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Preface

Wireless short-range networking bloomed in late 1990s when the first WLAN and Bluetooth
standards were completed and the technology migrated to early consumer products. The
first standards targeted simple wireless applications like the file transfer between a limited
number of devices. Dreams and visions about ubiquitous networking had already started at
that time with the concept of thousands of communicating gadgets in our everyday life. It
was natural to try the first experiments of ubiquitous networking with the current existing
standards, but soon it turned out that the commercial devices were not feasible for such
applications. Later on several proposals were presented for wireless sensor networks, but
there are still many application domains where a single, or even a couple of standards, can
not completely fulfill all the requirements. For this reason many proprietary wireless sensor
network (WSN) technologies have emerged.

Soon after the advent of the first WLAN standards much of the research focused on
improving and enhancing known deficiencies especially for Quality of Service (QoS) and
security. Another branch of research attempted to adapt the standard to fit completely new
set of applications not previously intended for the purpose of the original standard. In both
cases such gradual developments can improve something but not necessarily make a major
scientific breakthrough.

Our approach has been different. We started from scratch, focusing on what we wanted
to do with WSNs and then began to search the technology base for what we needed. No
WSN standards were available when we started our short-range wireless activities in 1997,
only the first visions and ideas about ubiquitous networking. Over the years, we persistently
developed our own WSN technology with the help of a large group of talented PhD and
MSc students.

Right from the beginning we realized that WSNs introduced a far greater challenge,
well exceeding that of mobile phone networks, which were the hot topic of the 1990s. We
started with a broad frontier of knowledge from theoretical analysis to full-scale prototype
implementations and real-life deployment experiments. Our strength has been the ability to
realize the inventions in practical terms, taking into account the real-world non-ideas for
the purposes of getting the design to really work. We have also developed new design tools
to support the research since none of the existing simulator frameworks were complete
enough to meet our wide design scope.

We have experienced how long the road is from taking a new algorithm on a scratchpad
to developing a working mesh WSN and would like more realism to be reflected in scientific
WSN publications in general. One of the most severe problems is the lack of holistic view.
We have learned the hard way in that any real WSN cannot be simplified for a couple of
algorithms and considered in a vacuum either. One slight detail can have a drastic effect
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on the whole network, multiplying the energy consumption, or driving the whole network
in an unstable state. Surprisingly, it is not self-evident what information should be probed
from a deployed WSN pertaining to its operation. For that purpose we have developed
mechanisms for performing WSN self-diagnostics and automated it with our tool support.

At this point it should be noted that we have focused on WSNs consisting of embedded,
resource-limited nodes with small-to-moderate physical size. Such nodes can be used on
their own or attached to many kinds of devices or activities. Target lifetime is years of
operation, during which large amounts of data is collected. It is also important to note that
we have targeted completely autonomous WSNs that do not need any external control. For
example, each node computes mesh routing independently, but in collaboration with other
nodes and without any central router or network coordinator. This is important to make
network deployment very fast without preliminary planning and manual configuration. We
think that the best WSN is one that is invisible WSN to users.

We are proud to present this book that details our findings, inventions, and experiments
in low-power mesh WSNs. We are confident this volume will provide a fresh outlook to
the key design issues and show how they can be approached. This book will also serve
as teaching material, although it is not written in the form of a textbook with homework
problems.

The research work has been funded by several research projects in collaboration with a
number of companies, Tekes (Finnish funding agency for technology and innovations) and
Academy of Finland.
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