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PREVIOUS WORK



IVqumetric photon mapping
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IVqumetric photon mapping
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IVqumetric photon mapping
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8 Sensor beam
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8 Sensor beam

[Jarosz et al. ‘08]
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8 Sensor beam

[Jarosz et al. ‘08]
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8 Sensor beam

[Jarosz et al. ‘08]
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I Photon beam
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I Photon beam
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I Photon beam
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I Photon beam
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I Photon beam
[Bitterli & Jarosz '17]
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I Photon beam
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I Photon plane
[Bitterli & Jarosz '17]
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I Photon plane
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I Photon plane
[Bitterli & Jarosz '17]
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I Photon plane
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Photon Points .
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Equal-time comparison

Photon Beam X Photon Plane"

[Jarosz et al. "11] [Bitterli & Jarosz '17]}
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The limitations of photon planes
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The limitations of photon planes
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The limitations of photon planes
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} Contributions

1. New derivation

+ /x’ TT(Xt' Xt)o's xt’ / Pp Xt , W, wl)L(xt’ wz)dwl)dxt'
= | f(6)K(gle)) fdg -

T

L(Xt, w) —

fiw; yo — yi l [Sf i

Xt
Lo(x,w,) = Le(x,wy) + Ls(x, wy) Tr(xtr, x,)Le(xt/,

— L.(x, w, )+/ p(x w;, w, )L(x, w;)|n(x) - w;|dw; *

1= [ fG / @) P (8(E)) fi 4T, 4T,

\—\/—/

I, —

[ — f(é,,)l_a(é_,,)
p(¢y)

1:// W.(x, w)L(x, w)dwdx
JA JH?

V/ g " Photon Surfaces for Robust, Unbiased Volumetric Density Estimation

el

w)dxt.'

23



} Contributions

1. New derivation
2. Photon surfaces ﬁ
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} Contributions

1. New derivation

2. Photon surfaces
3. Combine using MIS
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} Contributions

1. New derivation

2. Photon surfaces
3. Combine using MIS

4. Single scattering .

4
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Photon beams

Ours

Var: 0.155x



Photon beams

Ours

Var: 0.155x

Single-scattering is supported



Theory

Photon surfaces for rebust, unbiased volumetric density estimation = 265
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I Derivation in previous work

[Jarosz et al. "11] $
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I Our approach
1= [ FOKanly =) f )

V/ g |_'I Photon Surfaces for Robust, Unbiased Volumetric Density Estimation

33



I Our approach
= [ Kot - f
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I Our approach

[ = f FG)Ksnly — ) f R)dx

3D Kernel
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I Our approach
- f P Ksp(y - ) f(R)d

3D Kernel
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I Our approach
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I Our approach
1= [ 1586~ )f R

3D delta kernel
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I Our approach
1= [ 1586~ )f R

3D delta kernel
38 -0 f®)
p(¥)p(X)
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I Our approach
1= [ 1586~ )f R

3D delta kernel

2

V/ f: |_'I Photon Surfaces for Robust, Unbiased Volumetric Density Estimation

34



I Our approach
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I Our approach
1= [ 15150 - ) f R

split integral
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I Our approach

I:f---fé(y— )di dids, - -dy’

pre-integrate

split integral . .
3 dimensions
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I Our approach

[:f... ] dy’

pre-integrate
3 dimensions

q&u’

split integral
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I Our approach
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pre-integrate  remain part
3 dimensions
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I Our approach
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I Our approach

Variables:{ o |
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I Our approach

Variables:{ 01, ¢19 J

V/ g |_'I Photon Surfaces for Robust, Unbiased Volumetric Density Estimation

36



I Our approach

Variables:{11, 91, ' §b19 J
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I Our approach
Variables:{t1, t2, 01, 02, 91, 02, }
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I Our approach

Variables:{11, t2, 01, 02, 01, ¢2,51}
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I Our approach

Variables:{t1, t2, 01, 02, 91, 02,51}
f(?(y — x)dtdt,ds,
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I Photon surfaces
Variables:{t1, t2, 01, 02, 91, 02,51}

f&(y— )dt,di,ds;
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I Photon surfaces

Variables:{/1, /-, s1}

f(s(y— \dtdt.ds,
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I Photon surfaces

Variables:{/1, /-, s1}

f(s(y— \dtdt.ds,
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I Photon surfaces

Variables:{/1, /-, s1}

f(s(y— \dtdt.ds,
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I Photon surfaces

Variables:{/, 1, st} -
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I Photon surfaces
Variables:{/1, 2, 01, 02, 91, 02,51}

f&(y— )dt,di,ds;
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I Photon surfaces
Variables:{/1, 2, 01, 02, 91, 02,51}

f&(y— )dt,di,ds;
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I Photon surfaces
Variables:{/1, 2, 01, 02, 91, 02,51}

fé(y— )dt,didsq
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I Photon surfaces
Variables:{/1, 2, 01, 02, 91, 02,51}

fé(y— )d1.didsq
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I Photon surfaces
Variables:{/1, 2, 01, 02, 91, 02,51}

fé(y— )d1.didsq

change-of-variables
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I Photon surfaces
Variables:{/1, 2, 01, 02, 91, 02,51}

J

change-of-variables
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I Photon surfaces
Variables:{/1, 2, 01, 02, 91, 02,51}

|l w-n|
change-of-variables
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I Photon surfaces
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I Photon surfaces
Variables:{t1, t2, 01, 02, 91, 02,51}

f§(y— Vd dlods; =
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} Some possible estimators
Variables: {11, I3, 01, 02, P1, P2,51} &

N
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} Some possible estimators

Variables: { o Vs ’ ) 51} $

N
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} Some possible estimators

Variables: { o Vs ’ ) 51} $

fa( —v)d0.dd.ds;

N
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} Some possible estimators

Variables: { o Vs ’ ) 51} $

f(s( —v)d0.dd.ds;
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} Some possible estimators

Variables: { o Vs ’ 351} $

fa( —v)d0.dd.ds;
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} Some possible estimators

Variables: { o Vs ’ 351} $

f&( —v)d0,ddds; =
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} Some possible estimators

Variables: { o L9, 951} S

N
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I What about single scattering?

Variables: {11, 01, ¢1} Y
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I What about single scattering?

Variables:{ , U1, } 4
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I What about single scattering?

Variables:{ , U1, } 4
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d More possible estimators

Variables: { s }
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d More possible estimators
Variables: { , U, } T
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d More possible estimators
9 2 2 }

Variables: {
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d More possible estimators
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d More possible estimators
? }

Variables: { , U,
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d More possible estimators
? }

Variables: { , U,
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I How we render with photon surfaces
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I How we render with photon surfaces
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I Photon surfaces as sampling strategies
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I Photon surfaces as sampling strategies
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I Photon surfaces as sampling strategies
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I Combining different estimators
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PERFORMANCE ANALYSIS



I Quantative performance analysis
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I Limitations

Heterogeneity is still too slow to be
oractical.

/€

" Photon Surfaces for Robust, Unbiased Volumetric Density Estimation

= |

91



Limitations
Some types of light transport cannot be handlead efﬁuent\y

Full Medium Transport
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I Future Work

Medium-to-surface Surface-to-surface
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I Future Work
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I Future Work

Implementing in a path tracer
S
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Some combinations are much worse

g Unweighted Weighted
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Some combinations are much better
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I Surface differential
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I Surface differential
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Long Beam and Short Beam

1 (t) 1 fi(t)

i Lt t

-

X1 t* Xf' t*-i

Figure 5.2: Expected value (right), collision estimator (middle) and tracklength estimator
(left): Expected value directly compute the transmittance; collision estimator check if
the sample t*i falls in the interval [t7, t¥]; track-length estimator check if the sample go
beyond some distance f.
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Long Beam and Short Beam 7

fe(t) t fi(t)

2 ® o - —
X1 * xff £

Figure 5.2: Expected value (right), collision estimator (middle) and tracklength estimator
(left): Expected value directly compute the transmittance; collision estimator check if

the sample t*i falls in the interval [t7, t¥]; track-length estimator check if the sample go
beyond some distance f.
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I Long & short surfaces
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§ Expense of each estimator
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