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Motivation

* Real-time rendering of realistic images

« Atmospheric Scattering Effects
- scattering and absorption of light
due to small particles
- spotlights
- sunlight through windows
- earth’s atmosphere

e Our Goal:
Real-time rendering of atmospheric effects
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Previous Work

* Volume rendering [e.g. Behrens98, Westermann9sg]
- use of voxels to store the intensity of light
consuming texture memory for volume data
difficult to capture the edges of shafts of light

edges of

/spotlight

edges of
shadows
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Previous Work

e 2D texture based approach [Dobashio1, Everitt99]
- use of shadow and projective texture mapping

artifacts due to sampling errors

* Interleaved sampling [kellero1]

- a general and efficient solution to the sampling

problem
not optimal for rendering atmospheric scattering

e Earth’s atmosphere

no methods for real-time rendering of realistic images
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Proposed Method

* Precise and efficient rendering of atmospheric
effects

 Rendering light beams ‘

- point/infinite Tight sources
- uniform density of atmospheric particles

 Rendering earth’s atmosphere‘

- sky
- the earth viewed from space

- density decreases exponentially according to
the height from the ground
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Shading Model for Light Beams
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Shading Model for Light Beams

Intensity at viewpoint point light

150)= QL HO G et

| (t,]) intensity of light

H(t) visibility function

g(t,l) attenuation function 4/

viewpoint’
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Basic ldea [pobashioo
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Basic ldea [pobashioo
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Basic ldea [pobashioo
Intensity at viewpoint

5= EHHOIEd =4 1 o)

object

oint light & /
point lig ‘,4 ,

viewpoint /&

_—'
- i -
ﬁia.——

Atmospheric Effects



Basic ldea [pobashioo
Intensity at viewpoint __
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render sampling planes
with additive blending
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Problems
e Accuracy p {

number of planes
number of lattice points

« Many planes/lattices for high quality image

artifacts due to quantization

e quantization with 8 bit pre
e accumulation of errors in

sampling planes

Increase in rendering time

jnumber

e rendering timepl Lnumber
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‘High Quality Rendering

Intensity at viewpoint
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‘High Quality Rendering

Intensity at viewpoint
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‘High Quality Rendering
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‘High Quality Rendering

Intensity at viewpoint
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‘High Quality Rendering

Intensity at viewpoint
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High Quality Rendering
L+D
e Scattering component {fl: (5 g(t,! )dt}

- changes smoothly
- can be sampled at a large interval
use of texture to store pre-integrated values
L oo htD
* lllumination component | Q

N\
k

I (t,1)H (t)dt}

- Includes visibility H and intensity distribution I,
- must be sampled at a short interval

sub-planes for accurate sampling
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‘High Quality Rendering

d
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Textures for Scattering Component

L tDx - br
f|<tk,l)=é roF@,l) s;(S”»dt (point light)
| point light
r'. density

b attenuation ratio
t, distance between
viewpoint and P
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sampling
plane k+1

sampling
plane k

light and P’
t distance between
viewpoint and P’ T
F(a,l) phase function viewpoint
a phase angle ‘/Dt'
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Textures for Scattering Component

+h exp(- br (s+t . .
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Textures for Scattering Component

fi(uv,!) =ca(uv!)
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| exp(-br C(\/SEJZVZ ) /sampling
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o : constant for each plane k
sampling plane

qu,v,l): 2D texture
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since texture stores | .
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‘High Quality Rendering
J Dt

e Scattering component {fl: 0 g(t,! )dt}

- changes smoothly
- can be sampled at a large interval

use of texture to store pre-integrated values
. oo tD
lllumination component [h' 0

N\
k

I (t,1)H (t)dt}

- Includes visibility H and intensity distribution I,
- must be sampled at a short interval

sub-planes for accurate sampling
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Computation of lllumination Component

31 Dt
fr(tc 1) = I (t,1)H (t)dt light
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Computation of lllumination Component

e Determining number of sub-planes, m,

1. shoot a ray

2. compute intensity of
scattered light

use textures for
scattering component

3. generate sub-planes in
proportion to intensity

Intensity of scattered light
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Rendering Earth’'s Atmosphere

 No shadows of objects

 Rendering Sky
- extending method for
light beams
 Rendering the earth
viewed from space

- -_———
”

atmosphere

—&>viewpoint
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Rendering Earth’'s Atmosphere

 No shadows of objects

 Rendering Sky
- extending method for
light beams

 Rendering the earth
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layer covering the earth

viewpoint
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Rendering Earth’'s Atmosphere

 No shadows of objects

 Rendering Sky
- extending method for
light beams

 Rendering the earth

viewed from space

- atmosphere is very thin
layer covering the earth

viewpoint

! atmosphere

- use of sampling spheres
Instead of sampling plane

sampling spheres
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Rendering Earth’'s Atmosphere

 No shadows of objects

 Rendering Sky
- extending method for

light beams viewpoint

! atmosphere

sampling spheres
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Rendering Sky

 Intensity at viewpoint :
V(1) = 1 QF@.Dr E1)g(s1)ay(1 et

loun(l): intensity of sunlight

F@,l): phase function 2

r(t,!1): density of particles e P

g (sl): attenuation ratio between
P,and P

0,(t,1): attenuation ratio between
Pand P,

earth
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Rendering Sky

 Intensity at viewpoint

V(1) = 1 QF@.Dr E1)g(s1)ay(1 et

| qun(h):
F@,l):
rtl):
g9,(t.1):

g (sl):

Intensity of sunlight
phase function
density of particles

attenuation ratio between
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attenuation ratio between
Pand P,
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PV. i
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Rendering Sky

 Intensity at viewpoint

_ £ 3

0 kol
V() =lan(hA F@,RMg (s1ODyy(tj.1) e

k=1 j=l P

. s/ e
lon(1): intensity of sunlight i atmosphere
g (sl): attenuation ratio between
P_and P )>V|ewp0|nt

F@,l): phase function earth

Dy, (1) : attenuation between
sampling planes k and k+1

R(t): cumulative density of
particles between sampling
planes k and k+1
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Rendering Sky

. Intensity at viewpoint

ly(1) = T aun(l )a F@l )F(t)b (s >|(K")1

Dy, (1;.)| \

-Algorlthm

e create textures of g,, Dg,, R

e fork =nto 1, repeat:
- map g,, Dg,, Rtextures

onto sampling plane k

’——-——-—
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P, . .
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Rendering Sky

 Intensity at viewpoint

NOE [ )|a|F @l)Rog (s O Do, )

-Algorlthm

e Create textures of g,, Dg,, R
e fork =nto 1, repeat:

] =1

- map g,, Dg,, Rtextures ’
onto sampling plane k

- compute |,

F at lattice pomts

= ———
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I:)v : :
—&>viewpoint
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Rendering Sky

* Intensity at viewpoint

3 Il
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k=1 el
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e Create textures of g,, Dg,, R
e fork =nto 1, repeat:
- map g,, Dg,, Rtextures ’

onto sampling plane k ,
- compute | F at lattice points
- draw plane with blending:

FB = FB}( Dg, + F X\RX g (FB: frame buffer)

attenuation intensity of scattered light

I:)v : :
—&>viewpoint
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Rendering Sky
 Intensity at viewpoint

g el
W) =1an®)a F@ DR (sHO Do 1)

k=1

e Algorithm

=1

- [create textures of g, Dg,, R|

e fork =nto 1, repeat:
- map g,, Dg,, Rtextures ’

onto sampling plane k ,
- compute | F at lattice points

- draw plane with blending:

= ———
-

I:)v : :
—&>viewpoint

FB=FBx Dg,+ F X\RX g (FB: frame buffer)

ol

attenuation

intensity of scattered light
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Rendering Sky

e Textures of g, Dg,, R

PR
g; (PR, 1) =exp(- Q b(l)r()d) /Isun
P./ ee--_
b . extinction coefficient (constant) ] atmosphere

density of particles

r (h) =exp(-ah) (a: const) # )>V|ewp0|nt

h
earth
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Rendering Sky
e Textures of g, Dg,, R

PR
g, (PP, 1) =exp(- Q b(l)r(1)dl) lsun
b . extinction coefficient (constant) /’_ét—r;o_sphere
r : density of particles P
4*/ V. )
r (h) =exp(-ah) (a: const) - —-F>viewpoint
earth

9 (PR,1)0 g(hg,l)
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Rendering Sky

e Textures of g, Dg,, R
(PRI =expl- Q) b(1)r (el

= ———
-

atmosphere

PV
—-F>viewpoint

g (PR,1)0 ‘g| (hq,! )I earth

Dy, (ha,! )

b . extinction coefficient (constant)
r : density of particles
r (h) =exp(-ah) (a: const) e

Dg, (PR,,1) U

R(PR,1)U ‘R(h’qwl ;l » store as 2D textures
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Experimental Results

previous method| |previous method| |proposed method

This animation shows a comparison with
the previous method.
All images are rendered in real-time.

#planes: 40 #planes: 160 #planes: 30
mesh: 60x60 mesh: 60x60 #sub-planes: 120 (ave.)
mesh: 10x10

computer: Athlon 1.7GHz, GeForce3
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Experimental Results

. linterleav .
i T

AAAA

result
# of planes
mesh 60x90 10x15 10x15 -

time 0.13 [sec.]| 0.12 [sec.]| 0.08 [sec.]| 29 [sec.]
Image size: 300x450 computer: Athlon 1.7GHz, GeForce3
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Experimental Results

method previous ir&teelﬁleer%\i]ed proposed ray-tracing
result
# of planes
mesh 60x90 10x15 10x15 -
time 0.13 [sec.]] 0.12 [sec.] 0.08 [sec.] 29 [sec.]

Image size: 300x450 computer: Athlon 1.7GHz, GeForce3
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Results

r;: ,"!: I.;:.'r. A ‘ : - ﬁ' fa'sb ﬁg , t §
nf}?ﬁ o ” :é f}: ,..t s"“{& ?ﬁ
‘ ™ r 5%@ -M %"‘f’_;— ) o
.
sampling plane: 9 sampling plane: 30
sub-plane:309 sub-plane:263
time: 0.32 [sec.] time: 0.12 [sec.]

Image size: 720x480 computer: Athlon 1.7GHz, GeForce3

Atmospheric Effects



Results

sampling plane: 100(sky) sampling sphere: 10

30(shaft) _

time: 0.16 [sec.]
Image size: 720x480 computer: Athlon 1.7GHz, GeForce3
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DEMO

* Real-time Animation Using Note PC

e Pentium lll (1.2 GHz)
 Nvidia GeForce 2 Go
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Conclusion
e Fast rendering of atmospheric effects

 Rendering of light beams

- 2D textures to store intensities of scattered light
- sub-planes for precise sampling of shadows

 Extension to rendering earth’s atmosphere
- rendering of sky

- rendering of earth viewed from space
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