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Non-Local Means (NLMeans)

NLMeans for single image denoising
NLMeans for multiview image denoising

Proposed method

a better measurement to sort the patches in view 1
iteratively denoise and choose a subset of patches for final
denoising

Simulation results

Conclusion



NLMeans for single image 3

NLMeans:

weighted averaging: p̂i =
∑

j∈Ni
Wijpj

neighborhood: non-local (even the whole image).

weight calculation: depends only on patch differenes:
‖pi − pj‖2

Issue: ‖pi − pj‖2 does not capture the true similarity.



NLMeans for multiview 4

Include patches in other views as well.

Issue: too many dissimilar patches.
they affect the performance much as a whole.



Problem statement 5

Issue 1: ‖pi − pj‖2 does not capture the true similarity.

Issue 2: too many dissimilar patches.



Outline 6

Introduction

Non-Local Means (NLMeans)

NLMeans for single image denoising
NLMeans for multiview image denoising

Proposed method
a better measurement to sort the patches in view 1
iteratively denoise and choose a subset of patches for final
denoising

Simulation results

Conclusion



Joint distance to handle issue 1 7

Motivation: if a reference patch is similar to a target patch in
view 1, it is more likely that their corresponding patches in
other views are similar.

the joint distance is more robust to noise.



Joint distance for patches in view 1 8

For any patch p
(1)
i in view 1, search for its corresponding

patches in other views.

a joint distance between p
(1)
i and p

(1)
j :

D(p
(1)
i ,p

(1)
j ) ,

1

K

K∑
k=1

∥∥∥∥p(k)

i+q
(k)
i
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replacing the previous distance:
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i − p
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j
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Patch matching across views 9

Patch matching using standard algorithms such as block
matching, optical flow, etc.



Similarity sorting using the joint distance 10

the sets of m best matching patches in View 1:

Ω
(1)
i,m ,

{
j | the indices of m smallest D(p

(1)
i ,p

(1)
j )
}
. (2)

the sets of m best matching patches in other views:

Ω
(k)
i,m ,

{
j + q

(k)
j | j ∈ Ω

(1)
i,m

}
, k = 2, . . . ,K. (3)

the choice of m

m too small: insufficient patches
m too large: excessive dissimilar patches



Iterative denoising to handle issue 2 11

Objective of denoising: to minimize MSE

MSE = bias2 + variance.

Trade-off between bias and variance.

fewer patches: bring less bias but variance is reduced less.
more patches: variance is reduced more but more bias is
incurred.

Idea: iteratively denoise by increasing the number of patches,
and terminate the process when a trade-off between local bias
and variance is reached.



Conditions for termination 12

Condition 1:

m∗ = arg min
m∈N
{∃m′ ≤ m : |f̂ (m) − f̂ (m′)| > ρ Std(f̂ (m

′))},

f̂ (m): the estimate using the first Km patches.

f̂ (m
′) and Std(f̂ (m

′)): all the previous estimates and their
standard deviations.

ρ: controls how much the new estimate could deviate from
the previous estimates.



Conditions for termination 13

Condition 2: intersection of confidence interval

m∗ = arg min
m∈N

{
∃m′ ≤ m : max(L(m), L(m′)) 6 min(U (m), U (m′))

}
,

Confidence Interval for m is [L(m), U (m)]

Confidence Interval for m′ (with m′ < m) is [L(m′), U (m′)]



Experiments 14

Methods for comparison

Video NLMeans, BM3D, VBM3D and BM4D

Comparison between BMxD and ours

BMxD: transform domain image/video denoising methods.
VBM3D: use motion vectors to find temporally similar patches.
BM4D: assume those motion vectors are zero.
Ours: 1), a spatial-temporal denoising method; 2), an
improved similarity measure; 3), iterative denoising to choose
the best subset of patches.



Results for multiview denoising 15



Visual comparison for multiview denoising 16



Results for video denoising 17



Visual comparison for video denoising 18



Conclusion 19

Adaptive NLMeans denoising method for multiview images

a robust joint-view distance to measure patch similarities.

an adaptive way to choose the number of similar patches
according to the local statistics of the estimates.

the proposed method outperforms existing algorithms in
multiview settings, and performs competitively in video
settings.


