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Mannheim Summer School 2002 ;

Computational Visualization

1. Sources, characteristics, representationjs
2. Mesh Processing

3. Contouring

4. Volume Renderin .
5. Flow, Vector, Tensor Field Visualization -

6. Application Case Studies
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Computational Visualization:
Application Case Studies

Lecture 6
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Center for Computational Visualization
Case Studies

— Computational Cosmology
— Computational Medicine

— Computational Biology

— Computational Engineering

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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" The CCV Research & Educational Mission \

To significantly elevate the science
and technology base of computational
visualization techniques and tools for
rapid scientific discovery on key and
fundamental grand challenges and
achieve a lasting impact on mankind.

Copyright: Chandrajit Bajaj, CCV, University of Texas at

Austin



‘¥¥.. Holy Grail of Visualization |

Beyond the
 |nteraction
 |nterrogation
* Exploration

Visualization for Simulation

*The Visible Living Species
*The Visible Earth
*The Visible Universe

at multiple S C ale S Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin



The Auralization Era:
Beyond 3D Silent Movies
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*Parallel Sound Synthesis

Configuration of 10 Speakers for Multi-channel Audio *Parallel Sound Renderlng

*Parallel Sound Localization

: ) ) *Parallel Sound Synchronization
The 3D Audio-Visual Immersion y

for Le aming and D i S Covery ! Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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| Visualization

The Human Experience
Visual Fidelity

Audio Fidelity
Audio-Video Immersion N
Tactile, Olfactory, ...

POTENTIAL TEMPERATURE (deg C)

Simulation for Visualization

* Light scattering and absorption (Better Optical Models)
* Sound scattering and absorption (Helmholtz’s Equation)
» Other Human Cognitive Inferences

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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-In Search of the Holy Grall
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2. Higl
3.
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5.
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1 performance computers
h speed networking

n access data storage

h throughput graphics and sound cards

n resolution projectors and display screens

h sampling rate audio-visual trackers

7. Human ingenuity on demand!

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin



m What are the Barriers 7
Visualization &
SOFTWARE
HARDWARE LIMITATIONS
LIMITATIONS *Feature detection

I/O bound ---disks to
memory slow...InfiniBand

Buses are not fast enough
--- memory to graphics
cards

Networking needs to get
faster for distributed data
caches or remote access

Pixel Bound,,, pixel
resolution and fill rates are
not fast enough

methods....local/global

*Visibility calculations especially for
time dependent

*Image/audio processing techniques
*Roadmaps for exploration

*Seesaw strategies for remote access
and visualization

*Collaborative interaction metaphors

Human Ingenuity 1s Unlimited!!

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin



i The Comprehensive Attack

sbpaly

121810

Jopalod g

ﬁ$
Jayngeiopn

Observer

N\

id

J;E-pa_lu.jr

@ Parallel Front-Side Parallel Back-side
Tracker

Compressed Data Streams Everywhwere

Multi-resolution and Time Critical Processing at Both Ends
Scalability of parallel graphics, sound and distributed data stores
Closing the Loop = Human Perception and'liitéraction = """

R W bR~



04:  Visualization Holodeck
Visualzation§; er §QiQntiﬁQ Diﬁggvgry

Project Dome Rear

_ Immersion
3 Projectors 10 Projectors

10 Speakers

3 SGI Machines

Operational

Compaq Cluster Console

of 128
800MHz PIII

Video/Audio
Switching Matrix

Improved Exploration through Immersion

Living Tomorrow ..... Today!

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin



;’ Visualization Inspirational

Improved Teaming
through Shared
Workspaces &

Collaboration Remote Interactive Visualization Pods

Focus is on improved Human in the Loop NOIT Technology !

Copyright: Cha d t ajaj, CCV, Unive of Texas at Austin



§ The Visualization Educational
Vilfajlllzaion ?;: M

AUTHORING &
BROADCASTING !

*Vt-books of
visualization
technology advances J

* [v-books that tell an §
interactive story of |
scientific discovery
and 1mpact

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin



EMTgCenter for Computational Visualization
Visualization &
Projects:
e Shastra Interdiscplinary
collaborative architectures Team
* VisualEyes « UT Faculty
integrated simulations & (3+)
ot Ve visualizat
. Bie[;rioga ive visualization . PostDocs (2)
data intensive & display » Graduate
intensive computations Students (12)
* Angstrom * Undergraduate
Structure determination Students (2)
Proteomics

. Staff (1)

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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Our Resources

« SGI Onyx2

— Twenty four

— Six Infinite

— 25 GB of main

— Large disc

400 MHz
R12000
processors

Reality2 engine
graphics
pipeline

memory

array

Copyright: Chandrajit Bajaj, CCV, University of Texas at

Austin
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Our Resources (cont)

* PC cluster
— 128 Compaq PC

— Each node has
256 MB main
memory

‘ot to building network switch
Smart Stack
IEM RAID
Compaq 5P750 V| Compaq sprsa Y| netwark switch Compag SPT50 | compaq sersa Y
Alpha |30 erophetir 67s| 30 Prophet i 75 T 1D Prophet il GTS | 3D Prophet it GTS e —
row ServerNat NIC ServerNat NIC i SanverNat NIC SarverNet NIC RAID
ServenNet x2
Xe xXe Swhch X 12 xe Xa
A i A A A
L ko T i s b o " i3
‘ Large Storage
Compag SPT50 | Compag SF750 ims“::ﬁch Compagq SPT50 Compag SPT50
Blue NotGuar GAS20 | NetGear GAsza | Motworks NetGear GAS20 | NetGear GADZ0 RGBHV
1GigMbps 1Gightbps Consola 1GigMbps 1GigMbps MATRIX ot to
row —p= 64 Inputs cCv
£ pi Cysco Cafalyst xy X8 64 Outputs —f—
N . ‘nsmod( switch N N :;'m
out to builaling L L] L ] * L 4 L T rooms
network switeh ‘, SGi Onyx 2
4 & CcPUs
=1 2 Infimite Realify-2
Smart | Stack
Gmeﬂ Compag SPT50 Compag SF750 networksswiich Compag SPT50 Compag SF750 graphics pipes
Linux Beowulf
row Sarver
SGI Onyx 2
X8 X8 Console X8 X8 & CRUS
—1 2 Infimite Raality-2
graphics pipes
P aut to
Compag SP750 | Compag SP7sp | Smart Stack & sprso | © SP750
Red mpag mpag . e | Fomnan ompag sff:‘éﬁ‘ 2 | buiding
Y- 2 Infinite Reality-2| switch
row Windows graphics pipes
xa X8 AV X8 X8

Compaq Cluster

Standard

12 Inch

100 Mbps CAT 5 ethernet

- ——= 1 Gig bps or greater

Video ¢ !

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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* Immersive environments
— Three front CRT projection
— Ten rear LCD projection
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Motivation
Visualization 8

« Large data-sets
— multi-resolution data-structures
— for dynamic settings little or no preprocessing

 Viability of data analysis for a wide class of inputs
— unified techniques for data of different dimension

« Guaranteed interactivity and scalability
— highly flexible adaptivity

* Distributed computing resources
— loose coupling between successive computation stages

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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Scalable Display Wall (Princeton)
— Myrinet & sort-first

WireGL (Stanford)

Sepia (Compaq)

— ServerNet |l & custom compositing
Meta-Buffer (UT)

Lighting 2 (Stanford)
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Independently scalable
number of renders and
display tiles

The viewport of a
render can locate
anywhere in the display

PC Workstations Meta-Buffer

space
Viewports can overlap
Viewports can be

different size (multi-
resolution) Display

Copyright: Chandrajit Bajaj, CCV, University of Texas

at Austin
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A

Display

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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 Each Renderer has the same viewport
— Polygons can be assigned to any renderer
— Display has the same resolution as a rendering
process
« Load balance for isosurface rendering

— Each processor generates similar number of
triangles

— No need to redistribute triangles

— Efficiently use memory as cache for change of
viewpoint

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin



Configuration II
Visualization &

« Each renderer has a viewport with the size of a tile
— Faster rendering and higher resolution on large display
— Independent number of renderers and tiles
— Combination of sort-first and sort-last

* Load Balance
— Polygons cannot be assigned arbitrarily
— Viewports are positioned with constraints
— Load balance among the viewports
— Different viewport locations for different view parameters

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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Movie

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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Time-Varying Oceanography Data

— Multi-volumes
« surface height (PS)
* salinity (S)
« temperature (T)
* velocity (U, V, W)
 convection (CV)

— 2160 x 960 x 30 x 4 bytes

— One time step has 300
seconds interval from 16-
FEB-1991 12:00:00

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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~ Visualization of Temperature

« 2160x960x30x4(bytes) = 237 MB
« 237(MB)x115(timestep) = 27 GB
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* Volume rendering + Isocontouring

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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Combining

Tech vs Colormap

LATITU

DEFTH {mb @ 100 CATA SET - QDO202178
TIME ! 18-JAN-1993 12:00 ~ QODOZAS0DE
= 10-Mar-1993 12:00

176 Global Modal = Spimg

LOMGITUHDE

LIOMCIETIIEG

POTENTIAL TEMPERATURE (deg C)

DEFTH {m) @ 100 CATA SET - QDD202178
FIME : 18-JAn-1833 12000 - QOR0R 35008
= 10-Mar-1933 12:00

176 Global Modal - Spinug

=

LATITUD

LOMGITUHDE

LATITUDE

LIOMCIETIIEG

POTENTIAL TEMPERATURE (deg C)

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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* OpenGL Volumizer * OpenGL Performer
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SEMNE Acoustic Scattering
Visualization &

Let 0 C R? denote a bounded domain with boundary
surface [" that is splitinto 'y and I’ .
We assume | be a smooth closed surface.

bl
o

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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Acoustics Scattering Problem

Given an incident pressure P"'°. We wish to determine
a (complex-valued) total pressure

p=p""+p° in Q=1IR—Q
Satisfying the following Helmholtz equatlon

Vip+Ep=0 in Q

and rigid boundary condition on 1

dp __
on O
Impedance boundary condition on I,
dp __
on 0

With scattered pressure satisfying Sommerfeld radiation condition
0
| o 5'-0(%) for R — oo

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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i Imaginary Unit 0 Frequency
k= o /c | Wave number C Sound speed
R Distance from the origin e Impedance
0 Density of air n Outward unit normal

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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Acoustic Pressure Solution for a Plane Incident Wave
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« Consider the molecular interaction energy between
a receptor and a ligand.
Assuming rough axial symmetry of the ligand this
is a scalar field SF defined on a five-dimensional
configuration space (three translational degrees of
freedom and two rotational degrees of freedom).

BLUE = repulsion
GREEN = free configuration

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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‘¥¥. Some Related Approaches

« Charnoff faces (Charnoff ‘73)
 Grand Tour (Asimov ‘85)

 Parallel Coordinates (Inselberg &90)

» Hyperslices (van Wijk & van Liere ‘93)

« Animation

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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Outline Of The Approach

e Sound definition of a “view”

 User interface

* Hardware acceleration

* Multi-resolution
representation

Copyright: Chandrajit Bajaj, CCV, Univers

ity of Texas at Austin
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View Definition

We consider the
case of parallel

3D CASE
i e e ..-'F!-.l‘ 1

.-"'f
“ﬁ - !-
|

2 o [k
\ . ;

"L.__'::_:- B | 3
=i :
}k;:::: :.I!Q i o oy

—

Linear mapping
from ND-space to
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View Definition
Visualization &

The view is defined by a Nx2 matrjx M

( )(1 Y 1%
x| [x ] [V V7 n ] X 7
xo VX vx vx 2
- T o R
_y_ _yo_ _Vy Vy Vy 1 | D NG >
X, y

The “direction of projection” 7 is the kernel of M.

For N>3 there is no We do not consider
total order in 7 occlusion

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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A straightforward generalization of the typical
3D GUI requires to provide rotational widgets
(rotating a certain wheel you rotate the object
In a certain 2D coordinate subspace).

 Problem 1: (nj:n(n—l)

How many 2D coordinate subspaces exist ? ) 5

* Problem 2:
without any previous experience of ND navigation do you
know which rotation you want to apply ?

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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 In our approach we do not want to force the user to
“think in ND space” to be able to select a view.

* The user navigates the scene by adjusting the view
of the reference system.

— The number of parameters used
to adjust the view grows linearly
with the dimension N

— There is no redundancy in the
selection of the view (other than a
scaling factor)

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin



User Interface
Visualization &

The user associates also each color with a
particular range of the scalar field value
space (two sliders per color).

GREEN = (-10,10) GREEN = (0,0)

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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« STEP1
Compute the elementary footprint
(the splat)

« STEPZ2
For each voxel in the (hyper)volume
do:
— compute its position in screen space

— copy in its place the splat scaled by
color/transparency. Conyright Chandit B Y, Universsy o T  Ausi



Splatting Approach
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| Visualization

The exact luminosity distribution of the elementary footprint (splat) is a
bivariate box-spline (expensive to compute exactly).

The approximated splat is computed by the same volume rendering routine
using a square as splat (bootstrapping).




L2 The Curse of Dimensionality

* The size/complexity of a data-set
grows exponentially with its
dimension N.

 To achieve real time interaction
we need to optimize for speed.

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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Hardware/Software acceleration

* Multi-resolution representation
with 2" tree:
— either guaranteed frame rate;
— or guaranteed error bound.

« Hardware acceleration:
— Textured polygons used to draw the
splats;
— Mipmapping used to perform
automatically the splat selection in
the multi-resolution approach.

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin
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Back to our SF

| Visualization

« 5-dimensional scalar field SF
given by the interaction energy
between a small ligand and a
large receptor (three
translational degrees of
freedom and two rotational
degrees of freedom).

« The display is performed by
direct projection (splatting)
form 5D space to 2D space.

* No slicing/isocontouring is
performed to preserve the
“global view” of the dataset.

RED = attraction
BLUE = repulsion
GREEN = free configuration

Copyright: Chandrajit Bajaj, CCV, University of Texas at Austin



lleuonendwon

5D Molecular Interaction

| Visualization

« The axis of one degree of freedom is
much longer than the others to
highlight the relevance of such
rotation.

* From the top picture it is clear that low
or high angles (large red spots) are
more favorable for the dockingof the
two molecules.

 Removing all colors but red as in the
bottom figure you can also see how
the two large regions are connected
by a narrow tunnel.
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5D Molecular Interaction
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—On the bottom right one
can notice an interesting
site in green where the
ligand can move along the
interface with the receptor
without being subject to a
repulsion force.

—Leaving only the red
component one can see
that the center has no
attraction region.




m 5D Molecular Interaction

Visualization
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 http://www.ticam.utexas.edu/CCV

Copyright: Chandrajit Bajaj, CCV, University of Texas at

Austin



