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ABSTRACT

Edge detection of images is an important task in computer
vision and image processing. Edge detection of noise free
images is relatively simpler, but in most practical cases the
images are degraded by noise. To find the edges from noisy
images is a challenging task. This paper proposes a novel
edge detection algorithm for images corrupted with noise. The
algorithm finds the edges by eliminating the noise from the
image so that the correct edges are determined. For making
the image noise free the algorithm calculates closeness
parameters, based on this parameter the noisy pixel is replaced
by the most appropriate value. The edges of the noise free
image are determined using morphological operators erosion
and dilation. The proposed algorithm uses a combination of
these operators to find the edges. This algorithm uses two
different types of structuring elements so that all the edges of
the image are determined efficiently.
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1. INTRODUCTION

Edges in images provide low-level cues, which can be utilized
in higher level processes, such as object detection,
recognition, and classification, as well as motion detection,
image matching, and tracking [1, 2]. Edges and textures in an
image are typical examples of high-frequency information.
High-pass filters remove low-frequency image information
and therefore enhance high-frequency information such as
edges. Many approaches to image interpretation are based on
edges, since analysis based on edge detection is insensitive to
change in the overall illumination level. Edge detection
highlights image contrast. Detecting contrast, which is
difference in intensity, can emphasize the boundaries of
features within an image, since this is where image contrast
occurs. This is how human vision can perceive the perimeter
of an object, since the object is of different intensity to its
surroundings. Edge detection is an important preprocessing
step for any image processing application, object recognition
and the follow-up analysis. However, the traditional edge
detection method (Sobel operator, Prewitt operator, Laplacian
operator, etc.) exists widespread paradox between detection
accuracy and anti-noise performance[3], recently, edge
detection of this problem in mathematical morphology has
achieved better results. Mathematical morphology offers a set
theoretic approach for image analysis [4,5]. The morphological
techniques are becoming more and more popular in variety of
image processing areas such as image enhancement, object
recognition, granulometry , image segmentation, image
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representation and coding etc.[6]. The main morphological
edge detection methods are morphological residual edge
detection, top-hat method, ASF method [7], multi-scale
method [8] and multi-grade method [9]. Salt-and-pepper
impulse noise is one commonly encountered noise type during
image and video communication [10].Salt and Pepper noise
can be removed by Progressive Switching Median (PSM)
filter [11], Extremum Median (EM) filter [12], Adaptive
Median (AM) filter [13] and Weighted Median (WM) filter
[14] and some other methods like those in [15,16,21,22]. Edge
detection of noisy images is one of the challenging task in the
field of image processing ,the literature survey shows that a
number of algorithms have been proposed for this like [17]
uses a separate wavelet based noise reduction block for
preprocessing before edge detection. The morphological
methods to denoise and find edges are proposed in [18,19] but
they find edges in a single direction only based on its
structuring element , this problem is resolved in [20] which
uses eight structuring elements but it is time consuming and
increases computational load.

2. PROPOSED WORK

In the proposed work a novel edge detection algorithm for
noisy images is proposed. The algorithm works in two phases
first it makes the image noise free and subsequently finds
edges. For finding the edges regions where abrupt changes in
grey level occur are to be identified.

PHASE 1: Identification of salt pepper noise: A sliding
window Wy, of size (M+A) x (M+A), where M = 2L + 1
centered at x;; (A = 0 initially and M=3) is used for detection
of pixels as noise free and noise candidates. S is the set of
noise free pixels and NC is the set containing noise candidate
pixels,

i€ Ne i x; = min[Wy]or x; = max[Wy] (1)

Step 1: For the window W)y, the mean of the values of the
window is calculated. While calculating the mean only
those values are considered whose value lies between
minfWy, ] and maxi{Wy,] .

Thus, the mean will be calculated as
1 _ _
5= z Z?”:J(SA 1211_\4:? 1 Py @)

where minffl), ] < Py < maxifWy,] and n = number of pixels
whose value lies between minffW,,] and maxiiWy,]
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Step 2 : Check if 6= 0, this implies that all pixels in the
window have the value minifW,,] or maxifW,,].Now two
cases arise as follows:

Casel:If minifWy, ] = maxifW),] ,this implies that the window
contains a smooth region with all pixels in the window having
the same value. Thus, x;; is noise free and need not be
replaced

Case2: If minffWy]# maxifWy], this implies that the
window contains a cluster of noisy pixels. Thus , in this case
the window size is increased by 2 (since window size should
be an odd number) . So, A = A + 2 using this new value of A ,
mean is calculated again as in step 1,this mean is known as
adaptive mean.

Step 3: The next step is to find the most appropriate value
which will replace the noisy pixel. For this the closeness
parameter of all the pixels in the window W,, , whose value
lies between minfW),] and maxifW,] is calculated as
follows,

Uc(Pij)=(5— Py 3
where i=0,1...(M +A-1), j=0,1..(M +A-1)

and minfflWy ] < Pj; < maxifWy ]

The o, formaset o as

i

o= {o,:c=01..n}y .. 4)

where n = number of pixels whose value lies between
minifWy, ] and maxiW,,] The pixel which has the minimum
value of o, will be used to replace the noisy pixel , thus

R=p; ®)
where o, (Pl-j) = min{c}
Thus,

x;j =R e (6)

Step 4: The above steps are repeated for all the pixels in the
set NC.

PHASE 2: Edge Detection

Once the noise free image denoted by | is obtained it can be
used to detect edges. Edges can be detected using the
morphological operators like erosion and dilation. Subtracting
the eroded image from the original image gives the inner
edges of an image while subtracting the original image from
the dilated image gives the outer edges of the image. Thus, to
find the edges

Gn =1-(10OB) w(7)
Goue = (I®B) — 1 .. (8)
Gg =(U®B)-(ISB) .. )

But, the limitation with this technique is that it finds edges
depending on the structuring element. If a single structuring
element is used then some edges remain undetected. Thus, in
the proposed work two structuring elements are used one for
edges in vertical direction and other in horizontal direction as
shown in figure 1 (a) and (b).
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Figurel (a) Horizontal structuring element By, (b) Vertical
structuring element B,

In figure 1, “*’ denotes a value and ‘e’ denotes a 0. Using the

structuring elements B;, and B, horizontal and vertical edges

can be found as

Gen =(U®B)-(UO©B) ... (10)
and
Gry =U®B)-UOB) .. (11)

The final edges are a combination of Gg,and Gg, , thus

Gp = /G,%h +G&, (12)

Thus, Gg contains the final edges of image I.

3. EXPERIMENTAL RESULTS

In order to study the performance of the proposed algorithm,
images have been contaminated with salt pepper noise. The
results were compared with several existing methods in both
visual image quality and the accuracy with which edges were
detected for noisy images. Standard Lena grey image was
taken as the test image. Noise of different densities was added
ranging from 30% to 90%.First the noise removal capability
of the proposed algorithm(PA) was compared with some of
the well known noise removal filters like Standard median
(SM) , the adaptive median (AM) filter as AM filter shows
relatively better performance for noise suppression than other
SM filter based methods. Figure 2 shows the original test
image LENA. Figure, 3,4 and 5 show the filtering results after
adding the salt-and-pepper noises with the noise ratio of 30%
,60% and 90% respectively. For the subjective comparison it
is seen that the restoration results using the proposed method
are significantly better than the ones by other methods. For
the low density noise the suppression result in Figure 3(d)
seems almost the same with the original uncorrupted image
Figure 2. When the noise ratio reaches as high as 90%, the
promising restoration result can be still achieved by using the
proposed algorithm, much better than other two filters. Thus,
it is seen that the proposed algorithm gives better denoising
results than the other methods. The edge detection capabilities
of the proposed algorithm (PA) were compared with Sobel
operator (SO) and canny edge detector (CD) with. Figure 6,7
and 8 show the result of edge detection of the LENA image of
figure 2.1t can be seen in figure 6(b) and (c) that with 5%
noise sobel operator and canny edge detector detects noise
also as edges while it can be seen that the proposed algorithm
finds accurate edges as seen in figure 6(c).With the noise
percentage increases to 30% and 60% with Sobel and canny
edge detector the edges cannot be identified at all while the
proposed algorithm works well even with such high noise.
The results were measured quantatively using PSNR (Peak
Signal to noise Ratio) which is the ratio between the
maximum possible power of a signal and the power of
corrupting noise that affects the fidelity of its representation.
Because many signals have a very wide dynamic range, PSNR
is usually expressed in terms of the logarithmic decibel scale.
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(c) (d)

Figure 4 Restored LENA images using different filters (a)
image corrupted with 60% salt pepper noise (b) SM (c)
AM (d) PA

PSNR is a measure of the quality of the reconstruction;

a higher PSNR would normally indicate that the
reconstruction is of higher quality. It is most easily defined
via themean  squared error (MSE)  which  for
two mxn images | and K where one of the images is
considered a noisy approximation of the other is defined as:

MSE = — Y15 S ) —KGHR . (13)

The PSNR is defined as:

MSE

MAX,
= 20. 10910 (—)

MAX?
PSNR = 10. lOgl(]

(d)
©

Figure 3 Restored LENA images using different filters (a)
image corrupted with 30% salt pepper noise (b) SM (c)
AM (d) PA

(@) (b)

(d)

Figure 5 Restored LENA images using different filters (a)
image corrupted with 90% salt pepper noise (b) SM (c)
AM (d) PA
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Here, MAX, is the maximum possible pixel value of the
image.Tablel shows the PSNR values of three filters for
different noise densities. Figure 9 shows the quantitative
comparisons based on PSNR for the different filters.

(b)

©)

q Figure 8 Edge detection using different filters (a) image
() corrupted with 60%o salt pepper noise (b) CD (c) SO (d)
PA

Figure 6 Edge detection using different filters (a) image
corrupted with 5% salt pepper noise (b) CD (c) SO (d) PA 4. CONCLUSION
A novel algorithm for edge detection of noisy images is
proposed. The algorithm first makes the image noise free with
the help of a adaptive mean and closeness parameters. The
noisy pixels are replaced by a value which is closest to the
adaptive mean. The edges are then detected with the help of
morphological operators erosion and dilation. Two different
structuring elements are used so that all the edges of the
image are detected efficiently. Since the proposed method
employs a good identification scheme for noise pixels , it
shows better performance for the noise removal and also edge
detection as compared to other methods. The peak signal to

(b) noise ratio also shows improvement as compared to other
methods.
TABLE 1
PSNR OF DIFFERENT FILTERS FOR DIFFERENT NOISE
DENSITIES
Noise Standard Adaptive Proposed
level Median Median Algorithm
30% 22.1454 28.8738 28.8784
60% 12.0530 24.3270 24.4751
80% 8.1378 21.3660 22.7459
\ Y 90% 6.6231 18.3907 21.3305
© ' d) 95% 5.9764 14.3164 19.9958

Figure 7 Edge detection using different filters (a) image
corrupted with 30% salt pepper noise (b) CD (c) SO (d)
PA
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Fig.9 Results in PSNR for different filters
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