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Abstract - Trilateral filtering is one of the most efficient 
technique for denoisation of the multi-dimensional signals in 
computer graphics. By means of non-linear combination of 
information of adjacent pixel  it can smoothen the edges and 
keeps the details of the images. Moreover the process is less 
iterative and is applicable for N dimensional images as well. 
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I.Introduction 

 Filtering process is considered the most fundamental 
process in data interpretation. So far as image information 
is considered filter not only helps in the process of clearly 
eliminating the noise part but also paves the way for a 
detailed two dimensional information package. One such 
noble filtering phenomenon called trilateral filtering is 
considered here. 

II. Mathematical Modelling Of Trilateral Filtering 

      The output signal of the filter is integral of the input 
signal along with some adaptive weight function which are 
averaged of the pixels information  of the nearby region. 
These weights are called filter kernels. For spacial domain 
it is denoted by c(ξ), where ξ is the position vector of any 
near by pixels and is varied. So 
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factor to preserve the dc components of the low pass 
signals. 

Here ��� 	 �� and Iout(x)  are the input and output  image 
signal respectively and ξ is the offset vector which 
measures position in the local neighbourhood of x. Now the 
function c(ξ) is such that it is prominent near the area of x 
and gradually diminishes far off  x depending on the value 
of ξ. In other words c(ξ) denotes the closeness between the 
point x and ξ. Depending on the value of ξ a filtering 

window is created around x. If the point within this 
window, c(ξ) has a considerable value and hence the 
integral can be taken into account. But as the points are 

beyond this region, c(ξ) value diminishes and does not 
affect much on the integral. 

     Similarly another parameter called range filtration 
occurs where a function s(.) denotes the photometric 
similarity between points x and ξ. This function s(.) is 
unbiased and depends on the difference between the image 
at point x that is  ��� 	 �� and its adjacent point ξ that is 
����. We can represent the effect of s(.) on the image as  
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normalising factor to preserve the dc components of the 
low pass signals. 

       But the mathematical model for filtration is the 
combined form of the two type filtration that is both 
domain(geometric) and range(photometric) filtration taking 
into account both geometric and photometric filtration. 
Combining we get 
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where k(x) is the normalising factor to ensure that the 
outputs are the averaged value of the nearby pixels and is 
denoted as  
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∞

�∞
    (6) 

This is what is called bilateral filtration. Apart from this 
trilateral filters has a third component that makes it so 
extraordinary in the denoisation. 

       Trilateral filtering apart from cumulating geometric 
and photometric similarities also implements a new 
concept of local structural similarities specially in the 
inhomogeneous portions. Homogeneous portions are 



however low-pass-filtered out directly without any 
significant change in composition. 

Trilateral Filtering can be modified as  
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where   w (ξ) = ( 1 – a(x)) c(ξ) + a(x) c(ξ) 

   �� ��� 	 �� �  �����  � ����
∞

�∞
      (8) 

Here a(x) is the regularised local signal amplitude of the 
pixel at x. c(.) and s(.) functions are similar as that in 
bilateral filter and the function d(ξ)  measures the similarity 
of the local structure orientation ξ and x. 

 So trilateral filter produces a distinct image with the help 
of the intensity value of each pixel within the narrow 
spacial window. This measurement is based on the weights 
which are defined by the combination of  
geometric,photometric and local structural orientation or 

rather ����, �� ��� 	 �� �  ����� and  � ����
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homogeneous region. 

     Another aspect of trilateral filtering is that as it  uses a 
narrow spacial window and takes the estimated value of the 
nearby pixel information with the help of three strong 
similarity equations or combined it is seen that the filter 
takes only a few iteration in the smothening process and 
reaches much better result compared to bilateral filtering. 

 

Fig. 1 Filter windows for different kind of lateral filters 

     Figure Fig.1 diagrammatically represents the filtering 
process of the gradually evolving lateral filtering from uni 
to bi and finally tri lateral filters. 

 In the figure Fig.2 the filtering process are differentiated. 
When a noisy image is being filtered through a bilateral 
filter and a trilateral filter it is clear that the  trilateral filter 
smoothens high gradient region quite well than in 
comparison to bilateral filtering and also smoothens 
sharpen corners. Also the slanting edge is smoothened.  

Quite clearly the noisy irregular part is gradually 
diminished and clear demark the boundary between two 
objects and moreover the natural shape of the object can be 
clearly figured out.  

   

 

Fig 2. (a) noisy picture (b) Bilateral filtered (c) Trilateral filtered 

III . BIO-MEDICAL APPLICATIONS 

Medical images comprise of sharp ridges and gutters, like a 
nested blood vessels or nerves or any other twisted 
complicated image forms. In this kind of complications it 
becomes inevitable to sought out clear images with sharp 
edges to clearly demarcate one organ from the other.That is 
the reason why trilateral filtering finds its  applications in 
Magnetic Resonance(MR) imaging, Ultra-Sonography and 
in  3D Rational Angiography(RA).  The key is to preserve 
the edges so that all the organs can be fully differentiated 
out. For better edge preservation narrow spacial window in 
trilateral filtering can reach exceptional performance. This 
is because narrow spacial window will refer a few adjacent 
pixel information for edge smoothing and thus proper edge 
will be preserved. Also because of narrow spacial window 
the broadening of edges can be prevented. 

IV. CONCLUSION AND FUTURE WORKS 

Trilateral filtering shows high performance in high contrast 
image display and edge smoothening. Moreover it can 
extract the original information from a noisy image and can 
predict gradient discontinuities in spacial domain. It is very 
useful in image processing where noise is maximum and 
retrieval of the original image is a must for proper 
utilization of information like in medical image processing 
or in real-time video-streaming where the image quality is 
not high and little noise may create large problem.  
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