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CS 247 - Scientific Visualization
Lecture 15: Volume Visualization, Pt. 2

MarII|iadwiger, KAUST




Reading Assignment #8 (until Mar 26)

Read (required):

» Real-Time Volume Graphics, Chapter 4 (Transfer Functions)
until Sec. 4.4 (inclusive)

» Paper:
Jens Kruger and Rudiger Westermann,
Acceleration Techniques for GPU-based Volume Rendering,

IEEE Visualization 2003,
http://dl.acm.org/citation.cfm?id=1081482



Volume Rendering






Volume Rendering Integral

Volume rendering integral /
for Emission Absorption model %

true emission true absorption
S "

I(s) = I(sg)e 60" 1 / ¢(3) 7769 d3
S0

59
T(s1,8) = / k(s) ds.
lterative/recursive numerical solutions: 51

Back-to-front compositing Front-to-back compositing
C; = G+ (1 —-A)0_, C = C 4 +(1-A.,)C,
A; — A/+1 + ( ;+1)Ai

here, all colors are associated colors!




Volume Rendering Integral

How do we determine the radiant energy along the ray?
Physical model: emission and absorption, no scattering

I(s0)
L—o->}>

S0 viewing ray s

AN

Initial intensity
at s

I(s) =|1(s0)




Volume Rendering Integral

How do we determine the radiant energy along the ray?
Physical model: emission and absorption, no scattering

I(s0) l
[

S0 viewing ray s

AN

Initial intensity
at s

\ Without absorption all
| the initial radiant energy
I(s) = |I(sp) would reach the point s.




Volume Rendering Integral

How do we determine the radiant energy along the ray?
Physical model: emission and absorption, no scattering

viewing ray

Absorption along the
ray segment s,- s

\

P—T(H().S)




Volume Rendering Integral

How do we determine the radiant energy along the ray?
Physical model: emission and absorption, no scattering

I(s0)
!-\*wD

S0 viewing ray s

Optical depth =
Absorption k

I(s) = I(sp) g~ 7(50:5) 7(s1,8) = /82 k(s) ds.

S1




Volume Rendering Integral

How do we determine the radiant energy along the ray?
Physical model: emission and absorption, no scattering

I(s0)
!\—*!hc»D

S0 5 viewingray s
One point s along the \
viewing ray emits additional Active emission
radiant energy. at point s

\

I(S) — I(S()) 6’,_7-(5”'5) o q(;)




Volume Rendering Integral

How do we determine the radiant energy along the ray?
Physical model: emission and absorption, no scattering

I(s0)
!\—*LA»D

A~

S0 s viewingray s

Every point S along the
viewing ray emits additional
radiant energy

* 5

I(S) — I(S()) €—T(s().s) _|_ / q(;) e—‘r(s.s) (1;

/50



Volume Rendering Integral: Numerical Solution
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Volume Rendering Integral: Numerical Solution

w(1)
WA'; .. 4 3 2 1 =0 >

t A A
Opticaldepth:’T(O?t) = / Ii(t) dt
0

Approximate Riemann integral by Riemann sum:
[t/ At]
7(0,t) = > k(i At)At

1=0
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Volume Rendering Integral: Numerical Solution

At A
(0,t) =~ 7(0,t) = > k(i At)At
1=0
[t/ At]
6—%(O,t) _ H e~ r(1-At) At

Now we introduce opacity:
A_ — 1 — e—ﬁ(i'At) At
;=
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Volume Rendering Integral: Numerical Solution

At A
(0,t) =~ 7(0,t) = > k(i At)At
1=0
[t/ At]
6—%(O,t) _ H e~ r(1-At) At

Now we introduce opacity:
1 — A, — e—ﬁ:(’i-At) At
;o=



Volume Rendering Integral: Numerical Solution

S~ A | 3 2 1 =0
At t/A1)
7(0,t) ~ 7(0,t) = > k(i-At)Al
1=0
N
6—’7‘(0,1&) _ H e—rﬁz(zWAt)At
1=0

Now we introduce opacity:

1 — A, = ‘e—ﬂ;(i-At)At ‘
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Volume Rendering Integral: Numerical Solution

~—~—~ | 3 2 1 =0
At t/A1)
7(0,t) ~ 7(0,t) = > k(i-At)Al
1=0
) [t/ At]
e—T(O,t) _ H (1 o Az)
1=0

Now we introduce opacity:
1 — A L e—li)(i-At) At
;o=
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Volume Rendering Integral: Numerical Solution




A~

Volume Rendering Integral: Numerical Solution
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Volume Rendering Integral: Numerical Solution
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Volume Rendering Integral: Numerical Solution




(G

Volume Rendering Integral: Numerical Solution
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Volume Rendering Integral: Numerical Solution

q(t) ~ C; = c(i-At)At

_ | T/ At | i—1
C = ) G|l 4
i=0 j=0

can be computed iteratively/recursively!



Volume Rendering Integral: Numerical Solution

1=0 L 2

——
At

Py

Note: we just changed the convention from i=0 is at the front of
the volume (previous slides) to i=0 is at the back of the volume !

can be computed iteratively/recursively:

= G + (1 - 4)C;,

C
4

Radiant energy
observed at position i

A

Radiant energy
emitted at position i

Absorption at
position i

Radiant energy
observed at position i—1
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Volume Rendering Integral: Numerical Solution

1=0 1 2 3 4. .. Y
At
Back-to-front
compositing

C; = G+ (1 = A)C}_,

1
iterate from /=0 (back) to ;i=max (front): / increases
Front-to-back

compositing O,g _ Of£+1 e (1 _ ;+1)Ci
A = A;;+1 + (1 - ;+1)Ai

iterate from /=max (front) to /=0 (back) : / decreases
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Volume Rendering Integral: Numerical Solution

1=0 1 2 3 4.

Early Ray Termination:
Stop the calculation when

O{ZO@—F(l A/%]_

1

Back-to-front
compositing

iterate from /=0 (back

Front-to-back ; _—
compositing I I — A/ ‘
Cz‘ _ Ci+ 1 ( 1 1+1 )'Cz
/I / / .

Ai _ Ai+1 B (1 o i+1)Az
iterate from /=max (front) to /=0 (back) : / decreases




Volume Rendering Integral Summary

Volume rendering integral /
for Emission Absorption model %

true emission true absorption
S "

I(s) = I(sg)e 60" 1 / ¢(3) 7769 d3
S0

59
T(s1,8) = / k(s) ds.
lterative/recursive numerical solutions: 51

Back-to-front compositing Front-to-back compositing
C; = G+ (1 —-A)0_, C = C 4 +(1-A.,)C,
A; — A/+1 + ( ;+1)Ai

here, all colors are associated colors!




Thank you.




