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 In this paper, a new efficient nonlinear filter for removal of salt and pepper noise in 

color video and medical images is presented. First, the noise detection process is 

estimated for detect the noise pixels by comparison of the pixel value and median value 

of between the current pixel and its neighbors of the image window with a predefined 
threshold. Then, the proposed vector median based filter is applied to the three 

dimensional sliding windows of the pixels that are judged as noisy and the other pixels 

remain unchanged. The simulation experiments show that the proposed method 
significant performance other median based filters both visually and performance 

measurement such as the mean absolute error (MAE), the peak-signal-to-noise ratio 

(PSNR) and the normalized color difference (NCD). 
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INTRODUCTION 

 

 In image and video processing the frames of videos degraded by salt-and-pepper noise during acquisition 

and broadcast or video recording (Camille, et al., 2014). For example, faulty memory locations or impaired 

pixel sensors can result in digital images being corrupted with salt-and-pepper noise. In most medical video 

processing to remove noise pixels from the corrupted frames of videos are more difficult (Chen, et al., 1995.). 

Several filtering methods have been proposed for the removal of salt-and-pepper noise from color images using 

different approaches. Most of these techniques use vector processing approach as it is widely accepted that it is 

more suitable than component-wise filtering approach, which can generate color artefacts in filtered images.  

 The vector median filter (VMF) (Astola, et al., 1990), vector directional filter (VDF) (Ponomaryov et al., 

2006), and the distance directional filter (Trahnias, P.E and A.N. Venetasnopoulus., 1993) are most commonly 

used vector filters for noise removal from color images. The main drawback of applying component wise 

filtering is that inherent correlation among different channels may be lost, resulting into color artefacts. Often, 

the filtering operation is preceded by an impulse detection stage separately, which ensures that only the noisy 

pixels are filtered (Zhang, S and M.A. Karim., 2002). This prevents blurring which is caused by filtering of 

noise-free pixels. Filtering of only noisy pixels results into better preservation of detail features. Most of the 

impulse detection methods available in literature require a threshold value to make a decision whether the pixel 

under consideration is noise free isolated pixel or an impulse (Ma, et al., 2005). The decision of filtering is 

based on neighbouring pixels further, to overcome the problem of color artefacts in component-wise filtering 

scheme, color of filtered pixel may be restored separately using some suitable color correction method. For 

color correction a VMF is followed by VDF to obtain the angle information in (Karakas, et al., 1997) for 

restoration of corrupt pixel the scheme uses a vector approach for both detection as well as for filtering. 

However, in (Ponomaryov, et al., 2001) it has been shown that component-wise filtering approach provides a 

better estimate for magnitude of filtered vector and prevents blurring caused by changes in noise free 

components. In the proposed work the impulse detection method where threshold value is adaptively changed 

on the basis of local pixel statistics within the filtering window and we generalize the filtering scheme proposed 

in (Yiqiu, D and X, Shufang., 2007) resulting in a three dimensional hybrid filter which can be used for salt-and-

pepper noise removal from color videos (Ponomaryov, et al., 2010). Generalization of some basic filters to three 

dimensions is given in (Windyga, P.S., 2001) but our generalized vector median based filter yields much better 

peak signal to noise ratio (PSNR), mean absolute error (MAE) and normalized color difference (NCD). 
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Noise representation: 

 When an image is degraded by salt and pepper noise, only the portions of the pixels are changed (Peixuan, 

Z. and L, Fang Li., 2014). Let xi,j,t and yi,j,t be the pixel in RGB color space at location (i, j) in the original and 

noisy frames of video. If noise density is p, then observed pixel is given by 

i,j,t,

i,j,t
i,j,t,

x with probability(1-p)
y =

n with probability p





            (1) 

  Where Xi,j,t and ni,j,t represents the original and noisy pixels respectively at location (i,j) in the frame of 

video. There are two types of impulse noise, namely, fixed valued (also called salt-and pepper) impulse noise 

and random valued impulse noise. For fixed-valued impulse noise, the values of the corrupted pixels equal to 

nmin or nmax with equal probability. For gray-level images with 8 bits per pixel (i.e., nmin= 0 and nmax =255), the 

noise value ni,j,t of the first corresponds to fixed value of 0 and 255 with equal probability. Removing the fixed 

valued impulse noise from corrupted frames in video is far more complicated than removing of random valued 

noise (Miao, Z and X, Jiang X., 2013). 

 

Proposed method: 

 The proposed hybrid median filter is a two-stage filter, one stage for finding the pixels are noise-free or 

noise pixels and second stage for noise reduction as shown in Figure.1. The first step to detect the two salt-and-

pepper noise intensities. When a “corrupted pixel” is discovered, it is switched to the next filtering stage. 

Otherwise, when a pixel is marked as “uncorrupted pixel” it will be left unchanged. 

 

 
 

Fig. 1: Overview of Noise Detection and Filtering Process. 

 

Noise Detection Stage: 

 In the noise detection process, the salt-and-pepper noise intensities will be used to discover possible 

corrupted pixels in the frame. The output stage of detection process is represented in terms of binary noise mask 

i,j,tB  

Where 
i,j,t (2N+1)×(2N+1) i,j,t

i,j,t

1, if d=X - med (W (X )) T
B =

0, otherwise

a



         (2) 

 Where Ta (Adaptive Threshold Value) = Med( i,j,tX ) 

 We use N=2; window size is (55) and the chosen parameter =2 or 3 for better performance.  

 Here i,j,tB =1represents noisy pixels and i,j,tB =0 represents good pixels and Ta is some suitable threshold 

based upon the difference of maximum and minimum intensity levels of frame with window size is 

(2N+1)x(2N+1). Threshold may be different for different frames decided separately for each frame. If d is larger 

than Ta, it is a noisy pixel, Update the binary noise mask according to result. If the binary noise mask is 0, 

represent the good pixel or do not change. 

 

Frame Restoration Stage: 

 In this stage, we decide to filter noise pixel component, i.e., for which intensity value of noise pixel (nmax 

=255) is greater than noise free pixel. During frame restoration the pixels observed noisy are filtered. In the first 

phase of filtering, the pixels in neighbourhood of current pixel, identified as noisy must not be used in filtering 

as they provide no relevant information about current pixel. Further, we must use the color information provided 
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by VDF in form of directions of filtered pixel vector, while magnitude information is obtained by median filter 

i.e. by component-wise approach, which provides a very good estimate of pixel magnitude because noise in one 

component does not affect the magnitude of other components but the chromaticity of the pixel is affected 

which can be approximated by VDF (M´elange, et al., 2011). Therefore a good estimate of brightness as well as 

chromaticity can be found using the proposed hybrid filter. 

 Let Vi,j,t is the output of three dimensional generalized vector directional filter for a noisy pixel , i.e. 

i,j,tV =VDF {W (2N+1)  (2N+1) ( i,j,tX )}            (3) 

 Where W(2N+1)(2N+1)( i,j,tX ) contains only noise free pixels of for which binary noise mask { i,j,tB } =1. 

 In the second phase of filtering, let i,j,tU is the output of video median filter applied on noise free pixels of 

three dimensional filtering window i.e., 

i,j,tU = median {W(2N+1)  (2N+1)}             (4) 

 Then final output of the three dimensional proposed filter will be 

i,j,t

i,j,t i,j,t

i,j,t i,j,t

i,j,t

U
V × if B =1

Z =

, otherwise

V

X







             (5) 

  The function ||.|| calculates the magnitude of vector and for a pixel in vector notation represents the 

intensity value of pixel. The final output of filter has the color as obtained by generalized vector directional filter 

(GVDF) and brightness obtained by video median filter (VGMF) after impulse detection through three 

dimensional switching median detector. This frame restoration technique utilized spatial-temporal information 

about neighbourhood of current pixel in combination with the available filtering methods.  

 

Simulation results and discussion: 

 The performance of the proposed method, we compare it with several existing methods, video vector 

median filter (VVMF), generalized vector directional filter (GVDF), video generalized directional distance filter 

(VGDDF), video median filter (video-MF), video switching vector median filter (VSVMF), generalized 

switching vector directional filter (GSVDF), video switching median filter (VSMF). The video sequence used in 

simulation is 3D modelling of CT (computed tomography) images of the abdomen in a cancer patient in which 

size of each frame is 60. The first 10 frames were extracted for filtering, each corrupted by salt and pepper of 

20% noise density. The hybrid median filter is applied from frame no. 1 to frame no.10 of the CT scan image, 

the original frame, the noisy frame and the result obtained by the different compared methods. The criteria used 

to compare the performance of various filters are peak signal to noise ratio (PSNR), mean absolute error (MAE) 

and normalized color difference (NCD) as objective measures of similarity and dissimilarity between a filtered 

frame and the original frame one, each containing M rows and N columns of pixels. The average value of mean 

square error (MSE), average PSNR and average NCD over this length of 10 filtered frames of video sequence is 

computed. Peak signal to noise ratio is computed from average MSE.  

2

10 M N
2

i,j,t i,j,t

i=1 j=1

255
PSNR=10log

1
(z -o )

3.M.N

 
 
 
 
  
   

 
 

           (6) 

 The MAE is given by 
M N

i,j,t i,j,t

i=1 j=1

(z -o )

MAE=
3. .

 

M N
             (7) 

 Finally, the NCD, between an original and a filtered frame, is calculated as 
M N

LAB LAB
i,j,t i,j,t

i=1 j=1

M N
LAB

i,j,t

i=1 j=1

(z -o )

NCD=

(z )

 

 
            (8) 

 where||.|| is the Euclidean norm and 
LAB

i,j,tz and 
LAB

i,j,to  respectively denote the L*A*B-transform of the 

original and the filtered frame. The results of the different filtering steps are illustrated for the 1st frame of the 
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3D modelling of CT images of the abdomen sequence in Fig.2. We observe that the other filtering method 

removes the noise well. However, too many noise-free pixels are filtered well, which results in both spatial and 

temporal information inconsistencies.  

 

   
(a)        (b)                 (c) 

   
(d)                  (e)   (f) 

   
(g)             (h)   (i) 

 

Fig. 2: (a) Original 1st Frame (b) Gray Image (c) Noisy Frame Corrupted by 20% of Salt-And-Pepper Noise (d)  

VVMG Image (e) GVDF Image (f) VGDDF Image (g) VIDEO-MF Image (h) VSVMF Image And (i)  

Proposed Method. 

 

 The MAE, PSNR and NCD value are calculated for the proposed algorithm by varying the noise density 

from 10% to 90% and comparisons of performance values of various filters for CT scan image are tabulated in 

Tables 1-3. From the Table 1, the value of MAE is very less compared to other existing noise removal methods 

even noisy densities varied from 10% to 90%. The lower the MAE, the more similar (less similar) the images. 

From the Table 2, the PSNR value is high compared to other existing noise removal methods even noisy 

densities varied from 10% to 90%. The higher the PSNR value, the more similar (less dissimilar) images. From 

the Table 3, it is observed that the NCD value is very low compared to other existing methods. The lower the 

NCD value, the more similar (less dissimilar) the images. A graph of performance values against noise densities 

for CT scan image is shown in Figures.3, 4 and 6. 

 
Table 1: Mae of ct scan frame for various filters at different noise densities. 

Noise density 
in % 

Vv 
Mf 

Gv 
Df 

Vgd 
Df 

Video-mf Vsv 
Mf 

Gs 
Vdf 

Proposed 
Method 

10 5.01 1.95 1.87 1.35 1.24 1.15 1.05 

20 5.92 2.62 1.65 2.34 1.57 1.47 1.44 

30 7.73 4.31 2.42 3.65 2.38 2.23 2.27 

40 11.64 8.64 3.31 5.68 3.24 3.14 2.96 

50 19.65 17.07 4.54 10.67 4.25 4.17 3.87 

60 30.16 29.78 6.15 17.14 5.74 5.75 4.88 

70 48.95 47.77 8.56 51.24 8.88 7.88 5.89 

80 71.24 70.78 11.62 73.88 16.74 10.34 7.37 

90 99.38 98.01 19.21 99.79 34.27 15.22 10.44 
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Table 2: Psnr of ct scan frame for various filters at different noise densities. 

Noise density 

in % 

Vv 

Mf 

Gv 

Df 

Vgd 

Df 

Video-mf Vsv 

Mf 

Gs 

Vdf 

Proposed method 

10 28.41 31.67 34.82 30.60 33.66 35.60 36.12 

20 25.95 27.85 31.43 28.40 31.19 32.76 33.52 

30 22.02 23.05 29.63 25.84 29.21 30.83 31.38 

40 18.10 18.12 27.99 23.33 27.68 29.74 30.45 

50 14.28 14.37 26.02 19.49 25.91 28.17 29.54 

60 11.91 11.57 24.08 16.13 24.01 26.82 27.89 

70 9.31 9.28 21.64 9.14 21.01 25.67 26.52 

80 7.45 7.45 19.27 7.40 17.02 24.02 25.33 

90 5.86 5.93 16.04 5.91 13.18 20.80 21.21 

 
Table 3: Ncd of ct scan frame for various filters at different noise densities. 

Noise density 

in % 

Vv 

Mf 

Gv 

Df 

Vgd 

Df 

Video-mf Vsv 

Mf 

Gs 

Vdf 

Proposed 

Method 

10 0.0513 0.0501 0.0635 0.0215 0.0229 0.0230 0.017 

20 0.0512 0.0500 0.0633 0.0214 0.0228 0.0229 0.015 

30 0.0510 0.0498 0.0631 0.0212 0.0226 0.0218 0.014 

40 0.0509 0.0496 0.0629 0.0211 0.0224 0.0206 0.012 

50 0.0508 0.0495 0.0627 0.0209 0.0223 0.0195 0.011 

60 0.0506 0.0496 0.0626 0.0208 0.0222 0.0184 0.010 

70 0.0504 0.0495 0.0625 0.0206 0.0221 0.0177 0.008 

80 0.0503 0.0493 0.0623 0.0205 0.0219 0.0168 0.007 

90 0.0502 0.0491 0.0622 0.0203 0.0217 0.0155 0.005 

  

 
 

Fig. 3: Comparison of MAE Value of Different Algorithms for CT Scan Frame. 

 

 
 

Fig. 4: Comparison of PSNR Value of Different Algorithms for CT Scan Frame. 
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Fig. 5: Matlab Simulation Results for Proposed Filter. 

 

 
 

Fig. 6: Comparison of NCD Value of Different Algorithms for CT Scan Frame. 

 

 From the Fig .3, Fig .4 and Fig .6, we note that the proposed method produce lower MAE value, higher 

PSNR value and very low NCD value when varying the noisy density from 0.1 to 0.9 ,the graphs illustrated that 

the proposed method removes noise effectively compared to other existing methods. The MATLAB simulation 

results for proposed filter as shown in Fig.5. 

 

   
(a)                      (b)                               (c) 

 

Fig. 7: (a) Original Lung CT Scan Image (b) 80% of Noisy Image (c) Proposed Filtered Image. 

 

   
(a)                        (b)           (c) 
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(d)                 (e)      (f) 

 

Fig. 8: (a) Original MRI Scan Brain Image (b) 80% of Noisy Image(c) Proposed Filtered Image (d) Original CT  

Scan Brain Image (e) 80% of Noisy Image (f) Proposed Filtered Image. 

 

 Fig. 7 and Fig. 8 show the noise removal results of lung CT scan, MRI scan brain and CT scan brain image 

corrupted with 80% of noise of proposed filter. From the restored results the proposed filter produce excellent 

quality image for high noise density. We observe that the proposed filter removes noise pixel from the corrupted 

3D CT scan video sequences and also display the higher value of PSNR, lower value of MAE and the lower 

value of NCD compared with VMF method. From the all observations in the algorithm, the self adjusting nature 

of the threshold ensures the reliable detection of noisy pixels. The detection is followed by an equally effective 

filtering method that corrects both brightness and color for restoration of noisy images.  

 

Conclusion: 

 The proposed filter is reasonably effective for restoration of video sequences and medical images. The noise 

detection process can realize the accurate noise detection, thus improves the results as it avoids blurring of 

frames as well as it limits use of noisy pixels in filtering and also facilitating the prevention of image 

degradation resulting from the undetected noise pixels and misidentified good pixels. The combination of the 

novel noise detector and frame restoration provides with significantly better noise detection performance and 

video restoration performance in terms of PSNR, MAE and NCD and visually. 
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