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Abstract

Similarity search in time series data is an active
area of research. In this paper, we introduce the novel
concept of threshold-similarity queries in time series
databases which report those time series exceeding a
user-defined query threshold at similar time frames
compared to the query time series. In addition, we
present a new data structure to support threshold simi-
larity queries efficiently. The performance of our solu-
tion is demonstrated by an extensive experimental eval-
uation.

1 Introduction

Similarity search in time series data has attracted
a lot of research work recently. In this paper, we in-
troduce a novel type of similarity queries on time se-
ries databases called threshold similarity queries. A
threshold similarity query is defined by a query time
series Q and a threshold τ . The database time series
as well as the query sequence Q are decomposed into
time intervals of subsequent elements where the values
are (strictly) above τ . Now, the threshold similarity
query returns those time series which have a similar
interval sequence of values above τ . Note, that the en-
tire set of absolute values are irrelevant for the query
as long as they exceed the threshold τ .

The novel concept of threshold similarity queries is
an important technique useful for many practical ap-
plication areas. In pharmaceutical industry it can help
to identify drugs that cause similar effects in the blood
values of a patient at the same time after the drug
application. Obviously, effects like a certain blood pa-
rameter exceeding a critical level τ are of particular
interest. For environment observation applications, a
topic of research is the detection of dependencies be-
tween different air pollution attributes, e.g. the detec-
tion of attributes which nearly simultaneously exceed
their legal threshold. Queries like ”return all ozone

time series which exceed the threshold τ1 = 50µg/m3

at a similar time as the temperature reaches the thresh-
old τ2 = 25◦C” require an efficient support of threshold
similarity queries. In molecular biology the analysis of
gene expression data is important to understand cellu-
lar mechanisms. Biologists search for genes that have
a similar up and down pattern of their expression level
over time because this indicates a functional relation-
ship among the particular genes. Since the absolute
up/down-value is irrelevant, this problem can be repre-
sented by a threshold similarity query with a threshold
of τ = 0.

In this paper, we make the following contributions.
We formalize the novel concept of threshold similar-
ity queries on time series databases. In addition, we
present a novel data representation of time series which
supports such threshold similarity queries efficiently.
Finally, we present an experimental evaluation that in-
cludes performance tests of our proposed algorithms
and shows that our new concept of threshold queries
can be successfully employed in several application
fields.

The remainder is organized as follows. We briefly
overview related work in Section 2. Section 3 formalizes
the concept of threshold similarity queries. In Section
4, we show how time series can be represented in or-
der to support threshold similarity queries efficiently.
The effectiveness and efficiency of our algorithm are
evaluated in Section 5. Section 6 concludes the paper.

2 Related Work

A lot of work on similarity search in time series
databases has been published recently. The proposed
methods mainly differ in the representation of the time
series, a survey is given in [3]. However, all proposed
approaches usually cannot be applied to our novel
problem of threshold similarity queries. For example,
techniques which are based on dimension reduction suf-
fer from the problem that temporal information is lost.
Usually, in a reduced feature space, the original inter-
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