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Abstract
The project is aimed at comparing performance of filters for pulse noise removal in
images. 22 filters ([1-18]) were implemented on a Matlab platform and tested in terms
of:

- False alarms errors

- Missing errors

- Estimation errors due to false alarms and missing

- Visual quality
The comparison results are presented in form of tables in which the filters are sorted
in descending order of the quality.

Filters
The tested filters are divided into classes:

Order statistics based filters

A histogram based adaptive weighted-median filter [2]

A multiple-median related filter. [3]

Generalized trimmed mean filter [4]

Image block estimation using a block around the median [5]

Rank order filter for smoothing and sharpening with automatic parameter selection [9]

A recursive minimum-maximum filter [10]

Intensity spread based impulse detector for adaptive median [11]

Similarity based recursive impulse detector and adaptive weighted-median filter [12]
Adaptive a-trimmed and Lpq filters for smoothing an sharpening [13]

An adaptive median filter with impulse detector based on gaussian kernel smoothing [14]
An adaptive rank-conditioned median (RCM) filter [15]

An optimal nonlinear extension of linear filters based on distributed arithmetic [16]
Minimum-maximum exclusive mean filter to remove impulse noise from highly corrupted
images [18]

Modified Intensity spread based impulse detector for adaptive median filter [19]

Robust moving average estimation for impulse noise filtering [21]

Robust KNN filter for impulsive noise suppression [22]

Morphological filters
Generalized morphological filters [17]

Nonlinear image restoration filters

Rank order mean filter and fuzzy impulse noise classifier [1]

A fuzzy filter for image corrupted by impulse noise [6]

Adaptive impulse noise removal using 2D polynomial approximation and
Median based impulse detector [7]

Restoration of impulse noise corrupted images using long range correlation [8]
Fuzzy filter algorithm using a relaxation algorithm [20]




Testing procedure

The filters were implemented using MATLAB 5.2 and tested for two types of impulse noise: random
valued noise and “pepper&salt” noise on three test images

Test Images referred to as imagel, image2 and image3 from left to right

2. For each image, its performance for four impulse noise probabilities: 0.05; 0.1; 0.2
and 0.4.

3. For each noise probability, 10 independent tests were performed and the final value
of the comparison criteria for each probability are obtained as the average of these
runs..

4. Two types of impulse noise model: random valued impulse noise and salt & pepper
impulse noise.

5. In case of a filter working different local window, three window size where used:
3x3, 5x5 and 7x7 pixels.



Test results

Numerical evaluation:
According to obtained test results filters were ranked, from the best (rank 1) to the
worst (rank 22) for each of three performance factors:

- Probability of false alarms

- Probability of missing noise impulses

- Standard deviation of estimation error for false alarms and missing errors.
For the convenience of filter comparison, obtained filter ranks were summed up and
the filters were then sorted according to their average ranks. Obtained results are
summarized in the table. Filters identified by their corresponding number in the list of
references; filter #0 is median 3x3 filter

Random 2,1, 14,21, 16, 10, 6, 13, 11, 7, 22, 15, 0, 4, 8, 18, 19, 12, 3, 9, 5, 17, 20
valued
noise

“Pepper& | 2,18 ,14,1,16,7,0,21 6 ,10,13 4,8 ,11,15,22 ,12,19,3,9,5,20,17
salt” noise




Evaluation by visual quality
In therms of visual quality (noise removal and preservation of fine details) the filters
were divided into three groups:
1. Best (noise is substantially suppressed and much of the fine details are
preserved).
2. Good ( the noise is substantially suppressed but a certain most of the fine
details are blurred).
3. Worst..
The comparison results are summarized in the tables.

For image 1
Noise Probability

0.05 14,22,1,6 2,4,12,13,15 3,5,9,10,19,17,20,20,11,0
,18,21,16,7,8
0.1 14,1,6 4,21,22,16,7,8,13 2,3,5910,11

,15,18,19,17,20

12,0

0.2 14,6,8 2,3,45,9,10,11,12,13,15,18,19,
21

,22,17,1,16,7,20,0

0.4 2,3,459,10,11,12,13,22,17,1,1
6,7

,20,0,14,15,18,19,21

For image 2
Noise Probability

0.05 14,1 2,10,6 3,4,5,9,11,12,13
,15,18,19,21,22
,17,16,7,8,20,0

0.1 2,10, 14,6 3,4,59,11,12,13

,15,18,19,21,22
,17,1,16,7,8,20,0

0.2 14,6 2,3,4,5,9,10,11,12,13,15,18,19,21,0
,22,17,1,16,7,8,20
0.4 2,3,4,5,9,10,11,12,13,22,17,1,16,6,8,14,

15,18,19,21,7,20,0

For image 3
Noise Probability

0.05 2,14,1,6 10,13,15,18,21,22,16,7,8, | 3,5,9,11,12,19
4,0 ,17,20
0.1 1 2,9,0, 3,5,10,11,12,13
14,18,21,22,16,6,7,8,4 ,15,19,17,20
0.2 14,1,16,6,7,8 2,3,45,9,10,11,12,13,15,18
,19,21
,22,17,20,0
0.4 6 2,3,45,9,10,11,12,13,22,17
,1,16,8
,14,15,18,19,21,7,20,0




For image 1
Noise Probability

0.05 14,18,1,6,8 24,912 13,15,21,22, | 3,5,10,11,19,17
16,7 ,20,0
0.1 16,8 2,9,14,18,21,22 3,5,10,11,13
,16,7,12 ,15,19,17,4,20,0
0.2 18,6,7,8,12 2,3,4,5,9,10,11,13,17,
1,16,20,0
,14,15,19,21,22
0.4 18,8 2,3,4,5,9,10,11,12,13,
17,1,16,6,20,0
,14,15,19,21,22,7
For image 2

0.2

0.4

2,141

3,4,5,9,10,11,12
,13,15,18,19,21
,22,17,16,7,8,20,0
3,4,5,9,10,11,12,
13,22,17,16,7,8,0,
14,15,18,19,21,20
2,3,4,5,9,10,11,12,13,
22,17,16,7,8
,20,14,15,18,19
,21,1,0
2,3,4,5,9,10,11,12,13,
22,17,16,6,7,8
,14,15,18,19,21,1,20,
0

For image 3
Noise Probability

2,1,6

9,13,15,18,21,22,16,7
,4,12,8,20,0
2,9,18,21,1,16,7
,12,8,0
2,18,6,7,8,12,1

18,6

3,5,10,11, 14,19,17

3,4,5,10,11,13,
14,15,19,22,17,20
3,4,5,9,10,11
,13,17,16,20,0

, 14,15,19,21,22
2,3,4,5,9,10,11,12,13,
17,1,16,7,20,0

, 14,15,19,21,22,8




References

[1]. Abreu, E., Lightstone, M., Mitra, S.K., Arakawa, K., A New Efficient Approach
for the Removal of Impulse Noise from Highly Corrupted Images, IEEE Trans. Image
Processing, (5), No. 6, June 1996, pp. 1012-1025. 9607

[2]. J. Ishihara, M. Meguro and N. Hamada, “Adaptive weighted median filter
utilizing impulsive noise detection,” in Applications of Digital Image Processing *99,
Proc SPIE 3808, 406-414 (1999)

[3]. Li, Jicheng; Shen, Zhenkang; Li, Biao; Li, Zhiyong, “Adaptive nonlinear
approach for noise removal of impulsive and nonimpulsive noise in images,” Optical
Pattern Recognition 97, Proc. SPIE 3073, 435-440, (1997)

[4]. Y. B. Rytsar and I. B. Ivasenko, “Application of (alpha,beta)-trimmed mean
filtering for removal of additive noise from images,” in Optoelectronic and Hybrid
Optical/Digital Systems for Image Processing *97, Proc SPIE 3238, 45-52 (1997)

[5]. Memon, Qurban; Kasparis, Takis, “Block median filters,” in Visual Information
Processing IV ’95, Proc. SPIE 2488, p. 100-109 (1995)

[6]. Russo, F., Ramponi, G., A Fuzzy Filter for Images Corrupted By Impulse Noise,
IEEE Signal Processing Letters, (3), No. 6, June 1996, pp. 168-170. 9607

[7]. D. Zhang and Z. Wang, “Impulse noise removal using polynomial
approximation,” in Optical Engineering ‘98, Proc SPIE 37(04), 1275-1282 (1998)

[8]. Wang, Z.[Zhou], Zhang, D., Restoration of Impulse Noise-Corrupted Images
Using Long-Range Correlation, IEEE Signal Processing Letters , (5), No. 1, January
1998, pp. 4-7. 9802

[9]. M. Miloslavski and T. S. Choi, “Application of LUM filters with automatic
parameter selection to edge detection,” in Applications of Digital Image Processing
‘98, Proc SPIE 3460, 865-871 (1998)

[10]. Y. Xu and E. M.-K. Lai, “Restoration of images contaminated by mixed
Gaussian and impulse noise using a recursive minimum-maximum method,” |IEE
August 1998, Vol. 145 Issue 4 (p.264-270)

[11]. H. C. Yung and H. S. Lai, “Novel filter algorithm for removing impulse noise in
digital images,” in Visual Communications and Image Processing '95, Proc SPIE
2501, 210-220 (1995)

[12]. Chen, C.T.[Chun-Te], Chen, L.G.[Liang-Gee], A Self-Adjusting Weighted
Median Filter for Removing Impulse Noise in Images, ICIP96(16A9). BibRef 9600
Proceedings International Conference on Image Processing, or ICIP. Sponsored by
IEEE Signal Processing



[13]. V. V. Lukin, V. P. Melnik, V. I. Chemerovsky, “Adaptive alfa-trimmed filters
for speckle image processing,” in Nonlinear Image Processing *98, Proc SPIE 3304,
209-219 (1998)

[14]. A. Sawant, H.Zeman, D. Muratone, S. Samant and F. DiBianca, “Adaptive
median filter algorithm to remove impulse noise in x-ray and CT images and speckle
in ultrasound images,” in Medical Imaging ’99, Proc SPIE 3661, 1263-1274 (1999)

[15]. Alparone, Luciano; Baronti, Stefano; Carla, Roberto “Adaptive rank-
conditioned median filter for edge-preserving image smoothing,” in Image and Signal
Processing for Remote Sensing 111 *96, Proc. SPIE 2955, 244-255 (1996)

[16]. D. Akopian and J. Astola, “Optimal nonlinear extension of linear filters based on
distributed arithmetic,”, in Statistical and Stochastic Methods in Image Processing Il
‘97, Proc SPIE 3167, 2-12 (1997)

[17]. Z. Chunhui, X. Qingbin, N. Wei, “Study on the noise attenuation characteristics
of generalized morphological filters,” SPIE Vol. 3545, 236-239, 1998

[18]. W. Y. Han and j. Ch. Lin, “Minimum-maximum exclusive mean (MMEM) filter
to remove impulse noise from highly corrupted images,” Electronic Letters vol. 33, no
2, pp. 124-125, jan. 16, 1997

[19]. H. C. Yung, H. S. Lai and K. M. Poon “Modified CPI filter algorithm for
removing salt-and-pepper noise in digital images,” in Visual Communications and
Image Processing '96, Proc SPIE 2727, 1439-1449 (1996)

[20]. J. Hu, H. Yan and X. Hu, “Removal of impulse noise in highly corrupted
digital images using a relaxation algorithm,” in Optical Engineering 36(03), Proc
SPIE, pp 849-856, 1997

[21]. Ponomarev, Vladimir l.and Pogrebniak, Alexey B, “Robust RM filters for radar
image processing,” in Image and Signal Processing for Remote Sensing 11l 96, Proc
SPIE 2955, 272-283 (1996)

[22]. Ponomarev, Vladimir I, Pogrebniak, Alexey B and L. S. Estrada, “Novel detail-
preserving robust RM-KNN filters with impulsive noise suppression for image
processing,” in Hybrid Image and Signal Processing V1 *98, Proc SPIE 3389, 190-201
(1998)



