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For Arctic vessel route planning, which factor drives route selection?



Why Arctic route planning is difficult to optimize
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Environment
region
ice-chart conditions

Vessel
type
ice class
resistance + speed

Economics
fuel + engine
parameters
voyage cost

Constraints
risk
CII
route feasibility

A route-planning outcome is shaped by interacting environmental, technical, economic, and regulatory conditions.

Route outcome
(distance, cost, fuel, feasibility)



Research gap:
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PoGo simulator
generates route outcomes

What we see

route found / not found
distance

cost
fuel

voyage time

What is missing

Which functions have a 
significant impact on results 

and how? 
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How FRAM is used in this study



How FRAM is used in this study
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Method pipeline: from simulation to interpretable patterns
The key contribution is linking simulator outputs to FRAM functions and then to mined rules.
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Data scale 14

Scale of the analysis

Regions used in the final analysis: Eastern Arctic, Hudson Bay, Western Arctic



Classification step: making the data mineable
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Categorical labels

Region → EA / HB / WA
Vessel → hl / ii / no / rd
Ice class → PC1…No_Ice_Class
Path status → Found / Not_Found

Continuous labels

Above median → “High” / “Long”
Below median → “Low” / “Not high”
Examples: High_Ice_Resistance,
High_Cost, Long_Distance



FRAM-structured data representation
Each row is one PoGo scenario / one FRAM instantiation.
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Antecedents: F0, F1, F2, F3, F5, F6 Consequents: F4 route-performance outcomes A0–A6 = function active / inactive



Association-rule mining design
Rules were mined to identify repeated combinations, then interpreted through FRAM.
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Selected rules used to interpret Association rule
Selected association rules:
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Main result 19

Zooming into the clearest rule
Interpreted through FRAM, the rule becomes a functional signature.

Eastern Arctic
scenario context

High ice steps
+ high ice thickness

High ice
resistance

Longer route
distance

0.229
support

1.000
confidence

1.752
lift



Three takeaways

1
PoGo creates a useful simulated environment for studying route-planning 
logic.

2
FRAM gives structure to PoGo simulation data and interpretation 
makes those patterns explainable. 

3
Association rules can highlight recurring patterns that can be interpreted 
using FRAM.

Thank you — questions and discussion
Maral Negari • Memorial University of Newfoundland


