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ABSTRACT 
Optical flow is the distribution of apparent velocities of movement of brightness patterns in an image. Optical flow can arise from 
relative motion of objects and the viewer which can give important information about the spatial arrangement of the objects viewed. 
Discontinuities in the optical flow can help in segmenting images into regions that correspond to different objects.  The accuracy of 
the optic flow obtained depends on the noise content in the input image frames. Smoothing or filtering is a to remove the noises in the 
input image sequence thus making the obtained optic flow much more suitable for applications like image segmentation. In this paper 
the comparisons are presented to evaluate the results from different smoothing filters which are used as preprocessing in order to 
obtain good optic flow vectors. The filters presented are Gaussian filter, Kuwahara filter, Savitzky-Golay filter and hybrid median 
filter. The methods are outlined and then evaluated on the extent to which edge information is preserved and unwanted noise is 
suppressed. 
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1. INTRODUCTION 
The noisy images presented in optic flow 
computations have led researchers to investigate 
methods of smoothing image noise while 
maintaining important information like edges. There 
are many types of smoothing which have being 
extensively studied in literature. Nonlinear filters, 
the most common being the median filter, modifies 
the value of the pixel by some nonlinear function of 
the pixel value and its spatial neighbours. Nonlinear 
filters like Kuwahara maintain edges but the filtering 
results in a loss of resolution by suppressing fine 
details [1]. Image processing includes techniques  

 
 
that are used to correct defects in images and to 
enhance the visibility of features interest. Smoothing 
algorithms are classified into two categories: linear 
and nonlinear smoothing. Traditional linear filters 
are mean, average and Gaussian which attempt to 
remove noise by replacing each pixel by an average 
or weighted average of its spatial neighbours [2]. 
While this reduces the amount of noise present in the 
image, it also has the disadvantage of removing or 
blurring the edges.  A major shortcoming of linear 
smoothing is that important features, e.g. boundary 
between different regions, are blurred after 
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smoothing. Nonlinear smoothing has been 
developed to overcome the shortcoming, which 
tends to preserve important features along with noise 
removal during smoothing. Adaptive smoothing is a 
class of typical nonlinear smoothing techniques that 
have been studied for many years [5] [7] [8]. The 
general idea underlying adaptive smoothing is to 
adapt pixel intensities to the local attributes of an 
image on the basis of discontinuity measures. Filters 
like averaging, Gaussian and Savitzky-Golay are 
examples of Multiplicative filters, which tend to 
introduce many more intermediate gray pixels as 
they blur the image, but rank based techniques use 
actual values appearing in the image. These rank 
based filters are generally computationally involved 
since each 2- dimensional neighborhood needs to be 
ordered [9] [10]. 
This paper compares different filters used for pre-
smoothing the images to obtain better optic flow 
vectors. The basic Gaussian filter is a convolution 
with a Gaussian mask with variance one, Kuwahara 
filter, the linear Savitzky-Golay filter is a 
convolution of the image with the least-squares 
fitting of a polynomial and rank based hybrid 
median filter. 
2. Image smoothing methods 
In order to understand an image, a multi-stage 
processing is necessary in human visual system. The 
early stage of a vision system plays an important 
role in visual information processing, which 
critically determines the interpretation of an image. 
On the other hand, real images are complex since 
there are large numbers of diversified objects in the 
physical world and the imaging process is inevitably 
corrupted by noise from various sources. In 
computer vision, smoothness is a generic assumption 
that many types of images have approximately 
piecewise constant gray levels, which characterizes 
the coherence and homogeneity of an object. 
Therefore, smoothing is viewed as a general tool in 
the low-level of machine vision. A comparison paper 
is presented to evaluate the results from different 
smoothing filters. The methods are outlined and then 

evaluated on the extent to which edge information is 
preserved and unwanted noise is suppressed.  
2.1. Gaussian Smoothing 
The Gaussian smoothing operator is a 2-D 
convolution operator that is used to blur images and 
remove detail and noise. It uses a kernel that 
represents the shape of a Gaussian (`bell-shaped') 
hump. The degree of smoothing is determined by the 
standard deviation of the Gaussian.  
2.2. Kuwahara filter  
Edges play an important role in our perception of 
images as well as in the analysis of images.  So, it is 
important to smooth images without disturbing the 
sharpness and, the position of edges Although 
Kuwahara filter can be implemented for a variety of 
different window shapes, the algorithm is described 
for a square window of size J=K=4L+1where L is 
an integer. The window is partitioned into four 
regions. In each of the four regions ( 1,2,3, 4)i  , 

the mean brightness, im  and the variance i , is 
measured. The output value of the center pixel in the 
window is the mean value of that region that has the 
smallest variance [3].                            
2.3. Savitzky-Golay filter 
The Savitzky-Golay smoothing filters smoothes data 
and computes the numerical derivatives [4].  
The smoothed points are found by replacing each 
data point with the value of its fitted polynomial. 
The process of Savitzky-Golay is to find the 
coefficients of the polynomial which are linear with 
respect to the data values. Therefore the problem is 
reduced to finding the coefficients for fictitious data 
and applying this linear filter over the complete data. 
The size of the smoothing window is given as 
N N  where N  is odd and the order of  the 
polynomial to fit is k, where N > k + 1.  
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We then want to fit a polynomial of type in Equation 
1 to the data. Solving the least squares we can find 
the polynomial coefficients. We start with the 
general equation, .A a f , where a  is the vector of 

polynomial coefficients 00 01 10( ....... )T
oka a a a a . 

We can then compute the coefficient matrix as 

follows, ( . ). ( . )
T T

A A a A f , which in least squares 

can be written as 
1

( . ) .( . )
T Ta A A A f



 . Due to the 
linear-squares fitting being linear to the values of the 
data, the coefficients can be computed independent 
of data. The general coefficient matrix becomes 

1

( ) .T TC A A A C


  can then be reassembled back 
into a traditional looking filter of size N N . In 
order to smooth the image the first coefficient is 
used, higher order coefficients are used to calculate 
derivatives. The advantage of the Savitzky-Golay 
filter has the ability to preserve higher moments in 
the data and thus reduce smoothing on peak heights. 
In more homogeneous areas the smoothing 
approaches an average filter. 
2.4 Hybrid Median filter 
Hybrid median filter preserves edges better than a 
square kernel median filter because it is a three-step 
ranking operation: data from different spatial 
directions are ranked separately. Three median 
values are calculated: MR is the median of 
horizontal and vertical R pixels, and MD is the 
median of diagonal D pixels. The filtered value is 
the median of the two median values and the central 
pixel : ([ , , ])C median MR MD C . As an example, 
for 5n  :  
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3.  Experimentation  
Various filters are applied to the taxi sequence 
image. The results of each filter are assessed by their 

ability to smooth homogeneous areas while 
preserving the areas with higher moments. 
Smoothing of homogeneous areas is measured using 
the standard deviation while the preservation of 
edges is measured using the strength and spread of 
the edge in the filtered images. Standard deviation is 
measured over a small edge  portion of the input 
image [1].  
The filters are tested on a set of various input 
images, figures 1 to 5 highlights one set of input 
images of standard taxi sequence. Parameters of the 
filters were chosen to give the optimal results on 
visual inspection. 
  

 

 
Figure 1: Input taxi sequence images 
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Figure 2: Taxi Sequence images filtered 

using Gaussian Smoothing 

        

 
Figure 3: Taxi Sequence images 
filtered using Kuwahara filter 

 

        

 
Figure 4: Taxi Sequence images  

filtered using Savitzky-Golay Filter 
 

   

 
Figure 5: Taxi Sequence images filtered using 

Hybrid Median filter 
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Figure 6: Optic flow vectors for original images 
 

 
Figure 7: Optic flow vectors for Gaussian filtered images 
 

 
Figure 8: Optic flow vectors for  

Kuwahara filtered images 
 

 
Figure 9: Optic flow vectors for  
Savitzky-Golay Filtered images 

 

 
Figure 10: Optic flow vectors for  
Hybrid Median filtered images 

 

Time taken to compute different smoothing 
techniques in MATLAB for one image is as 
shown in table 1. 
Filters  
Time in 
secs 

Gaussian  Kuwahara  Savitzky
-Golay 

Hybrid 
Median 

taxi 
image 

0.2 57.43 3.38 1.44 

Ultrasoun
d image 

0.13 57.08 3.4 1.34 

Table 1.  Time taken by the different smoothing 
techniques 
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Figure 11: A portion of the image is taken for Edge & 
Gradient Analysis 
 

 
Graph 1: Pixel intensities for various filtered images 
 

 
Graph 2: Gradients for various filtered images 
 

 Taxi Image 
 Color in 

graph 
SD    Edge 

Height                                       
Edge 
Width 

Original Red 8.43 19 4 
Gaussian Green 4.12 08 3 
Kuwahara Magenta 2.3 6.4 4 
Savitzy-
Golay 

Blue 4.91 10.6 3.6 

Hybrid 
Median 

Cyan 7.97 18 4 

Table 2. Edge height and widths for the different 
smoothing techniques 

 
4. Results and Evaluation 

The taxi sequence which is considered as the input 
sequence is shown in figure 1. The input images 
filtered with Gaussian filter, Kuwahara filter, 
Savitzky-Golay filter and Hybrid Median filters are 
shown in figure 2, figure 3, figure 4 and figure 5 
respectively. Figure 6 shows the optic flow vectors 
obtained using Horn and Schunck method [11] for 
the input images. Figure 7 to figure 10 shows the 
optical vectors calculated for the input images 
filtered or smoothed using Gaussian filter, Kuwahara 
filter, Savitzky-Golay filter and Hybrid Median filter 
respectively. Visual inspection shows that the flow 
vectors are smoother in the case of Gaussian filtered 
images and Savitzky-Golay filtered images, the 
actual edges are preserved in the Kuwahara filtered 
images and Hybrid Median filter. 
Graph 1 shows pixel intensities for various filtered 
images while Graph 2 shows gradients for various  
filtered images. 
The time taken for execution of smoothing 
techniques for the taxi image sequence and 
ultrasound image sequence [6] in MATLAB is 
shown in Table 1, while Table 2 gives Edge height 
and widths for the different smoothing techniques. 
Hybrid Median preserves the edge most as depicted 
in Table 2 and graph 2 while Kuwahara filter has 
least preservation of the edges. 
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5. Conclusion 
Motion research has typically focused on only 
accuracy or only speed. We have reviewed many 
different approaches to achieving higher speed. 
Different filters were evaluated using two criteria, 
texture smoothing and edge preservation. The filters 
were Gaussian, Kuwahara, Savitzky-Golay, Edge 
Preserving and Hybrid Median. The Kuwahara 
performs the worst of all the filters. We hope that 
this initial study can generate more interesting 
discussions and shed some light on the use of motion 
algorithms in real world tasks. 
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