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Enhanced Block Matching Scheme for Denoising Images Based

on Bit-Plane Decomposition of Images
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Abstract Image denoising methods based on block matching are founded on the experimental
observations that neighboring patches or blocks in images retain similar features with each other,
and have been proved to show superior performance in denoising different kinds of noise. The
methods, however, take into account only neighboring blocks in searching for similar blocks, and
ignore the characteristic features of the reference block itself. Consequently, denoising
performance is negatively affected when outliers of the Gaussian distribution are included in the
reference block which is to be denoised. In this paper, we propose an expanded block matching
method in which noisy images are first decomposed into a number of bit-planes, then the range
of true signals are estimated based on the distribution of pixels on the bit-planes, and finally
outliers are replaced by the neighboring pixels belonging to the estimated range. In this way, the
advantages of the conventional Gaussian filter can be added to the blocking matching method.
We tested the proposed method through extensive experiments with well known test-bed images,
and observed that performance gain can be achieved by the proposed method.

Key Words : Block Matching, Collaborative Filtering, Denoising, Gaussian Filter, Gaussian Noise,
Non—Local Mean Filter
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Fig. 1. BM3D Filtering System Flow
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2. Example of bit-plane decomposition (L = 24). (a)
Barbara image with Gaussian noise  (6=20).
Bit-planes made by the pixels range of (b) [48, 72],
(c) [144, 168], (d) [216, 240].
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Fig. 3. Collecting the pixels belonging to the confident
range of the outlier pixel which is at the center of
3x3 window. Black circles represent outliers and 1's
represent the pixels with in the estimated confident
range, while red and black rectangles represent
corresponding pixels values.

to

oje} Fo] IXEF 9] ol A&
F8A "] skagkE tiAske
=2 Yehfd 19 49 Zo] md
49] AYFo] YEHH AZ [ASE Py, Py, P, Py &
£3 SE= ol EY 49 £5-2 47 B, By,
B;, BsZ=A4 BIHo YEHHRIH. CIHL oI5 &5
=2 EIFoE FEd AL Hof ] -5
Fog HiEE WE 7IEste] ol dA7E shd ol
EAste 9F 2ed of 2% 9l AF D
Qo Uehisich $& AzEe olNg Lk
W A2 TR AGoR T Bl el
She 9@ Uehid £ Reld A S 3
%o AZHos EAE 7 olAE 19 39 ¥
3 gol £l EAE ol 299 shigroz
SRS Zolet. ol 2ol DASle] B AYE

[l
=

E

lo 4

oE



324  sRyEEREAr|ssE=R] H12E K3S

o E99e] He AZPES Bobd -5 YPou
(o]
=

PSS slof e AAI o714 Hcéﬂw
o Y AL o9 759} o] TtaEe] EX
of wet Wal= AL & 5 ot

,,,,,,,,,,,,,

"

g
[Sesn)
]

Ea

#eaeee
404444
®

B L

!.—_.
i
i Q
i
"

fesnpasene

zeaxig HEQY
IRl

T2 4. ORIRIE B FEA| HRLHSl SO THRfole e

Fig. 4. Replacing the outlier pixels with the pixels
belonging to the estimated range of true pixel
values.
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Fig. b. Images used for the experiments. Images are
Barbara, Boat, Cameraman, Couple, Hill, House in
the clockwise direction from the upper left.
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7. Examples of max and min denoising
performance. (a) noisy House with ¢=50, (b) noisy
Couple with 0=10, (c) denoised House image, (d)
denoised Couple image.
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