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Abstract —

Sea-ice blocks classification is one of the most important aspects in various sea-ice
researches, especially when the purpose of which is to find out how to protect engineering
structures against impact of ice. For the engineering purpose, sea-ices floating on a given
area are usually classified into a few groups mainly according to two indices, diameter and
thickness. The Fuzzy C-Means (FCM) is one of the algorithms for clustering, which is
suitable to cluster large data with fuzzy boundary between every two. We apply The Fuzzy
C-Means clustering algorithm in the classification of a data set made of 460 sea-ice
measurements. The data set finally is classified into eight groups. Results show that The
Fuzzy C-Means is suitable to be used in clustering a large group of sea-ice measurements
into a few sub-groups, which will be considered in the design of protecting facilities to avoid
sea-ice’s impact on engineering structures.

Index Terms - Clustering, FCM, sea-ice

1. THE PURPOSE OF SEA-ICE CLASSICATION

There are rich petroleum and natural gas resources in sea area around the world. The exploration
and exploitation of oil and natural gas from wells drilled in sea area are much more complicated than in
the land. Oceanic disaster is one of the main factors that result in the complexity. For instance, while in
South China Sea the most serious oceanic disaster is typhoon, in Bohai area, sea-ice is the most
destroyed one, especially in the northern area, which is called Liaodong Bay. This sea area is covered
by dense sea-ice pieces, thin or thick and large or small, during a long period, which is from the middle
of December of the year to the end of February of the next year. These floating sea-ices, particularly
the ones with both quality and strength on a certain degree, seriously threaten the safety of the
engineering structures built in the sea area. Therefore, necessary measures should be taken in order to
protect the structures against the impact from the sea-ices.

There are several measures designed to avoid the oil exploiting facilities from sea-ice disaster.
Most of them are based on increasing the strength of structure itself, which undoubtedly leads to a
drastic increase of cost. Therefore, other measures have been being tried recently. One alternative
solution is to build another structure, facing the main moving direction of the sca-ices, besides the main
structure. The major function of the affiliated structure is to destroy lots of sea-ices with a destructive
momentum. In other word, the affiliated structure damages those dangerous sea-ices into some small
safe ones. Obviously, the very first step of designing the affiliated structure should obtain the statistics
of the sea-ices sizes in the sea area where the engineering structure locates. The second step should
classify all the sea-ices into a few groups according to their diameter and thickness, both of which are
essential in determining the quality and strength of sea-ices. Finally, the third one should make a
blueprint first, and further discussed details of the design according to the data obtained above. In
summary, sea-ices classification takes an important part in the design of against-ice measures.

Considering the characteristics of sea-ices itself and the chief aim of classification, the

classification should be done according to the two indices of sea-ice, diameter (or area) and thickness,



instead of to only one of them or to a new index based on them, such as the volume of sea-ices.
Actually, large but very thin sea-ices can’t damage structures seriously because of the strength of the
ices, neither can thick but very small ones because of the quality. Meanwhile, the obtained statistics
show that the boundary between the features of sea-ice can’t be easily distinguished. So, certain
sea-ices do not completely belong to a single class, but partiaily belong to the other classes too. For the
reasons discussed above, the fuzzy clustering method provides a better method to classify sea-ices,
though there are various clustering methods available.
1I. FUZZY C-MEANS CLUSTERING

Given a set of data, Fuzzy C-Means clustering (FCMC) performs clustering by iteratively
searching for a set of fuzzy partitions and the associated clustering centers that represent the structure
of the data as best as possible. The FCMC algorithm relies on the user to specify the number of clusters
present in the set of data to be clustered. Given the number of clusters c, FCMC partitions the data

X={x, X, '"’xn} into ¢ fuzzy partitions by minimizing the within group sum of squared error

objective function as follows (eqn 2.1).

J (UV)= gg(Uik)m"xk_Vzw 1<m<w eqn 2.1

where J,(U,V) is the sum of squared error for the set of fuzzy clusters represented by the

membership matrix U, and the associated set of cluster centers V. H is some inner product-induced

norm. In the formula, " XV ’r represents the distance between the data X, and the cluster center

y - The squared error is used as a performance index that measures the weighted sum of distances

between cluster centers and elements in the corresponding fuzzy clusters. The number m governs the
influence of membership grades in the performance index. The partition becomes fuzzier with

increasing m and it is proven that the FCMC algorithm converges for any m € (1,00) [1]. The

necessary conditions for eqn 2.1 to reach its minimum are Eqn 2.2
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In each iteration of the FCMC algorithm, matrix U is computed using eqn 2.2 and the associated
cluster centers are computed as eqn 2.3. This is followed by computing the square error in eqn 2.1. The

v Eqn2.3

algorithm stops when either the error is below a certain tolerance value or its improvement over the
previous iteration is below a certain threshold.



1II. THE CLASSIFICATION OF SEA-ICE DATA

The given data set consists of 460 measurements obtained a sea area in Bohai. The data, which are
given in Table 1, represented as vectors in a 2-D measurement space, in which two variables are
diameter and thickness of sea-ice. With the purpose of providing data for the design of anti-ice
facilities, the number of clusters should be in the range of possibilities, which is from 4 to 10. Within
the range of possibilities, we classify the data set into the corresponding groups, respectively.
Furthermore, we assess the clustering results with FOM and PC, and the cluster validity indices are
given in Table 2.

Table 2 Validity indices for different for the data

cluster FOM PC

4 0.1441 0.6315
5 0.1241 0.5929
6 0.1234 0.5157
7 0.1095 0.5373
8 0.1041 0.5317
9 0.0997 0.5208
10 0.0926 0.5176

Considering both the application of the clustering results and their validity, the data set is

suggested to be classified into 8 groups. The result is illustrated in Table 3.
Table 3 clustering result using c=8

center Number of data included in each cluster
D TH
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In fact, among the eight clusters, ices belonging to cluster ILIV,V should be chiefly considered in
the design of ice-broken facilities. These types of ices have enough momentum because of their quality,
and enough strength because of their thickness, to impact engineering structures. The ices belonging
to cluster 1, VII don’t possess enough quality due to their small diameter, although with enough strength
due to the thickness. And the ices belonging to the rest of the clusters are so thin that they are easily
broken into small ones with the impact from circumstance, therefore these types of ices can be ignored
only from aspect of the safety of engineering structures.

IV. CONCLUSIONS

In section 11, we have identified these ices with similar qualities and strengths (or similar
diameters and thickness). It suggests that the Fuzzy C-Means clustering algorithm can be used for ices
clustering as well as other data analysis in the similar situations. On the other hand, a useful sea-ice
distribution pattern is also provided for the design of against-ice facilities.

V. DISCUSSION

This research based on the remote sensing data in a usual ice-year. The research should be made
out completely, including the contents described as follows:

{. Research on different sea ice cavern in typical years.

2. Research on the different origination, the floating sea ice originating from the different place
has different properties, for example, the floes coming off from the beach or sub-aqueous delta are
more thick and large. It is more dangerous for engineering structures.

3. Research on classification in the whole process of the interaction between floes and structures
in order to state the inter- impact between floes and the structures.
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