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We present a novel statistical patch-based approach for image denoising [1]. The state-of-the-art unsu-
pervised methods that only use a single noisy image are two-step algorithms [2] [3]. Leveraging the Stein’s
unbiased risk estimate (SURE) [4] for the first step and the ”internal adaptation”, a concept borrowed from
deep learning theory [5], for the second one, we show that our NL-Ridge approach enables to reconcile several
previous patch-based methods for image denoising. In the second step, our closed-form aggregation weights are
computed through multivariate Ridge regressions. Experiments on artificially noisy images demonstrate that
NL-Ridge may outperform state-of-the-art unsupervised denoisers such as BM3D [2] and NL-Bayes [3], and
recent unsupervised deep learning methods such as Noise2Self [6], Self2Self [7], and Deep Image Prior [8] as well
as supervised techniques such as DnCNN [9], while being much more simple conceptually.
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Figure 1: Denoising results (in PSNR) for Barbara corrupted with additive white Gaussian noise (σ = 20).

References

[1] S. Herbreteau and C. Kervrann. A unified view of unsupervised non-local methods for image denoising: the NL-Ridge
approach (in preparation).

[2] K. Dabov, A. Foi, V. Katkovnik, and K. Egiazarian. Image denoising by sparse 3D transform-domain collaborative
filtering. IEEE Transactions on Image Processing, 16(8):2080–2095, 2007.

[3] M. Lebrun, A. Buades, and J.-M. Morel A Non-local Bayesian image denoising algorithm. SIAM Journal on Imaging
Science, 6(3):1665–1688, 2013.

[4] C. Stein. Estimation of the mean of a multivariate normal distribution. Annals of Statistics, 9(6):1135–1151, 1981.

[5] G. Vaksman, M. Elad, and P. Milanfar. LIDIA: Lightweight Learned Image Denoising With Instance Adaptation.
Proc. of IEEE/CVF Conf. on Computer Vision and Pattern Recognition Workshops, 2020.

[6] J. Batson and L. Royer. Noise2Self: Blind denoising by self-supervision. Proc. of In. Conf. on Machine Learning,
pages 524-533, 2019.

[7] Y. Quan, M. Chen, T. Pang, and H. Ji. Self2Self with dropout: Learning self-supervised denoising from single image.
Proc. of IEEE/CVF Conf. on Computer Vision and Pattern Recognition, pages 1890-1898, 2020.

[8] D. Ulyanov, A. Vedaldi, and V. Lempitsky. Deep image prior. Proc. of IEEE Conf. on Computer Vision and Pattern
Recognition, pages 9446–9454, 2018.

[9] K. Zhang, W. Zuo, Y. Chen, D. Meng, and L. Zhang. Beyond a gaussian denoiser: residual learning of Deep CNN
for image denoising. IEEE Transactions on Image Processing, 26(7):3142–3155, 2017.


