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Common Algorithms for Autonomous 
Navigation (A*)



A ”Cost” Map for Robotic Path Planning



Compilation Scale

Caris Base Editor, Viewed at Chart Scale “Navigation” Scale



Compilation Scale

Caris Base Editor, Viewed at Scale “Navigation” Scale



Compilation Scale

0.5 mm grid plus 0.5 mm bufferingCaris Base Editor, Viewed at Scale



Completeness

0.5 mm grid plus 0.5 mm buffering
Google Maps



Feature Position and Display

Raster Chart and Satellite Image ENC with Bathymetric  Survey Data



Real-time Object Avoidance



Fast Retrieval of Data by Spatial Search
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Fast Retrieval of Data by Spatial Search
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Fast Retrieval of Data by Spatial Search
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Spatial Indexing

Y. Yu, H. Zhu, L. Yang, and C. Wang, “Spatial Indexing for 
Effective Visualization of Vector-Based Electronic Nautical 
Chart,” (ICIICII), 2016, pp. 323–326.

Proposal to Include a Grid Referencing System in S-100, HSSC, 
Singapore, October 2009

“C-Squares” Indexing “R-Tree” Indexing



Keys to 
Autonomous 

Navigation on 
ENCs

• Organize for fast spatial search. 
• (Spatial Indexing)

• Produce cost maps at 0.5 mm at compilation scale. 
• (Produce higher scale charts, fit for purpose. Variable 

Resolution?)

• Buffer point and line features. 
• (Represent points and lines as polygons – nothing < 2D!)

• Be wary of cartographic license. 
• (Encode both physical and display location.)

Thank you.
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Notes for the Cartographer


