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Overview.

Rendering Modes: X-ray, MIP, shaded displays

Basic volumetric rendering: using raycasting
Transfer functions: mapping raw data to visuals
Rendering quality: post- vs. pre-shaded rendering
Controlling rendering effort: occlusions, importance
Rendering acceleration: rendering on GPUs

Navigation techniques: e.g., virtual colonoscopy

more info in [Kaufman 05]
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Raycasting: Conceps

Most intuitive rendering technique
* shoot rays into the scene starting from the eye
* the “gold standard” of volume rendering
* use it to derive the fidelity of other paradigms

IEEE Visualization 2007 Foundations of Rendering 3/22

Volume Renderinepy/eeESHEze)

1EEE VISUALIZATION

Rays simply sum everything up that falls into their
path

* good for first overview, since no data is culled
away

* but overdraw and clutter can be a problem
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Volume RendernoiVeEESHy:S=e

Rays simply sum everything up that falls into their
path

* good for first overview, since no data is culled
away

* but overdraw and clutter can be a problem
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Volume RendernoiVeuEsavi=aEl

IEEE VISUALIZATION

MIP = Maximum Intensity Projection
* a little bit more restrictive than X-ray
* keeps only the maximum value along the ray

* assumes that the maximum value is also the
most important

* often used by doctors
to get a first look at the data

* great for angiography
visualization

legs

head
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Volume RendernnogiVoEEss

Various types of MIP [ven 97](shareet 02]
* original MIP (owm)
| (p) = max(1(2))
* thin slab I\/IIP (TM)
1(p)= max (f(2))
* depth-shaded MIP (ow)
1(p) = gggg(d(z)- f(2))
* local maximum MIP ww)
1(p) =0r£nzi£rt1’(z| f(2) >t A LMAX(2))
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Shaded Volume ReneeEy

Identify actual surfaces and accentuate them by
modeling the reflection of light

* require surface gradients
. need to map densmes to color

There can be multiple nested surfaces

* to see all one needs to make front
surfaces semi-transparent and
composite colors e

* achieve this mapping with a transfer function
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All Combineds

Two-Level VolUmENRENEEIs

Skin and teeth: MIP with
different intensity ramps

Blood vessels: shaded volume
rendering

Skull: contour rendering

Vertebrae: gradient magnitude-
weighted transfer function
with shaded volume rendering

A clipping plane has been
applied to the skin object

[Hauser 01]
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Shaded VolumeREnEEMIIE Ovarviey

1EEE VISUALIZATION

There are two approaches for this:

* polygonal rendering
* direct volume rendering

Foundations of Rendering 10/22




Shaded Volume RENCEGIEMONEIVIETRL:

There are two approaches for this:

* polygonal rendering (somewhat dated)
* direct volume rendering (preferred)
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Rendering With PeIOBIIES

Mesh Generation

IEEE VISUALIZATION

Extraction of polygon mesh with Marching Cubes
* Set iso-value iso to boundary
* Label all voxels below iso as “out”, else as "in”

* Then each voxel 8-cell fits one of 15 base
cases: ;

[Lorensen 87]
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Rendering Withr PeIYeEIIEs
Mesh Generation

Assemble mesh given the extracted polygons

Render with polygon graphics hardware
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Rendering With PeIOBIIES
Mesh Generatien

Assemble mesh given the extracted polygons

Render with polygon graphics hardware

Problem:

* will likely get very large meshes
* graphics pipeline will be overwhelmed
* rendering will not be interactive
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Rendering Withr PeIYOEIIES
Mesh Generation

Assemble mesh given the extracted polygons

Render with polygon graphics hardware
Problem:

* will likely get very large meshes
* graphics pipeline will be overwhelmed
* rendering will not be interactive

Solution:

* simplify mesh - undesirable since loss of
detail
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Rendering With PGl O BIES
Mesh Generation

Assemble mesh given the extracted polygons

Render with polygon graphics hardware
Problem:
* will likely get very large meshes

* graphics pipeline will be overwhelmed
* rendering will not be interactive

Solution:

* simplify mesh - undesirable since loss of
detail

* do Direct Volume Rendering (DVR)

IEEE Visualization 2007
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Rendering With PE)Eeiss
Mesh Generaten

IEEE VISUALIZATION

Assemble mesh given the extracted polygons

Render with polygon graphics hardware
Problem:

* will likely get very large meshes

* graphics pipeline will be overwhelmed

* rendering will not be interactive
Solution:

* simplify mesh - undesirable since loss of
detall

* do Direct Volume Rendering (this tutorial!)
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Transfer FUnctionSHBESIES

1EEE VISUALIZATION

Map the volume scalar data (densities) into color
(RGB) and opacity (o)

“histogram

— | kg, ks, k, editor
opacity curve

~ | __ color editor

———— color palette

[ WL L[| L] [ i 6ot

IR LT [ e g
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B g |
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Back to Volume REREERNE

Two modes of rendering

Pre-classified rendering: map first and render later

* now the voxels are 4-tuples: RGB color and
opacity (=1-transparency)

* also known as pre-shaded rendering

* we shall look at this next

Post-classified rendering: render first and map later

* also known as post-shaded rendering
* we shall look at this later
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Raycasting EUncameni=s

| -
I1EEE VISUALIZATION

volumetric compositing

color

opacity = (1 - transparency)

object (color, opacity)
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Raycasting Eundanieniels

IEEE VISUALIZATION

interpolation kernel interpolated empty space

opacity

object (color, opacity)
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Raycasting Euncdanieniels

1EEE VISUALIZATION

interpolation kernel hit the volume for the first time

colorc=cgq

1o)
@
°

opacity a.=a. ¢

(Csad

object (color, opacity)
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Raycasting Eundanieniels

IEEE VISUALIZATION

volumetric compositing

colorc=c.a (1-a)+cC

opacity a=a ((1-a) + o

(Csad

object (color, opacity)

IEEE Visualization 2007 Foundations of Rendering
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Raycasting Euncdanieniels

IEEE VISUALIZATION

volumetric compositing

opacity

1.0

"~

object (color, opacity)
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Raycasting Eundanieniels

IEEE VISUALIZATION

volumetric compositing

opacity

1.0

"

object (color, opacity)
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Raycasting Euncdanieniels

1EEE VISUALIZATION

volumetric compositing

opacity

1.0

"~

object (color, opacity)
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object (color, opacity)

whole image

color

opacity

"

IEEE VISUALIZATION

IEEE Visualization 2007
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Pre-Shaded RENCEHHIERPENTE

IEEE VISUALIZATION

for all voxels:

for all rays:

start

classify [

shade

density volume

IEEE Visualization 2007

color volume

ray

interpolate
sample

,|composite

write

advance

pzxel

ray

opacity volume

Foundations of Rendering

write image
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Post-Shaded REJEENRERIENIRE

IEEE VISUALIZATION

for all rays:

start interpolate s

» I classify |— shade | —|composite [
ray sample ’

pi'xel

advance
ray

density volume write image
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Pre- vs. Post-ShiadEdN=EReEEis

1EEE VISUALIZATION

Pre-shaded pipeline Post-shaded pipeline

original step function: the edge

classify and shade first interpolate m
We shaded edge classify and shade
result: blurred edge result: crisp edge
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Raycasting FundameniciS=esi=siiE)

IEEE VISUALIZATION

volumetric compositing

color
opacity = (1 - transparency)
1.0
object (color, opacity)
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Raycasting FundameniciS=sSSiiEuE

IEEE VISUALIZATION

interpolation kernel interpol ated empty space

opacity

object (color, opacity)
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Raycasting FundameniciSEissisEldt=l

interpolation kernel

colorc=c,

opacity o= oy

(Cs 0t

object (color, opacity)

IEEE VISUALIZATION

hit a volume boundary

IEEE Visualization 2007 Foundations of Rendering
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1EEE VISUALIZATION

interpolation kernel
! poidl Reconstructed values
oo oo 1 o refer functions

color ¢ = cg numerical properties
opacity o= o,  to colors + opacity

map locally measured

transfer
function
range
domain
IEEE Visualization 2007 Foundations of Rendering 34/22
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Transfer FunctionsBeSIEs

Map the volume scalar data (densities) into color
(RGB) and opacity (o)
histogram

opacity cu

——— color pal

IEEE VISUALIZATION

Ky, kg, Kk, editor

rve

ette

IEEE Visualization 2007 Foundations of Rendering
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shading = c,(k I, + Kk, N-L)+Kk]I, (H-N)*®

use unit vectors

< - Shading

- Shading
/ H=(L+E)/2
(Cs 09 Hy N

object (color, opacity) Reflections

IEEE Visualization 2007 Foundations of Rendering
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light
O

diffuse

36/22
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(Cs 0t

object (color, opacity)

IEEE VISUALIZATION

volumetric compositing

colorc=c,o.(l-a)+cC

opacity aa=ag(1-a) + a

IEEE Visualization 2007

Foundations of Rendering
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object (color, opacity)

IEEE Visualization 2007

1EEE VISUALIZATION

volumetric compositing
opacity

1.0

"~

Foundations of Rendering
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Raycasting FundameERiciSHEbsiss

object (color, opacity)

IEEE VISUALIZATION

volumetric compositing
opacity

1.0

"

IEEE Visualization 2007

Foundations of Rendering
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object (color, opacity)

IEEE Visualization 2007

IEEE VISUALIZATION

volumetric compositing
opacity

1.0

"~

Foundations of Rendering
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IEEE VISUALIZATION

whole image

color
opacity
object (color, opacity)
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Back To TransierEticuonsnm

interpolation kernel

(Csad transfer
function
range
domain
IEEE Visualization 2007 Foundations of Rendering 42/22

»/ colorc=c,
opacity o= o  to colors + opacity

1EEE VISUALIZATION

Reconstructed values

Transfer functions
map locally measured
numerical properties

N

21



Transfer FunctionsaVulEBiEsEIsIsERA

gradient
magnitude

IEEE VISUALIZATION

data (CT) value

* Boundaries in volume create
arches in (value,gradient)
domain [kindimann 98]

* Arches guide placement of
opacity to emphasize material
interfaces [kniss 01]

IEEE Visualization 2007

Foundations of Rendering 43/22

derivative

— zero-crossing in 2nd

derivative

* Semi-automatic
classification possible

in clean data

IEEE Visualization 2007

* Boundaries can be
described in terms of:
— maximum in 1st

22



[Kniss 01]

New
Rendering

Changes to
transfer
function

Dual-domain
interaction:

IEEE Visualization 2007

IEEE VISUALIZATION

Make features
opaque by
pointing at them

Actions in
spatial
domain

New
transfer
function

g 45/22
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IEEE Visualization 2007

1EEE VISUALIZATION

* Higeura et al. 04: Automatic
Adjustment of
Bidimensional Transfer
Functions for Direct Volume
Visualization of Intracranial
Aneurysms

Similar scans have similar
histograms

Registration between
histograms: map standard
TF to new scan

Foundations of Rendering 46/22
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Curvature: how
change in surface
position changes
surface normal (n)

Principal curvatures

(K, K,) form possible [kindimann 03]
transfer function domain

* Enables surface feature
enhancement, better cup
control over silhouettes

. valle -

* Convolution to measure y saddle

1st and 2nd derivatives

IEEE Visualization 2007 Foundations of Rendering 47122

Hdges+

silhouettes , valleys

/ 3
IEEE Visualization 2007 Foundations of Rendering
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Curvature Based iESHliieE

IEEE VISUALIZATION

* Hadwiger et al. 05: Real-Time Ray-Casting and Advanced
Shading of Discrete Isosurfaces

* Cubic-spline Convolution-based Curvature on the GPU

* Interactive exploration with
NPR effects

=

IEEE Visualization 2007 Foundations of Rendering 49/22

Transfer FunctionSa@inie

1EEE VISUALIZATION

For medical visualization it is advisable to keep the
interaction with transfer functions at a minimum

Doctors (unlike scientists) do not have the time (nor
desire) to play with complex transfer function
editors

Better approach: ueler os]
* simplify
* make task-oriented
* automate
* include semantics

IEEE Visualization 2007 Founda

50/22
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Enables doctors to quickly fine-tune the transfer function for
specific objects
* works since in CT usually only small deviations exist

* but these require complex interactions in the transfer
function domain
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Datasets typically only deviate modestly from this

* but in complex ways

* meaning, lots of tweaking is required
[Rezk-Salama Vis06]
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Parameter MappiingvAisjeie

We can learn these deviations by P e
observing a few datasets sed ®
* encode the parameters into an N- o5 Qe
D vector 0/ °
* find the principal component of the .
vectors (the main Eigenvector) P,
. . o
* project all other vectors onto this 4
Eigenvector f
* the min and max then represent N
)

the min and max of the slider
[Rezk-Salama Vis06]
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1EEE VISUALIZATION

screen display

stream of
(X,Y,Z,W)

A 4 %
v
3 A
€ p..
® o * polygon primitives
/ transformed into screen space
se e
eoe
eee
R see
P shading .
— s

(framebuffer)

I ! rasterization
vertex
transformation |7 & :
EY texture mapping LX)
y e--o i shaded and
/ 1lanSf911n3d texture fragments
vertices

vertex shader
(vertex engine)

Jragment shader
prerammable (rasterizers)

Foundations of Rendering

IEEE Visualization 2007

stream of
(R,GB,A)

|
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Accelerated Rendeiieie/iNe=vEs
Concept

SlmpleSt approach [Rezk-Salama 01]
* represent the volume as a stack of axis-aligned

“proxy polygons”
* texture-map volume slices onto corresponding
proxy polygons

* render polys to screen, properly shifted
according to viewing direction, front-to-back

* shade and composite
slice by slice

IEEE Visualization 2007 Foundations of Rendering
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Accelerated Rendenineiesg

Main Issues

IEEE VISUALIZATION

There are two main disadvantages with this
approach:

* sampling distance d is larger than 1.0 for off-
axis viewing directions

* need three stacks of volumes, one for each
major viewing direction

IEEE Visualization 2007 from: Engdl, Kraus, Egl; araphicsdiarewase Myorkshop 2001 56/22
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Pre-Integrated VelUijEn=:

Designed to overcome artifacts due to:

* too large sampling intervals (rays, 2D textures)

* transfer functions with high frequency features,
which may not be captured by two
consecutively interpolated densities

. misses the small peak

/1 ds is not interpolated b ‘f'
| X 7
‘. ><
\ b
\ - LT
— - AT ST,
dy d; dy density 3
IEEE Visualization 2007 Foundations of Rendering 57/22

1EEE VISUALIZATION

Solution:

* pre-compute color and opacity integrals for all
possible front- and back density pairs, d; and
d,

* gives rise to a 2D table, indexed by
interpolated d; and d,,, assuming piecewise
linear densities:

~[u(@-9)d; syt

c(d,,d,) = i 1(@-9)d, +sd,)-c((1-9)d, +sd,)e ? ds

* pre-integrated opacities computed similar

IEEE Visualization 2007 Foundations of Rendering 58/22
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IEEE VISUALIZATION

slice-by-slice slab-by-slab project slice

A\

front

slice  slice

pre-integrate all

g Sl fetch integral from
possible combinations s,

dependent texture

S
f
S¢ from: Engel, Kraus, Ertl, Graphics Hardware Workshop 2001
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128 slices

128 slices
pre-classified

post-classified

284 slices
post-classified

128 slices
pre-integrated
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Accelerated Rencenieie)g

Conclusions

Using the texture mapping hardware approach
allows interactive frame rates with practical-sized
datasets

More advanced GPU-based renderer offer:
* raycasting (more natural than textures)
* empty-space skipping (stegmaier 0s] [Leung 06]

early ray termination, occlusion culling

advanced rendering effects (shadows,
translucencies, advanced lighting, etc.)

These offer advantages in speed, quality, flexibility
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Alternative T e 3D IREMIgITS,

1EEE VISUALIZATION

Let’s have a look at virtual colonoscopy
* complex structure requires fly-throughs

IEEE Visualization 2007 Foundations of Rendering 62/22
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Alternative to SBNIEWIRERE

Now can visualize the entire colon as one image

IEEE Visualization 2007 Foundations of Rendering 63/22

Alternative to SBNIEWIRERE

Rendered in translucent mode: [Hong visos]

IEEE Visualization 2007 Foundations of Rendering 64/22
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Enables Quick Dic@ESIs

Only local

inspection:
Hyperplastic polyp Adenoma

Flattening enables a global overview of pathology:

IEEE VISUALIZATION

[Hong Vis06]

IEEE Visualization 2007 Foundations of Rendering
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Enables Quick DIEGRGESIS

Only local

inspection:
Hyperplastic polyp Adenoma

CAD (Computer Aided Diagnosis):

IEEE Visualization 2007 Foundations of Rendering
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[Hong Vis06]

Marked: suspected polyps

66/22
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