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ABSTRACT

The analysis of time-dependent data is an important problem in many application domains, and interactive visual-

ization of time-series data can help in understanding patterns in large time series data. Many effective approaches

already exist for visual analysis of univariate time series supporting tasks such as assessment of data quality, detec-

tion of outliers, or identification of periodically or frequently occurring patterns. However, much fewer approaches

exist which support multivariate time series. The existence of multiple values per time stamp makes the analysis

task per se harder, and existing visualization techniques often do not scale well.

We introduce an approach for visual analysis of large multivariate time-dependent data, based on the idea of

projecting multivariate measurements to a 2D display, visualizing the time dimension by trajectories. We use visual

data aggregation metaphors based on grouping of similar data elements to scale with multivariate time series.

Aggregation procedures can either be based on statistical properties of the data or on data clustering routines.

Appropriately defined user controls allow to navigate and explore the data and interactively steer the parameters

of the data aggregation to enhance data analysis. We present an implementation of our approach and apply it on a

comprehensive data set from the field of earth observation, demonstrating the applicability and usefulness of our

approach.

Keywords: Multivariate Time Series, Visual Cluster Analysis, Exploratory Data Analysis, Data Projection, Data

Aggregation

1 INTRODUCTION

Multivariate time series data are gathered in many

domains including economics, experimental physics,

computer vision, robotics, and earth observation. E.g.,

in the financial domain, large amounts of stock prices

are tracked over time; in earth observation, daily tem-

peratures and many additional parameters are observed

at specific locations over time; time-dependent mea-

surements also arise in monitoring traffic parameters
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on a communication network. Analysis of time series

data can take many forms, including assumption-free

exploration; correlation of time series with each other;

or evaluation of specific generative models. Much work

has been done focused on analyzing one-dimensional

time series, and respective solutions are often applied to

multivariate data by analyzing each dependent variable

versus an independent one. However, for multivariate

data the widely used IID assumption (independent

and identically distributed) usually does not hold.

Therefore there is a need to analyze all dimensions of

such data at once.

In the context of data mining and visual analytics, mul-

tivariate time series analysis is a difficult problem, with

solutions typically relying, in some form or the other,

on dimensionality reduction, feature selection, projec-

tion, and glyph-based visualization. The task at hand

often includes finding periodic or frequent patterns in
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