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Vector Fields

¥Fields of the form:

¥Domain is spatial

¥Range consist of vectors

¥d and e usually the same 
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Sources

¥Typically engineering ß uid ß ows

¥automotive / aer ospace (air)

¥engines (air / water)

¥naval / civil engineering (water)

¥medical (air / blood)
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Steadiness

¥Flows are usually time-varying

¥i.e. ßow changes with time

¥Steady ßow: vectors are constant

¥Unsteady ßow: vectors change
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Computation / 
Interpolation

¥Most vector Þelds are computational

¥i.e. highly precise

¥We will assume we know how

¥i.e. we know the corr ect interpolant

Drs. Hamish Carr & Aaron Quigley, ScientiÞc & Information V isualisation, Spring 2006

Basic Appr oaches

¥Reduce to a scalar Þeld

¥Simulate physical techniques

¥mostly tracing ßow patterns

¥Global methods

¥Topological analysis
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Reduction to Scalar

¥We know how to r ender scalar Þelds

¥so compute a derived scalar Þel

¥speed (magnitude)

¥direction (angular)

¥then render the result
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Speed Contours

image courtesy T. Mšller , R. Yagel, R. Machiraju
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Physical Techniques

¥Immerse material in the ßow

¥Inject material into the ßow

¥Optical methods

¥Add heat / ener gy to ßow
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Immersing Material

¥Add tufts of hair to a surface

¥As ßuid ß ows past, watch the tufts

¥they will tend to point downstr eam

¥thus, they indicate dir ection
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Hedgehogs / Glyphs

¥At each sample point, draw a glyph

¥an oriented icon

¥oriented in the ßow direction

¥size proportional to magnitude
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Glyph Example

image courtesy T. Mšller , R. Yagel, R. Machiraju
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Inserting Thr eads

¥Anchor a long thread in the ßow

¥It will align itself with the ß ow

¥i.e. it will be tangent to the ßow

¥along itÕs entire length
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Streamlines
¥Equivalent to anchored threads

¥A curve everywhere tangent to the ßow

¥At a particular time t, deÞ ned by:

¥
¥Good method for smooth ßow

¥shows parallel streams well

 

d !x

ds
=
"
v !x,t( )
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Streamlines

image courtesy T. Mšller , R. Yagel, R. Machiraju
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Injecting Material

¥Add particles (cork, bubbles, dye)

¥all at once

¥sequentially

¥In any desired pattern

¥Watch where they go
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Path lines

¥Lines traced over time by particles

¥gives a sense of the ßow evolution

¥Computed for a given particle by:
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Time Lines

¥A thread laid across the ßow

¥distorts as the ßuid pushes it

¥Alternately , a set of particles

¥each travelling separately
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Time Lines

image courtesy T. Mšller , R. Yagel, R. Machiraju
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Streak Lines
¥Particles emitted from a single point

¥each time step, point emits 1 particle

¥at some later time t, show them all

¥As opposed to path lines

¥which show 1 particle at all times t
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Streakline Example

image courtesy T. Mšller , R. Yagel, R. Machiraju
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Comparison

¥In steady ßow,

¥streamlines = streaklines = pathlines

¥In unsteady ßow,

¥each is different
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Comparison

image courtesy T. Mšller , R. Yagel, R. Machiraju
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Problems

¥WeÕve used points & lines

¥show direction but not twist (vorticity)

¥How can we show twist?

¥by using mor e complex primitives
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Stream Ribbons

¥Show ßat ribbons instead of lines

¥allows us to see twisting as well

¥At each t, compute normal vector n

¥And extr ude in that dir ection

image courtesy T. Mšller , R. Yagel, R. Machiraju
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Stream Tubes
¥Show tubes instead of lines

¥Make width proportional to ß ow rate

image courtesy T. Mšller , R. Yagel, R. Machiraju
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Flow Volumes
¥Instead of lines, use polyhedra

image courtesy T. Mšller , R. Yagel, R. Machiraju
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Diver gence

¥What about divergence?

¥lines, ribbons & tubes all fail

¥which way do they follow?

¥Can we get around this?

Drs. Hamish Carr & Aaron Quigley, ScientiÞc & Information V isualisation, Spring 2006

Stream Balls

¥Add implicit surfaces to particles

¥small isovalue distributions

¥then take isosurfaces

¥Nearby particles will merge together
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Global Methods

¥Spot Noise (van Wijk 91)

¥Line Integral Convolution (Cabral 93)

¥Texture Splats (CrawÞs 93)

¥Best for 2D data (why?)
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Spot Noise
¥Motion-blurred 

particles

¥Effectively a 
form of glyph

¥Ellipses oriented 
to ßow

¥van Wijk, 91
image courtesy T. Mšller , R. Yagel, R. Machiraju
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Line Integral Convolution

¥Similar to spot noise

¥Combines vector Þeld 
with noise textur e

¥by integration along a 
streamline
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LIC / Spot Noise

LIC Spot Noise

image courtesy T. Mšller , R. Yagel, R. Machiraju
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Texture Splats

¥Based on splatting (volume rendering)

¥Render oriented textures at samples

¥Use alpha blending to composite

¥CrawÞs, 1993


