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Participating Media
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Participating Media
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(But, a lot of works have observed
correlations in particle distribution)
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v’ General media
v Heterogeneity

v’ Long-range correlations



Spatially-Correlated Media
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Spatially-Correlated Media

Correlated Media
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Spatially-Correlated Media

t A~
Transmittance: T(x,y) = e~ Jo ot(x+s®)ds _ o-T(x0)

Extinction field: 0¢(x) = 0,(x) + g(x)



Spatially-Correlated Media

t A~
Transmittance: T(x,y) = e~ Jo ot(x+s®)ds _ o-T(x0)

Extinction field: 0:(x) = 04(x) + g5(x)

We model g; as a
Fractional Gaussian Field (FGF)



Fractional

Random field

A collection of random variables:

X ={X(t,w),t € R, w € O}
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Fractional

Random field

A collection of random variables:

X ={X(t,w),t € R, w e O}

Gaussian (random) field

A collection of Gaussian-distributed random variables.
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CENNERBREIE

Then what is “fractional”?

Let I be the integral operator

I[1] = x I[1] = x2/2 Vi[x] =7
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With the fractional integral operator 1%
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With the fractional integral operator 1%
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With the fractional integral operator 1%
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Fractional Gaussian Fields
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Fractional Gaussian Fields

S
d-dimensional FGF: M =I(—A)_§I W W:white noise

fractional Laplacian

s=0 white noise
=
§ s=1,d=1 Brownian motion
©
P 1 3 fractional Brownian motion
= E<S<§,d=1 (fBm)




Fractional Gaussian Fields

S
d-dimensional FGF: M = (—A) 2 W/  w:whitenoise

N
) 2-fBm
d 13
Hurst parameter H = s — >
1 1-fBm
slg=
H j Correlation j\ pink noise
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Autocovariance Function

S
d-dimensional FGF: M = (—A) 2 W/

Autocovariance function of pink noise:

cov(x,y) = C(H, d)Sy|x — y|*H

C(H,d) Scalingterm

Sw Power spectral density of white noise

W' white noise
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Autocovariance Function

S
d-dimensional FGF: M = (—A) 2 W/

Autocovariance function of k-fBm:

cov(x,y) = C(H, d)Sw{|X —y*?
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Autocovariance Function

covariance matrix | |
(1D) WWH"WW""'“‘WW M—mwtM~wmw:»nw»s\
Pink noise —
(H<0)
r —
k-fBm

(H>0)




Autocovariance Function

covariance matrix | o w |
(1D) }«:Mwwwm‘m»w M.,'.-«“*wwwﬂ‘mW\
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2D Fractional Gaussian Fields

H = 85 R R

white noise pink noise
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Extinction Field

We model g, as a FGF :

or(x) = o, + O-u(x)

/ var[o,(x)] =?

Macro-scale: Constant

Micro-scale: FGF

Fixing x, o;(x) is a random variable with mean o,,, and its variance is controlled by the FGF



Extinction Field

We model g, as a FGF :

t ~
fo or(x+s®)ds _ T(xt) i
t t

The line-averaged extinction o;(x) = S a

Gaussian-distributed random variable.

t

t
var[a;] = tlz((r(x, £)2) — (t(x, £))2) = tlz jo jo cov(x’, x")dt'dt"

h

function of the
FGF




Extinction Field

Pink noise
(H<0)

cov(x,y) = C(H, d)S,|x — y|*H

N\

t

t
var[a;] = tlz((r(x, £)2) — (t(x, £))2) = tiz jo jo cov(x’, x")dt'dt"

|

vary[G,] = —2C(H + 1)S,,t*"




k-fBm
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j=0

Extinction Field

cov(x,y) = C(H, d)Sw{|X —y[*¥
t ot

var[a;] = tlz((r(x, £)2) — (t(x, £))2) = tiz jo jo cov(x’, x")dt'dt"
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Extinction Field

Numerical verification:
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Extinction Field

Numerical verification:

T T T T T

¥* H=-0.4 Num.
e F{=-().4 Theo

100__ FH=-0.3 Num. ] One_pOInt
i H=-0.3 Theo. | scale-independence

* H=-0.2 Num. | |
=== H=-0.2 Theo. | |

= [1—1.5 Theo. |
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Extinction Field

The variance of g; (x):

Syt ! H=-1/2 |
Var[é}] = { Sp(H)tzH H € (_1/2>0)

Skp(H)L*H He (k- 1,k)

Sw
['(2H + 3)| sin(xrH)|
S 2H -1
[

Sp(H) —

Skp(H) =

[(2H + 2)| sin(zH)|




Transmittance

Ensemble-averaged transmittance
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Transmittance

Ensemble-averaged transmittance

(@) = (77) = | e~ Tpdf @
? |

characteristic function (D (it)

(a)* (o)

o, ~T —, —
ot (Var[at] var|o;|

)  Use gamma distribution for non-negative extinction



Transmittance

Ensemble-averaged transmittance
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Transmittance
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Transmittance

log[Tr(s)
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Rendering Techniques

Energy-Conserving Volumetric Rendering Equation

Lo(xX,w) =

t
f T(x, X" YAGt (X' )Li (X', @)dt’ + T(x, Xs)Ls (X, ©)
0

, Tr(x, x’) if x” on surface
Transport kernel: T(x,x') = 1 OTr(x,xX) ., . :
~ o) ot if x” in media.
oTr(t) _aoc(t) ~ dp(t) a(t)
ot Tx(®) ot In j(2) ot P(t)




Results



¢ Short-range correlations

Long-range correlations M)
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Side lighting

Exp. H = —0.1 (Pink noise)

H = 0.2 (1-fBm) H =1.2 (2-fBm)




Side lighting

Exp. H = —0.1 (Pink noise)

Low density

Exp. H = 1.2 (2-fBm)







Comparing to the GBE [Jarabo et al. 2018]




Comparing to the Bitterli model [Bitterli et al. 2018]

The Bitterli model
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Uncorrelated media




Correlated media




Conclusion

» A mathematical tool for physically-based modeling spatial correlations in
random media.

» Using k-th order fBm to generate long-range correlations.

» The usage of the non-exponential transmittance functions in an energy-
conserving RTE framework.






