
CS 247 – Scientific Visualization
Lecture 22: Vector Field / Flow Visualization, Pt.4
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Reading Assignment #13 (until May 10)

Read (required):

• Data Visualization book

– Chapter 6.1 (Divergence and Vorticity)

– Chapter 6.6 (Texture-Based Vector Visualization)

• Diffeomorphisms / smooth deformations
https://en.wikipedia.org/wiki/Diffeomorphism

• Learn how convolution (the convolution of two functions) works:
https://en.wikipedia.org/wiki/Convolution

• B. Cabral, C. Leedom:
Imaging Vector Fields Using Line Integral Convolution, SIGGRAPH 1993
http://dx.doi.org/10.1145/166117.166151



Integral Curves / Stream Objects

Integrating velocity over time yields spatial motion



Particle Trajectories

4

Courtesy Jens Krüger



Particle Trajectories
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Courtesy Jens Krüger



Particle Trajectories
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Courtesy Jens Krüger



Particle Trajectories
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Courtesy Jens Krüger



Integral Curves
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Streamline

● Curve parallel to the vector field in each point for a fixed time

Pathline

● Describes motion of a massless particle over time

Streakline

● Location of all particles released at a fixed position over time

Timeline

● Location of all particles released along a line at a fixed time



stream lines path lines

streak lines time lines
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2D time-dependent vector field
particle visualization
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stream lines path lines

curve parallel to the vector field in 
each point for a fixed time

describes motion of a massless 
particle in an steady flow field

curve parallel to the vector field in 
each point over time

describes motion of a massless 
particle in an unsteady flow field



Streamlines Over Time

Defined only for steady flow or for a fixed time step (of unsteady flow)

Different tangent curves in every time step for time-dependent vector 
fields (unsteady flow)

Markus Hadwiger, KAUST 15Tino Weinkauf



Stream Lines vs. Path Lines Viewed Over Time

Plotted with time as third dimension

• Tangent curves to a (n + 1)-dimensional vector field

Stream Lines                                  Path Lines
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streak line
location of all particles set out at a fixed point at different times



Surfaces Instead of Lines

Seeding from a line instead of from a point

Example: streak surfaces

Volumes: seeding from a surface instead of a line
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Real “Streak Surfaces”

Artistic photographs of smoke
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streak line

streak surface
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Smoke Nozzles

fixed zero opacity rows break connectivity

[Data courtesy of Günther (TU Berlin)]
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time line
location of all particles set out on a certain line at a fixed time



Streak Lines vs. Time Lines

(on a streak surface)

Streak Lines                                            Time Lines
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Streak and Time Lines

Time linesStreak lines



Thank you.

Thanks for material

• Helwig Hauser

• Eduard Gröller

• Daniel Weiskopf

• Torsten Möller

• Ronny Peikert

• Philipp Muigg

• Christof Rezk-Salama


