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Presenter Notes
Presentation Notes
Hello, today I will be presenting our work “Instant Uncertainty Calibration of NeRFs Using a Meta-Calibrator.”
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e Our goal is to calibrate NeRF uncertainties, so that the expected confidence
matches the true confidence
e Typically requires holding out GT data from target scene (so there is less left

to train the NeRF)
® To overcome this, we propose a novel meta-calibrator that calibrates NeRF

uncertainties without holding out data from the target scene
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The objective of this paper is to calibrate NeRF uncertainties without holding out ground truth data from the target scene. Holding out data is bad because it means there is less data to train the NeRF. Calibration is good because it makes the NeRF uncertainties more accurate, with expected and empirical confidences that closely match. To achieve calibrated uncertainties without holding out ground truth data, we propose a novel meta-calibrator, a neural network that predicts the calibration function R_theta, without using any ground truth data from the target scene. 


Contributions

® The first investigation into calibrating NeRF uncertainties

e A novel meta-calibrator that calibrates NeRF uncertainties
without holding out ground truth data

® Experiments on LLFF & DTU showing our meta-calibrator
achieves SoTA uncertainty and can be used for next-best
view planning
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Specifically, our contributions are: (1) the first investigation into obtaining calibrated uncertainties from NeRFs, (2) a novel meta-calibrator for fitting the calibration model without using held-out data, and (3) experiments on the real-world Local Light Field Fusion (LLFF) [15] and DTU [8] datasets showing that our meta-calibrator achieves state-of-the-art and well-calibrated uncertainties for real scenes.
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(a) Creating a parametric model of the cali-
bration curves.
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To construct our meta-calibrator, we first fit a low-dimensional PCA representation to the calibration curves. Our meta-calibrator is then trained to predict the coefficients for this PCA representation from the rendered RGB NeRF images and the uncalibrated uncertainty maps. During this prediction phase, the meta-calibrator does not use any ground truth data.


Results - Comparison to SoTA

1

Uncertainty |Image Quality
Cal. Err.| NLL [PSNR|LPIPS
O ECERGCENO
Naive Ens.| 0.0505 | 4.39 | 15.19 | 0.646
DANE [29]| 0.0441 | 3.75 | 15.19 | 0.646
Ours 0.0026 |-0.68|19.34| 0.235

Err. DANE: 0.0300
Err. Ours: 0.0002
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As you can see here, with this meta-calibrator applied to our base uncertainties, we achieve more accurate uncertainties (lower calibration error and negative log-likelihoods) than the state-of-the-art DANE. 
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Results - Comparison to Uncalibrated

Uncertainty

(b) Avg. Calibration Error (1) Avg Negative Log-likelihood (1)
Uncalibrated: 0.0086 Uncalibrated.: -0.51

=== : Uncalibrated i
ncalibrate Calibrated:  0.0026  Calibrated: ~ -0.68

=:=:=: Calibrated
- - - - : Perfectly Calibrated

| Err. Uncal.: 0.0041 | Err. Uncal.: 0.0085 | Err. Uncal.: 0.0070 Err. Uncal.: 0.0097
Err. Cal.: 0.0005 Err. Cal.: 0.0016 Err. Cal.: 0.0006 Err. Cal.: 0.0008
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Our meta-calibrator effectively lowers the negative log-likelihood and calibration errors of the uncalibrated uncertainties, making them more accurate.


Results - Comparison to Uncalibrated
Uncertainty

(a) Ground Truth (c) Uncalibrated Uncertainty (d) Calibrated Uncertainty (e) Actual Error
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As you can see, the calibrated uncertainties (d) clearly detect incorrect regions (indicated by the red boxes) better than the uncalibrated uncertainties (c) do. This is apparent by noting that (d) and (e) look more similar than (c) and (e).
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Application - Next-Best View Planning
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Here we show the information gain in DTU [8] from uncalibrated and calibrated simulated uncertainty-guided ray selection for next-best view planning. Picking rays according to the calibrated uncertainties (green) consistently results in higher PSNRs than picking rays according to the uncalibrated uncertainties (red). Individual results for Scan 8 (leftmost plot) and Scan 63 (rightmost plot) and average results over all fifteen scenes (middle plot) in DTU are shown. The dashed black lines show results for theoretically perfect calibration, where the ground truth calibration curves for the test set are used to construct the calibration curves instead of the meta-calibrator. 


Thank you!
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Thank you for watching, and please visit our poster at ECCV!
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