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Introduction Image Data
The repeatability plots below show the robustness of the clustering
scheme under different simulated conditions such as brightness, camera
contrast, and camera resolution. The false color images further
demonstrate robustness under harder to model conditions, such as
illumination angles and perspective shifts.
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The k-means classification technique employed on images of the
Helheim Glacier demonstrate robust detection of signs of glacial ice. This
shows promise in the augmentation of marine radar-only systems with a
computer vision system for improved safety of operation.
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These images of the Helheim Glacier allow us to test the robustness of our glacial
ice detection scheme against different camera angles, lighting, and resolutions.

LeWinter #06 – Nominal image for comparison.

LeWinter #07 – 91.6% repeatability with image #06 #1253 – 63.9% repeatability with image #06
Classification Results

Applying the threshold specified by the k-means clustering analysis on image
LeWinter #82 results in the false colour image below. Pink represents signs of
potential danger: either patches of land or glacial ice not covered by snow.Images of the Helheim Glacier in Greenland were utilized for this

analysis (see images on the right).The area photographed consists of
banks of land, glacial ice, fresh snow, and many other materials. Though
it is mostly all ‘glacial ice’, it is mainly covered in snow. Thus what we
are interested in is our ability to detect the reflectance signature of
glacial ice where it is not covered by snow and highlight it as a warning
of its presence. Using the known
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Safe marine navigation in the Arctic is becoming more important with a
growing interest in the region in recent years [1]. The United States
Geological Survey (USGS) estimates there to be more than 90 billion
barrels of undiscovered oil in the arctic [2]. With the summer Arctic sea
ice extent having decreased by 50% since 1980 [3], this now opening
waterway has given rise to serious interest in commercial exploitation of
its resources as well as shipping routes through the Arctic.

There are several challenges that face ships operating in Arctic waters,
one of which is the constant danger of multi-year and glacial ice
collisions [4]. Knowledge of its whereabouts is crucial to safe
operations. Radar is a useful tool but it is strongly advised not to rely
solely on this system for detecting dangerous ice as small pieces of
glacial can often go undetected [5]. Here, we examine a method to
augment the radar system with image processing in the detection of
glacial ice.

spectral reflectance of glacial
ice, a classification system based
on k-means clustering was
implemented. The figure on the
right shows typical results with 7
clusters with fresh snow and
dirty glacial ice matching the
expected reflectance. Separating
these further gave rise to results
both consistent with known
areas of glacial ice and the most
robust results across all pictures.
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(left) The Arctic Cruise 
Ship  ‘Bremen’  (Source: 
Transport Canada)

LeWinter #82 – 80.3% repeatability with image #06 


