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diffusion profile 

f(x) ∝ R  (r) ⋅d L(x  )3
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Diffusion-based SSS for Path Tracing

additional source of
variance

diffusion profile R (r)d
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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
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ReSTIR SSS

candidate generation*
*more details in the paper

ability to shift paths

base path

offset path

T ([x  ,x  ,x  ,x  ]) =0 1 2 3 [y  , y  , y  , y  ]0 1 2 3
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ReSTIR SSS: Shifting Paths (naive)

reconnection delayed reconnection
(random replay)
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ReSTIR SSS: Shifting Paths (naive)

reconnection delayed reconnection
(random replay + reconnection)

T ([x  ,x  ,x  ,x  ]) =0 1 2 3 [y  , y  ,x  ,x  ]0 1 2 3 T ([x  ,x  ,x  ,x  ]) =0 1 2 3 [y  , y  , y  ,x  ]0 1 2 3
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ReSTIR SSS: Shifting Paths (naive)

need to combine both shifts!
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ReSTIR SSS: Hybrid Shift

choose either  or  for reconnection
deterministic criterion

idea: separate regions
shadowed (visible SSS)
illuminated

our criterion: reconnect  if
 or

otherwise random replay and reonnect 

x  2 x  3

y  →1 x  2

∣∣x  −2 y  ∣∣ ≥1 κ  distance

n  ⋅x  2 n ≤y  1
κ  orientation

y  →2 x  3

46



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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Sequential Shift

55



ReSTIR SSS: Hybrid Shift

candidate generation temporal reuse spatial reuse
(either reconnection or delayed

reconnection)

try to shift a certain sample with only one deterministically selected shift

last fram
e

neighbors
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ReSTIR SSS: Sequential Shift

candidate generation temporal reuse spatial reuse
(reconnection)

spatial reuse
(delayed reconnection)

try to shift a certain sample with both shifts
best shift is chosen implicitly

last fram
e

neighbors

neighbors
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1. spatial reuse (reconnection)

base path
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ReSTIR SSS: Sequential Shift Example

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

how do we obtain 
can we just invert , i.e. ?

u  ?1
y

S  (u  ) =y  1 1
y

x  2 S  (x  ) =y  1

−1
2 u  1

y
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ReSTIR SSS: Sequential Shift Invertibility

usually not invertible

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

usually not invertible
different "techniques" can generate the
same sample
techniques: BSDF lobe, projection axis,
channel of diffusion profile, etc.

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

define extended path space 
[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 )

P × [0, 1]m

u  1
y
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ReSTIR SSS: Results (NVIDIA RTX 3070)
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Conclusion

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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