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A Novel Fuzzy Filter for Speckle Noise Removal

WANG Qiang, ZHANG Hexin, MENG Fei, XIONG Peng
(Department of Automation, The Second Artillery Engineering University, Xi'an 710025, China)

Abstract: In this paper, a novel fuzzy system-based filter for speckle noise removal is proposed. The
proposed filter consists of a fuzzy inference system, an edge detection and dilation unit, and an image
combiner. The fuzzy inference system includes 5 inputs and 1 output, and it is responsible for filtering the
speckle noisy image. The edge detection and dilation unit is used for classifying the uniform areas and
edge areas. The image combiner unites the output images according to the information coming from the
edge detection and dilation unit. The training phase of the fuzzy inference system is implemented by using
the clonal selection optimization algorithm with appropriate training data. The performance of the
proposed method is compared with popular speckle noise removal filters available in the literature by
performing extensive simulations. The experimental results show that the proposed method can
significantly reduce the speckle noise from digital images while preserving edges, and valuable details.
Key words: speckle noise filtering, fuzzy inference system, image processing
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Fig.2 Training of the fuzzy system
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Table 1 MSE values of the operators for the Lena, bridge, and boats images

Lena Bridge Boats
0.01 0.04 0.07 0.01 0.04 0.07 0.01 0.04 0.07
A gk K] 120.1 471.8 808.6 153.2 581.6 984.9 1915 766.0 1325
MF 134.4 171.3 206.6 199.2 251.3 298.4 179.2 237.0 296.1
MEDF 125.7 231.3 338.0 202.6 332.2 451.2 186.5 353.9 525.5
Lee MMSEF 256.9 153.5 263.3 455.1 287.3 420.4 483.8 2334 380.7
Lee ISF 332.8 146.3 362.6 364.6 282.4 538.4 653.2 213.6 571.2
FROSTF 117.5 154.0 190.0 187.2 237.7 284.5 163.9 220.7 280.9
ADF 173.3 178.9 189.7 293.4 297.1 310.8 222.8 229.5 249.7
SRADF 127.3 130.0 131.9 358.6 364.2 367.8 233.9 230.8 229.4
¥ NSRS 75.4 97.0 130.6 192.7 202.7 250.1 137.9 165.8 216.3
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Table 2 Average MSE values of the operators' outputs for all of the speckle noisy test images
ik - 1 MSE #){8 X
ISV
0.01 0.04 0.07

L AE 154.9 606.4 1039.0 600.1

MF 170.9 219.9 267.0 219.2

MEDF 171.6 305.8 438.2 305.2

Lee MMSEF 398.6 224.7 354.8 326.0

Lee ISF 444.2 214.1 490.7 383.0

FROSTF 156.2 204.1 251.8 204.0

ADF 229.8 235.1 250.1 238.3

SRADF 239.8 241.6 243.0 2415

AT 135.3 155.1 199.0 163.1
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