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l. INTRODUCTION

Accurate super cyclone prediction is an important
problem for construction activities in coastal and offshore
areas. In some coastal areas, the slopes are very gentle and
tidal variation makes waterfront distances in the range from
hundred meters to a few kilometers. In offshore areas,
accurate super cyclone data is helpful for successful and safe
operations. The applications of Wireless® Sensor Networks
(WSN) contain a wide variety of scenarios. In most of them,
the network is composed of a sighificant number of nodes
deployed in an extensive area in which not all nodes are
directly connected. Then, the data exchange is supported by
multihop communications. Routing protocols are in chargerof
discovering and maintaining the routes in_the™ network.
However, the correctiess of a particular routing protocol
mainly depends onfthe capabilities ‘of the nodes and on the
application requirements [1].

Orissa on the East Coast along with West Bengal and
Andhra Pradesh has the locational is advantage of being in
the path of depression of severe cyclonic storms that occur
before the onset of south-west monsoon or after it recedes

.The super cyclone and severe cyelone of october 1999
distressed 14 prosperous coastal districts throwing the lives
of one crore of people out of gear..The exceptional cyclonic
gale , high flood ,tidal doorway and stagnation are the main
factors for distress and calamity there. Thoughrrelief was
pouring in from all parts of the world but'it was not reaching
the victims due to improper disaster management. Proposal

of cyclone shelters, coastal high way, conservation of
declining mangrove and other forests, afforestation and
drainage improvements are the main need in the area.
Improvements of saline and other embankments, de-silting
(dredging) of the’ mouths of channels and rivers and
additional ventage to the roads and cross drainage structures
have been advocated. Proper forecasting and other curative
measures with proper disaster management programme can
mitigate the flood and cyclone to a great extent.

Environmental disasters are largely unpredictable and
occur within very short spans of time. Therefore technology
has.to be developed to capture relevant signals with minimum
monitoring delay. Wireless sensors are one of the latest
technologies that can quickly respond to rapid changes of
data“and send the sensed data to a data analysis center in
areas where cabling is not possible. WSN technology has the
capability of quick capturing, processing, and transmission of
critical data in real-time with high resolution. However, it has
its own limitations such as relatively low amounts of battery
power and low memory availability compared to many
existing technologies. It does, though, have the advantage of
deploying sensors in hostile environments with a bare
minimum of maintenance. This fulfills a very important need
for any real time monitoring, especially in unsafe or remote
scenarios. This paper discusses the design and deployment of
super cyclone prediction detection system using a WSN
system at Paradeep port, Orissa (State), India. The increase
in depressions during the monsoons over Bay of Bengal is
directly related to rise in the temperature of sea surface. It is
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an impact of global warming. Abnormal behavior of sea
surface temperature has started to affect the atmospheric
climate over the Bay of Bengal. The increased number of
continuous depressions over the Bay of Bengal has also led to
increase in the height and velocity of the sea waves, which
causes cyclone on the sea coast.

The remainder of the paper is organized as follows.
Section 11 describes Research Background and Related Work.
In Section I, we describe the genetic programming
paradism. Section IV Mamdani Fuzzy Model.Section V
describe Wireless Sensor Test Bed. Section VI Conclusion
and Future Work.

Il. RESEARCH BACKGROUND AND
RELATED WORK

The research background and relevant technologies
includes: (1) the definition of super cyclone (2) wireless
sensor network technology.

A Definition of super cyclone
What is super cyclone?

A Super Cyclone is one whose wind speed encountered
in core-area of a tropical cyclone equals_orsexceeds 226
km/hr.

What causes super cyclone?

A cycloneis a verylarge mass of air ranging from 800
km to 1600 km diameter with low pressure surrounded by a
high pressure air mass. Due,to unequal heatinghef earth
surface pressure difference arises,and strong wind blow in a
spiral motion towards the low pressure centre from all
direction because of rotation-of earth,around its own axis,
causing cyclonic gale of more than 50, kmph .The large
whirling mass of air at the centre“where pressure is» low is
known as cyclone and acts like a chimney through which air
gets lifted, expands, cools and finally gets condensed causing
precipitation. If precipitation is caused by cold front it is very
intense but for short period, while by warm front it is more
continuous .A super cyclone is one®“whose wind speed
encountered in core-area of a tropical cyclone equals or
exceeds 226 km/hr.

Why do we need super cyclone predictions?

Prediction of cyclonic storm in the Bay of Bengal and
issuance of timely warning is the task of the Storm Warning
Centre (National Weather Forecasting Centre) India. The
cyclone information issued by the Storm Warning Centre
(SWC) requires detection and monitoring of cyclones from
formation until landfall and forecasting the cyclone’s future
track. Modern technology has provided the means for early
detection and constant tracking. The cyclone warning system
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is well known in India. Warnings include the following
information.

a) Position of storm centre.

b) Direction and rate of movement.

c) Area likely to be affected specifying upazillas
(administrative unit in India) of the district if possible.

d) Approximate time of commencement of gale winds.

e) Maximum wind speed expected.

f) Approximate height of storm surge/tide and areas likely to
be affected.

B. Wireless Sensor Network Technology

WSN technology has generated enthusiasm in computer
scientists to learn ‘and understand other domain areas which
have helped them to propose or develop real time
deployments. One of the major areas of focus is
environmental maonitoring, detection and prediction. The
Drought » Forecast and Alert System (DFAS) has been
proposed and developed in [3]; it uses mobile communication
to alert the users, whereas the deployed system uses real time
data collection and transmission using the wireless sensor
nodes, Wi-Fi, satellite network and also through internet. The
real streaming of data through broadband connectivity
provides connectivity to wider audience. An experimental
soil monitoring network using a WSN is presented in
reference [2], which explores realtime measurements at
temporal and spatial granularities. In this paper, real time
deployment of a heterogeneous network for super cyclone
prediction, detection has been discussed. This study
incorporates both theoretical and practical knowledge from
diverse domains such as super cyclone prediction and
geomechanics, wireless sensor, Wi-Fi, and satellite networks,
power saving solutions, and electronic interface and design,
among others, which covered the design, development and
deployment of a real-time super cyclone system using a
WSN.

Background on Genetic Algorithm

Genetic Algorithms (GA) is a searching technique used in
computing to find true/approximate solutions to optimization
and search problem. Genetic Algorithm are a particular class
of evolutionary algorithm that use techniques inspired by
evolutionary biology such as inheritance, mutation, selection
and crossover. GAs has been widely studied, experimented
and applied in many fields in engineering world.

Who can benefit from GA?

Nearly everyone can gain benefits from GAs. GAs is useful
and efficient when

e The search space is large, complex and
poorly understood.

o No mathematical analysis is available
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e Traditional search method fails.

Pseudo-Code Algorithm

1. Choose initial population.

2. Evaluate the fitness of each individual to reproduce.

3. Repeat

(a) Select best-ranking individuals to reproduce.

(b) Breed new generation through crossover and
mutation (genetic operations) and give birth to offspring
4. until termination condition.

The common termination conditions are: -

(a) A solution is found that satisfies minimum criteria.
(b) Fixed number of generation reached.

(c) Allocated budget (computation time/money) reached.
(d) Highest ranking solutions fitness is reached.

I11. GENETIC PROGRAMMING PARADISM

Genetic programming is a branch of geneticealgorithm. The
main difference between genetic programmingyand genetic
algorithm is the representation of thessolution:. Genetic
programming creates computer programs in LISP“or scheme
computer languages as the solution. Genetic algorithms
create a string of numbers that represent the solution.

Genetic programming uses four/steps to solve problems:

1. Generate an initial population of.random compesitions of
the functions and terminals of the problem:

2. Execute each program in the ‘population and assign it a
fitness value according to how well it'solves the problem.

3. Create a new population of computer programs.

(a) Copy the best existing programs

(b) Create new camputer programs by mutation.

(c) Create new computer »programs by crossover
(sexual reproduction).

4. The best computer program thatappeared in any
generation, the best-so-far solution, isidesignated as the

result of genetic programming [Koza 1992].

In our proposed system, we choose the cross over.operation
by choosing parents to produce children:

The variable x, y and z are used for the input for fuzzy
inference system and the variable r is used for the output for
fuzzy inference system.
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The following two parental LISP S-expressions:

(IF (AND(x y))
()
(IF (AND(x 2))
()

The children resulting from crossover is shown below:
(IF (AND(y 2))
()

IV. MAMDANI FUZZY MODEL
There are 3 types of fuzzy control system/model used.

1. Mamdani Fuzzy model
2. Sugeno Fuzzy model
3. Tsukamoto Fuzzy model

The most commonly used fuzzy inference technique is the so-
called Mamdani method. In 1975, Professor Ebrahim
Mamdani of London University built one of the first fuzzy
systems to control a steam engine and boiler combination. He
applied a set of fuzzy rules supplied by experienced human
operators. The Mamdani-style fuzzy inference process is
performed in four steps:

1. Fuzzification of the input variables
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2. Rule evaluation (inference)
3. Aggregation of the rule outputs
4. Defuzzification

Step 1: Fuzzification

The first step is to take the crisp inputs, x1, y1 and z1
(depression over sea, temperature over sea and velocity of
wind), and determine the degree to which these inputs belong
to each of the appropriate fuzzy sets. We examine a simple
three-input one-output problem that includes two rules:

Rule: 1 IF x is A2 AND y is B2 THEN r is 02
Rule: 2 IF x is A2 AND z is C2 THEN r is 02

The Reality for these kinds of rules:

Rule: 1 IF depression over sea is more AND temperature
over sea is more THEN super cyclone is more.

Rule: 2 IF depression over sea is more ANDgvelocity of
wind is more THEN super cyclone is more.

Step 2: Rule Evaluation

The second step is to take the' fuzzified inputs, px=a1)
=02, nx=a2) = 08, wy=p1 = 02, ny=Bp) =07 and pe=cy) =
0.2, uz=c2) = 0.8. Apply them to the antecedents of the fuzzy
rules. If a given fuzzy,rule has ‘multiplegantecedents, the
fuzzy operator (ANDTor OR) is used to obtain a single

number that represents the result of the antecedent evaluation.

RECALL: To ‘evaluate zthe disjunction of the rule
antecedents, we use the OR fuzzy,operation. Typicallypfuzzy
expert systems make use “of the classical fuzzy operation
union:

uauB(X) = max [ua(x), up(x)]

Similarly, in order to evaluate the conjunction of the
rule antecedents, we apply the AND fuzzy operation
intersection:

1p~B(X) = min [ua(x), #a(x)]

Rule: 1 IF x is A2 (0.8) AND y is B2 (0.7) THEN r is
02 (0.7)

Rule: 2 IF x is A2 (0.8) AND z is C2 (0.8) THEN r is O2
(0.8)
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Step 3: Aggregation of the Rule Outputs

Aggregation is the process of unification of the outputs
of all rules. We take the membership functions of all rule
consequents previously clipped or scaled and combine them

into a single fuzzy set. The input of the aggregation process is
the list of clipped or scaled consequent membership
functions, and the output is one fuzzy set for each output
variable.

ris 02 (0.7) 2 ris 02 (0.8)=X

Step 4: Defuzzification

Thes laststep in the fuzzy inference process is
Defuzzification. Fuzziness helps us to evaluate the rules, but
the final output of a‘fuzzy system has to be a crisp number.
The input for the defuzzification process is the aggregate
output fuzzy set and the output is a single number. There are
several) defuzzification methods, but probably the most
popular one is the€entroid technique. It finds the point
where a vertical dine would slice the aggregate set into two
equal masses. Mathematically this centre of gravity (COG)
can be expressed as:

i.\‘.ﬂ?/ x)

COG==2

b
mix)

The, final output of the system will be the super cyclone
degree.

V. WIRELESS SENSOR TEST BED

The WSN follows a two-layer hierarchy, with lower
layer wireless sensor nodes, sample and collect the
heterogeneous data from the sensor column and the data
packets are transmitted to the upper layer. The upper layer
aggregates the data and forwards it to the sink node
(gateway) kept at the deployment site. Data received at the
gateway has to be transmitted to the Field Management
Center (FMC) which is approximately 400 mt away from the
gateway. A Wi-Fi network is used between the gateway and
FMC to establish the connection. The FMC incorporates
facilities such as a VSAT satellite earth station and a
broadband network for long distant data transmission. The
VSAT satellite earth station is used for data transmission
from the field deployment site at paradeep sea beach, Orissa,
India to the Data Management Center (DMC), situated within
the state. The DMC consists of the database server and an
analysis station, which performs data analysis and super
cyclone modeling and simulation on the field data to
determine the cyclone probability. The wireless sensor
network architecture for super cyclone detection is as shown
in Fig given below.
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Fig: Wireless Sensor Network Architecture for Cyclone Detection

VI. CONCLUSION AND
FUTURE WORK

Real time monitoring of super cyclone prediction is one
of the research areas available today in sthe field of
geophysical research. This paper discussessthe development
of an actual field deployment of a WSN based super eyclone
prediction detection system. £ This system uses a
heterogeneous network composed of WSN, Wi-Fi, and
satellite terminals for efficient/delivery of real time data to
the DMC, to enable sophisticated analysis of the data.and to
provide cyclone warnings and risks,assessments to the
inhabitants of the sregion. In the future, this work will be
extended to a full deployment by using the lessons learned
from the existing network. This network will be used for
understanding the capability and usability of WSN for critical
and emergency application. In the future, we plan to
experiment with this_method, including a simulation and
implementation, to evaluate its performance and usability in a
real sensor network application.
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