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X is Visible Light
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Benefits of

Radio Frequency
Penetration
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Zhao, Mingmin, et al. "Through-wall human pose estimation
using radio signals." Proceedings of the IEEE conference on
computer vision and pattern recognition. 2018.
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Benefits of

Radio Frequency
Reflection
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Can we reconstruct high resolution shape from radio
Frequency Signals?
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Two steps: from Light to RF

How to reconstruct surfaces How to reconstruct surfaces
from visible light? from RF signals?
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What is 3D Reconstruction? Sparse -> Densi
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How to get an Image
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How to get an Image
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How to get an Image
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How to get an Image
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How to get an Image

Imaging Non-Line-of-Sight 3D geometry with Radio Frequency Signals
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If you can remember occupancy for all points,
you can do reconstruction.
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Neural Network

26
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Neural Network is a General Memory
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eural Network is a General
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eural Network is a General Memory
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Neural Network is a General Memory

Color, occupancy

Color, occupancy
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If you can remember all the zebras from few
images, you can remember all the 3D points
from few points.




=PrL

Neural Radiance Fields (NeRF)

Color, occupancy Color, occupancy
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Neural Radiance Fields (NeRF)
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Neural Radiance Fields (NeRF)

Position of points

Color
Occupancy
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No explicit color or occupancy for you to train.

Color, occupancy Color, occupancy
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Neural Implicit 3D Reconstruction
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How to Render 2D from 3D?
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Embedded Color

,»~ Surface
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Accumulated Transmittance

Transmittance ¢»Z Surface
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From 3D Geometry to Light behavior
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Bridge between 3D geometry and light
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Bridge between 3D geometry and light

Beer—-Lambert Law
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Use Neural Network to Represent the Surface

Neural
Network
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Signed Distance Function (SDF)

sdf(x) = dist(x, 0Q)
e.__
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How to Represent Density Distribution on the
Ray from the Surface?
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Continuous Perspective
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Continuous Perspective
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Sigmoid Function
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Neus Volumetric Rendering
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Summary
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Object inside

How to apply Neural
Radiance Field to
Radio Frequency?

s || Multiview “;
Scanning |
Planes
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High-Fidelity
Reconstruction
from Visible Light

3D reconstruction from photographs
3D Geometry

Using the Gold cape dataset from NeRD, we extract a triangle mesh, materials and environment lighting.

Surface Materials

Lightin
Munkberg, Jacob, et al. "Extracting triangular 3d models, g g
materials, and lighting from images." Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattem
Recognition. 2022.
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Challenges of
Radio Frequency
Imaging:
dominated by
specular reflection

[
Planar : Convex
reflector | Reflector
i .
l
[
Radar | Radar
Dodds, Laura, et al. "Around the comer mmWave imaging in 1 i
practical environments." Proceedings of the 30th Annual |
International Conference on Mobile Computing and ( a) i (b)
Networking. 2024. -




hallenges of Radio
Frequency Imaging:

\

Zhao, Mingmin, et al. "Through-wall human pose estimation
using radio signals." Proceedings of the IEEE conference on
computer vision and pattern recognition. 2018.
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Multiview
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Depth

—
Azimuth
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Pinhole model is not applicable in RF
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Camera model

Vision computation: O (NgNyayCmip)
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Antenna model

N ray

RF computation:O (NyayNsNant Crmip)

O
O Vision computation: O (NgNyayCinip)
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Revisit: Vision Renderinc

I(C): Light (Color
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£ Ray Parameter

AT Transmittance
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RF Rendering

1.Calculate «;, T; for each

° sample

o 2.Although «a;, T; are ray
dependent, we
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same «;, T; for all
antennas.

0 (NrayNs lep)
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RF Rendering

1.Calculate «;, T; for each

° sample

o 2.Although «a;, T; are ray
dependent, we

o approximately using the

same «;, T; for all
antennas.

0 (NrayNs lep)
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How to adjust Transmittance?
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Remember: vision assumption

/’ Surface

\ . Density

Core Assumption: sdf -
(t) — Slngld(Sdf(X)) . Light (Color)

s Ray Parameter

. Accumulated Transmittance

Wang, Peng, et al. "Neus: Learning neural implicit surfaces by volume rendering for multi-view reconstruction.” Advances in neural

infor

,eta B
ation processing systems. 2021
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How to adjust Transmittance?
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Revisit: Vision Renderinc

I(C): Light (Color

W . Weight

£ Ray Parameter

AT Transmittance
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NeRF limitation: diffusion only
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Reflection

L: light radiance
f . reflection model
') -+ view direction

(U . input direction

11: surface normal
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Pipeline
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Rendering
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