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Why Differentiable Rendering?

=» |Inverse rendering

?gﬁ\neeter 9 ’
b Diff. Render

gradient descent image 1(6) target image

loss L(6)

.. oI
derivative image o

KAIST T Universcac |



SIGGRAPH

@ ASIA 2021

TOKYO

Differentiable Rendering

Edge sampling Path-space
Li et al. 2018 Zhang et al. 2020
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Why Transient? <
Non-Line-of-Sight Imaging
Femto-photograph
p grapny (NLOS)

[Velten et al. 2012], etc.
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Transient Rendering
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Inverse Methods of Transient Rendering

Beyond Volumetric Albedo - A Surface None-line-of-sight Reconstruction
Optimization Framework for Non-Line-of-Sight Using Efficient Transient Rendering

Imaging Iseringhausen and Hullin 2020
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* Limited to three bounces
* No general-purposed differentiable renderer
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Differentiable Transient Rendering
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OUR METHOD
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Path Integral

| dx,...dx,

Lo(xo,%;) T(Xy, Xz, o) Xg—2, Xg—1) We (Xk—1, X))

source emission path throughput sensor sensitivity
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deo | Reynolds transport theorem

[Zhang et al. 2020]



Differential Path Integral

Reynolds Transport Theorem for 2D surfaces in R3
Boundary

Interior
_[ afa(; Jax +J‘g(xl)dx,
- M) yANA

[Zhang et al. 2020]
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|drdx,...dx,

[Jarabo et al. 2014] v



drdx,...dx,
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dedx,...dx,

| Generalized transport theorem

ol 0 |
% (9) N E 2(k+1'!.dim |: } dXO...ka [Seguin and Fried 2014]
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Differential Transient Path Integral

Generalized Transport Theorem for 2(k + 1)-dim. manifold in R3(*+1)

Interior Boundary

?‘Q 8_59 f(X)dX‘[af@(ex) dx + j;ﬁ f(X)dx=
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Reducing Time-Integral

1(0) = [ 2 (5 S50 (%) (% = %+ 168 (5)) did (%)

Correlated importance: S, (X):= [ L, (x, = X)W, (x, , = Xt + tof (X)) dt

@ - : s
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' > correlation

time t
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time t
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Differential Transient Path Integral

%ifT (i)dﬂ(_) L“ZfT ] JgT d:an
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Interior term
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do
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Differential Transient Path Integral

%ifT(i)dﬂ(_) g_[ifT [gT d:an ]

Boundary term

Visibility Temporal
4 ™) 4 ™)
where S, (tof(X))
aﬁ U become discontinuous
Boundary path Space (no Dirac delta source & sensor)
Y Y Y Y
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Differential Transient Path Integral

0 _ _ of.
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Boundary term
1 . _

Af, (X) = A\ A veats—sare (X)
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Validation Using Finite Differences

Diff. (Ours - FD)

FD (reference)

Ours

Transient images
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APPLICATION
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Transparent Objects

Residuals (Ours)

Initial Optimized (Ours) Target 14 — 6=zt
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NLOS Tracking with Wavy Wall
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NLOS Tracking with Two Corners

Initial Optimized (Ours) Target
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Conclusion

 Deriving differential transient path integral
using the generalized transport theorem

 Monte Carlo differentiable transient renderer
using the correlated importance function

» Applications to challenging inverse transient rendering
scenarios including looking around two corners
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Limitation and Future Work

« Memory
- combine with radiative backpropagation
[Nimier-David et al. 2020; Vicini et al. 2021]

» Geometry optimization using differentiable rendering
- combine with Large Steps in Inverse Rendering of Geometry

[Baptiste Nicolet et al. 2021]
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