Visualization

Visualization
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* “a picture says more than a thousand numbers”
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Visualization

* Visualization can facilitate people to better
understand the information embedded in the
given dataset.

» The merge of data with the display geometric
objects through computer graphics.

Data
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e 2D dataset

— Bar chart, pie chart, graph, stocks.
— Information visualization
3D dataset
— Scalar data
— Vector data

— Tensor data
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2D dataset

— Bar chart, pie chart, graph, stocks.

— Information visualization (higher dimensions)
* 3D dataset

— Scalar data

— Vector data

— Tensor data
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Data

Data

» 2D dataset
— Bar chart, pie chart, graph, stocks.
— Information visualization (higher dimensions)
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» 2D dataset
— Bar chart, pie chart, graph, stocks.
— Information visualization (higher dimensions)

* We focus on 3D datasets.
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Volume Visualization

Iso-contour extraction

* Iso-surface extraction (Polygonization)
— Marching cubes

* Direct volume rendering
— Ray casting
— splatting

— fxy)=0
o flxy)>0
o fx,y)<0
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Iso-contour extraction

Marching Squares

—J(xy)=0
° fxy)>0
o flxy)<0

—fxy)=0
° fxy)>0
o flxy)<0
Four unique cases (after considering symmetry)
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Marching Squares

Marching Squares

Principle of Occam’s razor:
If there are multiple possible explanations of a
phenomenon that are consistent with the data, choose
the simplest one.

Linear interpolation

- fxy)=0

° flxy)>0

° flxy)<0 >0 fonp> 0
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Marching Squares

Marching Squares

fij=a<0 Fon, =0 S =b>0
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Ax/h = (b-a)/(-a)
Ax = (a-b)h /a

=<0 T fyeb>0
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Marching Squares

Marching Squares
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Marching Squares-ambiguity

More information are needed to resolve ambiguity

Iso-contour extraction

— flx)=0
o f(xy)>0
o f{xy)<0
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Surface (comparison)

- a mesh of polygons

e

200 polys 1000 polys 13.000 polys

——— an “empty” foot

Surface - Pros and Cons

* Pros:
— fast rendering algorithms are available

— acceleration in special hardware is relatively easy and
cheap (many $200 game boards)

— use OpenGL to specify rendering parameters
— surface realism can be added via texture mapping
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Surface - Pros and Cons

» Cons:

— discards the interior of the object and just maintains
the object’s shell

— does not facilitate real-world operations such cutting,
slicing, direction

— does not enable artificial viewing modes such as
semi-transparencies, X-ray

— surface-less phenomena such as clouds, fog, gas are
hard to model and represent

Volumes with direct rendering

— Maintains a representation that is close to the
underlying fully-3D object (but discrete)

— Models the object as a magic gel that can change its
properties at any time.

— Different aspects of the dataset can be emphasized
via changes in the functions that translate raw
densities into colors and transparencies

— Volume rendering is a formidable technique for the
exploration of datasets, since when the nature of the
data is not known, it is difficult to create the right
polygonal mesh
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Direct Volume Rendering

Volumes with direct rendering

|8

* Pros:
— maintains a representation that is close to the underlying fully-
3D object (but discrete)
— can achieve a level of realism (and ‘hyper-realism’) that is
unmatched by surface graphics.
— allows easy and natural exploration of volumetric datasets

» Cons:
— has high rendering complexity

— hardware acceleration is complex and expensive (a
commodity board costs over $3,000)
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Volume Rendering

Volume Grid Types

» The process of generating a 2D image from the 3D
volume is called volume rendering

Sampling: for] +
B i 1
MRI, CT. Ultrasound 4 e ‘ﬁr
L1
|-
MNumerical simulations: volume _
- ; volume e image
Comput 1 Fluid Drynamics - rendening

Finite Element Method

Discretatization:

voxelization
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culbic anisotropic rectilinear rectilinenr

curvilincar unstructured
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Volume Rendering Modes

* For each pixel in the image, a ray is cast into the volume:

-

= Four maim volume rendening modes exist e

linear paths

Full volume rs

rays ¢

Maximum Intensity Pro
MIPE

paxel value stores the
L volume value
along its ray

contribulions along ther
lnear patles

Volume Rendering Pipeline

CSC5870 Con

- original raw densily data_______J

|

segmentation

classilication

|

gradient computation

shadding

resumpling

compositing m




Full Volume Rendering

mmo

1+ Consider a volume consisting of particles
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Raycasting

= cach has color C and light attenuating density 1
+ A rendering ray accumulates attenuated colors

* We write the continuous velume rendening integral

|

I i ! {this i= generally not solvable analvtically}
Tylvr) = Oy (shuis)e s : | ; :
A (I

* W can approximate it by discretizing it into sampling intervals of width As
L/ i=1
(-1l jAs As

Lixe = % Ciaoutanss- ] ¢ H(jAs)As)
; i=0 F=0 Al

Raycasting

« It is the accumulation of colors weighted by opacities

» Colors and opacities of back pixels are attenuated by
opacities of front pixels:

rgh = RGByep ~ i (1= Otgromy) + ROBopny Glgron

(RGB s
B0 hack
front image

) ¢ " back image
composite =

* Volume rendering uses this recursive expression to
combine (=composite) the samples taken along the ray

Scientific Visualization Examples

* Medical data visualization
— CT, MR, PET, ...
+ Scientific examples:
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Diffusion of heat through a metal bar

Interactive display of molecule from
molecule description file
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Computational Fluid Dynamics

shockwave

Mow arounid v airplane wing

spiral flow

Display of Natural Phenomena
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global wind and weather modeling
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