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Abstract: Image segmentation is often used to subdivide an image into constituent regions or objects and separate the
image into regions which are called object and background. Here the main focus of this paper is to study different
Image Segmentation technique on certain images. These techniques are implemented using MATLAB version R2009b
software and the results obtained are studied and thereby discussed, highlighting the techniques performance.
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I. INTRODUCTION

Segmentation is a process of sub-dividing an image into its constituent regions or objects. The level to which
subdivision is carried out depends on the problems being solved i.e. segmentation should stop when the object of interest
in an application has been isolated. Segmentation accuracy determines the eventual success or failure of computerized
analysis procedures. Segmentation algorithm for monochrome images are based on one of the two basic properties of
image intensity values such as discontinuity and similarity. The various methodologies are discussed in the said
categories.

Segmentation process begins with methods suitable for detecting intensity discontinuities such as points, lines,
and edges. Edge detection has been the staple of segmentation algorithm for many years. The discussion of edge
detection is followed by introduction to thresholding techniques. Thresholding is also a fundamental approach to
segmentation. The discussion on thresholding is followed by a region-oriented segmentation approaches. Lastly we
conclude segmentation with the discussion of a morphological approach to segmentation called watershed segmentation.
This approach is particularly attractive because it produces closed, well-defined regions, behave in global fashion, and
provide a framework in which a priori knowledge about the images in a particular application can be utilized to improve
segmentation results.

Edge detection filters out useless data, noise and frequencies while preserving the important structural properties
in an image. Since edge detection is in the forefront of image processing for object detection, it is crucial to have a good
understanding of edge detection methods. Comparative analysis of various Image Edge Detection methods is presented
through statistical evaluation using quality metrics. An edge detection method can be employed to characterize edges to
represent the image for further analysis and implementation. For thresholding methods are categorized according to the
exploited information, such as histogram shape, measurement space clustering, entropy, object attributes, spatial
correlation, and local gray-level surface. The comparison is based on the combined performance measures. We identify
the thresholding algorithms that perform uniformly better over nondestructive testing and application of the documented
image. Performance analysis for region growing and watershed approaches has also been implemented for more accurate
segmentation than the existing method. The segmentation operation only subdivides an image; it does not attempt to
recognize the segmented image parts. Some of the example of image segmentation is given below:

Fig 1: Microscopic image of cells
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Fig 2: Ariel image segmentation

Il. IMAGE SEGMENTATION METHODS

The different algorithms have been used for segmenting images. Here we have used different type of edge detector
algorithm; Region-based segmentation (Region-growing and Region split-and-merge) and Watershed algorithm are used.

A. Edge detector
i) Sobel Edge Detector: The computation of the partial derivation in gradient may be approximated in digital images by
using the Sobel operators which are shown in the masks below:
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Fig 3: sobel mask and derivative

These two masks together with any of the above equations are used to obtain the gradient magnitude of the image from
the original.

ii) Prewitt Edge Detector: The Prewitt operator uses the same equations as the Sobel operator, except that the constant ¢
= 1. Therefore, note that unlike the Sobel operator, this operator does not place any emphasis on pixels that are closer to
the centre of the masks. The Prewitt operator measures two components. The vertical edge component is calculated with
kernel Gx and the horizontal edge component is calculated with kernel Gy. |Gx| + |Gy| give an indication of the intensity
of the gradient in the current pixel.
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Fig 4: Prewitt mask

iii) Laplacian Edge Detector: The Laplacian of an image f(x,y) is a second order derivative and the mask is as show

below:
0|-110
ar &Ff
p.
Vf=5T2+5,2 -1 4 |-
: ) ol-1]0

Fig 5: Laplacian second order derivative and mask

iv) Canny Edge Detector: The steps for canny edge detection technique are follows:
1. Convolve image f(r, ¢) with a Gaussian function to get smooth image f(r, c).
A(r, ¢)=f(r,c)*G(r,c,6)
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2. Apply first difference gradient operator to compute edge strength then edge magnitude and direction are obtain as

before.
3. Apply non-maximal or critical suppression to the gradient magnitude.
4. Apply threshold to the non-maximal suppression image

v) Roberts Edge Detector: The Roberts Cross operator performs a simple, quick to compute, 2-D spatial gradient
measurement on an image. It thus highlights regions of high spatial frequency which often correspond to edges.
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Fig 6 : Roberts mask
B. Region based segmentation

i) Region growing:
To perform region growing we need to address following steps:
1. Selection of initial seeds
Selection of initial seeds plays a prominent role in the process of image segmentation. Seeds should have some similar
feature with respect to their neighbors. There should be a seed for every expected region in image. No seeds should be

connected to each other.
2. Growing formula based on stopping criterion Growing formula decides the homogeneity between seed and neighbors

of it based on similarity index. Stopping criteria should be efficient to discriminate neighbor elements in non
homogeneous domain.

ii) Region split-and-merge:

1) Initialize L, =1, ¥V i into local area
2) Iterate, if SP’“ _index <0 then stop
else opt=false
2.1) if split _index — L, then cal. C,Lg
2.2) if C,Ly > 05 and split _index — L, then
22.1) if §,— 5> SxHT
then, L = split _index + 1 , opt=true
2.3) if opt =— true then spliz _ index + +
else .vplll _ Index - —

Algorithm 1: Local Area Splitting Algorithm

1) Searching small region into segmented Image,
and sorting.
2) Checking contiguity regions of searched regions
from step 1
and register index munber.
3) ¥|CR, - CD, | i, then cal
intensity difference between ('R and CD,
4) Searching mininmum of step 3).
5) ifk is mininmm by step 4).
then set (RN, - kotherwise set (RN, - j

Algorithm 2: Region Merger Algorithm
C. Watershed segmentation

The Watershed Segmentation works as follows:

The first step is to apply preprocessing techniques that includes reducing the noise and adjust the image intensity by
preserving image information in it. The noisy images lead to over segmentation and not an accurate segmented image. So,
here we first remove the noise from the image and pixel values are adjusted so that they will help to obtain the well
segmented image.

The second step is pre segmentation processes that includes various morphological operations such as finding out
regional maxima and mark the foreground objects that help in segmentation process. Then after marking the foreground

objects reconstruct the image.

© 2014-15, IRIJCS- All Rights Reserved Page -47



" International Research Journal of Computer Science (IRJCS) ISSN: 2393-9842
\- J Issue 6, Volume 2 (June 2015) WWW.irjcs.com

In the third step we did the main task of our process that is segmentation. After reconstructing the image we
superimpose it with the original image, clean the edges of the segmented image and compute background markers.

The last step is to apply watershed transformation to the distance transform of the image and then see the result that is
segmented image.

111. QUALITY METRICS USED FOR IMAGE SEGMENTATION

Various type of quality parameters/metrics has been used for the sole purpose of evaluating performance analysis of
different type of method used for segmenting an image. Performance analysis helps to seek out the most efficient
technique/method used for segmenting an image by thoroughly analyzing the used parameters values. A parameter values
can be either high or low in accordance to the type of parameter used.

Here are some of the list of quality parameters used for image segmentation performance analysis:

A. TP (True Positive) : It gives the number of correctly detected edge pixels. Higher TP value gives a good quality
segmented image while lower value gives a low quality segmented image. In matlab, it can be calculated using a
command called (nnz).

B. FP(False Positive) : It gives the amount of edge pixel that were not classified as edge pixels. Hence, a lower FP
value gives a good quality segmented image while high value gives a low quality image. In matlab, ( ~nnz) are used
to calculate FP.

C. Pco : It gives the percentage of pixels that were correctly detected. It can be calculated using the following formulae:

Pco = TP/ max(N1,NB)
Where, N1 = no. of edge point of the ideal image, NB = no. of edge point detected.
D. Pnd: It gives the percentage of pixels that were not detected. It can be calculated using the following formulae:
Pnd = FN/max(N1,NB)
E. PSNR (Peak Signal-to-Noise Ratio) : It can be calculated using the following equation:

MAX?
PSNR = 10-logw( MSE")

MAX !
=20-log,, TE

=20 - log, (MAX ) — 10 - log,, (MSE)
Where, MSE = the mean square error, MAX = the maximum possible pixel value of the image.
The PSNR must have a higher value to have a higher quality segmented image.
F. MSE(Mean Square Error) : Mean Square Error (MSE) is calculated pixel-by-pixel by adding up the squared
difference of all the pixels and dividing by the total pixel count. MSE of the segmented image can be calculated by
using the equation given below:

{Ei =i:|E_-=:I[':;‘r ﬁrﬂ = E'Hr{rj:]:}
MN

Where , M and N are the number of rows and columns in the input image respectively.While, Gl and Sl are the
original and segmented image.
MSE must have a lower value to have a higher quality segmented image.

G. SSIM (Structural Similarity Index) : It is a method for measuring the similarity between two images. The SSIM index
is afull reference metric; in other words, the measuring of image quality based on an initial uncompressed or
distortion-free image as reference.

SSIM is calculated using the following equation:

MSE(G1,51) =

(2}'-!':11”3; + ¢ J (Qgsy + CE}
- —
(12 + 2 +c:)(of — 0% — )
. 2 .
where, Hx = the average of =; Hu = the average of ¥; U% = the variance of =; v = the variance of 4; T=y =
the covariance of = and ¥; c1=(k1L)? ca=(kaL)? are the two variables to stabilize the division with weak
denominator; L = the dynamic range of the pixel-values; k1 =0.01 and k2 =0.03 py default.
Higher the value of SSIM , higher the similarity between the two image.

SSIM(z.y) =

H. SC (Structural Content) : The value of SC influences the quality of a segmented image to a great extent.
SC is measured using the following equation:
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SC=3% Yl / ¥ ¥ segligl
i=1 =1 [ i=1 =1

Where, in(i, j) = the input image ;seq(i, j) = the target segmented image; m & n = image matrix rows and columns.

IV. EXPERIMENTAL RESULT AND ANALYSIS
A. Image segmentation using various edge detectors:

(@) (b) (c) U]
Fig 7: Comparison of edge detection technique by using different type image. (a) original image (b) sobel (c) prewitt (d) Roberts (e) log (f) canny.

TABLE | : QUANTITATIVE MEASURES OBTAINED BY EDGE DETECTORS FOR CYCLE SCENE IMAGE

Original Sobel Prewitt Roberts Log Canny
TP 183708 8036 7498 6613 15649 19458
FN Y] 175714 175802 177137 168101 164292
Peo 0.99977 0.04373 0.040805 | 0.035989 | 0.085165 | 0.105894
Pnd 0.000229 0.956267 0.956746 0.964011 0.914835 0.894106

TABLE II: QUANTITATIVE MEASURES OBTAINED BY EDGE DETECTORS FOR BUILDING IMAGE

Original | Sobel Prewitt Roberts Log Canny
TP 235200 6725 6698 6961 9865 17223
FN 0 228475 228502 228239 225335 217977
Pco 1 0.02859 0.02848 0.02960 0.04194 0.07323
Pnd 0 0.97141 0.97152 0.97040 0.95806 0.92677
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TABLE III : QUANTITATIVE MEASURES OBTAINED BY EDGE DETECTORS FOR FLOWER IMAGE

Original | Sobel Prewitt Roberts Log Canny
TP 115260 2416 2414 2801 5095 7446
FN 0 112844 112846 112459 110165 107814
Pco i 0.02096 0.02094 0.02430 0.04420 0.06460
Pnd 0 0.97904 0.97906 0.97570 0.95580 0.93540

TABLE IV: QUANTITATIVE MEASURES OBTAINED BY EDGE DETECTORS FOR BUTTERFLY IMAGE

Original Sobel Prewitt Roberts Log Canny
TP 120728 6004 5967 5926 8736 10257
FN 19282 134006 134043 134084 131274 129753
Pco 0.086228 0.042883 0.0426184 | 0.0423255 | 0.062396 0.07326
Pnd 0137718 0957117 | 0.9573816 | 0.9576745 | 0.93760 0.92674

B. Region growing segmentation:

e Segmentation:

3, pam.

Fig 9: Region split-mearge of Pears, Parrot and scarlet-rumped trogon images

i
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C. Watershed Transformation:
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Fig 10 : Step by step output of Watershed segmentation using pears image
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Fig 11: Step by step output of Watershed segmentation using Parrot image
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Fig 12 : Step by step output of scarlet-rumped trogon image
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TABLE V: QUALITATIVE MEASURES OBTAINED BY SEGMENTATION OF PEARS IMAGE

. Comparing
\‘\i_mages Origmal Vs Origmal Vs Region | Original image Vs

Quality \ watershed images | Growing images Region Splitmerge
Parameter images

MSE 492.1769 5803.1 23104

s8c 0.6508 0.6654 0.6725

PSNR 15.9163 9.6308 13.6450

SSIM 0.8331 0.5349 0.3821

TABLE VI: QUALITATIVE MEASURES OBTAINED BY SEGMENTATION OF PARROT IMAGE

~. Comparing
~images | Original Vs Original Vs Region | Original image Vs
Quality \ watershed images | Growing images Region Splitmerge
Parateter y images
MSE 936.0578 14693 14725
SC 0.9047 0.9089 1.0208
PSNR 16.2584 5.5428 5.9338
SSIM 0.8572 0.4856 0.4556

TABLE VII: QUALITATIVE MEASURES OBTAINED BY SEGMENTATION OF SCARLET - RAMPED TROGON IMAGE

. Comparing
) . images | Original Vs Original Vs Reglon | Original image Vs
Quality \ watershed images | Growing images Region Splitmerge
Parameter 1mages
MSE 47834 9199.1 10211
SC 0.8804 0.9540 1.1958
PSNR 10.0377 7.2676 6.5959
SSIM 0.5487 0.5626 04312

V. CONCLUSION AND FUTURE WORK

In this paper, we have analysed the image from a human perspective view point and also using qualitative analysis.
we have used edge detection, region growing, region split-and-merge and watershed based segmentation for

segmenting the image till now. We have been analyzing image in many different ways. We conclude that Canny has the
best performance analysis for segmenting image using edge detection, using region-grow make segmentation process fast
compare to region split-and-merge, and lastly by using watershed segmentation it gives us an almost accurate segmented
image which are typically simple, faster to compute.

As the next step of this work, we are planning to modify each and every segmentation methods that we have used so

far and come up with a enhanced version which are better, more efficient and most accurate at segmentation of an image.
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