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Motivation

Measurement Consistency (MC) is not enough for unsupervised learning.
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SURE-based Denoiser

The noise model of NLOS imaging

෤𝑢~𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝑢 + 𝑏)

Stein’s Unbiased Risk Estimation (SURE) framework can 
derive the unbiased estimator of supervised loss function

SURE Loss
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The unsupervised learning SURE-based loss function

• Our SURE-denoiser considers the physical detector 
model of NLOS, which works in a low-photon 
condition.

• The denoiser can be also trained without paired data.



SURE Loss

MC Loss

VS Loss

• First stage

Training Details

• Second stage
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Experiment Setup

• How to create a group of forward operators

2D Relay Surface
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Results on public real-world dataset

Ground TruthOursCC-SOCRRelay Surface LCT NeTFFK RSD USM
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Ground TruthOursCC-SOCRRelay Surface LCT NeTFFK RSD USM
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Results on public real-world dataset



Results on self-captured real-world dataset
Ground TruthOursCC-SOCRRelay Surface LCT NeTFFK RSD USM
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Method LCT FK RSD NeTF USM CC-SOCR Ours

Runtime(CPU) 0.81 s 1.52 s 0.94 s N/A 2.34 s 7.73 h 2.24 s

Runtime(GPU) 0.09 s 0.15 s 0.12 s 0.69 h 0.24 s N/A 0.18 s

Inference Time



Ablation Study

LCT
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Ours Ours
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SURE-based denoiser Virtual Scanning Process PSNR (dB)
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Qualitative Results

Quantitative Results
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