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7.2 Summary

The detection of high-energy cosmic-rays is an active area of research in the
field of astrophysics and high-energy physics. Cosmic-rays are subatomic par-
ticles which arrive from extra-terrestrial objects and hit the Earth atmosphere.
These rays are categorized on the basis of the energy they contain. Cosmic-rays
with low to moderate energies are well understood but those with extremely high
energies remain mysterious.

When a cosmic-ray enters into the Earth atmosphere, it collides with a nucleus
and produces many secondary particles. The secondary particles subsequently
collide with other nuclei and create a new generation of particles. This process
continues and as a result billions of energetic particles hit the earth surface. This
phenomenon is called “extensive air-shower”. When an air shower hits the earth
surface, it may cover an area as large as 10 Km2.

The dominant technique for studying cosmic-rays uses the detection of air-
showers. Traditionally, the setup for detecting these air-showers uses an array of
sensors instrumenting a geospatial area. When an air-shower falls on a part of
the instrumented region a group of sensors in that part sense the air-shower and
reports the sensed data to a centralized computer for further processing.

The flux of cosmic-rays with high energies is extremely low. They fall on
Earth at an average rate of 1 ray per Km2 per year. To increase the likelihood of
detecting high-energy cosmic-rays large areas are instrumented. A typical instru-
mented region may consist of an array of hundreds (or sometimes thousands) of
sensors instrumenting a geospatial area as large as 3000 Km2.

A group of scientists involved in the detection of high-energy cosmic-rays are
aiming at applying another kind of sensors for cosmic-ray detection. This kind
of sensors is expected to collect richer data than those already in use. However,
these new sensors pose a challenge. They are not only triggered by air-showers
but also by man-made radio sources like mobile phones, air planes etc. This
results in a high trigger rate per sensor (between 200 to 600 times per second).
Moreover, each trigger per sensor generates 12.5 KB of data. On the other hand
the sensor nodes are extremely resource constrained devices. With their current
capacity, it is impossible to take the data out of the array and send it to the central
computer for further analysis. There is a clear need of a technique that enables
the sensors to discard, locally, the unwanted data caused by man-made noise
sources and send only relevant data to the central computer.

The objective of this dissertation is to investigate such a technique and evalu-
ate its performance. However, developing such a technique is highly challenging.
The nature of application we are dealing with is highly demanding in terms of
accuracy. Since high-energy cosmic-rays are extremely rare we do not want the
sensors to lose its data. On the other hand, the constrained capacity of the sensor
nodes (in terms of bandwidth, processing power, and memory) demands efficient
use of these resources in order to maintain an acceptable level of accuracy. The
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crux in the design is finding the right balance between accuracy and efficient use
of resources.

This leads to the following requirements for a high-energy cosmic-ray detec-
tion technique using the new sensor technology. First, the detection technique
should be accurate which means it should not lose the sensed data that indicates
an air-shower. Second, the technique should be robust against communication
failures. Third, the data communication cost in terms of power consumption
should be kept lower. Finally, the technique should be scalable in terms of num-
ber of sensor node in the array.

The main motivation behind our approach is that, in principle, each sensor
node can decide about the relevance of its sensed data by observing whether
similar event has also been detected by sensors in it surroundings. However, a
sensor node needs information from its neighboring nodes to take such localized
decisions. To this end, each node must collaborate with its neighboring nodes
by sharing its sensed data with them. This dissertation explores the possibility of
such a technique which is based on collaborative local data-analysis. We identify
and experimentally evaluate the parameters that influence the balance between
detection accuracy and efficient use of resources while applying collaborative
local data-analysis.

The contributions of this dissertation are threefold. First, we proposed a fully
decentralized event detection algorithm based on collaborative local data anal-
ysis, filtering out only those triggers that need further (centralized) processing.
We show that under ideal conditions the detection accuracy of the algorithm is
100%. Since sensor nodes communicate through low-power wireless commu-
nication medium, we expect lossy communication. As its second contribution,
this dissertation identifies and experimentally evaluates the parameters that in-
fluence the balance between accuracy of the algorithm and efficient utilization of
resources while considering lossy communication among the sensor nodes. The
balance is influenced by parameters such as frequency of message exchange, mes-
sage compression, affordable message redundancy, and appropriate treatment of
partially aggregated data. Third, the dissertation explores the scalability of our
local data-analysis approach with an extended set of experiments. Additionally,
the dissertation shows that the performance of our approach is also influenced
by the communication technology. All in all, the dissertation enables to have an
insight of the intricacies of a distributed system for cosmic-ray detection.


