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Other involved sp

— LMC LMC2Supershell (Rv=2.8)
—  LMC Average (Rv=3.4)
— Milky Way Dense (Rv=5.0)
Milky Way Diffuse (Rv=3.1)
—  SMC Bar (Rv=2.7)
Starburst (attenuation law)
—  Milky Way CCM (Rv=2.1)
Milky Way CCM (Rv=4.0)
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Motivation
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Nebulae

Nebulae are complex objects interacting with the light passing
through them (participating medium).

'

Absorption nebula Reflection nebula Emission nebula
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Spectral volumetric rendering
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Spectral volumetric rendering
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Spectral volumetric rendering
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Volumetric rendering equation?

Llocal,)\(tv W) - [

2Kajiya and herzen, “Ray Tracing Volume Densities”.
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Spectral volumetric rendering
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Spectral volumetric rendering
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Spectral volumetric rendering
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Spectral volumetric rendering
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Volumetric rendering equation?

L/OCBI,)\(tv W) = T(t, )\)[Ls(t, w, )\)O’S(t, )\)
+Le(t, w, N)oa(t, )]

2Kajiya and herzen, “Ray Tracing Volume Densities”.
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Spectral volumetric rendering
[e] Je]e}

Volumetric rendering equation?

T(t,\) =exp (— /:0 ot(u, /\)du)
Llocal,)\(tv W) = T(t, )‘)[Ls(t7 w, )‘)Us(t7 )‘) E
+Le(t, W, )\)O’a(t7 )\)] L)\(X, W) = /t L/ocal,)\(t’ W)dt

2Kajiya and herzen, “Ray Tracing Volume Densities”.
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Spectral volumetric rendering
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Spectral rendering
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Spectral volumetric rendering
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Spectral rendering

f SN Lz, w)dh b
A
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Spectral volumetric rendering
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Spectral rendering
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Spectral volumetric rendering
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Spectral rendering

/ SNV En(z, w)dh b
A
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Spectral volumetric rendering
[e]e]e] ]

Basis function

/)\/tf(t7 A)dtd A

Double numerical integration is generic but costly

3Raso and Fournier, “A Piecewise Polynomial Approach to Shading Using Spectral Distributions”;
Peercy, “Linear Color Representations for Full Speed Spectral Rendering”; Peters et al., “Using Moments
to Represent Bounded Signals for Spectral Rendering”.
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Spectral volumetric rendering
[e]e]e] ]

Basis function

/)\/tf(t,)\)dtd)\x/t Z/)\ff(t,)\)d)\ dt

m Multiple efficient ways to model spectrum in surface rendering
pipelines® but none for spectral volumetric pipelines
(spatial-spectral dual dependency)

m Requirements: Stable, Generic, Precise

3Raso and Fournier, “A Piecewise Polynomial Approach to Shading Using Spectral Distributions”;
Peercy, “Linear Color Representations for Full Speed Spectral Rendering”; Peters et al., “Using Moments
to Represent Bounded Signals for Spectral Rendering”.
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Model
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Density field

Fractional Brownian
Motion*on Simplex
noise

4Decreusefond and Ustiinel, “Fractional Brownian motion: theory and applications”.

J. Barrés Efficient astrophysical spectral volumetric rendering 11 / 26



Telescope filters
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Other involved spectra

— LMC LMC2Supershell (Rv=2.8)
—  LMC Average (Rv=3.4)
— Milky Way Dense (Rv=5.0)
Milky Way Diffuse (Rv=3.1)
—  SMC Bar (Rv=2.7)
Starburst (attenuation law)
—  Milky Way CCM (Rv=2.1)
Milky Way CCM (Rv=4.0)
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Final model

(£, 1) = oi(t)P(1)e €0

g(t) = (7(t) + 7s(t)) C7

f(t,\) can be
analytically
integrated in
O(deg(P))
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Acceleration: exponential
projection
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Acceleration: proj
0®0000000

Still a lot of computations

/\/tf(t, A)dtdA%AZf(i, M)A dA
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/Zas( (\)e €DV/ANdX
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Acceleration: proj
0®0000000

Still a lot of computations

/\/tf(t, )\)dtd)\%//\Zf(i, M)A dA

/Zas( (\)e €DV/ANdX

=> o) /P(A)e—g(”/m A
i A

i analytical integrals must be computed per ray
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Acceleration: proj
00e000000

Projection on a subset of the space

F={f,|acRt}

fb:D—R

A —s 73/
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Acceleration: proj

0O0@000000

Projection on a subset of the space

F={f,|acRt}

fb:D—R

A —s 73/

Orthogonal basis All vectors Projected and expected solutions

17.51 — projected sum
—— expected sum

J. Barrés

The sum of
elements is close to
its projection
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Acceleration: proj
000800000

Results

Best basis B is obtained by minimizing ", r||f — projg(f)||
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Acceleration: proj

00000000

Results

Best basis B is obtained by minimizing ", r||f — projg(f)||

Distance from projection for every element Log scale of error along basis extension
0.06 B=1[0] 10°
B =[0,0.45]
005 8=1[0,045,0.25]

B =0, 0.45,0.25,1.01]
B=0, 0.45,0.25, 1.01, 0.05]
B =0, 0.45,0.25, 1.01, 0.05, 2.12]
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Sum of errors for every elements (log)

°
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Projected element argument Basis cardinality

D = [0, 1pm]

Adding an element to the basis divides the error by 10.
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Acceleration: proj
0000e0000

Projection on a subset of the space

Projecting the elements on a subset of the space will reduce the
number of integrals to compute

e 8/ o Ao/ 4 B/

Do e s~ (3 Ape P+ (3 B)e 4
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Acceleration: proj
0000e0000

Projection on a subset of the space

Projecting the elements on a subset of the space will reduce the
number of integrals to compute

e 8/ o Ao/ 4 B/

Do e s~ (3 Ape P+ (3 B)e 4

da/>‘ db/)‘

m e and e~ chosen as the most informative elements of

the family.

m Basis constructed with Gram-Schmidt
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Acceleration: proj
00000e000

Algorithm in practice

3 P(Vh(tj,w)(Aje " + Bje )
J
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Acceleration: proj
000000e00

Convergence of methods

f(x)=((x—1)(x —.2)(x —.5)(x — .7)(x)100 + 1)e_‘1/X

. Convergence of simpson rule vs projection on f(x) Function to integrate
10
—— Trapezoid rule
—— simpson rule
ot —— Gaussian quadrature 08
— Projection
-2
10 06
g =
04
1074
02
107°
00
1076
2 3 4 5 6 7 00 02 04 0.6 08 10
Number of samples A

The projection method converges faster than Newtons or Gauss
numerical methods.
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Acceleration: proj
000000080

Numerical complexity

Double Netwon integration: O(Nspace - (Mwavelength + Nspace))

Naive analytical spectral integration: O(Nspace - (Deg(P) + Nspace))

Run-time integration: O(Nspace - Cardpasis + Deg(P) - Cardpasis)

5N=100,M=30,C,=3,Deg(P)=5, GPU= Nvidia GTX 1080 Ti, scene A

J. Barrés Efficient astrophysical spectral volumetric rendering 22 /26



Acceleration: proj
000000080

Numerical complexity

Double Netwon integration: O(Nspace - (Mwavelength + Nspace))

Naive analytical spectral integration: O(Nspace - (Deg(P) + Nspace))

Run-time integration: O(Nspace - Cardpasis + Deg(P) - Cardpasis)

Method Avg Time per frame®
Newton 260ms
Naive analytical computation 160ms
Projection 30ms

All spectra are free variables, as well as the camera position and
angle.

5N=100,M=30,C,=3,Deg(P)=5, GPU= Nvidia GTX 1080 Ti, scene A
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Acceleration: proj
00000000e

Results

Double Netwon Approximation by Absolute difference
Integration projection x 16
M=30,N=100  |D(P)=5,Cp=3
260 ms 30 ms
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Conclusion
[ le]

Summary:
m Fast, precise integration
m Explorable model
m Scalable in terms of error
n

Extendable for multiple lights

Future works:
m Better spatial integral

m Relaxation of some of our constraints (phase, attenuation
profile...)

m Multiple bounce integration
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Conclusion
oe

Thanks for listening!
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preint
[ ]

Spectral pre-integration

m Traditional pre-integration® cannot be directly applied to our
problem, due to the spectrum which isn't stable under product.

m Approximation: f)f\i)\l f(t, N)dA =~ >, Cu(A, Az)ed(t7/\1,/\z)

oEngeI, Kraus, and Ertl, “High-Quality Pre-Integrated Volume Rendering Using Hardware-Accelerated
Pixel Shading”.
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preint
[ ]

Spectral pre-integration

m Traditional pre-integration® cannot be directly applied to our
problem, due to the spectrum which isn't stable under product.

m Approximation: f)f\i)\l f(t, N)dA =~ >, Cu(A, )\2)ed(t7/\1’/\2)

Z P / (d(£), A)dA

A=A

N
~ [Z Pka()\l,Az)exp(—[at(O)At]-e()\l,Az))] -
k=0 1

[H exp(—oe(i)Aj - (A, )\2))] [exp(—Ts(t) - €(A1, )\2))]

i=1 3
6Enge|, Kraus, and Ertl, “High-Quality Pre-Integrated Volume Rendering Using Hardware-Accelerated

Pixel Shading”.
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Multiple spectra
[ ]

Multiple spectra

Pre-process, projection of light voxel:

Z Pi(A\)e ™=/ = aPa(A)e ™/ 1 bPg(A)e /A

Run-time projection of current optical depth:

—T/)\ Ce—n/)\ + de—Tz//\

Then:
Z ()\)e T(t)+7s(£))/ A (2)
= aCPA()\)eszl/)‘ + c—,;dPA()\)e*(Tern)/A (3)
+ bCPB()\)e—(ﬁ—i-Tz)/)\ + deB()\)e—ZQ/)\ (4)
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Multiple spectra
[ leJele]

Multiple spectra in scene
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Multiple spectra
[e] Jele]

Spectral-spatial basis propagation

Zzas(i)efd(i)/Apj(A) ~ Aefda//\Pa()\) + Befdb/)\Pb(A)
J i
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Multiple spectra
[e] Jele]

Spectral-spatial basis propagation

Zzas(i)efd(i)ﬁ\pj()\) ~ Aefda//\Pa()\) + Befdb/)\Pb(A)
J i

Double Netwon integration:

O(Nspace : (Mwavelength + Nspace) : Llights)

Naive analytical spectral integration: O(Nspace - (Deg(P) + Nspace))
Projection: O(Nspace - Deg(P) + Deg(P) - Cardpasis)

m Loss of source-specific information, phase function must be
approximated as isotropic

J. Barrés Efficient astrophysical spectral volumetric rendering 6 /15



Results

Double Netwon
Integration
M = 30, N = 100

2500 ms

J. Barrés

Multiple spectra
[e]e] o]

Approximation by
projection

Llights = 6a D(P) = 57 CB =4

30 ms
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preint \ iple Multiple spectra Complexity

[e]e]e] )
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Complexity
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comp
@00

Basis augmentation
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comp
@00

Basis augmentation
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Basis augmentation
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Density results
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Density results
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Multiple lights results
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Multiple lights results
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Argument range
@00

Extended argument range

Log scale of distance from projection for every element Log scale of error along basis extension

100 100 107
102
107
£ 10 3
5 107
3 10 §
H z
g 100 5 107
2 2
g g
§ 1010 H
g £ 10
I3 2
10742
10
1014
— B=[0,0.76,2.27,1.52,3.79]
1w w7 T 7 3 :

0 0 50 H 4
Projected element argument Basis cardinality
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Trying a huge argument

Argument range
(o] Jo}

Projection distance to actual vector (log)

10-11

1074

10-17

Log scale of distance from projection for every element

— B=[53]

B =[53, 0.76]
B =1[53,076,227]

B =1[53,076,227,152]

B =[53,0.76,2.27, 1.52,3.79]

10

20

30 40 50 60 70
Projected element argument
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Increased precision over higher wavelengths

Argument range
ooe

Projection distance to actual vector (log)

Log scale of distance from projection for every element

Log scale of error along basis extension

100 4

104 4

g

107124

10-16 4

10-20 4

10-24 4

10-28 4

———

—— B =10, 2.98, 2.42, 2.88]
—— B=10,2.98,2.42,2.88,237]

Sum of errors for every elements (Iog)

[ 1 2 3 4 5

Projected element argument

0.0 0.5 10 15 20 25 3.0 35 4.0
Basis cardinality

D = [1pm, 10pm]

Efficient astrophysical spectral volumetric renderi



	Motivation
	Spectral volumetric rendering
	Model
	Acceleration: projection
	Conclusion
	References
	Appendix
	
	bad approx: SVRE pre-integrated
	Multiple spectra
	Multiple spectra in scene
	Complexity
	Comparison between pictures
	Argument range


