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Abstract

A super pixel can be defined as a group of pixels, which have similar
characteristics, which can be very helpful for image segmentation. It is generally
color based segmentation as well as other features like texture, statistics...etc .There
are many algorithms available to segment super pixels like Simple Linear Iterative
Clustering (SLIC) super pixels and Density-Based Spatial Clustering of Application
with Noise (DBSCAN). SLIC algorithm essentially relay on choosing N random or
regular seeds points covering the used image for segmentation. In this paper Split
and Merge algorithm was used instead to overcome determination the seed point's
location and numbers as well as other used parameters. The overall results were
better from the SLIC method depending on single threshold, which control the
segments number needed (like 0.2) to accomplish the task.
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Introduction

Image segmentation is a fundamental low-level vision problem with a great potential in applications.
While human can parse an image into coherent regions easily, it is found rather difficult for automatic
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vision systems. Despite a variety of segmentation, techniques have been proposed, challenging
remains for any single method to do segmentation successfully due to the broad diversity and
ambiguity of visual patterns in a natural image [1] .Any segmentation of an image into contiguous
regions could produce superpixels; candidate algorithms include watershed methods [2], [3]. Or
Markov Random Field Models [4].

The main task of segmentation is to automatically recognize predefined labels (i.e. human, vehicle,
grass, sky and etc ) [5] . Superpixels, also known as regions in an over segmentation of the image,
would be more natural and presumably lead to more efficient processing. The super pixel method had
been increasingly used in image processing field, which can group pixels using the degree of feature
similarity between pixels and acquire the redundant information of the image. Hence, it can greatly
reduce the complexity of image post-processing tasks [6].

Superpixels are becoming increasingly popular for use in computer vision applications.
Segmentation provides the partial support for computing region based features. The desired properties
of superpixels segmentation depends on the application of interest. Here we list some general
properties required by various vision applications [7], [8].

The following properties are generally desirable:

1) Superpixels should adhere well to image boundaries.

2) When used to reduce computational complexity as a preprocessing step, superpixels should be fast
to compute, memory efficient, and simple to use.

3) When used for segmentation purposes, superpixels should both increase the speed and improve the
quality of the results [9].

Simple linear iterative clustering (SLIC)

Simple Linear Iterative Clustering is the state of the art algorithm to segment superpixels which
doesn’t require much computational power. In brief, the algorithm clusters pixels in the combined
five-dimensional color and image plane space to efficiently generate compact, nearly uniform
superpixels. This algorithm was developed at Image and Visual Representation Group (IVRG) [1].
SLIC uses the same compactness. Parameter (chosen by user) for all superpixels in the image. If the
image is smooth in certain regions but highly textured in others, SLIC produces smooth regular-sized
superpixels in the smooth regions and highly irregular superpixels in the textured regions. So, it
become tricky choosing the right parameter for each image [7], [8].

How does SLIC work?

The Simple Linear Iterative Clustering (SLIC) algorithm for superpixel segmentation is proposed in.
an example of segmentation result is shown in figure 1. The SLIC superpixel segmentation algorithm
is a k-means-based local clustering of pixels in the 5-D [lab; xy] space defined by the (L; a; b) values
of the Commission International Eclair age, hence its CIE initialize (CIELAB) color space and the x; y
pixel coordinates [7]. The reason why CIELAB color space is chosen is that it is perceptually uniform
for small color distance. Instead of directly using the Euclidean distance in this 5-D space, SLIC
introduce a new distance measure that considers superpixels size by taking into account a different
weighting factor for chromaticity and locality. Distance measure D is defined as:

dlab = \/(Ik -1 +(a, —a) +({b —h)’

dyy= \/(Xk =X )’ + Y = Yi )’
DS: dlab-l-m/S dxy

Where Ds is the sum of the lab distance and the(x y) plane distance normalized by the grid interval
S. A variable m is introduced in D; allowing us to control the compactness of superpixels. The greater
the value of m, the more spatial proximity is emphasized and the more compact the cluster [11].
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Figure 1-Represents the output of SLIC algorithm with a constant compactness Factor for all superpixels [7].

Algorithm: SLIC superpixels segmentation
The standard algorithm for SLIC method can be given by the following steps [7].
: Initialize cluster centers [Ik; ak; bk; xk; yk]™ by sampling pixels at regular grid steps S.
: Perturb cluster centers in to the lowest gradient position.
: for each pixel do
: Assign the pixel to the nearest cluster center based on initial grid interval S;
: end for
: repeat
: for each pixel do
: Locally search the nearby 9 cluster centers for the nearest one, then label this pixel with the nearest
cluster's index.
10: end for
11: Update each cluster center based on pixel assignment and compute residual error dfxxE (L1
distance) between last and current iteration.
12: until E < thread should (e.g. 0.2).
13: Enforce Connectivity.
Proposed algorithm

In this paper, a quadratic tree (split and merge) algorithm was used to locate and initialize the seed
number and location through the image space rather than the old method where seeds distributed
regularly as raws and columns. This proposed approach isolate initially the symmetry block from other
ones, which generally cluster the image more uniforml than the traditional one. Examining figure 2
shows the difference between the proposed and the traditional method. It can be easily see that the
region boundaries take different shapes rather than honey cell (hexagonal), which fit the edge better.
Logically the implementation of the proposed method require other parameters like splitting threshold
and min. block size to be separated as well as the block size to be taken into account as a seed pixel
location.
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Figure 2a- source image
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b) superpixel image using SLIC

¢) superpixel image using the proposed algorithm with threshold=.2

d) superpixel after merging process with threshold=.2

e) color segmented image.

Conclusions

The proposed algorithms provide us with better segmented image than the traditional one according
to the subjective criterion (isolation of the foreground from the background), which is very clear after
merging the superpixels cell (the last row of the figure). Other beneficially is the determination of
seeds number determination was excluded as well as the low processing time.

References

1. Zhenguo Li, Xiao-Ming Wu and Shih-Fu Chang, 2012, Segmentation Using Superpixels: A
Bipartite Graph Partitioning Approach, XMU,SF change-computer vision and pattern.

2. David R. Thompson, Lukas Mandrake, Martha S. Gilmore, and Rebecca Castafio, 2010.
Superpixel End member Detection ,:48,pp.4023-4033.

3. Y. Tarabalka, J. Chanussot, and J. Benediktsson, 2010 Segmentation and classification of
hyperspectral data using watershed transformation Pattern Recognit., 43(7), pp. 2367-2379.

4. A. Mohammadpour, O. Féron, and A. Mohammad-Djafari, 2004 ''Bayesian segmentation of
hyperspectral images" in Proc. Bayesian Inference Maximum Entropy Methods Sci. Eng,735, pp.
541-548.

5. SeungRyul Baek, Taegyu Lim, Yong Seok Heo, Sungbum Park, Hantak Kwak and Woosung
Shim,2013 Superpixel Coherency and Uncertainty Models for Semantic Segmentation,

ICCVW, 275-283.

6. Shiyon ji,benzheng Wei, Zhen Yi,Gonping Yang and Yilong Yin, 2014 A New Multistage
Medical Segmentation Method Based on Superpixel and Fuzzy Clustering ,computational and
mathematical method in medicine .

7. Radhakrishna Achanta, Appu Shaji, Kevin Smith, Aurelien Lucchi, Pascal Fua, and Sabine
SCusstrunk, 2010 SLIC Superpixels, EPFL Technical Report, no. 149300.

8. Radhakrishna Achanta, Appu Shaji, Kevin Smith, Aurelien Lucchi, Pascal Fua, and Sabine
Siisstrunk,2012, ""SLIC Superpixels Compared to State-of-the-art Superpixel Methods , IEEE
Transactions on Pattern Analysis and Machine Intelligence,34,(11), p.2274 — 2282.

9. Radhakrishna Achanta, Appu Shaji, Kevin Smith, Aurelien Lucchi, Pascal Fua, and Sabine
S"usstrunk.2012, "SLIC Superpixels Compared to State-of-the-art Superpixel Methods" ,IEEE
Tran. Pattern Analysis and Mchine Intelligence, 34(11), pp. 2274-2282.

10. [10] WWW jayrambhia.com / blog /super pixel-slic,Jay Rambhia.,2013 SLIC based Superpixel
Segmentation.

11. Carl Yuheng Ren and Ian Reid, 2011 A real-time implementation of SLIC superpixel
segmentation, technical report.

237


http://infoscience.epfl.ch/record/177415
http://www.jayrambhia.com/

