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Abstract— Counting objects is primary task in biomedical field, food & beverage industry. To overcome this issue we present a
marker controlled watershed algorithm and thresholding which provides 99.9% results. Watershed algorithm technique is
segregating the similar objects in an image and thresholding to count the objects in an image. However, watershed algorithm
does not perform due to noise and irregularities in edges. To overcome this disadvantage, segmentation using markers i.e.
internal marker by using opening and closing functions and in turn external marker pixels belongs to the background.
Keywords— Image Segmentation, watershed, marker, thresholding, pixels and background.

I. INTRODUCTION

Segmentation subdivides an image into its constituent regions or objects. i.e., Segmentation should stop performing when objects or
region of interest in an application have been detected. Watershed transform has been widely used for fast computing and high
accuracy in locating weak edges of adjacent regions in the field of image segmentation. It is a region based segmentation method
based on mathematical morphology. Watershed transform was used for segmenting the topographic basins into connected
components with good accuracy.

Mathematical morphological functions efficiently deals with watershed segmentation oriented features such as size, shape area or
connectivity for automatic image segmentation. The basic steps used for the segmentation process were simplification, marker
extraction and boundary detection. Simplification is the removal of unwanted details from the image by using area morphology for
extracting better segments. The markers based on luminance and colors were extracted to precisely locate the boundary of regions of
interest. Marker extraction and boundary detection methods utilized color measurement [3]. The result of the watershed transform is
degraded by the background noise and produces the over segmentation. Also, under segmentation is produced by low contrast edges
generate small magnitude gradients, causing distinct regions to be erroneously merged. Different approaches may be employed to
use the watershed principle for segmentation. Local minima of the gradient of an image may be chosen as markers, in this case an
over-segmentation.

Catchment basins ‘Watershed Lines

Topographic Surface

Minima

Fig 1. Watershed Transform Image

Let M1, M2... MR be the sets to denote the coordinates of the points in the regional minima of an image g(x ¥} As indicated
typically a gradient image, C(Mi) be a set denoting the coordinates of the points in the catchment basin associated with regional
minimum Mi.

The notation min and max will be used to denote the minimum and maximum values of g(x,y). Finally let T[n] represent the set of
coordinates (s,t) for which g(s,t)< n.

Tl ={s.0)lgls.t) =nk (110
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Geometrically, T[n] is the set of coordinates of points in g(x,y) lying below the plane g(x,y)=n. The topography will be flooded in
integer flood increments, from n = min+1 to n = max+1. At any step n of the flooding process, the algorithm needs to know the
number of points below the flood depth. Conceptually, suppose that the coordinates in T[n] that are below the plane g(x,y) = n are
marked black, and all other coordinates are marked white. Then when we look “down” on the xy-plane at any increment n of
flooding, a binary image in which in which black points correspond to points in the function that are below the plane g(x,y)=n. This
interpretation is quite useful in helping clarify the following discussion [2].
Let Cn(Mi ) denote the set of coordinates of points in the catchment basin associated with minimum Mi that are flooded at stage n.
With reference to Cn(Mi) may be viewed as a binary image.

CalM) = e(M)INT[]  (1.1.2)
Cn(Mi)=1 at location (x,y) if (X,y)eC(Mi) and (x,y)e T[n]; otherwise Cn(Mi)=0. The geometrical interpretation of this result is
straight forward and are simply using the AND operator to isolate at stage n of flooding the portion of the binary image in T[n] that
is associated with regional minimum Mi.

1. 9NCMn = 1] js empty.
2. @MNCn — 1] Contains one connected component of C[n-1].
3. aNCn — 1] Contains more than one connected component of C[n-1].

Construction of C[n] from C[n-1] depends on which of these three conditions holds. Condition 1 occurs when a new minimum is
encountered, in which connected component q is incorporated into C[n-1] to form C[n]. Condition 2 occurs when q lies within the
catchment basin of some regional minimum, in which q is incorporated into C[n-1] to form C[n]. Condition 3 occurs when all ridges
separating two or more catchment basins is encountered. Further flooding would cause the water level in these catchment basins to
merge. Thus a dam must be built within g to prevent overflow between catchment basins.

Segmentation is the process of partitioning a digital image into sets of identical pixels. Partitioning of the images is important in
food processing industries to segregate products of characteristics. In tis paper, we consider the images pertaining to food processing
industry for isolating products of same properties.

The main objective of this study is to

To locate and analyze boundaries present in an image

To extract features based on the optimal thresholding

To count the objects present in an image

Il. METHODOLOGY

The application of watershed algorithm is greatly influenced by the noise and other local .irregularities in an image. This leads to
over-segmentation of regions to an extent that the segmented image itself looks like a noisy image most of the times and .hence can
be useless for diagnosing the abnormality by a doctor. This is the major drawback of watershed algorithm. To avoid this problem
markers are used for segmentation. A marker is a connected component belonging to an image. The markers which are connected
components do possess the same .intensity values and are treated as regional minima. Markers can be classified as internal
foreground or external background depending on its location from region of interest. The use of markers gives a priori knowledge
about segmentation. This knowledge often consists in the number and the positions of the regions through the definition of some
markers, and thus simplifies the problem of over-segmentation.

Input Gradient Watershed Foreground
Image Image | | Transform || Marker
Complement Thresholding Execute Background
Image L | fmage et Watershed o L ypareer
Transformation| h

Fig. 2. Block diagram to count objects in an image.

Fig 2. shows the steps involved in the process of image segmentation algorithm based on markers. In this paper, we adapt this
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methodology for image segmentation and counting of products having the same properties using marker controlled algorithm.

111. MARKER CONTROLLED ALGORITHM

The marker-controlled watershed segmentation has been shown to be a robust and flexible method for segmentation of objects with
closed contours. The marker image used for watershed segmentation is a binary image consisting of either single marker points or
larger marker regions, where each connected marker is placed inside an object of interest. Each initial marker has a one-to-one
relationship to a specific watershed region, thus the number of markers will be equal to the final number of watershed regions [4].

IV.RESULTS

Counting number of objects in an image easily by using marker controlled watershed algorithm and thresholding which includes
Pears image, Peas image and Red blood cells image. Table 1. Shows the segregation of objects using watershed algorithm with
marker’s for various images related to the food processing industry.

Table 1: Watershed Algorithm, Thresholding and Complementing Image.
Steps of Pears Peas Red blood cells
watershed
segmentation

Original image

Gray scale
image

Gradient magnituds Gradient magnitude

Gradient
Magnitude

Watershed transform Watershed transform Watershed transform

Watershed
algorithm
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Opening
function .

Openlng- Opening-closing Opening-closing
CIOSing Opening-—closing

[ "
Thresholded opening-closing by reconstruction Thresholded opening-closing by reconstructi Thresholded opening-closing by reconstruction

Background

marker

Colored watershed label matrix

Applied .»
watershed

algorithm

Colored watershed label matrix Colored watershed label matrix

|

Thresholding image Thresholding image

Thresholding

Complementing image Complementing image complementing imags

Complementin
g image

V. CONCLUSIONS

We have counted the number of objects in an image using thresholding along with marker controlled watershed segmentation. The
accuracy of the method was tested with various types of images. The method works well in both same color and different color
objects. This method gives better result with high definition images. Another shortcoming of the method is that when the particles
are of different tones of colors, it takes bright objects as object and darks objects are considered as background. Future analysis and
work can be done to overcome the issue. If objects are of same color tone test result gives almost perfect counting.
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