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Abstract 

Image processing is one of the most important areas of signal processing. Image processing is applicable for the improvement of 

pictorial improvement for human perception and autonomous machine application also the efficient storage and transmission. In 

this paper guided filter is proposed which can be applicable to both images as well as to video. This guided filter has many 

advantages over the previous version of filter like mean filter, median filter, sobel filter, bilateral filter, etc. Among of those bilateral 

filter is more popular.  But this bilateral filter has certain limitations like gradient reversal effect this introduces false edges in the 

image. Proposed guided filter can smooth image/video and also preserved the edge that is information at the edges of image/video 

but this filter has better behaviors near edges. Also the fast implementation of guided filter is possible. This filter also has algorithm 

implementation regardless of kernel size. Guided filter gives better output than that of bilateral filter after filtering this bilateral 

filter gives output like cartoon this also a problem with this. The guided filter is both effective and efficient in many applications 

of computer vision and computer graphics, etc. Filtering techniques are used in image and video processing applications for various 

technologies.   

Keywords: Bilateral Filter, Guided Filter, Guidance Image, Peak Signal to Noise Ratio (PSNR), Mean Square Error 

(MSE) 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Image processing is mostly used in applications like noise filtering, content enhancement which include contrast adjustment, 

reducing blurring effect for better visualization and remote sensing is used for filtering of Ariel image. It also has application in 

medical science like CT scan, brain tumor detection, cancer detection, ultra sonogram, etc. More specifically it is used in finger 

print recognition now a day it is also available in smartphones, weather forecasting, preserving boundary information, 

smoothing/sharpening of video or images etc. 

Filtering is an image processing technique mostly used in computer vision, computer graphics, computational photography, etc. 

More specifically, filtering can be applied in many applications such as noise reduction, texture editing, detail 

smoothing/enhancement, tone mapping, haze/rain removal, and joint upsampling. Widely used technique is the edge-preserving 

bilateral filter [13] applied bilateral filter to image noise reduction and used bilateral filter on high dynamic range (HDR) images 

[1]. Also there are several other methods like joint bilateral filter, flash/no-flash denoising [5], etc use for filtering. Although a 

bilateral filter has a good edge-preserving characteristic, it has been noticed that it may have artifacts in detail decomposition and 

HDR compression. Artifacts are resulted from those pixels around the edge that may have an unstable Gaussian weighted sum [2]. 

To overcome this problem, a novel explicit guided filter is propose, which can filter output by considering the content of the 

guiding image. Guided filter is one of the spatial domain enhancement technique in which the filtering output is locally a linear 

transform of guidance image. Guided filter is much more than a smoothing. By using the content of guided image, it makes filtering 

output more structured and less smoothed than input. It can transfer the structure of the guidance image to the filtering output, 

enabling new filter applications such as dehazing and guided feathering. 

Moreover, the guided filter has an O(N) time (in the number of pixels N) exact algorithm for both gray-scale and color images 

[6]. The guided filter performs very well in terms of both quality and efficiency in a great variety of applications, such as noise 

reduction, detail smoothing/enhancement, HDR detail smoothing/ enhancement, compression, image matting/feathering and blur 

removal. Also compared to a bilateral filter, the guided filter can perform better at the pixels near edges. Moreover, the guided 

filter is a non-approximate linear-time algorithm, which is a very important strength for real-time applications. 

II. PROPOSED WORK 

In this paper efforts are taken for preserving edges of video based on a guided filter algorithm. Proposed guided filter is a local 

linear model between the guidance and the filter output. The main difference between existing system and proposed system is that 

away smooth textures whilst retaining sharp edges. In this paper PSNR value is computed for selected video which is only in the 

.avi format. Reason for using .avi file format it is uncompressed one and filtering such format is easy than other format of video. 

The quality of reconstructed image is usually specified in terms of Peak Signal to Noise Ratio (PSNR) and Mean Square Error 

(MSE).The Performance parameters are calculated as follows    
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𝑃𝑆𝑁𝑅 = 10 ∗ 𝑙𝑜𝑔10[(𝑝𝑒𝑎𝑘𝑣𝑎𝑙𝑢𝑒)2/𝑀𝑆𝐸] 

𝑀𝑆𝐸 =
1

𝑀 ∗ 𝑁
∑[𝐼1(𝑚, 𝑛) − 𝐼2(𝑚, 𝑛)]2

𝑀,𝑁

 

Where, M, N are the number of rows and columns in the input image. And, I1 (m, n) and I2 (m, n) are the samples of the original 

image and filtered output image respectively. 

Here overall process to filter video is given 

 
Fig. 1: Flow of proposed work 

1) Read input video. 

2) Input video file is separated to frames i.e. numbers of images, video frames into input header files by using MATLAB. 

3) Then convert 2d input image into 1d image using decomposition. 

4) Then apply guided filter algorithm to reduce the noise of the image. 

5) Here the filtering will be done so that there will be no loss of information of the edges of the video or image 

6) Then retrieve back our input filtered image from 2D to 1D using UART we are store this files as header. 

7) At the end all the filtered header files are combined to form the filtered output video which is display on system. 

Total filtering of the video will be done on Spartan-3 EDK family FPGA kit. 

III. GUIDED FILTER 

Before going for guided filter we define expression for a general linear translation variant filter which include a input 

image p, guidance image I and output image q. 

𝑞𝑖 = ∑ 𝑤𝑖𝑗 ∗ (𝐼)

𝑗

∗ 𝑝𝑗                     (1) 

Where, 𝑤𝑖𝑗  is filter mask (kernel) and i, j are pixel indexes. Above filter is a linear filter model with respect to input 

image p. 

Figure gives brief idea about guided filtering process proposed in this paper. The key point about guided filter is that it 

gives local linear model between output q and guidance image I while it takes p as input image. Here we use window 

radius ‘r’ and regularization parameter𝜖 to implement filtering process. 

𝑞𝑖 = 𝑎𝑘𝐼𝑖 + 𝑏𝑘∀𝑖                         (2) 

In above expression output pixel 𝑞𝑖 is a linear transform of I in window 𝑤𝑘 i.e. centered at the pixel k. Where, 𝑎𝑘 and  

𝑏𝑘 are considered as linear coefficient constant in 𝑤𝑘 . Output image q has edge if and only if guidance image I has edge. 
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Fig. 2: Guided Filter Process 

To reduce difference between q and p which maintains local linear model given in expression 2, following cost function is 

minimized in 𝑤𝑘 .  

 𝐸(𝑎𝑘 , 𝑏𝑘) = ∑ ((𝑎𝑘𝐼𝑖 + 𝑏𝑘 − 𝑝𝑖)
2 + 𝜖(𝑎𝑘)2)

𝑖𝜖𝑤𝑘 

   (3) 

𝑎𝑘 =
1

|𝑤|
∑ 𝐼𝑖𝑝𝑖−𝜇𝑘�̅�𝑘𝑖∈𝑤𝑘

𝜎𝑘
2+𝜖

                          (4) 

𝑏𝑘 = �̅�𝑘 − 𝑎𝑘𝜇𝑘                                      (5) 

Here 𝑎𝑘  𝑎𝑛𝑑 𝑏𝑘 are solutions for above cost function.  𝜇𝑘 is mean, 𝜎𝑘 
2  is the variance of I in 𝑤𝑘 . 𝜖 is regularization parameter 

and |𝑤| is number of pixels 𝑤𝑘 . �̅�𝑘 is mean of input image p in window 𝑤𝑘 . 
Now computing filter output qi from equation (2), different pixel i involve in the output qi so output may differ. Here average of 

all possible values of qi is taken and 𝑎𝑘 , 𝑏𝑘 also reformulated which is given by  

𝑞𝑖 =
1

|𝑤|
∑ (𝑎𝑘𝐼𝑖 + 𝑏𝑘)

𝑘|𝑖𝜖𝑤𝑘

                    (6) 

𝑞𝑖 =  𝑎𝑖1𝐼𝑖 + 𝑞𝑖1                                       (7) 

Where, 𝑎𝑖1 =
1

|𝑤|
∑ (𝑎𝑘)𝑘𝜖𝑤𝑖

 and 𝑏𝑖1 =
1

|𝑤|
∑ (𝑏𝑘)𝑘𝜖𝑤𝑖

 are average coefficients of all the windows that overlap pixel i and these 

values are output of mean filter. 

By using these equations we get very less gradients obtained at edges of output image q. 

IV. RESULT 

Following figure 3 shows the input frame sequence and figure 4 shows output frame sequence, which is grayscale output video. 

 
Fig. 3: Input video frame 

 
Fig. 4: Output video frame 
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Table - 1 

PSNR comparison for proposed guided filter 

Input Frame Bilateral Filter Guided Filter 

Frame 1 19.720 19.864 

Frame 2 18.253 18.280 

Frame 3 18.185 18.192 

Frame 4 17.095 17.125 

Table 1 shows the comparison between the values of PSNR calculated for the bilateral filter and proposed guided filter. It is 

seen that the proposed guided filter has better and improved values of PSNR for the output frames. It is also seen that the MSE 

values calculated for the same using guided filter and bilateral filter, the values for the proposed guided filter were better.  

V. CONCLUSION 

In this paper guided filter for filtering of video is proposed. Comparing with previously used bilateral filler it is observed that 

proposed guided filter has higher PSNR and MSE value. So proposed guided filter has better performance than previously 

introduced filters. Implementation of proposed work is done by using MATLAB, Xilinx platform studio and FPGA SPARTAN 3 

kit. 
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