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ABSTRACT

Sensors are increasingly being used to monitor the world around us. They measure movements of struc-
tures such as bridges, windmills, and plane wings, human’s vital signs, atmospheric conditions, and
Sfluctuations in power and water networks. In many cases, this results in large networks with different
types of sensors, generating impressive amounts of data. As the volume and complexity of data increases,
their effective use becomes more challenging, and novel solutions are needed both on a technical as well
as a scientific level. Founded on several real-world applications, this chapter discusses the challenges
involved in large-scale sensor data analysis and describes practical solutions to address them. Due to
the sheer size of the data and the large amount of computation involved, these are clearly “Big Data”
applications.
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Large-Scale Sensor Network Analysis

1. INTRODUCTION

Sensors are increasingly being used to monitor
the world around us. They measure movements
of structures such as bridges, windmills and plane
wings, vital signals of humans, atmospheric
conditions, and fluctuations in power and water
networks. In many cases, this results in large net-
works with different types of sensors, generating
impressive amounts of data. In this chapter, we
look at a specific case in considerable detail - a
sensor network attached to a large highway bridge
- and demonstrate what generic techniques may
be required to analyze this data (Knobbe et al.,
2010; Vespier et al., 2011).

1.1 Bridge Monitoring

Structural health monitoring, i.e. the monitoring
of the behavior of man-made structures such as
bridges, tunnels and buildings, is an important
case for large-scale sensor data analysis (Knobbe
et al., 2010). Many existing structures are now
past their design lifetime, and complex degrada-
tion processes such as corrosion and excessive
load cycles can sometimes cause unpredictable
behavior (ASCE, 1990). Monitoring their dy-
namic behavior is key in understanding how fast
they are degrading and predicting when critical
maintenance, or even replacement, is needed. This
requires the infrastructure to be equipped with a
network of sensors, continuously measuring and
collecting various structural and climate features
such as vibration, strain and weather conditions.
This continuous measuring process generates a
massive amount of streaming data which must
be analyzed over large time intervals.

One such structure is the ‘Hollandse Brug’
(Holland Bridge), one of the busiest highway
bridges in the Netherlands. The bridge was opened
on June 1969, but on April 2007 inspection mea-
surements showed that the bridge did not meet
quality and security requirements. Subsequently,
it was closed in both directions to freight traf-

fic, and most of the bridge deck has since been
replaced. To monitor the bridge’s behavior, and
avoid such abrupt bridge closures in the future,
a sensor network was installed to learn how the
bridge, and many other bridges like it, degrades
over time and to use this data to plan future main-
tenance more accurately.

The monitoring system comprises 145 sensors
that measure how the bridge responds to external
forces, at several locations along its span (see
Figure 1 for an illustration). The following types
of sensors are employed:

e 34 ‘geo-phones’ (vibration sensors) that
measure the vertical movement of the bot-
tom of the road-deck as well as the sup-
porting columns.

e 16 strain-gauges embedded in the concrete,
measuring horizontal longitudinal stress,
and an additional 34 gauges attached to the
outside.

e 28 strain-gauges embedded in the concrete,
measuring horizontal stress perpendicular
to the first 16 strain-gauges, and an addi-
tional 13 gauges attached to the outside.

° 10 thermometers embedded in the con-
crete, and 10 attached on the outside.

These sensors measure at 100 Hz, yielding
about 4 GB of data per day, or well over a terabyte
of data per year. In addition, a weather station
measures wind speeds, rainfall and solar radia-
tion, and a video camera provides a live stream
of the traffic on the bridge. This system creates
a constant influx of high-throughput data. While
manageable over short intervals, this data needs
to be collected over many years for detailed analy-
sis, quickly turning this fast data into big data. It
may be clear that this requires a radical departure
from current field-testing approaches that rely
of spreadsheets and proprietary data-acquisition
software with capacity limitations.

A small 1-minute sample of the strain and vi-
bration data is shown in Figure 2. One can easily

315



32 more pages are available in the full version of this document, which may
be purchased using the "Add to Cart" button on the publisher's webpage:
www.igi-global.com/chapter/large-scale-sensor-network-analysis/85461

Related Content

Emotional and Rational Components in Software Testing Service Evaluation: Antecedents and

Impacts
Colin G. Onita, Jasbir S. Dhaliwaland Xihui Zhang (2022). Journal of Database Management (pp. 1-39).

www.irma-international.org/article/emotional-and-rational-components-in-software-testing-service-evaluation/313969

Aiding the Development of Active Applications: A Decoupled Rule Management Solution
Florian Danieland Giuseppe Pozzi (2010). Principle Advancements in Database Management
Technologies: New Applications and Frameworks (pp. 250-270).

www.irma-international.org/chapter/aiding-development-active-applications/39359

Big Data Analytics and Visualization of Performance of Stock Exchange Companies Based on
Balanced Scorecard Indicators

Iman Raeesi Vananiand Maziar Shiraj Kheiri (2018). Handbook of Research on Big Data Storage and
Visualization Techniques (pp. 853-872).
www.irma-international.org/chapter/big-data-analytics-and-visualization-of-performance-of-stock-exchange-companies-

based-on-balanced-scorecard-indicators/198788

The Schema Mapper: An Expert System that Determines the Least Cost Physical File Structure
in a Database Management System

Scott J. Lloydand Geoffery Steinberg (1997). Journal of Database Management (pp. 16-22).
www.irma-international.org/article/schema-mapper-expert-system-determines/51177

Intelligent Fuzzy Database Management Systems

Safiye Turgay (2008). Handbook of Research on Fuzzy Information Processing in Databases (pp. 822-
846).

www.irma-international.org/chapter/intelligent-fuzzy-database-management-systems/20346



http://www.igi-global.com/chapter/large-scale-sensor-network-analysis/85461
http://www.irma-international.org/article/emotional-and-rational-components-in-software-testing-service-evaluation/313969
http://www.irma-international.org/chapter/aiding-development-active-applications/39359
http://www.irma-international.org/chapter/big-data-analytics-and-visualization-of-performance-of-stock-exchange-companies-based-on-balanced-scorecard-indicators/198788
http://www.irma-international.org/chapter/big-data-analytics-and-visualization-of-performance-of-stock-exchange-companies-based-on-balanced-scorecard-indicators/198788
http://www.irma-international.org/article/schema-mapper-expert-system-determines/51177
http://www.irma-international.org/chapter/intelligent-fuzzy-database-management-systems/20346

