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Abstract. At present, GOCI satellite is the only means to monitor the drift of sea ice in a wide range.
The high temporal resolution makes it fit for monitoring Marine phenomenon and process in time
series. It improves the possibility of obtaining a high quality image in a short period of time. GOCI
satellite is with great applied potentiality and value. In order to use the information of GOCI satellite
image effectively, Harris algorithm and SIFT algorithm are combined to extract the feature points of
image of sea ice and match images. Extraction of drift direction and speed of sea ice of the Huanghai
and Bohai Sea is realized in this paper.

Introduction

Marine disasters in the Huanghai and Bohai Sea region are with the characteristic of multiple
kinds, high frequency, and strong emergency. Sea ice is one of the mainly disasters in the Huanghai
and Bohai Sea region, and it is one of most important factors which influences shipping, the drilling
construction and production in ice area. The drift of floating ice is a huge threat to the Marine
exploitation, production and shipping in winter. With the development of the Marine economy, the
loss caused by sea ice disaster is increasing. So the influence of sea ice must be paid more attention
when moving in the sea ice area. The common problem of current sea ice monitoring methods is that
the corresponding equipment needs to be installed, the requirement on manpower and material
resources is high, and the measuring range is so small that the monitoring results of drift of sea ice in
a large area can not be gotten. Since the poor work environment of sea in the cold area, the manner to
monitor drifting direction and speed of sea ice by satellite remote sensing is practically significant for
sea ice forecast, ocean engineering and so on.

GOCI satellite with high spatial resolution and high temporal resolution can cover part of Bohai,
Huanghai and Donghai Sea. Compared with SeaWiFS, MODIS and other international mainstream
color satellite, the characteristic of GOCI is that the 8 scene data of every daytime which is 1 scene
every hour can be provided. So GOCI satellite satisfies the need of monitoring drift of sea ice and
provides real-time and high frequency data. The real-time and accurate monitoring information of sea
ice can be provided to decrease the loss caused by disaster.

Extraction of feature points of ice

Feature extraction method generally includes two stages. The first one is image segmentation.
Extract the target area or its border and extract the basic characteristics such as gray scale, texture and
shape description of the target. The second is finding or construction feature invariant of target image
which is invariant when target move in no matter what kind. When the number of extracted feature
points is too much, there will be large amounts of interference information such as false matching
points. The accuracy and speed of matching will be affected by the interference information. When
there is small number of extracted feature points, it will make bad effect on precise matching. The
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method of feature points matching needs a lot of efficient points in the two image point sets. The
complexity of algorithm is bigger when the number of image feature points is more.

Harris characteristic angular point monitoring. In the current image matching manners, the
common extraction algorithm of angular point based on gray level mainly includes Moravec
algorithm, SUSAN algorithm and Harris algorithm, etc. Schmid compares the repeat rate and local
area around angular point of Moravec, SUSAN and Harris algorithms. The experimental results show
that Moravec and SUSAN algorithms are with more false detection and leakage detection, and can
not match the angular points in the images before and after the rotation. Harris characteristic angular
point monitoring can get better result. So the Harris algorithm is used to monitor feature points of sea
ice.

SIFT extraction algorithm of feature points. Lowe proposed a kind of detection method of scale
invariant key-point based on the property of scale space. The extremum point both in scale domain
and space domain is as a key point. The key point is set as the center of characteristics region, at the
same time the scale which the key points lie in is used to determine the size of the feature area. This
method can solve the problem of location and size of characteristics region better at the same time.
The feature points extracted by SIFT extraction method of local invariant feature points have better
robustness to the image scale, rotation, light and changes of noise. But the algorithm adopts 128
dimensional vectors to describe the extracted feature points, so the speed is slow. Secondly, the
algorithm is based on local area description which requires enough textures.

Feature point matching algorithm of sea ice

The scheme to obtain preliminary feature points in the image is to use the Harris extraction
algorithm, and then SIFT algorithm is applied to select again from these feature points. The scheme is
equal to use two kinds of feature point extraction algorithm to image processing.

Drift information extraction of sea ice

In general, image changes such as scale zooming, translation and rotation exist in the process of
drift of sea ice. For this reality, the extraction of its information is carried out by the SIFT feature
points extraction algorithm based on two sea ice images in a certain time interval within the scope of
a certain latitude and longitude. Then execute image matching. The drift velocity is concluded by
drawing the drift trajectory of sea ice, calculating displacement according to drift trajectory based on
the known time interval.

Extraction of drift direction of sea ice. Extraction of drift direction of sea ice is equivalent to
drawing the drift trajectory of sea ice. The specific implementation steps are as follows:

1) Obtain two sea ice images of Huanghai and Bohai Sea in a certain time interval, within the
scope of the same latitude and longitude.

2) Apply improved SIFT algorithm to extract the feature points of the two sea ice images
respectively.

3) Calculate the matched points by applying the improved matching algorithm based on the
nearest neighbor principle of Euclidean distance.

4) Show the drift trajectory of sea ice in the interval on the recent sea ice images, which contains
start points and end points, as well as the general trajectory.

5) Draw the trajectories which can be considered as the general direction of drift in the interval
time.

Extraction of drift speed of sea ice. The specific implementation steps of speed extraction of sea
ice drift based on the drift trajectories are as follows.

1) Obtain the shooting range of sea ice images which is the range of longitude and latitude.

2) Construct the corresponding relationship between image pixels and latitude and longitude
position, and construct a transformation formula which can be used to calculate from any point in the
image to the latitude and longitude coordinates at sea.
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3) Find the coordinates of the start point of any trajectory in the image, and converts it to
corresponding coordinate at sea. Apply distance calculation formula on latitude and longitude
coordinates to calculate the displacement.

4) Calculate the drift velocity of sea ice on the trajectory by combining the known time interval.

Experiment test. The experiment platform is MATLAB 7.1.

The data sources are two sea ice images of Huanghai and Bohai Sea based on GOCI satellite.
Shooting time interval is 1 hour.

The original figure is as shown in Figure 1. The result is shown in Figure 2.
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(@) Original Figuﬂr 1 (b) Original Fure 2
Fig. 1 Original Huang Bohai sea ice images based on the GOCI satellite
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Fig. 2 Experiment result on Huang Bohai sea ice images based on GOCI satellite

Conclusions

The Harris algorithm and SIFT algorithm are combined based on some existing feature points
extraction algorithms and matching methods. The sea ice images of Huanghai and Bohai Sea based
on GOCI satellite are as research object. The extraction of drifting direction and speed of sea ice is
completed.
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