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Abstract: A new approach of Watershed Algorithm using Distance Transform is applied to Image Segmentation is
discussed in this paper. After applying Watershed Algorithm we get an over-segmented image. The watershed
algorithm with Laplacian of Gaussian (LoG) edge detector is used to detect the edges of the image and produce an
image which is less over-segmented. The proposed algorithm will detect a detailed and an accurate image.
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I.
INTRODUCTION
Image segmentation separates [1-3] the objects and components of the image. There are two ways of approaching
image segmentation. The first in boundary based and detects local changes. The second is region-based and searches
for pixel and region similarities. More precisely, image segmentation is the process of assigning label to every pixel in
an image such that pixels with the same label share certain visual characteristics. It is based on discontinuity and
similarity of image intensity values [4-9]. The approach is to partition an image based on abrupt changes in intensity
value such as edges. The result of image segmentation is a set of segments that collectively cover the entire image, or a
set of contours extracted from the image. After applying image segmentation to the image it can be used for 3D
reconstruction in various fields. For intensity images four popular methods are there for image segmentation which
includes threshold techniques, edge based methods, region based techniques and connectivity-preserving relaxation
methods.
Edge detection is by far the most common approach for detecting meaningful discontinuities in intensity values. The
points at which image brightness changes sharply are typically organized into a set of curved line segments called
edges. Edge detection is a fundamental tool in image processing, machine vision and computer vision. An edgedetection filter can also be used to improve the appearance of blurred or anti-aliased image streams [10-11]. Edges can
be detected using various edge detectors. These include Sobel, Prewitt, Roberts, Laplacian of Gaussian (LoG), Zero
crossings and Canny. In this paper we have used LoG to detect the edge of the image. The watershed transform is a
powerful morphological tool for image segmentation. Unfortunately, the watershed segmentation technique leads to an over
segmentation problem [12-13]. Beucher and Lantuejoul were the first to apply the concept of watershed to digital image
segmentation problems. A good number of works has already been carried out on watershed segmentation and these are
available in the published or online literature. [14-16]. The Laplacian of Gaussian edge detection operator is used with
the watershed algorithm to generate the final segmentation results with less over segmentation. The default mask of
LoG is 5x5. The mask can be modified for obtaining a better segmentation result. The end result is to highlight edges.
This paper is divided into various sections. Section 2 introduces a brief description on Watershed Algorithm. Section 3
introduces the Mathematical Formulation related to Watershed Algorithm. Section 4 introduces the Watershed with
Distance Transform. Section 5 presents the proposed scheme. The experimental results are discussed in section 6 and
we ﬁnish this paper with some concluding remarks with section 7.
II.

WATERSHED ALGORITHM

Watershed transform is the technique which is commonly used in image segmentation. It is now being recognized as a
powerful method used in image segmentation due to its many advantages such as simplicity, speed and complete
division of the image. Watershed transform or Watershed Algorithm is based on grey-scale morphology. It is classified
as a region-based segmentation approach. Even when the target regions having low contrast and week boundaries,
watershed transformation can provide closed contours. When a landscape or topographic relief is flooded with water,
the divide lines of the domains of rain falling over the regions forms the watersheds. Intuitively, a drop of water falling
on a topographic relief flows towards the "nearest" minimum. The "nearest" minimum is that minimum which lies at
the end of the path of steepest descent. In terms of topography, this occurs if the point lies in the catchment basin of
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that minimum. An alternative approach is to imagine the landscape being immersed in a lake in which holes are pierced
in the local minima is called the catchment basin. Water will be filled up at these starting local minima and at points
where water coming from different basins would meet and dams will be built. When the water level reaches the highest
peak in the landscape the process is stopped. As a result, the landscape is partitioned into regions or basins separated by
dams, called watershed lines or simply watersheds.

Figure 1: Watershed segmentation-local minima yield catchment basins; local maxima define the watershed lines.
III.

MATHEMATICAL FORMULATION

Let 𝑓 ∈ 𝐶(𝐷) have minima {𝑚𝑘 }𝑘∈𝑡 , for some index set I. The catchment basin 𝐶𝐵(𝑚𝑖 ) of a minimum 𝑚𝑖 is
defined as the set of points 𝑥 ∈ 𝐷 which are topographically closer to mj than to any other regional minimum 𝑚𝑖 :
𝐶𝐵 𝑚𝑖 = 𝑥 ∈ 𝐷 |∀𝑗𝑙 𝑖 : 𝑓 𝑚𝑖 + 𝑇𝑓 𝑥, 𝑚𝑖 < 𝑓 𝑚𝑗 + 𝑇𝑓 𝑥, 𝑚𝑖
The watershed of f is the set of points which do not belong to any catchment basin:
𝐶

𝑊𝑎𝑡𝑒𝑟𝑠ℎ𝑒𝑑 = 𝑓 = 𝐷 ∩

𝐶𝐵(𝑚𝑖 )
𝑖∈𝑙

Let W be some label
. The watershed transform of f is a mapping 𝜆: 𝐷 → 𝐼 ∪ {𝑊}, such that 𝜆 𝑝 = 𝑖 𝑖𝑓 𝑝 ∈
𝐶𝐵(𝑚𝑖 ), and 𝜆 𝑝 = 𝑊 𝑖𝑓 𝑝 ∈ 𝑊𝑎𝑡𝑒𝑟𝑠ℎ𝑒𝑑.
So, the watershed transform of f assigns labels to the points of D, such that (i) different catchment basins are uniquely
labeled, and (ii) a special label W is assigned to all points of the watershed of f.
IV.

WATERSHED WITH DISTANCE TRANSFORM
V.
Distance transform is a common tool used in watershed transform for image segmentation. The concept is, the distance
from every pixel to its nearest non zero valued pixel. Every single valued pixel has a distance transform value of 0, as it
is the closest non zero valued pixel of itself. An example is given below, of a binary matrix and its distance transform
value.
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VI.

PROPOSED APPROACH

We have tried for a new approach on watershed algorithm for obtaining better result in image segmentation. For this a
new algorithm is developed for getting better segmented image, and less over-segmentation. In the proposed approach,
firstly a color image is chosen, and converted to greyscale image. Secondly, „log‟ operator is used for edge detection.
Thirdly image complement is obtained from the previous resulted image. And finally watershed transformation using
distance transform is applied to the image to get the desired result. A flowchart of this approach is given below:

VII.

EXPERIMENTAL RESULTS AND DISCUSSION

A new approach has been taken, for getting better result through watershed transformation. For that a new algorithm is
developed as discussed earlier. Three different pictures are taken, of different dimensions. The first picture is, well
known Lena image (400 by 225), and the others are, a image of nuts (666 by 500) and a image of a lady (256 by 256).
The new developed algorithm is applied on these pictures, for better segmented images. The original images are shown
in Figure 1 respectively. The watershed segmented images using conventional method which is obtained using
watershed algorithm directly from a grayscale images are shown in figure 3respectively. The final segmented images
using the proposed approach are shown in figure 3 respectively.

(a) Image of Lena

(b) Image of nuts

(c) Image of a lady

Figure 2: Original images
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(a) Image of Lena

(b) Image of nuts

(c) Image of a lady

Figure 3: Segmented images with conventional approach.

(a) Image of Lena

(b) Image of nuts

(c) Image of a lady

Figure 4: Segmented images with proposed approach.
From the above images we can see that we have got sharp and prominent watershed lines with the proposed approach.
The calculated entropy, PSNR and MSE of the segmented images are also presented below.
Table I- statistical measurement
IMAGE

METHOD USED

ENTROPY

PSNR

MSE

Fig. 3: (a) Lena.

With conventional approach

7.4874

10.0235

6.4675e+003

Fig. 3: (b) Nuts.

With conventional approach

7.3640

9.0658

8.0631e+003

Fig. 3: (c) Lady.

With conventional approach

7.3508

7.0923

1.2701e+004

Fig. 4: (a) Lena.

With proposed approach

7.0821

8.9711

8.2408e+003

Fig. 4: (b) Nuts.

With proposed approach

6.6599

7.4037

1.1823e+004

Fig. 4: (c) Lady.

With proposed approach

6.8726

6.4278

1.4801e+004

VIII.

CONCLUSION

Edge Detection is an indispensable part of image processing. In this paper we have successfully introduced a new
approach to edge detection technique which is based on Watershed Algorithm using Distance Transform. In the above
table the relative performance of the 3 image are shown. Hence, it has been concluded that the new approach has
certainly shown a difference in the PSNR and Entropy.
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