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2 Abstract

The reliability of a Wave Ocean Converter (WEC) design is heavily reliant on the extreme ocean
conditions at a chosen deployment site. Current analysis of ocean sites uses statistical contours to
determine expected values for the significant wave height and energy period for a given time interval,
known as a return period. The statistical contour method is currently run on a site-by-site basis; as
such it can be difficult to detect overall patterns and expected values in large regions. My
presentation wifi cover the application of a statistical clustering method that uses the Mean Shift
algorithm to group together similar sites, and identify trends in the clusters. I will also discuss how
these results were inferred. From there, I will discuss how this method can assist in choosing the
deployment site for a WEC design, and how this could be further refined and researched in the
future.



3 Outline

1. Characterizing Ocean States Using Extreme Condition Modeling (ECM) and Contours

2. Mean Shift Algorithm and Clustering

Preliminary Clustering Results

Discussion on Results and Their Application to Site Analysis

5. Future Work
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4 Predicting Wave Conditions

• Waves need to be characterized for Wave

Energy Converter (WEC) placement.

• Key Factors: Significant Wave Height

(Hs) and Energy Period (Te)

• Data collected from NDBC buoys

• If we place a WEC in a suboptimal

area, it could get damaged or

destroyed by waves.

Point absorber

Wave direction Absorber
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5 Characterizing Ocean Sites •

• Extreme Condition Modelling (ECM)
calculates predicted extreme values in Hs and
Te for ocean sites in the future (10 to 100
years) by using statistical contours.

• Statistical contours [7] visualize how many

points are contained within a given

threshold.

• Useful for determining likelihoods of certain

events.
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6 Constructing a Statistical Contour

1. Clean and order and the data
2. Apply a chosen transformation to the

data
• Examples: PCA, Rosenblatt, etc.

3. Identify a n-sphere with radius of the
reliability index pr
• The reliability index is calculated by

evaluating the cdf at the reliability

of the event we want to see.
4. Transform points along the n-sphere

back into original space.
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7 The Task •

We use statistical contours to find extreme
values at specific sites.

Can we use these statistical contours to
find general trends in sea states?



8 Clustering Methodology

• Clustering groups similar data points
together.

• Many different types of clustering

algorithms.

• Used Mean Shift algorithm [3,4] to cluster

data.

1. Fixes an interval around each point

2. Finds the mean of the data in the
.
Interval

3. Moves the interval to the calculated

mean

• Assumed many outliers, nonspherical data

set.

■



9 Mean Shift Calculation

1. Denote a kernel function.
1. Commonly used is the Gaussian Kernel:

K(xi — x) = e-clixi-x112

2. Define the weighted mean of the density as:

m(x) =

3. Set x = m (x)

4. Repeat until m(x) converges.

ExieN(x)K(xi — x)xi

ExieN(x) K (X i - x)



10 Results •

• Clustering methodology helps
reveal potential trends in NDBC
data.

• Input parameters are maximum

calculated Hs and Te from the
contours.

• Preliminary results: approximately 3
types of expected extreme ranges.
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11 Validation and Discussion

M

.

Determined validity
of cluster centers
using Silhouette

Coefficient. [5]
• Measurement of

how similar data is
to its own cluster

compared to other

clusters.

I a(i)

b(l) '
1 if a(i) < b(i)

s(l) = 0 , i f a(i) = b(l)
b (i)

a(l) 
1, if a (i) > b(i)

—1 s(i) 1

• Extreme outliers most likely in the Great Lakes and East Coast

regions.
• Cluster centers were validated using the Silhouette Coefficient.
• Method reveals where similar extreme conditions could be, even

across geographical boundaries.



12 Conclusion

• Clustering could demonstrate sea state groupings that could expand site choices
considered for WEC placement.

• Clustering could also give insight into where WEC placement would be dangerous,
given the clustering outliers.

• Future work will focus on refining algorithms and finding optimal metrics for clustering

analysis.
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