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Abstract

The relations among  temporal
intervals can be used to model time-
dependent muitimedia objects. We analyze
the domains of interval temporal relations.
A set of algorithms is proposed to derive
reasonable relations befween intervals.
Possible conflicts in the user specification
are firstly detected and eliminated,
Composite objects can have arbitrary
timing relation-ships. The algorithms are
extended for time-based media in an
arbitrary  n-dimensional  space. The
contributions of these algorithms and the
interval algebra system can be used to
process the temporal knowledge query, to
generate the schedule and layout of
multimedia presentations.

Presentation,
Temporal-Spatio

Keywords:  Multimedia
Temporal  Interval,
Relation, Algebra System

1 Introduction

Communication networks and multimedia
appli-cations usually contains a number of
resources to be presented sequentially or
concurrently. Temporal interval relations
represent the timing among resources.
These resources need to be analyzed to
ensure that there is no time conflict among
resources. Moreover, many of these
resources, occupy period of time and screen
space. These data can be heavily time-
dependent, such as audio and video in a
motion picture, and can require time-
ordered presentation. The spatio-temporal
relations among resources need to be
computed and represented.

The importance of knowledge underlying
temporal interval relations was found in
many disciplines. As pointed out in [1],
researchers of artificial intelligence,
linguistics, and information science use
temporal intervals as a time model for
knowledge analysis. The work discussed in
[1] analyzes the relations among temporal
intervals. However, the work [1] only states
temporal interval relations. No spatial
relation was discussed. We found that these
relations can be generalized for spatial
modeling. The use of spatio-temporal
relations serves as a reasonable semantic
tool for the underlying representation of
objects in many multimedia applications.
Composite objects can have arbitrary
timing relationships. These might be
specified to achieve some particular visual
effect of sequence.
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2 The Spatio-Temporal Relation
Domains

According to the interval temporal
relations introduced in [1], there are 13
relations between two temporal intervals.
We describe the symbolic constraint
propagation, The general idea is to use the
existing information about the relations
among time intervals or instants to derive
the composition relations.

The composition may result in a multiple
derivation. For example, if “X before Y ”
and “Y during Z ” , the composed relation
for X and Z could be “before”, “overlaps”,
“meets”, “during”, or “starts”. If the
composed relation could be any one of
some relations, these derived relations are
called reasonable relations in our
discussion.

In some cases, relation compositions
may result in a conflict specification due to
the user specification or involved events
synchronously. For example, if speci-
fications " X before Y " ," Y before Z ",
and " X after Z " are declared by the user,
there exists a conflict between X and Z.
When the specific relations are not found in
derived reasonable set, the specification
may cause conflicts.

For an arbitrary number of objects,
some of the relations are specified by the
user while others are derived. If there exists
a cycle in the directed relation graph, a
conflict derivation may occur.

In our project, we develop an O(n)-time
algorithm for propagation temporal
constraint between two time events. For
solving point/interval algebra networks, we
develop an O(n)-time algorithm that is an
O(n) improvement over the previously
known algorithm [9] for finding all pairs of
feasible relations, where n is the number of
points or intervals.

3 The Finite Temporal Relations Group

Based on Allen’s work, transitivity table

for the twelve temporal relations (omitting
"=") showing the composition of interval
temporal relations. Compositions of three
or more relations are computed using
algorithms based on set operations, such as
set union and intersection. These set
operations are expensive. We calculate
Table29, an extension of Tablel3 (Allen's
Table). The compositions of three or more
relations can be obtained directly from our
table. Table29 consists of the compositions
of 29 temporal relation sets. Based on the
Table29, we found many properties of
spatio-temporal relations.

A temporal tuple contains two interval
names and a relation set. The following
table gives a summary of the 29 relation

sets, which contain all  possible
composition results;
Table 1: The 29 Relation Sets
i3] Relation Sets
1 {<}
2 {>
3 {d}
4 (di}
5 {o}
6 {oi}
7 {m}
8 {mi}
9 {s}
10 {si}
11 (£}
12 {fi}
13 {e}*
14 {o,di,fi}
15 {oi,d, [}
16 {o,d,s}
17 {oi,di,si}
18 {<,0,m}
19 {>o0f,m}
20 fffiel*
21 {s,5i,€e}*
22 {<,0,md,s}
23 { >, o, mi, di,si}
24 {<o0,m,difi}
25 (>, 0i,mid,f}
26 {o0i,d,dis,siffie}*
27 {<,m,d,dio,offfissi,e}
28 {>,mi,di,d,oiofif,sis e}
29 {<,>m,midi,doiofif,sise}*

Table29 is generated by our implemented
program.



Table 2 : The Temporal Transitive Closure Table

o}01 02 03 04 05 06 07 08 0% 10 11 12 13 14

0r(01 2% 22 01 01 02 01 22 0F 01 22 01 Ot 01

02129 02 25 02 25 02 25 02 25 02 02 02 02 25
03{0t 02 03 29 22 25 01 02 03 25 03 22 03 29
04124 23 26 04 14 17 14 17 14 04 17 04 04 14
03101 23 16 24 18 26 01 17 05 14 16 18 05 24
06(24 02 15 23 26 19 14 02 15 19 06 17 06 28

07101 23 16 01 Ot 16 CG1 20 07 07 16 01 07 Ol
0824 02 15 02 15 02 21 02 15 02 08 08 08 25

09]01 02 03 24 18 15 01 08 09 21 03 18 09 24
10124 02 15 04 14 06 14 08 21 10 06 04 10 14
11|01 02 03 23 16 19 07 02 03 19 i1 20 11 28
12]01 23 16 ¢4 05 17 07 17 05 04 20 12 12 14
13101 02 03 04 05 06 07 08 09 10 11 12 13 14
14124 23 26 24 24 26 24 17 14 14 26 24 14 24
15124 02 15 29 27 25 24 €2 15 25 15 27 15 29
16|01 23 16 29 22 28 01 23 16 28 i6 22 16 29
17124 23 26 23 26 23 14 23 26 23 17 17 17 28
18 (01 29 22 24 18 27 (1 27 18 24 22 18 18 24
1929 02 25 23 28 19 28 02 25 {9 19 23 19 28
20001 23 16 23 16 23 07 23 16 23 20 20 20 28
21(24 02 15 24 24 15 24 08 21 21 15 24 21 24
2201 29 22 29 22 29 01 29 22 29 22 22 22 29
23)2% 23 28 23 28 23 28 23 28 23 23 23 23 28
24124 29 27 24 24 27 24 27 24 24 27 24 24 24
25129 02 25 2% 29 25 2% 02 25 25 25 29 25 29
2624 23 26 29 27 28 24 23 26 28 26 27 26 29
27024 29 27 29 27 29 24 29 27 29 27 27 27 29
28129 23 28 29 29 28 29 23 28 28 2B 29 28 25
29029 29 29 29 29 29 29 29 29 29 29 29 29 29

4 Maintaining Time Constraints

Based on Table29, we propose a set of
algorithms, using a directed graph, for fast
temporal relation compositions. These
algorithms can be used to compute the
binary relation between an arbitrary pair of
intervals.

If there 1s a conflict cycle in the original
reduced relation domain, the algorithm
eliminates that conflict first. This conflict
elimination is achieved by invoking the
EliminateConflict algorithm, Suppose G is
a graph of the reduce relation domain, and
GV and GE are the vertex set and edge set
of G. The algorithm computes derived
edges based on user edges.

Algorithm : CompureRD]

Input : G=( GV,GE)

Output: K, = ( K.V, K.E )
Preconditions : true

Postconditions : GV=K,V AGENUE U UE'c K.E
Steps :
1. G = EliminateConflicts ()
2: Ku=Gapl=2
3: repeatuntil | K.E}= | KV i*(K.V}-1)/2
31l:foreache=(a,b) A eeK.E A ae
KV A bekKVe
there is a path of user edges from a 10 b , with
path fength = pi
3.2 :suppose (( ny, 12), (nz, n3),..., (Bes, ne))
isapathwitha=n A b=n A k=pi+1
33 :seters=Table29 ((a, ney )rs, (Mes, b )rs)
34 . KE=KEu{e}
35:pl=pi+1l

The first algorithm, ComputeRDI,
starts from taking each path of user edges
of length 2, and computes a derived edge
from that path. The insertion of edge e =
( a, b)) results a cycle, but no conflict.

Algorithm : EliminateConflicts

Input : G=( GV, GE)

Outpwt : G'=(GV,GE)

Preconditions : & contains only user edges A G'= G

Posteonditions ¢ G'= G , but the reasonable sets of
edges in G’may be changed.




Steps :
1. foreach P =((n;, nz), (nz, ny),..., (M2, m) Y in G’
withnm;=m A k>3
1.1:foreachi, 1 si<k-2
1.1.1 : set (n;, #iv2).rs = Table29 ((n;, n;p).rs,
(nf+j', Rpez).rs )
1.2 : rs = Table29 ((re, ny.2).rs, (Rr.2, Re-1).7s )
1.3 1 if (ne, Peg).r £ 75 then
1.3.1: ask user to choose a r’e rs
1.3.2 :set (ng, npp)r =r”

5 Extended Spatial Relations

Let rs denote a set of 1-D temporal
interval relations (i.e., rs € 29Relset). The
relation composition table can be refined
to a function maps from the Cartesian
product of two 7s to a rs. Assuming that £’
is the mapping function, we can compute f
? | the relation composition function of 2-D
objects, and /7 , the one for 3-D objects,
from /' . There are 13 relations for 1-D
objects. A conjunction of two 1-D relations,
which denotes a 2-D relation, has 137
variations. Similarly, there are 13* 3-D
relations.

f' = 29RelSet x 29RelSet — 29RelSet

f 2 = 29RelSet x 29RelSet x 29RelSer x
29RelSet—> 29RelSet x 29RelSet

S’ = 29RelSet x 29RelSet x 29RelSet x
29RelSet x 29RelSet x 29RelSet— 29RelSet x
29RelSet x  29RelSet

where 29RelSet x 29RelSet € { {<} x {<}, {<}
x> {=tx{=}}

29ReiSet x 29RelSet x 29RelSet e
L), (<<, {=hed=x{=})

Functions f 7 and /° are computed
according to the following formulas :

Y i1 x g, i3 x j5 & P (29RelSet x 29ReiSet )

Frlixjnisxj2)=T1f Gryiz) xf Grsj2)

A4 f} Xj}X k;,izszx k2 e P (29RelSet x
29ReiSet x 29RelSet )
fj(fzxj}‘sz,izszxk2)=nf1 (s i) x f?
Ursd2) xf iy kz)

where [IAxB={axbiVacd beB}

IMAxBxC={axbxc|{Vaecd beB, ce
C}

6 The Applications and Conclusions

Spatio-Temporal relations can be used

in many multimedia applications.

As long as the spatial relations of
objects are decided, the algorithm can
compute the location of each presentation
resource in a window.

Moreover, Spatio-Temporal relations
can be used to compose objects in
multimedia  documents 2]. Our
mechanism can be incorporated with an
object-oriented mechanism [3] for the
construction of multimedia presentations.
Multimedia resources are not used along
usually. Instead, they have some degree of
associations. Similarly, multimedia
resources, when they are presented, may
have some default relative positions. In an
application, the presentation system can
use our algorithms to compute the
schedule of a presentation, Also, in natural
language processing, temporal intervals
are used to model the timing of events. Our
algorithms thus can be used in constructing
semantics of sentences. We believe that,
spatio-temporal relations can be used in
many related applications for maintaining
time constraints.

The algorithm proposed in this paper
can be used in other computer applications.
We hope that, with our analysis and
algorithms, the knowledge underlying
spatio-temporal relations can be used in
many computer applications, especially in
multimedia computing.
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