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Classic techniques based on: natural images are band-limited, noise isn'tClassic techniques based on: natural images are band-limited, noise isn't



Two types of approach:Two types of approach:
-Attenuation of transform coefficients-Attenuation of transform coefficients

-Averaging of neighboring values-Averaging of neighboring values



Buades et al. (2005)



Game-change in 2005: Non-local approachesGame-change in 2005: Non-local approaches



Awate and Whitaker (2006)



Awate and Whitaker (2006)



Buades et al. (2005)



Buades et al. (2005)



BM3D algorithm of Dabov et al. (2007) 
(figure from Lebrun (2012))





Levin and Nadler (2011) 



SIAM Imaging Conference 2014 and 2016: SIAM Imaging Conference 2014 and 2016: 
minisymposia on denoisingminisymposia on denoising
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1. Apply denoising algorithm to 1. Apply denoising algorithm to transformtransform of image, not to image itself of image, not to image itself











Published in SIAM SIIMS, January 2014





















1. Given a denoising method, it's better to project the noisy image into a moving 1. Given a denoising method, it's better to project the noisy image into a moving 
frame and to denoise these components, than to denoise the image directlyframe and to denoise these components, than to denoise the image directly



2. Along contours, the PSNR of the components is higher than that of the image2. Along contours, the PSNR of the components is higher than that of the image



3. Reconstruction (denoised components      denoised image) is extremely simple3. Reconstruction (denoised components      denoised image) is extremely simple



Image decomposition in a moving frameImage decomposition in a moving frame

Published in SIAM SIIMS, 2014













At image contours:



At homogeneous regions:





ExperimentsExperiments
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2. Ensure the image follows noise model assumed by denoising algorithm2. Ensure the image follows noise model assumed by denoising algorithm



Published in Proc. Electronic Imaging (2016)



I = a + nI = a + n









I = f (a , n)I = f (a , n)
f = ?f = ?



IIRAWRAW = a  + n( a ) = a  + n( a )

Anscombe( IAnscombe( I
RAW RAW ) = A + N) = A + N

Donoho (1993), Mäkitalo and Foi (2011)



Local denoising method AVTVE:Local denoising method AVTVE:

II00 = Anscombe( I = Anscombe( I
DRAW DRAW ))

II11 = VTV( I = VTV( I
00 ) )

II22 = Anscombe = Anscombe-1-1( I( I
DRAW DRAW ))

IIdd = (1-a) I = (1-a) I
DRAW DRAW + a I+ a I

22  
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Original imageOriginal image



ISO 100ISO 100



ISO 400ISO 400



ISO 800ISO 800



ISO 1600ISO 1600



ISO 3200ISO 3200



Actual noisy imageActual noisy image



Emulated with our modelEmulated with our model
(clean original + signal-dependent noise at RAW level)(clean original + signal-dependent noise at RAW level)



Emulated adding Gaussian noise Emulated adding Gaussian noise 
to clean originalto clean original





Additive White Gaussian noise model: Additive White Gaussian noise model: 
TV-based (at output) TV-based (at output) << NLM  NLM << BM3D BM3D

Realistic noise model:Realistic noise model:
TV-based (at RAW) TV-based (at RAW) >> NLM  NLM >> BM3D BM3D
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3. Optimize parameters according to visual appearance, not PSNR (or SSIM)3. Optimize parameters according to visual appearance, not PSNR (or SSIM)



Published in Proc. IEEE-ICIP (2016)



Proposed local denoising method: CS (curvature smoothing)Proposed local denoising method: CS (curvature smoothing)



Experiment 1: AWG noiseExperiment 1: AWG noise







Experiment 2: Real pictures with actual noiseExperiment 2: Real pictures with actual noise







AWG noise: PSNR+SSIM consistent with subjective results on average, AWG noise: PSNR+SSIM consistent with subjective results on average, 
not image by imagenot image by image

Real noise: PSNR+SSIM not consistent with subjective results,Real noise: PSNR+SSIM not consistent with subjective results,
  neither on average nor image by imageneither on average nor image by image



ConclusionConclusion
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