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Speckle Noise Removal by Rank-ordered Differences Diffusion Filter

Chul Soo Ye !

School of Computer Science, Information and Standard, Far East University

Abstract : The purposes of this paper are to present a selection method of neighboring pixels whose
local statistics are similar to the center pixel and combine the selection result with mean curvature
diffusion filter to reduce noises in remote sensed imagery. The order of selection of neighboring pixels
is critical, especially for finding a pixel belonging to the homogeneous region, since the statistics of the
homogeneous region vary according to the selection order. An effective strategy for selecting
neighboring pixels, which uses rank-order differences vector obtained by computing the intensity
differences between the center pixel and neighboring pixels and arranging them in ascending order, is
proposed in this paper. By using region growing method, we divide the clements of the rank-ordered
differences vector into two groups, homogeneous rank-ordered differences vector and outlier rank-
ordered differences vector. The mean curvature diffusion filter is combined with a line process, which
chooses selectively diffusion coefficient of the neighboring pixels belonging into homogeneous rank-
ordered differences vector. Experimental results using an aerial image and a TerraSAR-X satellite
image showed that the proposed method reduced more efficiently noises than some conventional
adaptive filters using all neighboring pixels in updating the center pixel.

Key Words : speckle noise, noise reduction, rank-ordered differences, mean curvature diffusion.
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Fig. 1. An example of discontinuities between center pixel and
its neighboring pixels x5, X7 and xg in the 3 x3 MCD
filter kernel.
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Fig. 5. Filtering results of TerraSAR-X satellite image (a)
original image (b) proposed filter(sy = 2.0, Ty = 500) (c)
mean filter (d) median filter (€) Gamma-MAP filter (f)
Frost filter (g) Lee-Sigma filter(sigma multiplier = 0.5).

Fig. 4. TerraSAR-X sateliite SAR image taken on July 11, 2008 (Dasjeon). The white circle is a test area containing a large bridge.
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Fig. 6. Enlarged images of the filtering results in Fig. 5 (a)
original image (b) proposed filter(sp = 2.0, T = 500) (¢)
mean filter {d) median filter () Gamma-MAP filter (f)
Frost filter (g) Lee-Sigma filter(sigma multiplier = 0.5).
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@® oy
Fig. 8. Filtering resuits of Pentagon aerial image (a) original
image (b) speckle noised image (c) proposed filter(sy =
2.0, Tx = 500) (dj mean filter {e) median filter (f)
Gamma-MAP filter (g) Frost filter (h) Lee-Sigma
filter(sigma multiplier = 0.5).

&)

g ()

Fig. 9. Enlarged images of the filtering results in Fig. 8 (a)
original image (b) speckle noised image (c) proposed
filter(sy = 2.0, Tx = 500) (d) mean filter (&) median filter
{f) Gamma-MAP fitter (g) Frost filter (h) Lee-Sigma
filter(sigma muttiplier = 0.5).

Table 1. Comparison of filtering results of Pentagon aerial image

R Filter SNR S
Mean filter 20.54 108.64 0.0538
Median filter 2217 117.90 0.0623
Frost filter 2291 99.84 0.0546
Gamma-MAP filter 12.27 767.03 0.0635
Lee-Sigma filter (sigma multiflier=0.5) 23.12 94.05 0.0593
Lee-Sigma filter (sigma multiflier=1.0) 2264 106.06 0.0545
Lee-Sigma filter (sigma multiflier=2.0) 22.54 108.59 0.0538
Proposed filter (the pumber of iterations=2) 23.16 93.76 0.0573
a Proposed filter (the number of iterations=3) 2297 97.62 0.0489
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