Guided Filter Technique: Various Aspects In Image Processing
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Abstract—The guided image filter is based on a local linear model. The guided filter delivers the filtering output by considering a reference
image. The reference image is said as the guidance image which can be the input image itself or another different image. The guided filter has
better edge preserving smoothing and gradient preserving property. The guided filter is effectual in a variety of computer vision and computer

graphics applications.
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. INTRODUCTION

Image processing involves many operations such as image
enhancement, segmentation, image restoration. To perform
these operations, filtering is the most fundamental and
important process. A filtering function applied to the values of
the input image in a predefined neighbourhood of the given
location gives the filtered image in the same location. The
linear translation invariant (LTI) filters, for example the Mean
filter, Laplacian filter, Sobel filter, are used mostly for blurring,
sharpening, noise removal, image enhancement, etc. The LTI
filtering methods are applied in the spatial domain. In the
spatial domain nonlinear spatial filters such as median filter,
are also proved to be efficient. Considering the content of
reference image which might be useful in some cases, the
filtering techniques are proposed such as anisotropic diffusion,
bilateral filter. But anisotropic diffusion is relatively slow. Also
bilateral filter shows unwanted gradient reversal artifacts. For
the next step of improvement, guided filter can be considered
which also uses the content of the guidance image. The guided
filter gives the output which is a local linear transformation of
the guidance image. Depending upon the operation
requirement, the guidance image can be same as the input
image or different. In the guided filter has better gradient
preserving property than bilateral filter. As the guided filter is
local linear function of the guidance image, structure
transference from the guidance image to the filtering output is
also allowed. With these features, the guided filter stands the
novel and efficient filtering operation.

Il.  RELATED WORK

Edge preserving property is the most appreciated feature of
filtering process. Traditional filters like average filter provides
the smoothing including edges of the images too. Some edge
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preserving filters from the literature review are given as
follows:

A. Anisotropic Diffusion

Anisotropic diffusion is very notable idea for edge aware
image processing. The partial differential equations are the
basic idea for anisotropic diffusion. The speed of the process is
slow. If the intensity of each pixel is assumed to be heat and is
propagated over time to its neighbours. Some improvements
have been proposed to minimize operation time which in turn
affects the accuracy.

B. Median Filter

The median filter is another popular edge aware filter,
which can be considered as a special case of local histogram
filters. The median is the statistical concept which means the
center value of the provided list. The pixel under consideration
is replaced with the median magnitude. It also shows property
of noise reduction, while preserving edges more effectively as
compared to a linear smoothing filter. Rank order and
morphological processing are proposed variations for the basic
median concept. But its practical use has been limited to small
filter sizes due to its basic slowness.

C. Bilateral Filter

The bilateral filter is another noniterative strong approach
to preserve edges in images. It produces filter output at the
considered pixel as an average of neighbouring pixels. But the
bilateral filter has disadvantage of gradient reversal artifact. For
a pixel on an edge which has few similar pixels in the
neighbourhood, the weighted average becomes unstable. The
result is that the smoothed output is not consistent with the
input at the edges. So detail enhancement like operations which
requires the consistency of input signal and output signal has to
be performed with better gradient preserving filter.
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I1l.  CONCEPTUAL DEFINITION OF GUIDED IMAGE FILTER

Let us assume, | be a guidance image, p be an input image,
and g be an output image to define guided filter.

The guided filter is modeled as a local linear model
between the guidance | and the filtering output g. For any pixel
I, the linear transform q of | in a windoww,, centred at the pixel
k:

q; = aglj + b, ViE 0 e vev e (D)

where, (ay, by) are assumed to be constant in wy.

To find linear coefficients, the cost function in window wy
is defined as
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where, € is a regularization parameter penalizing largeay.

The term £a, %is used to prevent a, from being too large. eis
the blur degree to control the accuracy of edge detection. If the
image | has no edges, the output will be an averaged result of
input inwy. If the edge is present in | which represent the
structure of the guidance image, the edge is transferred to the
output image.

The cost function can be seen as a linear regression model
& its solution can be given by,
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where, , and o are the mean and variance of | in wy,
|w]is the number of pixels in wy ,

Pk = ﬁziewk piis the mean of p in wy.

Using linear coefficients (ay, by)

be computed as
q; = aglj + by, Vi€ 0y v vev vev ve e .. (5)

But, the values for q; will be different when calculated for
various windows. So, the solution is to find the average value
of q;. For all possible windows in the image, (ay, by) values
will be calculated and then the filtered output can be given as

S @+ - (6)
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Also, considering Yyjico, a&k = Lkew, ak due to symmetry
of the window, above equation can be written as
G =3 +bjeereeee (7)
where, a;and b, are the average of coefficients for all
windows overlapping i.
The guided filter also can be applied to colour images. In
case input image is coloured, the filter should be applied to
each channel separately.

, the filtering output can

IV. GUIDED FILTER ALGORITHM

1. Firstly read the guidance image and the input image.
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2. Enter the values of r and € where r is the local window radius

and ¢ is the blur degree of the filter.

3. Calculate the values: Mean of I, Variance of I, Mean of P,

Average cross product of | and P.

4. Compute the value of linear coefficients.
a = (cross_IP —mean_Il.*mean_P)./ (var_ I+ ¢)
b=mean_P-a *mean I

5. Compute the mean of aand b

6. Obtain the filtered output image Q using mean of a and b,
Q=mean_a.* Il +mean _b

V. ASPECTS IN IMAGE PROCESSING

Some aspects of guided filtering in image processing can be
given as follows:

A. Edge Preservation

In image processing, images are often decomposed into a
smooth base layer and one or more detail layers. The base layer
describes intensity variations of image which is obtained by
applying the filter on image. The difference between the
original image and the base layer gives the detail layer.
According to requirement of application, the layers may be
processed with various approaches to get desired result. The
base layer output is the blurred input image. The degree of
blurring should be properly adjusted to avoid artificial edges in
the final output image while further processing image. The
edge preserving filter which prevents smoothening across the
edges is best suited for these cases of image processing. Here
guided image filter may be used, which is an excellent edge-
preserving filter. The input image and the guidance image
should be same. Also, the derived base layer using guided filter
is consistent with the input image, which also represents
gradient preserving property. This property avoids unwanted
matching discrepancy between the base layer and detail layers.
Edge preserving decompositions can be used in various image
processing such as detail enhancement, HDR compression,
details fusion, etc. For example, in image enhancement
operation the base layer and the detail layer are processed in
various ways and recombined. The quality of images for human
viewing is improved by enhancement process.

B. Image Denoising

In image denoising techniques, image filters are applied to
images to remove the different types of noise. The noise might
incorporate with image either during capturing scene or
transmission. Considering the denoising process with guided
filter, N is the noisy image as input, while I is reference image
as guidance. Basically, noise is nothing but high frequency
details contained in the image which do not contain any
relevant information. The processing in sync with lower
frequency guidance image will stabilize the overall output
frequency content, thus achieving the noise removal. Also, this
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process retains the structure of the guidance image and
provides edge preserving smoothing. As the guidance image is
usually free of noise, so is the filtered result. This aspect can be
used where a reference image is made available free of noise.

C. Structure Transference

From the definition of the guided filter, it can be seen that
the output and the guidance image are related to each other
with linear equation. So it is obvious that, if the edge is present
in the guidance image, then it will be transferred to the output
image. This property can be used in applications like matting,
feathering, etc. Image matting is nothing but to distinguish the
foreground from background which requires exact mask. The
mask can be obtained with the help of segmentation methods,
which is later processed by using the guided filter to get
accurate outline. In this case, the input image will be the mask
and the guidance image is required to be the original image.

For obtaining desired results in a particular aspect, the
guided filter parameter values have to be set. Also, the input
image and the guidance image selection has to be made, same
or different.

VI. IMPLEMENTATION OF GUIDED FILTER

The guided filter results for few € parameter values from
Matlab implementation are shown in below given figure. The
guidance image | is same as the input.

€=0.1"2
Fig.1 Output of Guided filter
The above results show the effect of the blur degree €. The
areas with variance much smaller than € are smoothed, whereas
those with variance much larger than € are preserved.

€=0.2"2 £=0.4"2

VII. CONCLUSION

In this paper, we have presented a novel explicit image
filter which can be used in various image processing
applications. Guided filter is generic concept for edge
preserving smoothing and structure transferring filtering. It is
more effective as compared to other existing approaches in
aspects such as detail enhancement, denoising, etc. With proper
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selection of parameter values depending upon the area of
application desired results can be obtained.

REFERENCES

[1] C. Tomasi and R. Manduchi, “Bilateral filtering for gray
and color images”, in Proceedings of IEEE 6th
International Conference on Computer Vision, pp.839-846,
1998.

[2] Z. Farbman, R. Fattal, D. Lischinski, and R. Szeliski,
“Edge-preserving decompositions for multiscale tone and
detail manipulation”, ACM Transactions on Graphics, vol.
27,no. 3, pp. 67:1-67:10, 2008.

[3] Fredo Durand and Julie Dorsey, “Fast bilateral filtering for
the display of high dynamic range images”, ACM
Transactions on Graphics, vol. 21, no. 3, pp. 257-266,
2002.

[4] Kaiming He, C. Rhemann, C. Rother, X. Tang, and J. Sun,
“A global sampling method for alpha matting”, in
Proceedings of IEEE Conference on Computer Vision and
Pattern Recognition, pp. 20492056, 2011.

[5] P. Bakker, L. J. , Van Vliet and P. W. Verbeek, “Edge
preserving orientation adaptive filtering”, IEEE Computer
Society Conference on Computer Vision and Pattern
Recognition, pp. 1063-6919, 2009.

[6] L. Grady, “Random Walks for Image Segmentation”, IEEE
Transactions on Pattern Analysis and Machine Intelligence,
vol. 28, no. 11, pp. 1768- 1783, 2006.

[7] Anat. Levin, Dani. Lischinski, and Yair. Weiss,
“Colorization Using Optimization”, ACM Transactions on
Graphics, vol. 23, no. 3, pp. 689-694, 2004.

[8] M. Kass and J. Solomon, “Smoothed Local Histogram
Filters”, ACM Transactions on Graphics, vol.29, pp. 101-
110, 2010.

[9] L. I. Rudin, S. Osher, and E. Fatemi, ‘“Nonlinear Total
Variation Based Noise Removal Algorithms”, Physica D,
vol. 60, nos. 1-4, pp. 259-268, 1992.

[10] Y. Li and S. Osher, “A New Median Formula with
Applications to PDE Based Denoising”, Communications
in Mathematical Sciences, vol. 7, no. 3, pp. 741-753, 2009.

[11] Y. Wang, J. Yang, W. Yin, and Y. Zhang, “A New
Alternating Minimization Algorithm for Total Variation
Image Reconstruction”, Society for Industrial and Applied
Mathematics Journal on Imaging Sciences, vol. 1, no. 3, pp.
248-272, 2008.

[12] CarstenGarnica, Frank Boochs and MarekTwardochlib, “A
new approach to edge- preserving smoothing for edge
extraction and image segmentation”, International Archives
of Photogrammetry and Remote Sensing, vol. 33, Part
B3,2000.

[13] Li-Cheng Chiu and Chiou-ShannFuh, “A Robust Denoising
Filter with Adaptive Edge Preservation”, Springer-Verlag
Berlin Heidelberg, pp. 923-926, 2008.

[14] Chieh-Chi Kao, Jui-Hsin Lai and Shao-Yi Chien, “VLSI
architecture design of Guided Filter for 30 Frames/s full
HD video”, IEEE Transactions on Circuits and Systems for
Video Technology, vol. 24, no. 3, 2014.


http://www.ijritcc.org/

