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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. In terms of navigation, sea 
charts are known to be untrustworthy, navigational equipment can be problematic, and there is the 
constant danger of multi-year and glacial ice collisions [4]. Here we focus on the threat of ice, 
specifically detection and classification using color images. First-year ice is typically not a threat 
for most ice-strengthened ships, but multi-year and glacial ice is. Knowledge of its whereabouts is 
crucial to the safe planning of routes and in the avoidance of sometimes-fatal collisions. With 
increased traffic and without proper detection systems in place, there is a danger of accidents in 
the Arctic that may have severe environmental ramifications. 
 
There are measures in place to counter the threat of ice. Many organizations such as the 
International Ice Patrol (IIP) watch high traffic areas for dangerous ice [5]. The IIP relies on coast 
guard ships, aerial reconnaissance, and satellite imagery for the detection of ice but more than 
50% of the icebergs reported are by the commercial shipping community passing through the 
area, so there are pieces of ice that often go undetected. The last line of defense is the information 
collected onboard the ship. Marine 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 ice known as 
“growlers” and “bergy bits” can often go undetected [6, 7].  
 
Here, we propose a method to augment the marine radar system with autonomous image 
processing. Using the known spectral reflectance of glacial ice vs. other materials in the visible 
spectrum, a classification system based on k means clustering will be implemented. High-
resolution image data has been shared with us of the Helheim Glacier in Greenland. We have 
several images of the glacier calving front taken at different times of day in different lighting 
conditions, from different angles and distances, and by different cameras of different resolutions. 
This will allow us to test the robustness of the algorithm against these different factors. 
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