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Abstract 
 

The Weighted guided image filter (WGIF) avoids halo artifacts, preserves 

edges well which are drawbacks of Guided image filter (GIF) at a cost of 

increment on running times. In Fast Weighted Guided Image Filter (FWGIF), 

a speedup method is included, which can speed up WGIF from O (N) time to 

O (N/s
2
). It can be applicable in all applications in which WGIF can be used. 

Experimental results show that it can produce images with better visual quality 

compared to WGIF along with decrement on running times. 
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INTRODUCTION  

Digital image is defined as ―An image is not an image without any object in it‖. 

Human visual system has ability to perceive the objects in digital image using edges 

in efficient manner. Halo artifacts introduces blur in digital image which makes 

perception of content difficult. Various filtering techniques have designed in literature 
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to preserve the global and local statistics but none can meet the desired requirements 

and various algorithms yields high complexity which fails them to achieve practical 

reliability. 

Digital image processing domain has different research fields and all these research 

fields have applications ranging from low level to high level. Edge preservation in all 

these research fields attains attention and implementation of smoothing filters has 

ability to filter noise content by preserving the edge information. Smoothing 

algorithms can be classified into two types namely global filters such as bilateral 

filter, tri-lateral filters, and finally guided image filter. Global filters attain images 

with good quality but these filters are highly expensive. Local filters are considered as 

alternative to global filters which are simple and cost effective but fail to conserve the 

sharp edges information like global filters. 

When local filters are forcefully adopts to smooth edges it results halo artifacts. Halo 

artifacts produced by bi-lateral filter and guided image filter are fixed in equipped 

way using similarity parameter in terms of range and spatial. Bi-lateral filtering 

mechanism is considered as adaptive filter and this adaptive mechanism helps to 

handle the halo artifacts and on negative side it destroys the 3D convolutional form. 

An interesting algorithm named fast weighted guided image filtering scheme is 

proposed in this paper by combining the edge-based weighting scheme along with 

guided image filtering. Calculation of edge based weighting scheme is calculated by 

using 3×3 local variance in a guidance image. This local variance scheme of one 

individual pixel is normalized by all pixels local variance in guidance image. The 

acquired normalized weights of all pixels are then adaptively adapted to FWGIF. 

FWGIF helps to avoid halo artifacts in accurate manner for excellent visual quality. 

The intricacy of FWGIF is same as GIF. The proposed Fast weighted guided image 

filtering (FWGIF) is applied for multiple purposes such as edge detection, edge 

preserving smoothing, single image detail enhancement, fog removal, flash- no flash 

denoising, and fusion of differently exposed images. 

 

RELATED WORK 

Pierre Charbonnier, Laure Blanc-Feraud, Gilles Aubert, and Michel Barlaud [1] 

proposed an algorithm, called ARTUR, to avoid problems that are ill posed and must 

be regularized. Usually, a roughness penalty is imposed on the solution. The difficulty 

is to avoid the smoothing of edges, which are very important attributes of the image. 

In this paper, they first give conditions for the design of such an edge-preserving 

regularization in which under the few conditions it is possible to introduce an 

auxiliary variable whose role is twofold. First, it marks the discontinuities and ensures 

their preservation from smoothing. Second, it makes the criterion half-quadratic. The 

optimization is then easier, as well as a deterministic strategy, based on alternate 

minimizations on the image and the auxiliary variable, and can be applied in a large 

number of applications in image processing.  
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Z. Farbman, R. Fattal, D. Lischinski, and R.Szeliski [2] paved the new way to 

construct edgepreserving multi-scale image decomposition in order to control the 

spatial scale of the extracted details, and it is often desirable to manipulate details at 

multiple scales, while avoiding visual artifacts. It current base detail decomposition 

techniques, based on the bilateral filter, are limited in their ability to extract detail at 

arbitrary scales. Thus they advocate the use of an alternative edge-preserving 

smoothing operator, based on the weighted least squares optimization framework, 

which is particularly well suited for progressive coarsening of images and for multi-

scale detail extraction and effectiveness of edge-preserving decompositions, 

enhancement, and other applications. 

J. Chen, S. Paris, and F. Durand [3] presented a new data structure—the bilateral grid, 

that enables fast edge-aware image processing. By working in the bilateral grid, 

algorithms such as bilateral filtering, edge-aware painting and local histogram 

equalization become simple manipulations that are both local and independent. It 

parallelize algorithms on modern GPUs to achieve real-time frame rates on high-

definition video. Also demonstrated the method on a variety of applications such as 

image editing, transfer of photographic look, and contrast enhancement of medical 

images. 

K. He, J. Sun, and X. Tang [4] represented a novel explicit image filter called guided 

filter which is derived from a local linear model, the guided filter computes the 

filtering output by considering the content of a guidance image, which can be the 

input image itself or another different image. The guided filter can be used as an edge-

preserving smoothing operator like the popular bilateral filter, but it has better 

behaviours near edges. The guided filter is also a more generic concept beyond 

smoothing. It can transfer the structures of the guidance image to the filtering output, 

enabling new filtering applications like dehazing and guided feathering. Moreover, 

the guided filter naturally has a fast and no approximate linear time algorithm, 

regardless of the kernel size and the intensity range. Currently, it is one of the fastest 

edge-preserving filters. Experimental result shows that the guided filter is both 

effective and efficient in a great variety of computer vision and computer graphics 

applications, including edge aware smoothing, detail enhancement, HDR 

compression, image feathering, dehazing, joint up sampling, etc. 

Poor visibility in bad weather such as fog, mist and haze caused by the water droplets 

present in the air. These droplets are very small and steadily float in the air. Two 

fundamental phenomena which cause scattering are attenuation and air light [5]. A 

light beam travels from a scene point through the atmosphere, gets attenuated due to 

the scattering by the atmospheric particles, this phenomena is called attenuation which 

reduces the contrast in the scene. Light coming from the source is scattered by fog and 

part of it also travels towards the camera and leads to the shift in color. This 

phenomena is called air light. Air light increases with the distance from the object. It 

is noted that fog effect is the function of the distance between camera and object. 

Hence removal of fog requires the estimation of depth map or air light map. If input is 

only a single foggy image then estimation of depth map is an under constrained 

problem. The irradiance received by the camera from the scene point is attenuated 
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along the line of sight. Furthermore, the incoming light is blended with the air light 

(ambient light reflected into the line of sight by atmospheric particles). The degraded 

images lose the contrast and color fidelity. Since the amount of scattering depends on 

the distances of the scene points from the camera, the degradation is spatial-variant. 

 

PROPOSED METHOD 

Digital image composed of three contents namely color, shape and texture. Assessing 

the image information based on edges (gradient) has ability to perform the 

enhancement tasks and fusion in reliable way in the field of digital image processing. 

Acquiring the digital content of images with good visual quality in computational 

photography and other applications with complexity is still concerned area because 

many global filters yields high complexity which show adverse impact on 

enhancement process. In this paper, a strategy is implemented to enhance the image 

contents based on edge information by incorporating the guided image filter (GIF) 

with fast and edge based weighting scheme to form fast weighted guided image filter 

with minimal complexity and better visual quality. The fast weighted guided image 

filter (FWGIF) is applied for image visibility restoration techniques such as single 

image detail enhancement, single image haze removal, flash - no flash denoising and 

fusion of differently exposed images. It can handle color as well as gray images. 

 

A. An Edge Aware Weighting 

The edge information plays an important role in implementing weighted guide image 

filtering algorithm for various applications. 

Let G be a guidance image and  be the variance of G in the 3 × 3 window (p′).  

An edge-aware weighting ГG(p′) is defined by using local variances of 3 × 3 windows 

of all pixels as 

 

Where ε is a small constant and its value is selected as (0.001 x L)
2
 while L is 

the dynamic range of the input image. All pixels in the guidance image are used in the 

computation of ГG(p′). In addition, the weighting ГG(p′) measures the importance of 

pixel p′ with respect to the whole guidance image. Due to the box filter, the 

complexity of ГG(p′) is O(N) for an image with N pixels. The value of ГG(p′) is 

usually larger than 1 if p′ is at an edge and smaller than 1 if p′ is in a smooth area. 

Clearly, larger weights are assigned to pixels at edges than those pixels in flat areas by 

using the weight ГG(p′) in Equation (1). Applying this edge-aware weighting, there 

might be blocking artifacts in final images. To prevent possible blocking artifacts 

from appearing in the final image, the value of ГG(p′) is smoothed by a Gaussian 

filter. 
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B. The Proposed Filter 

The fast weighted guided image filter is used to smooth an image, reducing noise, 

while preserving edges and a speed up method is included into FWGIF in order to 

reduce the runtime from WGIF to FWGIF. 

The guidance image, filtering input image, and filtering output image are denoted as I, 

p and q respectively. The fast weighted guided filter is driven by a local linear model: 

qi = ak Ii + bk, for all i wk,                 (2) 

Where i is the index of a pixel, and k is the index of a local square window 

with a radius r. Given the filtering input image p, minimizing the reconstruction error 

between p and q gives 

 

Where μk and are the mean and variance of I in the window k, and ε is a 

regularization parameter controlling the degree of smoothness. The filtering output is 

computed by: 

  qi =āi Ii +ƃi                                            (5) 

Where āi and ƃi are the average of a and b respectively on the window Wi  

centered at i. The main computation is a series of box filters.  

 

C. Single Image Detail Enhancement 

In this single image detail enhancement whole image is enhanced and it is called ―full 

detail enhancement‖. With the FWGIF, the input image X is decomposed into Z and e 

as shown in Equation (6) and the details enhancement can be achieved as follows 

𝑍(P) = 𝑋(𝑃) +  𝜂(𝑃) 𝜃 𝑒(𝑃)                     (6) 

Here θ chosen as 4. η(P) is computed by using ΓG (p′) in the equation (1). Its value is 

almost 0 if pixel p is in flat region and 1 otherwise. 

 

D. Flash – No Flash denoising 

The two images of the same scene, one taken with a flash and the other without a 

flash. The version without a flash preserves colors but is noisy due to the low-light 

conditions. The version with a flash doesn’t preserves colors but unwanted artifacts 

such as shadows, specularities may result in flashy images. The fast weighted guided 

image filter is proposed to denoise a no-flash image under the guidance of its flash 

version. Thus it produces an image with natural color and with-out loss of details. 
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E. Single Image Haze Removal 

Pictures of open air scenes are degraded by fog, haze, and smoke in the climate the 

corrupted image lose the contrast and colour fidelity. Haze removal is fundamental in 

both computational photography and PC applications. The portrayal of fog image is 

given by 

XC(P)= ZC (P)t(P) + AC(1 − t(P))               (7) 

Where C ∈{r,g,b} is a colour channel list, XC is the observed intensity , ZC is 

the scene radiance, AC global atmospheric light and t(P) medium transmission. First 

term ZC(P)t(P) is called direct attenuation and second term portrays scene radiance 

and decay in the medium. Second term portrays is called air light. Air light comes 

about because of past scattered light and prompts the movement of the scene of the 

colour. 

At the point when haze is high the air light will be more overwhelming so colour 

fidelity of picture is lost. To maintain a strategic distance from halo artifacts and 

enhance colour fidelity in a Haze image FWGIF is utilized. This single image haze 

algorithm calculation can be viewed as the spatially varying detail enhancement. 

Amplification factor is large when the pixel p belongs to sky region because of this 

high amplification noise could be opened up and/or halo artifacts could be produced. 

For this a large lower bound is required, so a non negative compensation term is 

acquainted with the transition map t(P) in the sky region as indicated by the haze 

degree. The haze degree is naturally recognized by utilizing the histogram of an image 

with this halo artifacts and de hazing of a image is done. 

 

F. Fusion of Differently Exposed Images 

One of the difficulties in computerized image is the rendering of a HDR regular scene 

on a routine LDR show. This test can be tended to by catching numerous LDR images 

at various exposure levels. Each LDR image just records a little portion of the 

dynamic range and partial scene detail however the entire arrangement of LDR 

images on the whole contain all scene detail. All the differently exposed images can 

be fusioned to deliver a LDR image by a exposure fusion algorithm. Similar to detail 

enhancement of LDR image, halo artifacts, gradient reversal artifacts and 

amplification of noise in smooth regions are three major problems to be addressed for 

the fusion of differently exposed images. 

 

EXPERIMENTAL RESULTS 

It has all the advantages of WGIF. It can be applicable in all applications where we 

can use WGIF. Below figures shows some of the applications of fast weighted guided 

image filter (FWGIF) and are compared with BF, GIF, FGIF, and WGIF. 

 



Image Visibility Restoration Using Fast-Weighted Guided Image Filter 63 

    

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

Figure 1. Comparison of edge detection via different filters. (a) is the input image. 

(b), (c), (d), (e), (f) are the output images by the BF, GIF, FGIF, WGIF and FWGIF. 

 

 

          

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

Figure 2. Comparison of edge preserving smoothing via different filters. (a) is the 

input image. (b), (c), (d), (e), (f) are the output images by the BF, GIF, FGIF, WGIF 

and FWGIF. 

 

 

     

 

     

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

Figure 3. Comparison of image enhancement via different filters. (a) is the image to 

be enhanced. (b), (c), (d), (e), (f) are the output images by the BF, GIF, FGIF, WGIF 

and FWGIF. 
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      (a)                (b)               (c)                (d)              (e)                 (f)                (g) 

Figure 4. Comparison of flash-no flash denoising via different filters. (a),(b) are the 

images with flash and with-out flash. (c), (d), (e), (f) and (g) are the output images by 

the BF, GIF, FGIF, WGIF and FWGIF. 

 

 

      

                  (a)                             (b)                             (c)                            (d) 

 

Figure 5. Comparison of haze removal via different filters. (a) is the hazy image. (b), 

(c), (d) are the output images by the GIF, WGIF and FWGIF. 

 

 

    

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

 

 

                                           (g)                    (h)                    (i)   

Figure 6. Comparison of image fusion via different filters. (a), (b), (c), (d), (e), (f) are 

the input images. (g), (h), (i) are the output images by the GIF, WGIF, and FWGIF. 
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COMPARISON OF DIFFERENT EDGE PRESERVING FILTER TECHNIQUES 

Here comparison is done among different edge preserving techniques with respect to 

parameters such as elapsed times,  mean square error (MSE), peak signal to noise 

ratio (PSNR), Correlation and Structural Similarity Index (SSIM). 

 

Table I: Elapsed times (in sec) for the listed techniques for different images shown in 

figures 1,2,3,4 

 

Table II: MSE for listed techniques for different images shown in figure 1,2,4 

 

 

Table III: PSNR for listed techniques for  different images shown in figure 1,2,4 
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Table IV: Correlation for listed techniques for different images shown in figure 1,2 

 

 

Table V: SSIM for listed techniques for different images shown in figure 1,2,3 

 

 

CONCLUSION 

The FWGIF is proposed in this paper by incorporating the technique of speed up into 

the existing WGIF. With this technique decrement in running times can be achieved. 

This method can provide all advantages of WGIF and can be applicable to the 

applications in which WGIF can be applicable. It can provide a speed up of greater 

than ten times. Particularly, it can be applied for image visibility restoration 

techniques such as image detail enhancement, flash-no flash denoising, single image 

haze removal, and fusion of differently exposed images. Experimental results show 

that it can provide better visual qualities and preserves edges well compared to BF, 

GIF and FGIF. Due to its simplicity and low running rates it has many applications in 

the fields of computational photography and image processing. 
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