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« BSSRDF importance ~
sampling [King et al. 2013]
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« BSSRDF importance ~
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Diffusion-based SSS for Path Tracing

» additional source of
variance

diffusion profile R4(r)
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ReSTIR SSS

Spatiotemporal reservoir resampling for real-time ray tracing

» ReSTIR [Bitterli et al. 2020] with dynaric direct lighting
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» ReSTIR [Bitterli et al. 2020]
= reuse samples by sharing across pixels and frames

ReSTIR GI: Path Resampling for Real-Time Path Tracing
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ReSTIR SSS

» ReSTIR [Bitterli et al. 2020]
= reuse samples by sharing across pixels and frames

 why ReSTIR SSS? why not use...

= ReSTIR GI [Ouyang et al. 2021] or
= ReSTIR PT [Lin et al. 2022]?

» sampling of surface vs. subsurface light transport paths
» specialized techniques for reusing paths

ReSTIR Subsurface Scattering for Real-Time Path Tracing

MIRCO WERNER, Karlsruhe Institute of Technology, Germany
VINCENT SCHUSSLER, Karlsruhe Institute of Technology, Germany
CARSTEN DACHSBACHER., Karlsruhe Institute of Technology, Germany
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Fig. 1. Adragon with a material that exhibits noticeable subsurface scattering. We apply Re5TIR for subsurface
scattering using our hybrid and sequential shift in real-time path tracing to significantly reduce noise and
denoising artitacts in regions with visible scattered light.

Subsurface scattering is an important visual coe and in real-time rendering it is often approximated using
sereen-space algorithms. Path tracing with the diffusion approximation can easily overcome the limitations of
these algorithms, but increases image noise. We improve its efficiency by applving reservoir-based spatio-
temporal importance resampling {Re5TIR) to subsurface light transport paths. For this, we adopt BSSRDF
importance sampling for generating candidates. Further, spatiotemporal reuse requires shifting paths between
domains. We observe that different image regions benefit most from either reconnecting through the translhicent
object (recornection shift), or one vertex later (delayed reconnection shift). We first intreduce a local subsurface
scattering specific criterion for a kybrid shift that deterministically selects one of the two shifts for a path.
Due to the locality, it cannot always choose the most efficient shift, e.g. near shadow boundaries. Therefore,
we additionally propose a novel sequential shitt to combine multiple shift mappings: We execute subsequent
resampling passes, each one uzing a different shift, which does not require to deterministically choose a
shift for a path. Instead, resampling can pick the most successful shift implicitly. Ouwr method achieves real-
time performance and significantly reduces noise and denoising artifacts in regions with visible subsurface
scattering compared to standard path tracing with equal render time.
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ReSTIR SSS

T([w()? L1,y L2, 333]) — [y()a Y1,Y2, y3]

candidate generation* ability to shift paths

*more details in the paper
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ReSTIR SSS: Shifting Paths (naive)

T([CI30,$1,£B2,2133]) — [yo,y1,$2,$3] T([w07w17w27w3]) — [y07y17y27w3]

reconnection delayed reconnection
(random replay + reconnection)
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ReSTIR SSS: Shifting Paths (naive)
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» need to combine both shifts!
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» choose either x5 or x5 for reconnection
= deterministic criterion
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» choose either x5 or x5 for reconnection

= deterministic criterion
 Idea: separate regions

= shadowed (visible SSS)

= llluminated

reconnection delayed reconnection
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choose either xo or xg for reconnection

deterministic criterion
iIdea: separate regions

shadowed (visible SSS)
Illuminated

our criterion: reconnect Yy; — @2 If

||2132 — ylH > Kdistance  Of

Ny, - Ny, < Korientation



ReSTIR SSS: Hybrid Shift

choose either xo or x3 for reconnection

deterministic criterion
iIdea: separate regions

shadowed (visible SSS)
illuminated

our criterion: reconnect Yy; — @2 If
||il32 _ ylH > Kdistance  OF

Ng, - Ty, < Korientation
otherwise random replay and reonnect Yy, — @3




ReSTIR SSS: Hybrid Shift
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ReSTIR SSS: Hybrid Shift

(image from [Lin et al. 2022])

similar to ReSTIR PT's hybrid shift [Lin et al. 2022]
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ReSTIR SSS: Hybrid Shift

reconnection delayed reconnection hybrid
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try to shift a certain sample with both shifts
best shift Is chosen implicitly
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ReSTIR SSS: Sequential Shift Example

1. spatial reuse (reconnection)
7. spatial reuse (delayed reconnection)

» how do we obtain uj ?



ReSTIR SSS: Sequential Shift Example

1. spatial reuse (reconnection)
2. spatial reuse (delayed reconnection)

- how do we obtain w7 ?

- can we justinvert Sy, (u]) = @2, ie. S, ' (22) = ui?



ReSTIR SSS: Sequential Shift Invertibility

usually not invertible ﬁ(3) a®
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(image from [Bitterli et al. 2017])




usually not invertible

different "techniques" can generate the

same sample

techniques: BSDF lobe, projection axis,
channel of diffusion profile, etc.

ReSTIR SSS: Sequential Shift Invertibility

ﬁ(3) u(?’)

u(4) 52 ? l1(4)
( o (5)

& /

U P U

(image from [Bitterli et al. 2017])




ReSTIR SSS: Sequential Shift Invertibility
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(image from [Bitterli et al. 2017])




ReSTIR SSS: Sequential Shift Invertibility

define extended path space P x |0, 1|™

[Bitterli et al. 2017]

obtain extra dimension (technique) using

probabilistic inversion [Bitterli et al. 2017]
draw independent random numbers
sample technigue based on the
techniques' likelihoods

U P U

(image from [Bitterli et al. 2017])
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ReSTIR SSS: Sequential Shift Invertibility

- define extended path space P x |0, 1|™
[Bitterli et al. 2017]

» obtain extra dimension (technigue) using
probabilistic inversion [Bitterli et al. 2017]
= draw Independent random numbers
= sample technique based on the

techniques' likelihoods
» applicable to ReSTIR (SSS)




ReSTIR SSS: Sequential Shift Invertibility

- define extended path space P x |0, 1|™
[Bitterli et al. 2017]

» obtain extra dimension (technique) using
probabilistic inversion [Bitterli et al. 2017]
= draw Independent random numbers
= sample technique based on the

techniques' likelihoods

» applicable to ReSTIR (SSS)

= solves our problem with the sequential

shift (obtaining w3 )
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ReSTIR SSS: Results (NVIDIA RTX 3070)
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Conclusion

denoised
NVIDIA OptixX™

» ReSTIR SSS significantly reduces noise...
= by using our hybrid
= Or sequential shifting strategies

 better quality after denoising...
= due to better sampling

Thank you!
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