
Crowdsourcing Arctic Navigation 
 

Tyler Reid, Todd Walter, & Per Enge 
Stanford University GPS Lab, USA 
 
Ananda Fowler 
RIEGL Laser Measurement Systems GmbH, Austria 
 

SCPNT Symposium  
Menlo Park, CA 
October 28, 2014 

(Adapted from Wikimedia Commons) 



Introduction 

•! Summer Arctic sea ice extent has decreased by more than 50% since 1980. 

•! There is estimated to a large amount of untapped natural resources in the 
Arctic, particularly oil (13% of the world’s undiscovered reserves) and gas 
(30%). 

•! Many motivators such as tourism, fishing, resource exploration/
exploitation, and shipping are attracting operations in the Arctic, our aim 
is that it is done safely to avoid loss of life and environmental disasters. 

•! Arctic navigation at sea is plagued by many obstacles such as: 

!! Poor sea chart quality 

!! GNSS and other navigational aid challenges 

!! Sea ice hazards 

2 



3 

Summer Sea Ice 

1980 2012 

D. J. Cavalieri, C. L. Parkinson, P. Gloersen, and H. Zwally, "Sea Ice Concentrations from Nimbus-7 SMMR and DMSP SSM/I-SSMIS 
Passive Microwave Data," ed. Boulder, Colorado USA: NASA DAAC at the National Snow and Ice Data Center, 1996, updated yearly. 
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Current Detection Method Breakdown 
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Department of Homeland Security, & United States Coast Guard. (2012). Report of the International 
Ice Patrol in the North Atlantic (Vol. 98). 
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Multi-Frequency System 

camera IR LIDAR Linearly Polarized Radar 

http://www2.hawaii.edu/~jmaurer/albedo/ S. Haykin, E. O. Lewis, R. K. Raney, and J. R. Rossiter, 
Remote Sensing of Sea Ice and Icebergs. New York: Wiley, 
1994. 
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Reflectance 
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Adapted from:  Qunzu, Z., Meisheng, C., Xuezhi, F. et al. (1984) Study on spectral reflection characteristics if snow, ice and water of 
 northwest China. Sci. Sin. (Series B), 27, 647-56. 



Finding Patterns 

 

•! k-Means Clustering is a Machine learning algorithm 
used for finding patterns (clusters) in large data sets. 

•! Cluster points based on similar reflectance. 
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Classification Results 
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Adapted from:  Qunzu, Z., Meisheng, C., Xuezhi, F. et al. (1984) Study on spectral reflection characteristics if snow, ice and water of 
 northwest China. Sci. Sin. (Series B), 27, 647-56. 
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Markov Decision Process (MDP) 
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State New 
State 

Action 

Reward 

Maximizing the 
cumulative reward can be 
used to find the optimal 
set of actions to achieve a 
final desired state 



Markov Decision Process (MDP) Example 
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Value Function 
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Want to maximize the 
total cumulative reward 
along the selected path. 
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Trajectory 
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Use greedy algorithm to 
find the path.  
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Conclusion 

•! This system could offer improvements in ice classification by making use 
of advancements in sensing technology found in autonomous vehicles. 

•! Need to crowd source the information and tie it together with GNSS to 
achieve ship to ship consistency. This allows ships to plan paths far ahead 
of their current position safely and economically. 

•! Our ultimate if to offer safer ice navigation in the hopes of preventing 
catastrophic accidents in the future. 
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Radar Introduced, 
Reduction in Collisions 
With Large Icebergs 

IIP 

*Based on data from Dr. Brian T. Hill of the National Research Council of Canada  

Number of Ice Collisions 
1900-2011 
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Shipping Routes 
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Source: Wikimedia Commons 

Northern Sea Route 
13,800 km 

Suez Canal 
21,200 km 
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Based on: F. Lasserre and S. Pelletier, "Polar super seaways? Maritime transport in the Arctic: an analysis of 
shipowners’ intentions," Journal of Transport Geography, vol. 19, pp. 1465-1473, 11// 2011. 

Total Ship Traffic in The Canadian Arctic 
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Based on: F. Lasserre and S. Pelletier, "Polar super seaways? Maritime transport in the Arctic: an analysis of 
shipowners’ intentions," Journal of Transport Geography, vol. 19, pp. 1465-1473, 11// 2011. 

Ship Traffic in The Northwest Passage 
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Ship Collision Breakdown by Ice Type 
1980-2011 

*Based on data from Dr. Brian T. Hill of the National Research Council of Canada  
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*Based on data from Dr. Brian T. Hill of the National Research Council of Canada  

Ice Collision Breakdown by Latitude 
1980-2011 

Arctic Circle 
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Department of Homeland Security, & United States Coast Guard. (2012). Report of the International 
Ice Patrol in the North Atlantic (Vol. 98). 
 

IIP Number of Reported Icebergs 
1900-2012 
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Location of Ice Collisions 
1980-2011 

*Based on data from Dr. Brian T. Hill of the National Research Council of Canada  
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Collision Rate* > 2 Collisions Per Year 

Likelihood of  Ship Being Lost* 1/6  

Probability of Collision** 1/2000 

Probability of Ship Being Lost  1/10,000 

* Based on data from 1980-2011 
**Based on cargo shipping data over the Grand Banks to and 

from US and Canadian Ports on the east coast. (B. Hill, 
"Ship Collisions with Iceberg Database. Report to PERD: 
Trends and analysis,"  TR-2005-17, 2005.) 
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Ice Patrol Coverage 
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Department of Homeland Security, & United States Coast Guard. (2012). Report of the International 
Ice Patrol in the North Atlantic (Vol. 98). 
 



Typical Report 
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Typical Report 
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Department of Homeland Security, & United States Coast Guard. (2012). Report of the International 
Ice Patrol in the North Atlantic (Vol. 98). 
 

Iceberg 
Boundary  

Sea Ice 
Boundary 

# of 
Icebergs  



Iceberg Report Breakdown 
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Department of Homeland Security, & United States Coast Guard. (2012). Report of the International 
Ice Patrol in the North Atlantic (Vol. 98). 
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Data Collection Location 
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Helheim Glacier 



$("NASA Earth Observatory 


