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 This paper propose a window-adaptive vector 
median filter (VMF) for color image denoising. 
 
 The new method is based on local orientation 
estimation. 
 



 To preserve image details while smoothing of noise, the 
smoothing should be performed along the direction of 
the dominant orientation. 
 

 The stronger the strength of a local orientation, the 
flatter the filter window should be. 



Theorem: the power spectrum of spatial pattern lies along a 
line through the origin in the Fourier domain, and the direction 
of the line is perpendicular to the dominant spatial orientation 
of the pattern. 
 
To compute the orientation of a local pattern in color images, 
we need to analyze the power spectrum of the color pattern. 
 
For a color image, the power spectrum is obtained from 
quaternion Fourier transform. 
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Let a color image 𝒇𝒇(𝑥𝑥,𝑦𝑦) be represented in pure quaternion form: 

Then, the quaternion Fourier transform (QFT) of 𝒇𝒇(𝑥𝑥,𝑦𝑦) is 
expressed as: 

where 𝜇𝜇 is a unit pure quaternion and typically set to  (𝑖𝑖 + 𝑗𝑗 +
𝑘𝑘)/ 3.  
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The detection of spatial color orientation becomes a 
minimization problem in QFT: finding a directional line 𝒏𝒏 
through the origin in the quaternion power spectrum image 
which minimizes the following distance sum 𝐷𝐷(𝒏𝒏):  
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Fig. 2. The distance of 
point (𝑢𝑢, 𝑣𝑣) to directional 
line 𝒏𝒏, where 𝒏𝒏𝑝𝑝 =
(𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃 𝑐𝑐𝑖𝑖𝑠𝑠𝜃𝜃) is the normal 
vector of 𝒏𝒏. 

Minimize Distance Sum  
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 Denote the orientation and orientation strength of the 
pattern in neighborhood centered at any position 𝒙𝒙0 as 
𝒍𝒍𝒙𝒙0 and 𝑔𝑔(𝒙𝒙0), then the support window 𝑾𝑾 is defined 
as the following elliptic shape: 
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 Denote that 𝒍𝒍 = (𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃 𝑐𝑐𝑖𝑖𝑠𝑠𝜃𝜃),  𝒙𝒙0 = (𝑥𝑥0,𝑦𝑦0) and 𝒙𝒙 = (𝑥𝑥,𝑦𝑦), 
then  
 
 
 

 Thus, the output of proposed SAVMF on position 𝒙𝒙0 of color 
image I can be expressed as follows: 
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(a) Parrots is corrupted by 
50% impulse noise  

(b) Vector Median Filter (c) Proposal (SAVMF) 



(b)  FAPGF_SAVMF 

(d)  QSVMF_SAVMF 

(a)  FAPGF 

(c)  QSVMF 



              Indexes 
Methods  

Lena(25%) Parrots(50%) 

PSNR MAE NCD PSNR MAE NCD 

Noisy image 16.40 12.90 0.1437 13.28 26.08 0.2868 

VMF 29.63 3.85 0.0246 23.90 6.55 0.0473 

SAVMF 30.44 3.65 0.0233 25.74 5.76 0.0363 

FAPGF 30.74 2.08 0.0156 23.95 5.68 0.0454 

FAPGF_SAVMF 31.83 1.85 0.0141 25.90 4.71 0.0336 

QSVMF 33.64 1.42 0.0092 27.53 3.55 0.0220 

QSVMF_SAVMF 34.61 1.26 0.0084 27.89 3.40 0.0210 
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