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Abstract

Progressive photon mapping is a widely adopted rendering technique that conducts a kernel-density estimation on photons pro-
gressively generated from lights. Its hyperparameter, which controls the reduction rate of the density estimation, highly affects the
quality of its rendering image due to the bias-variance tradeoff of pixel estimates in photon-mapped results. We can minimize the
errors of rendered pixel estimates in progressive photon mapping by estimating the optimal parameters based on gradient-based
optimization techniques. To this end, we derived the gradients of pixel estimates with respect to the parameters when perform-
ing progressive photon mapping and compared our estimated gradients with finite differences to verify estimated gradients. The
gradient estimated in this paper can be applied in an online learning algorithm that simultaneously performs progressive photon

mapping and parameter optimization in future work.
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Table 1: List of symbols

Symbol Description
n Number of camera samples per pixel
m Number of photon passes
L(x,) Estimated radiance at query point x in the outgo-
ing direction &
L; (x,4) Accumulated radiance at query point x in the out-
going direction & until photon pass ¢
W(x,&) | Contribution of radiance L (x,&) to pixel value
7i(%, ) Accumulated normalized flux until photon pass 4
7i(x, @) Normalized lux calculated using photons only

from photon pass ¢

7i(x, @) Accumulated normalized flux after reducing ker-
nel bandwidth
N; Total number of photons emitted from the first to
the ¢-th photon pass
N, Number of photons emitted in one photon pass
K Kernel function
k1 Normalization constant of the kernel function
R; Kernel bandwidth at photon pass ¢
Q; Number of photons within the kernel bandwidth
R;
tq Normalized distance between hitpoint and photon
q
@q Energy of photon ¢
fr(x,0,d,) | BRDF at hitpoint x from direction & to direction
Wy
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Figure 1: Result of progressive photon mapping in C-BOX scene
with different kernel bandwidth reduction parameter «. Each col-
umn corresponds to an increasing « value: (a) 0.3, (b) 0.5, (c¢) 0.67,
and (d) 0.8. The red box, which highlights a flat area (wall), shows
that variance (noise) increases as « decreases and decreases as «
increases. The blue box, containing caustic, demonstrates that the
caustic edge becomes blurrier (biased) as « increases, while the
edge becomes clearer as o decreases. Thus, the bandwidth reduc-
tion parameter should be selected considering the pixel character-
istic to improve the rendering quality.
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Table 2: Comparison of the gradients, i.e., 8@ /O« in four scenes
(Box, C-BOX, TORUS, and WATER) calculated using the finite dif-
ference method (FD) and analytic gradient (ours) to verify the cor-
rectness of our analytic gradient computation.

FD Ours Absolute error

Box | —1.9237x10~% —1.9248 x 10~%F 3.1773 x 10~°
C-BOX | —3.6945 x 107° —3.6950 x 10™°  1.2040 x 10~7
TORUS | —3.5058 x 107%  3.5050 x 107%  1.9545 x 10~°
WATER | —9.7976 x 10™° —9.7084 x 10™° 1.6310 x 102

B0

)
=]

(a) Finite difference (b) Ours (c) [(a) - (b)]

Figure 2: Visualization of estimated gradients: the absolute error
(c) between the finite difference (FD) (a) and our method (b). Our
estimated gradient closely matches the ones of the FD.
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