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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
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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.




Wikimedia Commons



- —
=

w-ﬂ---—-ﬂlt-
>ZCO||ISIOI15 / Year

- — . e

e i = — -

1/6 Ships Lost / CoII|S|on

fﬁ%fv‘f‘“‘- -
-\ f'.-ru.r

Chilean Navy



New Ice/Nilas Young Ice
- <10 cm thick - 10 to 30 cm thick
- Not a danger to ships - Potential hazard to non-strengthened

ships

First-Year Ice

-30cmto2m
- Hazard to non-strengthened ships

Multi-Year Ice

- 2m to 4m thick
- Usually covered by thick First-Year Ice
- Polar Class ship for sustained operation

Glacial Ice

- Anywhere from <1m to 5m+
- Danger to all ships




Current Detection Method Breakdown

Visual only
icebergs, 43%

Radar & visual
icebergs, 47%

Radar only
icebergs, 10%

¥ Radar & visual icebergs M Radar only icebergs ¥ Visual only icebergs

Figure 9. Breakdown of Icebergs by detection method.

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




Proposed System

Ship Based Monitoring Ship to Ship Aiding

Path Planning

Safety Level




AQUA/TERRA Satellite Imagery
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REFLECTANCE

Multi-Frequency System
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LIDAR Reflectance
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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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Crowd Sourcing
Image

Ship Based Monitoring Ship to Ship Aiding

Path Planning
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Markov Decision Process (MDP)

Reward

Maximizing the
cumulative reward can be
used to find the optimal
set of actions to achieve a
final desired state
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Markov Decision Process (MDP) Example
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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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*Based on data from Dr. Brian T. Hill of the National Research Council of Canada



Canadian Ice Service

Description Height Above Relative Size Mass
Sea-Level [m] [tonnes]
Iceberg >5 Merchant Ship > 180,000
Bergy Bit 1-5 Small House > 5,400
Growler <1 Grand Piano > 120

Lewis, E. O., Currie, B. W., & Haykin, S. (1987). Detection and Classification of Ice.
Letchworth, Hertfordshire, England: Research Studies Press lItd.
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Total Ship Traffic in The Canadian Arctic
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Ship Traffic in The Northwest Passage
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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.
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Ship Collision Breakdown by Ice Type
1980-2011
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Ice Collision Breakdown by Latitude
1980-2011
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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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Collisions
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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lce 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).
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AHTS Balder Viking CCGS Henry Larsen NS 50 Let Pobedy

(2000) PC 7 (1987-) PC 4/5 (2007-) PC 1
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