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ABSTRACT 
 

Here, we represent the iterative improvement of guided image filter for flash / no flash 

photography. Guided filter utilizes the guide image to enhance the corrupted input image as 

similarly done in joint bilateral filter. The guided filter has proved to be the effective for such 

applications as high dynamic range compression, image matting, haze removal and flash / no 

flash denoising. Here, we analyze spectral behavior of guided filter kernel in the matrix 

formulation and introduce a novel iterative application of guided filtering which significantly 

improves this. Iterations of proposed method consist of a combination of diffusion and 

residual iterations. 

 

Index Terms—Bilateral Filter, Denoising, Guided Filter, Image matting, Kernel. 
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Corrsponding author :Aditya Goyal 

 

INTRODUCTION 
 

Most applications in computer vision and computer graphics involve concept of image 

filtering to reduce the noise and extract useful image structures. Simple explicit linear 

translation invariant filters like Gaussian filter, Laplacian filter and Sobel filter widely used in 

image blurring sharpening, edge detection, and feature extraction. LTI filtering also includes 

process of solving a Poisson Equation such as in high dynamic range compression, image 

stitching, and image matting, where the filtering kernel is implicitly defined by inverse of a 

homogenous Laplacian matrix. The kernels of LTI filters are spatially invariant and 

independent of any image content. But in many cases, we may want to the incorporate 

additional information from a given guidance image during filtering process. For example in 

colorization the output chrominance channels should have consistent edges with given 

luminance channel, in image matting output alpha matte should capture thin structures like 

hair in image. One approach to achieve this purpose is to optimize a quadratic function that 

the directly enforces some constraints on unknown output by considering guidance image. [1, 

2, 3, 4] 

Real time stereo matching algorithms are important in many applications such as the virtual 

reality, on line robotics navigation and teleconferencing. Most existing real-time algorithms 

are the local matching algorithms. Standard local techniques are basically block matching 

algorithms. These methods work as follows: First, each pixel’s color dissimilarity is 

computed at the each disparity level. Color dissimilarities measure correlation between left 

and right images. Color dissimilarities are then aggregated inside the support window 

centered at given pixel. Using standard block-based aggregation each pixel inside support 

window has same influence in aggregation process. This leads to bad results when support 

window overlaps a disparity discontinuity. [6, 7] 

To overcome this problem adaptive support weight approaches have been introduced. Such 

methods were pioneered, who performed color segmentation inside support window. The 
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idea is that pixels having a color similar to center pixel are likely to lie on same object and 

therefore have similar depth. A pixel inside support window receives the high support weight 

if it is close in the both color and spatial distance to central pixel of window. Thus pixels 

inside support window have different influence in aggregation process. This strategy 

considerably reduces edge fattening problem when using large window sizes and accordingly 

leads to the better quality results. This is well reflected in the ranking of the Middlebury 

benchmark. Recently, several techniques to enhance quality of flash / no flash image pairs 

have been proposed. While, flash image is better exposed lighting is not soft and generally 

results in the specularities and unnatural appearance. Meanwhile no flash image tends to have 

the relatively low signal-to-noise ratio while containing the natural ambient lighting of scene. 

The key idea of flash / no flash photography is to create a new image that is closest to look of 

real scene by having details of flash image while maintaining ambient illumination of no 

flash image. On other hand, Petschnigg et al. [2] focused on reducing noise in no flash image 

and transferring details from flash image to no flash image by applying joint bilateral 

filtering. [5, 6, 7, 8] 

All these methods ignored any motion blur using either depending on the tripod setting or 

choosing sufficiently fast shutter speed. However in practice, captured images under low-

light conditions using a hand-held camera often suffer from motion blur caused by camera 

shake. Others have used multiple pictures of the scene taken at different exposures to 

generate high dynamic range images. This is called multi exposure image fusion which shares 

some similarity with our problem in that it seeks a new image that is of better quality than 

any of input images. However, the flash / no flash photography is generally more difficult 

due to fact that there is only a pair of images. [11, 12] 
 

A. Bilateral Filter 

 

The bilateral filter computes filter output pixel as the weighted average of the neighboring 

pixels. It smoothes image while preserving edges. Due to the nice property, it has been 

widely used in noise reduction, HDR compression, multi-scale detail decomposition, and 

image abstraction. It is generalized to joint bilateral filter in [11], in which weights are 

computed from another guidance image rather than filter input. Joint bilateral filter is the 

particular favored when filter input is not reliable to the provide edge information, e.g., when 

it is very noisy or is an intermediate result. The joint bilateral filter is applicable in flash / no 

flash denoising, image upsamling, and image deconvolution. All above methods require the 

high quantization degree to achieve satisfactory speed but at expense of the quality 

degradation. 

 

B. Optimization-based Image Filtering 

 

A series of the approaches optimize quadratic cost function and solve the linear system, 

which is the equivalent to the implicitly filtering an image using an inverse matrix. In image 

segmentation [12] and colorization [7] affinities of this matrix are Gaussian functions of color 

similarities. In the image matting a matting Laplacian matrix [2] is designed for the enforcing 

alpha matte as a local linear transform of image colors. This matrix is also applicable in haze 

removal [9]. The weighted least squares (WLS) filter in [8] adjusts matrix affinities according 

to image gradients and produces the halo-free decomposition of input image. Although these 

optimization-based approaches often generate high quality results, solving corresponding 

linear system is time-consuming. It has been found that optimization-based filters are the 

closely related to explicit filters. In [2] Elad shows that bilateral filter is one Jacobi iteration 

in solving Gaussian affinity matrix. In [2] Fattal defines edge avoiding wavelets to 
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approximate WLS filter. These explicit filters are often simpler and faster than optimization 

based filters. 

 

C. Guided Filters 

 

We first define the general linear translation variant filtering process, which involves the 

guidance image I an input image p and an output image q. Both I and p are the given 

beforehand according to application and they can be identical. The filtering output at a pixel 

i, is expressed as a weighted average: 

 

 

Where i and j, are the pixel indexes. Filter kernel Wij, is the function of guidance image I and 

independent of p. This filter is linear with respect to p. Now we define guided filter and its 

kernel. The key assumption of guided filter is a local linear model between guidance I and 

filter output q. We assume that q is a linear transform of I in a window k centered at pixel k: 

 

 

 

Where (ak, bk) are the some linear coefficients assumed to be constant in k. We use a square 

window of a radius r. This local linear model ensures that q has an edge only if I has an edge, 

because ∇q = a∇I. This model has been proven useful in image matting [2], image super-

resolution [6], and haze removal [9]. 

 

THE PROPOSED WORK 

 

In this paper, we propose the unified iterative framework that deals with both denoising and 

deblurring. Before we begin more detailed description we highlight some novel aspects of 

proposed framework. 

• As opposed to which relied on the bilateral filter, our approach adopts guided filter that has 

proved to be superior. 

• We improve performance of guided filter by analyzing its spectral behavior and applying it 

iteratively. 

• We show that the iterative application of guided filter corresponds to the combination of 

two iterative processes applied to two given images: a nonlinear anisotropic diffusion to no-

flash image and a nonlinear residual iteration applied to flash image. 

• While demonstrated their results on either noise or blur case, we show that our method 

produces a high quality output in both cases and outperforms state of art methods. 

 

A. OVERVIEW OF THE PROPOSED APPROACH 

 

We address problem of the generating a high quality image from two captured images: a flash 

image (Z) and a no flash image (Y). The task hand is to the generate a new image (X) that 

contains the ambient lighting of no flash image (Y) and preserves details of flash-image (Z). 

As in new image X can be the decomposed into two layers; a base layer and a detail layer: 

 

                                                                                                                                                     

 

qi= 𝑾𝒊𝒋(𝑰)𝒑𝒋𝒋  

 

qi = akIi + bk, ∀ i ∈  Wk, 
 

X’ = Y’ + τ (Z − Z’) 



INTERNATIONAL JOURNAL OF ADVANCED SCIENTIFIC RESEARCH AND TECHNOLOGY             

ISSUE 2, VOLUME 3 (JUNE- 2012)                                                                                                               ISSN: 2249-9954 
 

 Page 368 
 

 

Here Y might be the noisy or blurry and Y’ is an estimated version of Y enhanced with help 

of flash image. Z’ represents a nonlinear, filtered version of the Z so that Z – Z’ can provide 

details. Note that τ is the small constant that strikes a balance between two parts. In order to 

the estimate Y’ and Z’ we employ local linear minimum mean square error predictors which 

generalize idea of guided filtering as proposed. More specifically, we assumed that Y’ and Z’ 

are the linear functions of Z in a window ωk centered at pixel k: 

 

                                                                                                                                                       

 

 

where y’i, z’i, zi are the samples of Y’, Z’, Z respectively at pixel k. where y’i, z’i, zi are the 

samples of Y’, Z’, Z respectively at the pixel i and (a, b, c, d) are coefficients assumed to be 

constant in ωk. Once we estimate a, b, c, d, equation (1) can be rewritten as: 

 

 

                                                                                                                                                        

 

 

 

In fact X is a linear function of Z. While it is not possible to estimate α and β directly from 

this linear model coefficients α, β can be expressed in terms of a, b, c, d which are optimally 

estimated from two different local linear models shown in equation (2). Naturally, simple 

linear model has its limitations in capturing complex behavior. Hence, by initializing X’0 = 

Y, we propose an iterative approach to boost its performance as follows: 

 

 

                                                                                                                                                      

 

Where G(·) is LMMSE, and αn, βn, and τn evolve with iteration number n. The proposed 

method effectively removes noise and deals well with spatially variant motion blur without 

need to estimate any blur kernel or accurately register flash / no-flash image pairs when there 

is a modest displacement between them. 

 

RESULTS 

 

In this section we apply proposed approach to flash / no-flash image pairs for denoising and 

deblurring. We convert images Z and Y from RGB color space to YCbCr, and perform the 

iterative filtering separately in each resulting channel. Final result is converted back to RGB 

space for display. Note that all figures in this section are better viewed in color. 

A. Flash/Noflash: Denoising 

 

a. Visible Flash [12] 

We show that the experimental results on two flash / no-flash image pairs. We compare our 

results with method based on joint bilateral filter. Our proposed method effectively denoised 

no flash image while transferring fine detail of flash image and maintaining ambient lighting 

of no flash image. We point out that proposed iterative application of guided filtering yielded 

much better results than one time iteration of either joint bilateral filtering or guided filter [8]. 

 

y’i = azi + b, z’i = czi + d, ∀ i∈ωk, 

X’ = Y’ + τ(Z – Z’) = aZ + b + τZ − τcZ 

− τd, 

           = (a − τ(c − 1))Z + b − τd = αZ + β 

   X’ n = G(X’n−1,Z) + τn(Z − G(Z,Z)) 

= G(X’n−1,Z) + τn(Z – Z’) = αnZ + βn 
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Figure 1: Examples of W and its powers in a patch of size 25×25. The largest eigen value of 

W is one and the rank of W asymptotically becomes one. This figure is better viewed in 

color. 

  

 

 

b. Dark Flash [11] 
Let us call the dark flash image Z. Dark flash may introduce shadows and specularities in 

images which affect results of both denoising and detail transfer. We detect those regions 

using same methods proposed. Shadows are detected by the finding regions where |Z − Y | is 

the small and specularities are found by the detecting saturated pixels in Z. After combining 

shadow and specularities mask, we blur it using a Gaussian filter to the feather boundaries. 

By using resulting mask, the output X’n at each iteration is alpha-blended with a (nonlinear) 

low-pass filter version of the Y as similarly done in [12, 11]. In order to realize ambient 

lighting conditions we applied the same mapping function to final output as in [11].  

 

B. Flash/Noflash: Deblurring 

 

Motion blur due to camera shake is an annoying yet common problem in low-light 

photography. Our proposed method can also be applied to flash / no flash deblurring. We 

show that the experimental results on two flash / no flash image pairs where no flash images 

suffer from mild noise and strong motion blur. We compare our method with Zhuo et al. [2]. 

Our method outperforms [1] obtaining much finer details with the better color contrast even 

though our method does not estimate a blur kernel at all. The results of [2] tend to be 

somewhat blurry and distort the ambient lighting of real scene. 

 

 
 

Figure 2: Flash/no-flash denoising examples compared to the state of the art method 
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CONCLUSION 

 

We analyzed spectral behavior of guided filter kernel using a matrix formulation and the 

improved its performance by applying it iteratively. Iterations of proposed method consist of 

a combination of the diffusion and residual iteration. We demonstrated that proposed 

approach yields outputs that not only preserve the fine details of flash image but also ambient 

lighting of no flash image. The proposed method outperforms state of art methods in both 

flash / no flash image denoising and deblurring. It is also worthwhile to explore several other 

applications such as joint up sampling, image matting, mesh smoothing and specular 

highlight removal where the proposed method can be employed.  
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