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CS 247 - Scientific Visualization
Lecture 4: Data Representation, Pt. 1
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Reading Assignment #2 (until Feb 9)

Read (required):
« Data Visualization book, finish Chapter 2
« Data Visualization book, Chapter 3 until 3.5 (inclusive)

 Data Visualization book, Chapter 4 until 4.1 (inclusive)

« Continue familiarizing yourself with OpenGL if you do not know it !
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Programming Assignments Schedule (tentative

Assignment 1:  Volume slice viewer untii  Feb 16
Assignment 2: Iso-contours (marching squares) untii  Mar 2
Assignment 3: Iso-surface rendering (marching cubes) untii  Mar 23
Assignment 4: Volume ray-casting, part 1 until  Apr 13
Volume ray-casting, part 2 until  Apr 20

Assignment 5:  Flow vis, part 1 (hedgehog plots, streamlines, pathlines) untii  May 4

Assignment 6:  Flow vis, part 2 (LIC with color coding) untii  May 14



Programming Assignment #1: Slice Viewer

Basic tasks
 Download data into 3D volume texture

 Display three different axis-aligned slices using OpenGL texture mapping
using the 3D volume texture

Minimum
» The slice position should be adjustable for each slice view.

» Make sure the aspect ratio of the shown slices is correct.

- If the window is resized, the slice is resized with the correct aspect ratio (no distortions)

Bonus
» Show all three axis aligned slices at once

« Show arbitrarily aligned slices with an interface to change the arbitrary slice
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#include <iostream>

increasing
increasing
increasing
increasing
increasing

1] G:\Development\git\Teaching\Work\C5247_Assignmentl\:x64\Debug\C5247_Assignmentl.exe
GL_UERSION major=4 minor=3

Keyboard commands:

Toggle among background clear colors
Increase current slice
- Decrease current slice
- Toggle viewing axis
- Load lohster
Load head dataset
Load hydrogen dataset
..7../Datasets/skewed_head.dat

idownloading volume

current
current
current
current
current

dataset

&

x: 184, y: 256,
to 3D texture
slice: 86
slice: 87
slice: 88
slice: 89 Ll
slice: 98

z:178

=TIMC PriMCOgICITOor(Cnar —TIIe, IMNC IIney
/ Returns 1 if an OpenGL error occurred, @ otherwise.
GLenum glErr;

int retCode = ©;

glErr = glGetError();

while (glErr != GL_NO_ERROR)

{
printf("glError in file ¥s @ line %d:
retCode = 1;
glErr = glGetError();

%s\n", file, line, gluErro|

}

return retCode;

B | AMCS/CS247 Scientific Visualization - Slice Viewer

}

Ti#dafina arintNnantil Erranf/\ ardintNalErnrand/ {rhas *\ ETIE ITHE )
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Programming Assignment #1 Example

1] G:\Development\git\Teaching\Work\C5247_Assignment1\x64\Debug\C5247_Assignmentl.exe o || & =

- Toggle among hackground clear colors
Increase current sli
Decrease current sl
Toggle viewing axis
Load lohster dataset
Load head dataset
3 Load hydrugcn dataset
loadlng data ../../Datasets/skewed_head.dat
vo lume dlncnﬁions: x: 184, 256, 2:178
downloading volume to 3D texture
increasing current gllCB-
i i current
current
current
current
toggling viewing axis t
increasing current i

k== B] AMCS/CS247 Scientific Visualization - Slice Viewer o |[@]= j

toggling viewing axis
decreasing current slic
decreasing current slic
decreasing current slic
decreasing current

— LM PI .l]llUBl:f Tar \Llldf TIIE, IMmT LJIIE)
// Returns 1 if an OpenGL error occurred, @ otherwise.
GLenum glErr;
int retCode = @;

glErr = glGetError();
while (glErr != GL_NO_ERROR)
{
printf("glError in file ¥s @ line %d: ¥s\n", file, line, gluErro|
retCode = 1;
glErr = glGetError();

}

return retCode;
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Programming Assignment #1 Example

l #1nclude <iostream>
( & N

1] G:\Development\git\Teaching\Work\C5247_Assignment1\x64\Debug\C5247_Assignment].exe o ||B =] L_| &) AMCS/CS247 Scientific Visualization - Slice Viewer o IFEF=
GL_UERSION major=4 minor=3

Keyhoard commands:

Toggle among background clear colors
Increase current slice
- Decrease current slice
- Toggle viewing axis
Load lobhster dataset
Load head dataset
Load hydrogen dataset
loading data ../../Datasets/skewed_head.dat
wolume dimensions: x: 184, y: 256, =z:178
downloading volume to 3D texture
i i current
current
current
current
current
toggling viewing axis t
i ng current slic
ng current slic
increasing current slice:

=TIMC PrINMUOgICT Tor | Crar TIIE, IMC LINE)

// Returns 1 if an OpenGL error occurred, @ otherwise.
GLenum glErr;
int retCode = @;

glErr = glGetError();
while (glErr != GL_NO_ERROR)

printf("glError in file %s @ line %¥d: ¥s\n", file, line, gluErro
retCode = 1;
glErr = glGetError();

j

return retCode;
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Programming Assignment #1 Example

- Slice Viewer

view along X

view along Y
197

view along Z
49

(%) view density texture
) view object id mask
) view shadow volume
) view level-set volume
) view seed texture

) view gradient length

T aTaalala
) ¢ & & Y )

) view gradient direction

[] apply transferfunction

[] apply object enabling

Current object: 0 enabled
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Texture Mapping
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2D Texture Mapping

Texture

(Slatl)
For each fragment: Texture-Lookup:
interpolate the interpolate the
texture coordinates texture data
(barycentric) (bi-linear)
Or: Or:

RGBA

Use arbitrary, computed coordinates Nearest-neighbor for “array lookup”




3D Texture Mapping

(807t07r0)

(327t27T2)

(S1,t1,71)

For each fragment:
interpolate the
texture coordinates
(barycentric)
Or:
Use arbitrary, computed coordinates

(s,t,7)

Texture-Lookup:
interpolate the
texture data
(tri-linear)
Or:
Nearest-neighbor for “array lookup”

[RGBA



Data Representation



Data Space (Domain) vs. Data Type (Codomain)“f“%

1D y=f(x) spatial curve x(t)

2D 2D flow v(x \
examples

D flow v(x)

13




Data == Functions




Mathematical Functions

Associates every element of a set (e.g., X) with exactly one
element of another set (e.g., Y)

Maps from domain (X) to codomain (Y)
1 4

f: X—>Y 2%
x> f(x) : ’

Also important: range/image; preimage;
continuity, differentiability, dimensionality, ...

Graph of a function (mathematical definition):

G(f) =1lx f()lxreX}; CX XY
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Mathematical Functions

Associates every element of a set (e.g., X) with exactly one
element of another set (e.g., Y)

Maps from domain (X) to codomain (Y)
1 4

f:R" - R” %

x = f(x) : ’

Also important: range/image; preimage;
continuity, differentiability, dimensionality, ...

Graph of a function (mathematical definition):

G(f) == {(x, f(x))|x € R"} C R" x R™ =~ R

16



Data Representation

Rn Rm
X -

independent dependent
variables variables

scientific data g Rntm

© Weiskopf/Machiraju/Moller



Example: Scalar Fields

2D scalar field pre-image
f:R* >R S(c) == f(c)
x = f(x) iso-contour

Graph: G(f) := {(x, f(x))|x € R*} CR? x R~ R’ (V£ #0)

18




Example: Scalar Fields

3D scalar field pre-image
f:RPSR S(c) == (c)
x = f(x) iso-surface

Graph: G(f) := {(x,f(x))|x € R’} CR> x R~ R* (V/#0)

19



Visualization Examples

data description visualization example

NT SR value series bar chart, pie chart, etc.

R'->R? scalar function over R (line) graph

R°—R scalar function over R?  2D-height map in 3D,
contour lines in 2D,
false color map

R2—R? 2D vector field hedgehog plot, LIC,
streamlets, etc.

R3—>RT scalar function over R3  iso-surfaces in 3D,

(3D densities) volume rendering
R3-5R3 3D vector field streamlines/pathlines in 3D

20
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Visualization Examples

description visualization example

value series bar chart, pie chart, etc.

PlLplot Example 12
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(line) graph

description
function over R

PLplot Example 1 = Sinc Function

Visualization Examples
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Visualization Examples ¢

data description visualization example

R2—>R function over R? 2D-height map in 3D,
contour lines in 2D,
false colors (heat map)
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Visualization Examples

description

visualization example

also shown: x '
gradient vector field

function over R?

—m/Z

2D-height map in 3D,
contour lines in 2D,
false colors (heat map)

JIC

WE
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Visualization Examples

data description visualization example

R2—>R? 2D-vector field hedgehog plot, LIC,
streamlets, etc
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Visualization Examples

description visualization example

3D-flow streamlines,
streamsurfaces
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Visualization Examples

description visualization example

3D-densities Iso-surfaces in 3D,
volume rendering




* Daniel Weiskopf
* Torsten Moller

* Ronny Peikert

* Philipp Muigg

» Christof Rezk-Salama



