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Abstract

As to the gray scales images corrupted by impulse noise, a new noise filtering method is presented.
The proposed filter is constructed by combining a median filter, an edge detector, and an adaptive
neuro-fuzzy inference system (ANFIS). The proposed noise filter consists of two modes of opera-
tion, namely, training and testing (filtering). As demonstrated by the experimental results, the
proposed filter not only has the ability of noise attenuation but also possesses desirable capability
of details preservation. It significantly outperforms other conventional filters.
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Figure 1. Structure of the proposed edge detector
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Figure 2. The training process of the ANFIS for the proposed
noise filter
[& 2. FAFIEEEREA ANFIS M iZTzE

(b)

Figure 3. Artificial training images for the proposed
noise filter. (a) Original image (Target training image in
Figure 2); (b) Impulse noise image of 30% noise density
(Input training image in Figure 2)
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Figure 8. Filtering performance of the filters. The testing Cameraman images are corrupted by impulse
noise ranging from 3% to 80%. (a) Mean squared error (MSE); (b) Peak signal-to-noise ratio (PSNR)
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Figure 9. Filtering performance of the filters. The testing Baboon images are corrupted by impulse noise
ranging from 3% to 80%. (a) Mean squared error (MSE); (b) Peak signal-to-noise ratio (PSNR)
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Figure 10. Filtering results for the testing image Baboon. (a) Original image; (b)
Image corrupted by 40% impulse noise; (c) Restored image using SMF; (d) Res-
tored image using EDMF; (e) Restored image using MSMF; (f) Restored image
using PSMF; (g) Restored image using SDROMF; (h) Restored image using FF; (i)
Restored image using proposed filter

[ 10, FRIRIRARANE ISR AR B R xS EL & o i [El1%& Baboon # 40%#9
BRHIRESHR. () RIRE; ()& 40%EEKAMEAEE; (c) SMF HEEE; (d)
EDMF JEKE; (e) MSMF &K E; (f) PSMF iERE; (g) SDROMF KA ;
(h) FF 38R E; (i) A7 EIRKRE

B R g T AT R R R . BB IR VR S AR G R T R B SR R AT LUE W A%
GuyEYE 77%(SMF. EDMF. MSMF. SDROMF FI FF)iyf i EE H, A 8 B3 B L BRI e 75 £, T
FEHT R TVt G, S RBRAR AR T, B SEGIEE R A AR, BruEik i
REAR B R R 4N 5 %, X ] LLAA Baboon [ HRIE J& FELRTEH G AL & Hi . 14 10(F) & PSMF J7
R AR, BAREIH A IR M L, (LR A RN R BRTIE B (] 10() N
7, FLUEUE S EUE T DL B DR R .

4, &Eig

FEASC, BATRM 7 — AR TGN K B BIE BT %, 2R T E g sy, WG
AN B IE R BORIHERE R ST (ANFIS) AL & . 1% ANFIS Jf2— =i N5k tH— B Sugeno BOBIHEEE & 4t .
M SRR A R AT A, AR E EIPAN AEEVEOT, B i 7 ik AR DB Rk A5 Hh ik o 75 B e 7 A £
B P AT T G R A YT 1) BE 7 I A A% S B I T i



LT T 5 I 4D e 75 Y1 U8

UL, BB A IR R, P DRI T DR At Rk b R VA T AR ARSI
(EIEDE A5 /2 RUOAZ DRI A 6T 50, 5 TSR0 1 GR 25t v P At ks I 77 V2R, 81l Sobel 57,
Laplacian of Gaussian 5., Al Canny 5755, {H 53X £e2 JL{R 0 el I VEAH UL, SCrh it F I3 et
752 58 e A RIS WU R 2 e 7 g ST b (3 %, T P 7 i ok ao v T e R B PR R g AN 4

FEE.
=
A2 H 5K 3 IRF Ak 42 (61170119) R b s i A AR ML 55 B L T 5% 4 (JUSRP211A38) 7 B

SE L (References)

[1] EZFEWH (2002) FrEGAIE. b TR H R, b,
[2] Pratt, W.K. (1978) Digital image processing. Wiley Interscience, New York.

[3] Yli-Harja, O., Astola, J. and Neuvo, Y. (1991) Analysis of the properties of median and weighted median filters using
threshold logic and stack filter representation. IEEE Transactions on Signal Processing, 39, 395-410.

[4] Ko, SJ. and Lee, Y.H. (1991) Center weighted median filters and their applications to image enhancement. IEEE
Transactions on Circuits and Systems, 38, 984-993.

[5] Shuqun, Z. and Karim, M.A. (2002) A new impulse detector for switching median filters. IEEE Signal Processing Let-
ters, 9, 360-363.

[6] Chen, T. and Wu, H.R. (2001) Space variant median filters for the restoration of impulse noise corrupted images. IEEE
Transactions on Circuits and Systems Il: Analog and Digital Signal Processing, 48, 784-789.

[7] Abreu, E., Lightstone, M., Mitra, S.K., et al. (1996) A new efficient approach for the removal of impulse noise from
highly corrupted images. IEEE Transactions on Image Processing, 5, 1012-1025.

[8] Zhou, W. and Zhang, D. (1999) Progressive switching median filter for the removal of impulse noise from highly cor-
rupted images. IEEE Transactions on Circuits and Systems I1: Analog and Digital Signal Processing, 46, 78-80.

[9] Russo, F. and Ramponi, G. (1996) A fuzzy filter for images corrupted by impulse noise. IEEE Signal Processing Letter,
3, 168-170.

[10] Li, Y., Chung, F.-L. and Wang, S. (2008) A robust neuro-fuzzy network approach to impulse noise filtering for color
images. Applied Soft Computing, 8, 872-884.

[11] Yuksel, M.E. and Basturk, A. (2005) A simple generalized neuro-fuzzy operator for efficient removal of impulse noise
from highly corrupted digital images. AEU—International Journal of Electronics and Communications, 59, 1-7.

[12] &M, LR, $ES, 5 (2004) FETIXAIEM 2 B RGN m TR A B nes. i/ AL 7E 5K, 9,
1507-1513.

[13] Yuksel, M.E. (2006) A hybrid neuro-fuzzy filter for edge preserving restoration of images corrupted by impulse noise.
IEEE Transactions on Image Processing, 15, 928-936.

[14] Li, Y., Luo, H. and Sun, J. (2013) A new impulse noise filtering algorithm based on a neuro-fuzzy network. In: Com-
binations of Intelligent Methods and Applications, Springer, Berlin, Heidelberg, 41-56.

[15] EXCR, ELF, 2w (2011) K7 2 B RATILLE 175 eI ES. 7/ B L2574, 25, 182-185.
[16] Z={EPFH, T -[F (2010) &6 s P 4 28 K500 0 4% 1) Fok b Mg 75 08 Bv2:. 1l s K22 9R(CL 4 AR), 5, 164-170,
178.

[17] Li, Y., Sun, J. and Luo, H. (2014) A neuro-fuzzy network based impulse noise filtering for gray scale images. Neuro-
computing, 127, 190-199.

[18] Jang, J.-S.R. and Sun, C.-T. (1997) Neuro-fuzzy and soft computing: a computational approach to learning and ma-
chine intelligence. Prentice-Hall, Inc., Upper Saddle River.

[19] Roberts, L.G. (1963) Machine perception of three-dimensional solids. Outstanding dissertations in the computer
sciences. Garland Publishing, New York.

[20] Prewitt, J.M.S. (1970) Object enhancement and extraction. Picture processing and psychopictorics. Academic Press,
Waltham.

[21] Sobel, I.E. (1970) Camera models and machine perception. Stanford University, Stanford, 99.



T T T A I P N 7

[22] Marr, D. and Hildreth, E. (1980) Theory of edge detection. Proceedings of the Royal Society of London. Series B. Bio-
logical Sciences, 207, 187-217.

[23] Canny, J. (1986) A computational approach to edge detection. IEEE Transactions on Pattern Analysis and Machine
Intelligence, PAMI-8, 679-698.

[24] Hines, J.W. (1997) Fuzzy and neural approaches in engineering, MATLAB supplement. In: Haykin, S., Ed., Adaptive
and Learning Systems for Signal Processing, Communications and Control Series, John Wiley and Sons, New York,
194-205.



	A Filtering Method for Images Based on Edge Detection
	Abstract
	Keywords
	基于边缘检测的噪声滤波
	摘  要
	关键词
	1. 引言
	2. 脉冲噪声滤波器
	2.1. 自适应神经模糊推理系统
	2.2. 混合学习算法
	2.3. 训练过程
	2.4. 测试(滤波)过程
	2.5. 中值滤波器
	2.6. 边缘检测器

	3. 实验结果
	3.1. 定量评价
	3.2. 定性评价

	4. 结论
	基金项目
	参考文献 (References)

