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Abstract

A prototype semiorder database used for activity
recognition in multi-sensory monitoring environments is
described. Activities are spatio-temporal compositions of
events, which are a type of atomic semantic units for such
compositions. The focus is on the temporal composition of
activities from events in the presence of bounded duration
of temporal uncertainty in an event occurrence. Such
temporal uncertainty forces the concurrency between
event occurrences to be intransitive. Under certain
assumptions, a subclass of partial orders, known as
semiorders, models such intransitive concurrency
appropriately. The semiorder database stores events and
their semiorder temporal order of occurrences. A
semiorder data model and the corresponding query
language that embeds a semiorder pattern language are
the main constituents of the semiorder database. We
demonstrate this database and queries for activity
recognition in a real time environment. The
demonstration also includes a transducer subsystem for
detection of events.

1. Introduction

The usefulness of databases in activity recognition in
multi-sensory monitoring environments has lately been
recognized {3]. A multi-sensory environment may consist
of sensors as complex as multiple visual sensors. For
example, multiple cameras may produce multi-perspective
video of an observed environment, like a parking lot, or a
segment of a highway. A visual signal processing
subsystem detects and extracts information about different
domain-independent features of observed objects. These
objects may be detected mobile objects or spatial regions
of interest. Some examples of domain-independent
features are centroid, velocity, three-dimensional
bounding box, and color of detected mobile objects.

One of the goals of such environments is to detect
activities of interest that occur in the environment. An
activity is defined as a complex fusion of multi-sensory
observed data over any temporal and spatial extent. It is
useful to consider an activity to be a complex spatio-
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temporal composition of events, which are a type of
atomic semantic units for multi-sensory information
produced in the environment. Events occur at specific
points in time, and finite bounded intervals of temporal
uncertainties are associated with their occurrences. Events
are detected using specialized algorithms from the
domain-independent feature information produced in the
multi-sensory environment. For example, a car hitting a
wall is an activity that can be decomposed into events of
"car entering the region of the wall", "car stopping”, and
concurrent "occurrence of a loud noise". A database is
used to store events, their spatial and other attributes, and
also their temporal order. The usefulness of the database
approach comes through the use of an appropriately
defined query language. This makes it possible to detect
and retrieve exponentially many user defined activities of
interest on the same base set of events. In the following
subsections, we briefly describe the semiorder data model,
an algebraic query language that embeds a semiorder
pattern definition language, and the design of the current
semiorder database prototype.

2. Semiorder data model and query language

In our research, we primarily focused on database
requirements for dealing with temporal aspects of
composition of activities from events. Spatial parameters
associated with events and activities are defined through
appropriate use of attributes of events. Consider the
binary relation occurs_before between occurrences of
events A and B, and define two events to have occurred
concurrently if they are not related by this relation.
Association of temporal uncertainty intervals with
occurrences of events forces the concurrency between
event occurrences to be intransitive. Such intransitive
concurrency between events is not modeled appropriately
by temporal sequence data models and their weak-order
extensions, which either do not cater for concurrency, or
are capable of only dealing with transitive concurrency.
Assumptions of a fixed uncertainty interval for events in a
given set of events and that the probability of an event
occurrence is uniformly distributed over this interval give
rise to a special subclass of partial orders known as
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schema and validates the query against the schema
definition. The current optimizer only decides the set of
data to be extracted from the native database. It arranges
select conditions in query expressions so that an optimal
set of event data is extracted from the native database. The
execution engine applies appropriate semiorder algebra
operators on this set of extracted data. The returned
results always consist of sets of semiorders, and are
visualized and navigated through using semiorder graphs.
Figure 2.1 shows a screenshot of the query result
visualization engine. We have a separate video database in
our domain of application. The semiorder database query
environment provides for retrieval of video sequences for
recognized activities.

Figure 2.1 :‘The qﬁé;& env(i\rkgn'ﬁier'\t(fbr the k
semiorder database

4. Conclusions

We demonstrate the current prototype implementation
of the semiorder database during this conference,. The
setup consists of a real-time signal processing module,
event detection transducer, and the semiorder database.
The monitored environment consists of a segment of a
highway, whose video is played in real-time through a
video recorder. Interesting activity queries include various
traffic patterns involving single and multiple objects. The
video segments corresponding to these activities are
retrieved from another real-time video database.
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