sheing the meing

objects we could simply use 3D pictures to specifyetle  objects first and the last position) connected by a trace

opments, bt there are seral reasons for not doing so: specifying the objecs’ mosement. The initial and the final

first, draving three-dimensional pictures is much more gpject are gien by tw circles (that are smaller than the

complex than draving 2D pictures, especiallywhen there  constant circle). The trace is depicted for azimg point by

are no specialized user inputvites ailable. Second, 3 dotted line, and for a mimg region we use tw dotted

such a draing interface is also much more fidult to im-  |ines. For example the predicateraze is dravn as follavs:
plement; it must dér more options to the user and is thus The first and last shen position of
again more dificult to learn and to apply than advdimen- - the eolving region are disjoint from
sional language. Third, three-dimensional illustrations of .~ the constant gion, and thus the
developments arewerdetermined in the sense thatthes- S both represent the predicatisjoint.
play (i) graving/shrinking and meement of rgions and : The trace represents the sequence
(ii) relative positions of the lggnnings and endings of ob- 3 Disjoint meet Overlap meet Disjoint.
jects’ lifetimes. Suchwerspecifications are generally unde- ‘.. This is because the left trace border
sirable since thecomplicate the understanding of visual Graze Q intersects the constantgien in &-
notations because the user has to sort out much visual in- actly two points and the right trace
formation that has no meaning for her specification. border does not intersect the constagiae at all. Some

Therefore, we abstract fromxact positionshetents, and  variations are shven belaw.
reduce tw-dimensional geometric objects to one-dimen-
sional ones. Then we can use thaxis to represent the
temporal dimension. In otherornds, we “foget” about the

y-axis with rgjard to spatial information and represent a
point as a point on theaxis and a igion as arx-interval.
Thus, they-axis can capture the temporal aspect of spatio-
temporal objects, so that a wilag point is represented by a

line and an wlving reggion is represented by agien as

shavn belav:

ta Th.|s picture descrlbes_, a wiag Cross Touch Bypass Q
point that enters a g#&n, then

leaves the rgion and finally stops  Note that the act interpretation can\ahys be inferred

‘ on the rgion’s border It is strik- from the intersections of the trace borders with the static
\ ing that the sktched meement/ circle. This is gplained in the full paper [3].
T shrinking/graving of the interal

representing thevelving region 3. Conclusions
> X does not contrilte arything to

this specification. The reason is that we are only specifying We hae shevn a simple tw-dimensional visual lan-
topological relationships, and thus we need only informa-guage to epress queries on spatio-temporal objects. This
tion about the relate positions of objects with respect to language can be well used as a query iaterfto spatio-
each otherTherefore, we canwhys display one of the tw ~ temporal databases. ¥ag a precise semantics, the visual
objects as a constant, nonvirg spatial object. notation can also sexvas a formal language to communi-
We represent thevelving region in the definition of a  cate and reason about spatio-temporal situations in general.
point/region predicate (respeeély, one @olving region in
the definition of a gion/region predicate) , 4. References
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