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Introduction and Motivation
Observations 

 Many automatic streamline seeding algorithms are presented, few used in 

practice

 Commercial software, e.g., Tecplot, features interactive seeding rakes

 Little focus on seeding rakes in visualization

 Domain Experts may not be interested in entire spatio-temporal domain

Our contribution: to enhance streamline seeding in conjunction with 

seeding rakes, + fast streamline similarity metric

 Requires interactive computation, evaluation with CFD domain experts
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Method Overview
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Streamline Similarity: Streamline Attributes

Streamline Similarity metric starts with: curvature, torsion, and tortuosity

 Curvature: quantifies deviation from a straight line

 Torsion: measures how sharply curve twists out of plane of curvature

 Tortuosity: length of curve / distance between start and end 

Each attribute magnitude is normalized, equal weight 
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Streamline Similarity: Streamline Signature
Idea: Divide streamline into bins

 Similarity metric computed for each 
bin

 Streamline signature: sum of similarity 
metric over each bin

 Introduce Chi2 distance

 A single scalar compares streamline 
signatures on per-bin basis
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Streamline Similarity: Similarity Matrix
Chi2 test is performed for all streamline pairs

 Forms a 2D matrix, Msim

 Column and row for each streamline

 Symmetric matrix entry stores Chi2

 Euclidean distance is an optional 
component of the distance metric 
(based on last point in each bin for 
performance)
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Streamline Similarity: Hierarchical Signatures
Idea: create hierarchy of signatures to handle shifted 

signatures

 levels = log
2
x 

 x is lowest power of 2 > longest streamline, e.g., 
streamline length = 1000, x = 1020, levels = 10.

 Streamline samples per bin = 2level

level 0 → 1 sample/bin,   level 1 → 2 samples/bin, 

level 2 → 4 samples/bin
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Benefits and Advantages
A fast streamline similarity test enables

 Enhanced perception: reduced visual complexity, clutter, and occlusion 

 Interactive performance, application to unsteady flow

 Automatic inter-seed spacing along seeding rake

 Streamline filtering

 Focus+Context visualization
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Features and Results
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Domain Expert Feedback
Work carried out with two CFD experts from Marine Turbine Energy group, 

Swansea University

 Emphasized need for interaction

 Provides effective visual searching through enhanced perception

 Engaging

 Large regions of uninteresting flow (large spatial aspect ratios)



 
 

Robert S. Laramee
r.s.laramee@swansea.ac.uk

14



 
 

Robert S. Laramee
r.s.laramee@swansea.ac.uk

15

Acknowledgements
Thank you for your attention

Any Questions?

Thanks to the following:

This research was funded, in part, by the EPSRC (EP/F002335/1) and The 
Welsh Research Institute for Visual Computing, (RIVIC, 
www.rivic.org)



 
 

Robert S. Laramee
r.s.laramee@swansea.ac.uk

16

Question: What about performance?

(Excellent question!)
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Question: What if streamlines do not have same 
number of bins?

(Good question)

Smaller number of bins is used.
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Question: What affect does bin size have on 
algorithm?

(Good question)

Affects streamline similarity metric.
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