Ay B unlver5|tat
LAY
w7 I innsbruck

Analysis of refraction-aware neural radiance fields
(NeRFs) for 3D reconstruction of underwater scenes
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* Problems

* First results
 Real world dataset
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e Outlook
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Bathymetry - the measurement of depth
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* "bathys" (Ba@Ug) meaning “deep* eter S

Snells' law of refraction
"metron” (METPOV) meaning “measure

Aair

water surface

appa rent
water bottom

tual wat tt
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Method — NeRFs

5D Input Output Volume Rendering
Position + Direction Color + Density Rendering Loss
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Mildenhall, B., Srinivasan, P. P., Tancik, M., Barron, J. T., Ramamoorthi, R., & Ng, R. (2020). NeRF: Representing Scenes as Neural Radiance Fields for View
Synthesis.
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Problem of standard NeRFs




Aim: 3D reconstruction B Wit ST

* Input: RGB picture

» Mask Overlay

* Output: 2D rendering
« 3D Pointcloud Export
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3D reconstruction Workflow

Input & Preparation
Ray Processing [ }
NeRF inference - M B—
Point Cloud Generation {]
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/ RGB Pointcloud |
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Input & Preparation

Train NeRF

* Load model checkpoint !
° _Oa d pOseS Load model Load poses Input & Preparation
» Load mask (water/air)

Ray Processing

Snell's law

Ray Sampling L Refractive offset
Surface normals ‘

Y

N\

Radiance field

Coarse and fine )
(RGB, Density, Water surface,

Rendering weights

NeRF inference

sampling ——
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Threshold Coordinate Point Cloud
topk, weight transformation Generation
/ RGB Pointcloud |
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Ray Processing

« Ray Sampling ]
° Refra Ctive Offs et Load model Load poses Input & Preparation
* Surface normals | [ —

1
Snells’ law
. . [ Surface normals } [ Snell's law ’

Y
Agir Radiance field
Axy Coasrasren aIn: fine (RGB, Density, Water surface, Rendering weights NeRF inference
. pling Object points)
water surface
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Threshold Coordinate Point Cloud
______ 1 topk, weight transformation Generation
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water bottom 'l'
RGB Pointcloud
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actual water bottom



. EE ®imsrst IT
Ray Processing

Vanilla Ray Sampling Refraction aware Ray Sampling
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NeRF inference

» Coarse and fine sampling

* Query RGB

* Query water surface points
* Query object points

* Query weights
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Karlsruher Institut fiir Technologie

Coarse and fine
sampling

Radiance field

Point Cloud
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Number of Samples
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Point Cloud Generation

» Set output threshold (weight) \,

» Coordinate transformation [ }
* wWork in progress ,
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Distribution of Rendering Weights (a-T)
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3D reconstruction - mask

9 Nadir | Baseline: ~24.7m

Pielach — Neubacher Au
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3D reconstruction — no mask

riverbank

DIM — Pointcloud BathyNeRF - Pointcloud
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Challenges
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* solve alignment issue
 improve pointcloud precision (camera geometry)

« evaluate pointcloud against Ground truth (Ship dataset)
 evaluate water surface level against Ground truth (Ship dataset)
* solve georeferencing issue
 Improve training time

« automatic mask creation
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9 Nadir | Baseline: ~24.7m 9 Nadir Extended | Baseline: ~44.9m

9 Oblique | Baseline: ~22.75m 9 Oblique Extended | Baseline: ~47.8m
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—— Masked (PSNR T, moving avg. 15)
—— No mask (PSNR T, moving avg. 15)
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