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fNeRF: High Quality Radiance Fields from Practical Cameras
YI HUA, CHRISTOPH LASSNER, CARSTEN STOLL, and IAIN MATTHEWS, Epic Games, USA

Fig. 1. Left: a 5cm X 8cm x 6cm figurine captured with an f/5.6 aperture, (center) reconstructed with instant NGP [Miiller et al. 2022], and the proposed
fNeRF (right). The reference image on the left was not used for reconstruction. While previous methods bake the defocus blur in to the radiance field, our
method does not and reconstructs sharp details at all depths. It achieves this by successfully aggregating the radiance information from views close to the
focus plane while simultaneously combining radiance values further away from the focus plane using a physically meaningful defocus model.
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Fig. 2. Synthetic defocus on the MipNeRF360 ‘bicycle’ scene [Barron et al.

2022]. Left rendered with ZipNeRF [Barron et al. 2023] sampling cones
modified to account for a larger aperture; right the proposed fNeRF. The
modified ZipNerf forward model doesn’t accurately model partial occlusions
within a pixel, while fNeRF does and produces realistic blur and bokeh.
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2 RELATED WORK
2.1 Defocus blur in differentiable rendering
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2.2 Camera modeling
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2.3 Sampling volumes in NeRF
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Fig. 3. Top: The red point on the focus plane results in a sharp image, while

the blue point in front of the focus plane results in a blurry image, or bokeh.

Bottom: to render color at pixel p, we draw samples a from the aperture and
cast modified rays (o(a),d(a)) from it.
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3.1 Defocus blur
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3.3 Optimizing aperture and focus depth
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4 IMPLEMENTATION
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5.1 Synthetic experiments
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Table 1. Reconstruction SSIM from synthetic defocused measurements with
different methods.
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Fig. 4. Schematic of sampling locations of different methods in 2D. (a) blue
points show ZipNeRF samples on a small cone with apex on the pinhole
location; (b) yellow points show ZipNeRF modified for aperture by moving
the apex to focus plane and expanding the cone to match aperture; (c)
purple points show fNeRF samples on 6 rays, drawn at random, passing
through the aperture. ZipNeRF sample solely on a cone surface whereas
the proposed method casts rays within the cone volume. We show actual
sampling locations in 3D in the supplementary video.
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Table 2. Reconstruction PSNR from synthetic defocused measurements
with different methods.
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Table 3. Reconstruction PSNR|SSIM from different aperture radius and focus
distance initializations for the synthetic lego scene, for scene only and joint
optimization with defocus parameters. The aperture and focus initialization
is perturbed as specified in the leftmost columns. When optimizing the
defocus parameters we manage to maintain near perfect reconstruction
quality. Note that there is a slight variance due to the stochastic optimization
in our method comparing the two lines initialized with ground truth.
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Fig. 5. Synthetic data results. From left to right: input frame closest to test viewpoint, reconstruction from iNGP, ZipNeRF, ZipNeRF modified for aperture, the
proposed method LensNeRF with 6 rays per pixel, LensNeRF with 32 rays per pixel, and all-in-focus ground truth. The closest input views demonstrate notably
blurry regions in important areas of the image, and our reconstructed model is not able to leverage this viewpoint for the reconstruction of this viewing angle.
However, other viewpoints were sufficient to reconstruct the areas in question with high fidelity and sharpness and the model is not negatively affected by the

reconstruction loss thanks to our accurate depth-of-field model.
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Fig. 6. Reconstruction quality and runtime v.s. number of rays per pixel on
synthetic lego data. The reconstruction quality saturates near 16 rays per
pixel; the runtime does not decrease significantly below 8 rays per pixel.

Fig. 7. DoF-NeRF dataset reconstructions from (f/4) captures. The numbers
are PSNRs evaluated against f/16 images at 2 unseen poses.

» e mng r S W S SWW SuSWg &S
S » wuswg RS W T srsusm» g au

X WmSrM WS BS gm W W w wfim Ut

g S sr msrw wmrm rsmigl

6 CONCLUSION
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Fig. 8. Results on MipNerf360 [Barron et al. 2022] data. Both NGP an ZipNeRF bake defocus blur into their reconstructions, resulting in smoothed out details.
ZN+A generates over-sharpened details and introduces artifacts near occlusion boundaries. fNeRF reconstructs better details without artifacts. Please refer to
our supplementary results for a better visualization of the reconstructions.
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