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1.   Introduction

In applications based on sensor networks that mon-
itor the physical world and detect events occurring in
it, events are named according to attributes that have
scalar values or ranges of scalar values, such as tem-
perature and light levels. Such an event, which is
described in a language similar to SQL (structured
query language), such as TinyDB [1] or Couger [2],
is characterized by the value of a particular sensor
reading. The event descriptions given by these lan-
guages enable surveillance applications to provide
services that are activated by the occurrence of cer-
tain events. The languages, however, describe only
events that can be represented using values from sen-
sor readings. Thus, humans can neither naturally rep-
resent an event using the languages nor intuitively
understand the event represented by the descriptions.

This paper describes a system [3] that facilitates
human-centric searching of events that occurred in
the world. Instead of requiring queries related to sen-
sor reading values, this system embedded in a sensor-
networked environment permits us to ask the envi-
ronment itself questions such as “who drop vase” or

“when door open”. Using a method that grounds
sensor data, the system translates such queries into
descriptions using a representation based on natural
language phrases for specifying events that can be
detected from the sensor data. This system is con-
structed as an application for the “s-room”, which is
a project that aims to search for or retrieve specific
events that occurred in the real world on the basis of
sensor-networked environments.

2.   Event representation

As an intermediate language between event
description using natural language (NL) and the val-
ues of the sensor readings, we design a representation
consisting of NL phrases.

2.1   Observable events
WordNet [4] is an electronic lexical database in

which English nouns, verbs, adjectives, and adverbs
are organized into synonym sets, with each represent-
ing one underlying lexicalized concept, with different
relationships linking the sets. This means that we can
use WordNet to construct a representation. That is,
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we can follow the strategy of collecting as many Eng-
lish words or phrases that denote physically observ-
able events as possible using WordNet. We collect
“observable” event concepts in the following way.

First, as seeds we set the twelve words: move,
reach, pass, exit, touch, enter, rise, drop, keep,
increase, decrease, and remain. Starting from the
seed words, we traverse synonym links in WordNet
and choose observable synonyms. We assume that
synonyms that have the same meaning denote the
identical event concept. We tag the concept with con-
nected words that make up a phrase that describes the
meaning written in WordNet; for example, the words
shift, dislodge, and reposition denote the event con-
cept of a change in direction. Therefore, we deal with
them because they denote the concept, which we
label with the phrase-like word change-direction.

This procedure offers us an efficient synonym
selection method that leads to the effective construc-
tion of a set comprising 185 labels (event concepts)
and 348 words associated with the labels. We call the
labels denoting event concepts the event descriptors.

2.2   Expression using physical quantities
As a first approximation, we assume that it is pos-

sible to assign the following simple form to each
observable event:

∀t((t0 ≤ t < t1 → P1) ∧ (t1 ≤ t ≤ t2 → P2) ∧
(t2 < t ≤ t3 → P3)),

where t0, t1, t2, and t3 are free variables and P1, P2, and
P3 are mathematical expressions including variables
and physical constants that denote physical quantities
such as position and temperature. In this form, the

expression t0 ≤ t < t1 → P1 represents the precondition
in which t is a parameter denoting time and P1

expresses the physical state of objects connected with
the event before the event occurs. The expression t1 ≤
t ≤ t2 → P2 specifies the ongoing condition in which
the event starts at t1 and finishes at t2, and P2 denotes
the state change of the physical object. The final
expression t2 < t ≤ t3 → P3 describes the post-condi-
tion. The event lasts until t3, as expressed by P3.

The assumption enables us to assign the same form
to event descriptors. For example, we assign the event
descriptor go-from-region-to-region (regions: ρ1 and
ρ2) to the following expression:

where D(ρ1, ρ2) denotes the distance between the
regions and λ(t) is a special coordinate in a three-
dimensional system at time t of the object that goes
from one region to another. 

3.   Event searching system

An overview of our system [3] is shown in Fig. 1. It
consists of two modules: a query module and a search
engine that refers to the sensor data grounder. We
assume that our system operates in an environment in
which a sensor network always collects data pro-
duced by sensors attached to physical objects. The
system returns information about an event that
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Fig. 1.   Overview of the event searching system.
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matches an intuitive interpretation of a set of NL
words in a query. 

The query module reads a query, which is a set of
English words just like those used in Google, and
translates the set into event descriptors and extracts
their assigned physical quantity expressions. The
search engine searches the sensor database by con-
tacting the sensor data grounder, which finds a data
segment that satisfies the physical quantity expres-
sion. The query module can also answer by, for exam-
ple, displaying a video image recorded by video cam-
eras.

Beginning with the most recently saved data, the
sensor data grounder checks the data in a chunk
whose length can be adjusted by a parameter until it
finds or fails to find a data segment that satisfies the
physical quantity expression assigned to the observ-
able events.

Let the physical quantity expression assigned to an
observable event be ∀t((t0 ≤ t < t1 → P1) ∧ (t1 ≤ t ≤ t2
→ P2) ∧ (t2 < t ≤ t3 → P3)). Starting from the latest
collected data and proceeding to the older data, the
sensor data grounder seeks a continuous data segment
within the segment length ranges that correspond to
those of the time intervals, t1 – t0, t2 – t1, and t3 – t2.
The sensor grounder judges that the observable event
occurred between t and t' if and only if P1, P2, and P3

hold for a data segment within the respective ranges
of the intervals and t' – t is within the range of t2 – t1
for the data segment.

To demonstrate this system, we applied it to a sen-
sor-networked office environment called the s-room
in which physical objects are equipped with sensor
nodes containing (i) microsensors such as a triaxial
accelerometer, thermometer, hydrometer, illumina-
tor, and human detector and (ii) wireless networking
and computing engines for communicating with com-
puting servers and other networked embedded
objects such as the sensor database. The system per-
mits us to ask queries concerning an object and an
event such as “when door open.” It returns an answer
such as “1st October, 2006 13:14:10”.

4.   Related work

Yap, Srinivasan, and Motani [5] proposed a system

that allows humans to search for and locate physical
objects as and when they need them. Under the
assumption that all physical objects can be tagged
with small devices that possess limited processing
and communication capabilities, the system provides
location information in NL sentences that offer refer-
ences to identifiable landmarks, rather than to precise
coordinates, such as “my notebook is on my desk” or
“the keys are on the dining room table”.

The event-driven distributed model of the context-
aware system proposed by Tan et al. [6] is leveraged
on the event specification language and composite
event detection algorithm. They classify events into
primitive events and composite events that are con-
structed recursively by applying some operators to
primitive and composite events. Primitive events are
those low-level events that can be directly detected by
sensors or other mechanisms embedded in the com-
puting entities in the system. Composite events are
events that are formed by applying a set of event oper-
ators such as “or”, “and”, or “seq(;)” to primitive and
composite events. They also extend the context
model with an event ontology so that event informa-
tion can be retrieved from the infrastructure in a con-
sistent and semantic way using SQL-like, rather than
NL-like, semantic queries such as SELECT ?X
WHERE (?X owl:hasTimeOfOccurrence>, “20.05.04
13:00:41”).
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