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Scientific Visualization

“The purpose of computing is Insight not numbers.”

-- R. W. Hamming (1961)
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Scientific Visualization

“ A useful definition of visualization might be the binding

(or mapping) of data to representations that can be
perceived. The types of bindings could be visual,
auditory, tactile, etc., or a combination of these.”

-- Foley and Ribarsky (1994)
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Getting from Data to Insight

Data Visualization Graphics Displa
Representation Primitives Primitives St

Human
Interaction
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Topics

« Computer Graphics
e Scientific Visualization Process

« Scientific Visualization Techniques
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Computer Graphics is the mechanism for
converting geometry to pixels.

Computer Graphics

Real Time Methods Non-Interactive Methods
Scientific Computer Film
Visualization CETNES
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Non-Interactive Methods




... versus Real-Time Methods
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Computer Graphics Pipeline

Modeling Trivial . Viewing _ .
Transformations Rejection L ainaten Transformations Sl aIEChion

- - . -
B (Decimated into triangles)

e Rasterization gma Display - \

Starts with data or models that
are described in (x,y,2)
coordinates. The data usually
defines solids or boundaries in
terms of their skins. Transform
from data coordinates to
something called world space.

-
Object Space\ -

World Space
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Computer Graphics Pipeline

Modeling Trivial . Viewing _ .
—> —> —> —>
Transformations Rejection L ainaten Transformations Sl HEQISEToN

Attempt to eliminate any objects
that can not possibly be seen.
Check endpoints of a triangle, line
segment or point and store a flag Y
for inside or outside. Perform a
logical and of the endpoints to
determine whether the entity is
wholly in or out of the view.

TR -
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Computer Graphics Pipeline

Modeling Trivial Viewing

: v med !llumination pag .
Transformations Rejection Transformations

Compute normals at the endpoints /4

for lighting calculation:
Y (ka(L - Nig+ k(R -V)%,)

rd
lights=

—> Clipping mmg Projection

I, = kala A

Ambient Diffuse Specular

THRCC



Computer Graphics Pipeline

Modeling Trivial BN | imination M Viewing | B8 Clipping . Projection

Transformations Rejection Transformations

mmd Rasterization gadg Display

Change coordinate systems
such that the eye sits at the
origin and the viewing plane is
defined. This is called eye

space. /

Right Handed
Viewing
System
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Computer Graphics Pipeline

Modeling Trivial BN |lumination S Viewing —> Clipping mma Projection

Transformations Rejection Transformations

Rasterization pag Display

Eliminate any triangles or points
that are not within the view
frustum (outside the scene) so
that we don’t have to draw them.

Right Handed
Viewing
System

'l /
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Computer Graphics Pipeline

Modeling Trivial BN | imination M Viewing | BN Clipping e Projection

Transformations Rejection Transformations

Rasterization pag Display

Project 3D objects to 2D
Viewing plane. This is a
projection from eye space to
screen space.

Right Handed
Viewing
System

\ M/
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Computer Graphics Pipeline

Modeling Trivial Viewing

mmga lllumination Emd —>

Transformations Rejection Transformations Sl HEQISEToN

mmd Rasterization pgmdg Display

Convert the object into -
pixels using some sort of

Interpolation (usually
linear).
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Computer Graphics Pipeline

Modeling Trivial . Viewing _ .
—> —> —> —>
Transformations Rejection distien Transformations Sl HEQISEToN

defines solids or boundaries in
terms of their skins. Transform
from data coordinates to
something called world space

mmd Rasterization gadg Display
Starts with data or models that
are described in (x,y,z)
coordinates. The data usually
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OpenGL Pipeline

Vertex operations
such as lighting,
clipping, projection

and viewport
mapping

|

Evaluator

Per-Veriex
Qperations &
Primitive
Assembly

Series of
conditional tests
such and
modifications
such as blending
and zbuffering

OpenGL Pipeline

B

Rasterization

Per-
Fragment
Operations

Pixel
Operations

Texture
Memory

4

Series of
framebuffer
addresses and
values.




Topics

 Computer Graphics Pipeline
e Scientific Visualization Process

« Scientific Visualization Techniques

THRCC



Scientific Visualization Process

» the primary goal of visualization is insight

* a picture really is worth 1000 words or (potentially) tera/peta-
bytes of data

 as dataset sizes increase so does the need for scientific
visualization

Raw Data Geometric Primitives Pixels

01001101011001 y
1100101001001 ‘ ‘
00101010100110 Application GPU
11101101011011 ‘ }

00110010111010
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Scientific Visualization Process

data input e step 1. read the raw data into the
tool

filtration . _ _
e easy If your data is stored in a

standard file format such as

il netCDE, HDE, etc.

data output _
 most tools also provide a format-

description mechanism to detall
the organization of data elements
within a “non-standard” file

validation
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Input Data Types

* Scattered — point values with no structure.
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Input Data Types

e Rectilinear — regular structure,. -all ¥gxels are
the same size and shape




Input Data Types

e Curvilinear — implied adjacency structure with
nonlinear shape function applied to cell
structure.

Tima-accuwate movemant of a
conteol surface

Sponson Offces of Naval Research
Monior Pt Puded. Dave Waldan
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Input Data Types

e Unstructured — no implied adjacency in
structure typically composed of tetrahedral,
prisms, pyramids, and hexahedra.




Types of Values Present in Input Data

e Scalar — single value at either the node or
center of the cell.

e Vector — 3-tuple typically indicating both
magnitude and direction at either the node or
center of the cell.

e Tensor — system of equations that can be
solved to find various physical components.
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Scientific Visualization Process

data input e step 2: pre-process the raw data
to extract the region or resolution

filtration of interest
mapping e crop, downsample, convolve,
histogram-equalization, grid-fitting,
data output are examples of common
operations

validation
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Extract Tip Vortices

A 0830 0480T DEE1T D

Suwefion Surface

Frogavee lncripess on Deslgn Sarfsces

Computational Redesign of Marine Propelia lor Improved Cautation Perkormancs
Spensor: Offive of Naval Aessanch Menitor: Edwin P Rood

Jayes A9y ‘enbnoway ayIN ‘lojjedold




Extract Vortex Cores

X38, Kelly, Gaither
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Scientific Visualization Process

data input

filtration

mapping

data output

validation

step 3. map the data to graphical
elements

elements can include geometric primitives
like polygons, spheres, arrows,
streamlines, etc. or color, texture, lighting,
and opacity

components of multi-variate data may
map to distinct graphical elements (one
variable may be represented by a
polygonal surface, while another variable
IS used to color the surface)
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Classes of Visualization Technigues

e Glyph techniques — use symbols to represent values or
states within a field of information.

e Surface Methods — extracts polygonal versions of
calculated components.

e Direct Volume Rendering — generates a rendered
Image of the volume where volume elements are
projected directly onto the image plane.
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Scientific Visualization Process

data input

filtration

mapping

data output

validation

step 4. output the visualization product

may include viewing an image of the
result in a window, saving the image to a
file, creating a movie, a 3D VRML file, or a
stereo pair, etc.

not all output media are appropriate for all
mapping algorithms (example: VRML
files cannot be output from visualization
methods which do not produce geometric
primitives)
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Scientific Visualization Process

data input

filtration

mapping

data output

validation

step 5: verify that the visualization
product is a reasonable approximation of
the raw data

errors may result from how the data is
read and manipulated by the visualization
tool, bugs in the tool, or problems in the
data itself

most tools today do not include a
mechanism to automatically tell you if
there is a problem
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Topics

 Computer Graphics Pipeline
e Scientific Visualization Process

o Scilentific Visualization Technigues
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Contours

Given a scalar value and a
color map, find the
corresponding (r,g,b,a) for
that scalar value.

C = min_color_index + (value-minvalue)/(maxvalue-
minvalue)*(max_color_index-min_color_index)
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|sosurfaces

Plot the surface for a
given scalar value.

F(X) =y

Most common packages
use marching cubes or
some variation.
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Cutting Planes

Extract a plane from the volume. All packages have
axis aligned cutting plane. Many of them have arbitrary

cutting plane capabilities.
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Particle Traces

Given a vector field,
extract a trace that
follows that
trajectory defined
by the vector.

P =P

new

current

Streamlines — trace in space
Pathlines — trace in time
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Volume Rendering

Volume rendering captures how particles in space
Interact with the light.

Volume Rendering Equation:
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Questions?
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