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Theory /
Modeling
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Simulation
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Experiment / 
Measures
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Visualization
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Visualization
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What is Sci Vis?
A hybrid and collaborative discipline

• Computer graphics 

• Numerical analysis 

• Image/signal processing and pattern recognition 

• Scientific computing 

• Art and design 

• Psychophysics 

• …
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Why Visualize?
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Information Explosion
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Visual System
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Spatial Data Structures
Data representation and processing
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Interpolation
• Input: discrete samples of 
continuous quantities + mesh

•Goal: smooth reconstruction of 
those quantities from samples

• Interpolation: cell-wise functions
24
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Cells
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Spatial Queries
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Spatial Queries
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Scalar Visualization in 2D
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Scalar Visualization in 3D
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Marching Cubes
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Scalar Visualization in 3D
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Transfer Functions (TFs)

34
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Transfer Functions (TFs)
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Transfer Functions (TFs)
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Scalar Visualization in 3D
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Origins of Flow 
•Rich field of Fluid Flow Visualization (experimental)

•

37
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Experimental Flow 
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Experimental Flow 
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Experimental Flow 
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Experimental Flow 
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Experimental Flow 
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Illuminated 
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Illuminated Streamlines Revisited. Mallo, Peikert, Sigg, Sadlo, IEEE Vis 2005
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Vector Visualization 
Streamlines / Stream surfaces
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Texture Mapping
• Vortex formation behind an 

ellipsoid (2.6e6 cells, 400 
timesteps)

45

C. Garth et al., Generation of Accurate Integral Surfaces 
in Time-Dependent Vector Fields. IEEE Visualization 2008
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Path Surface
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C. Garth et al., Generation of Accurate Integral Surfaces 
in Time-Dependent Vector Fields. IEEE Visualization 2008
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Path Surface
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Path Surface
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CS530 / Spring 2020 : Introduction to Scientific Visualization. Streamlines and Stream SurfacesFeb 20, 2020

Texture Mapping on Path Surfaces
Vortex formation behind an ellipsoid (2.6e6 cells, 400 timesteps)

49



CS530 / Spring 2020 : Introduction to Scientific Visualization. Streamlines and Stream SurfacesFeb 20, 2020

Texture Mapping on Path Surfaces
Vortex formation behind an ellipsoid (2.6e6 cells, 400 timesteps)

49



CS530 / Spring 2020 : Introduction to Scientific Visualization. Streamlines and Stream SurfacesFeb 20, 2020

Texture Mapping
Vortex formation behind an ellipsoid (2.6e6 cells, 400 timesteps)

50



CS530 / Spring 2020 : Introduction to Scientific Visualization. Streamlines and Stream SurfacesFeb 20, 2020

Texture Mapping
Vortex formation behind an ellipsoid (2.6e6 cells, 400 timesteps)

50



CS49000-VIZ Intro to Data Visualization / Fall 2020; Lecture 17: Scientific Visualization

Dense Flow Vis
• Basic LIC

51

http://www.erc.msstate.edu/~zhanping/Research/FlowVis/LIC/LIC.htm

http://www.erc.msstate.edu/~zhanping/Research/FlowVis/LIC/LIC.htm
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Dense Flow Vis
+ Color coded vector field magnitude 

53

http://www.erc.msstate.edu/~zhanping/Research/FlowVis/LIC/LIC.htm

http://www.erc.msstate.edu/~zhanping/Research/FlowVis/LIC/LIC.htm
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Dense Flow Vis
+ Histogram equalization
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http://www.erc.msstate.edu/~zhanping/Research/FlowVis/LIC/LIC.htm

http://www.erc.msstate.edu/~zhanping/Research/FlowVis/LIC/LIC.htm
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Dense Flow Vis
+ High-pass filtering
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http://www.erc.msstate.edu/~zhanping/Research/FlowVis/LIC/LIC.htm

http://www.erc.msstate.edu/~zhanping/Research/FlowVis/LIC/LIC.htm
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Image-based Flow Vis

59

J. Van Wijk, Image Based Flow Visualization,  ACM SIGGRAPH 2002
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IBFV for Surfaces
• Additional cue for surface shape obtained by 

blending shaded surface

60
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Image Space 

61

Results

R. Laramee, B. Jobard, H. Hauser, Image Space Based Visualization of Unsteady Flows on Surfaces, IEEE Visualization 2003
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Image Space 

61

Results

R. Laramee, B. Jobard, H. Hauser, Image Space Based Visualization of Unsteady Flows on Surfaces, IEEE Visualization 2003
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Tensors
• Anisotropy characterizes tensor shape
• Example: ink diffusion
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Kleenex Newspaper
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Symmetric Tensor 
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Superquadric Tensor 
• Superquadric glyphs
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Comparison

65

G. Kindlmann, Superquadric Tensor Glyphs, 
Joint Eurographics/IEEE VGTC Symposium on Visualization 2004
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Comparison
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G. Kindlmann, Superquadric Tensor Glyphs, 
Joint Eurographics/IEEE VGTC Symposium on Visualization 2004
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Symmetric Tensor 

66



CS49000-VIZ Intro to Data Visualization / Fall 2020; Lecture 17: Scientific Visualization

Glyph Packing
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Regular grid Glyph packing

G. Kindlmann and C.-F. Westin, Diffusion Tensor Visualization with Glyph Packing, IEEE Visualization 2006
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Glyph Packing
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Regular grid Glyph packing

G. Kindlmann and C.-F. Westin, Diffusion Tensor Visualization with Glyph Packing, IEEE Visualization 2006
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Glyph Packing
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Regular grid Glyph packing

G. Kindlmann and C.-F. Westin, Diffusion Tensor Visualization with Glyph Packing, IEEE Visualization 2006
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Brain Structure - Fiber 
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Diffusion Tensor 

71



CS49000-VIZ Intro to Data Visualization / Fall 2020; Lecture 17: Scientific Visualization

Diffusion Tensor 
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Fiber Tracing
• Heart

72

L. Zhukov, A. Barr, 
Heart Fiber Reconstruction from Diffusion Tensor MRI, 

IEEE Visualization 2003
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Some Visualization 
Research Topics
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Topological Methods
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Flow Analysis
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Lagrangian 

von Kármán vortex street

Visualization of Coherent Structures in Transient Flows 5

significantly be employing the computational power available through the use
of commodity graphics hardware (GPU). We will not give our method here,
due to space considerations, but will present it in forthcoming work. Instead,
we will focus on visualization of the results of this computation.

4.1 Direct FTLE Visualization

The earliest work on direct FTLE visualization was again done by Haller [1],
who used a dense color mapping to visualize basic FTLE structures that cov-
ers all primary colors. With this approach, Lagrangian coherent structures
appear as local maximizing lines of the FTLE field. However, his visualization
is unfortunate in the sense that maximizing lines are not intuitively identifi-
able with a single color. If weaker coherent structures exist, they may have a
di�erent color than the stronger structures elsewhere in the field. Therefore,
this technique does not lend itself well to an intuitive understanding. One
possible remedy for this is a ridge extraction followed by the visualization of
these locally maximizing lines. However, these approaches are usually highly
sensitive to numerical issues, and can result in false positives. Moreover, co-
herent structures are presented in a skeletonized fashion, clearly describing
their existence but not the relative strength.
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Fig. 1. Two dimensional FTLE color
map.

A second topic of importance
is the temporal orientation of the
FTLE computation. Looking at the
FTLE in forward time, it is es-
sentially a measure of the maximal
stretching of local pathlines, and is
therefore a good candidate to visual-
ize coherent structures of a diverging
nature. To achieve similar results for
converging structures, it is necessary
to also look at the FTLE in back-
ward time, i.e. compute the mea-
sure of local pathline convergence.
In the following, we will abbreviate
these two di�erent scalar measures
FTLE+ and FTLE� to indicate for-
ward resp. backward temporal orien-
tation. Again, naive color mapping
has di⌅culties of representing these
two quantities simultaneously, sim-
ply because they do not follow an exclusive-or relationship. This is limiting
especially when applied to incompressible flows that often show regions of
saddle-type behavior where both FTLE+ and FTLE� have a significant value.

We therefore propose a two-dimensional color mapping scheme. First, we
normalize the FTLE fields over the space-time domain of the given dataset
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Ridges / Salient 
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Biomedical 
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Biomedical 
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Biomedical 
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Visualization Tools
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• VTK and Tcl/Tk
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ParaView
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