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Abstract: In image, video and computer vision, image segmentation is an important processing step in various applications 

such as intelligent surveillance system, authentication system, automotive system etc. The task of distinguishing between 

foreground and background or between objects of interest and noise has undergone extensive research to design efficient 

approaches and algorithms for image segmentation. The simple approach like segmentation based on color fails with varying 

illumination in the surrounding environment. In this paper, we present an overview of the segmentation approaches and classify 

them as per the techniques used and also  we propose an efficient approach for color image segmentation based on HSV color 

space, in real time embedded system. The results are promising. 
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I. INTRODUCTION 

Image segmentation implies the division of an 

image into group of regions with distinct features 

based on the application. Region may be called as 

groups of pixels having both border and particular 

shape such as a circle or ellipse or any object. 

Segmentation has two goals, first goal is to dissolve 

the image into parts for analysis and the second goal 

is to change the representation. The image pixels 

should be organized into higher-level units. The 

segmentation algorithm is chosen as per the 

application and the surrounding environment, so it 

is also important to have a segmentation algorithm 

which can be used for multiple applications. 

Image segmentation or the partitioning of an image 

into parts is based on image characteristics like 

intensity, color information or texture. It is one of 

the most fundamental tasks in computer vision and 

image processing applications e.g. classification and 

recognition in object tracking [1]. As a 

consequence, many different approaches for image 

segmentation have been proposed especially in the 

last two decades, e.g. methods based on 

homogeneity criteria inside objects of interest, 

clustering, region based growing, graph cuts and 

mean shift segmentation. These techniques can be 

broadly classified as parametric i.e. model-driven or 

nonparametric i.e. data driven techniques. The non-

parametric methods are useful when there is a little 

information about the data [9]. The methods of 

upper paramagnetic clustering is a nonparametric 

method which solves the segmentation problem by 

finding the equilibrium states of the energy function 

of a ferromagnetic. Potts model (without data term) 

in the super paramagnetic phase [16]. The 

methodologies require sufficient input or data 

information to find most appropriate solution. 

Parallel hardware architectures and programming 

models for multi core computing are developed to 

achieve acceleration because real time aspect is 

getting very important in image processing [7]. 

The important challenges that make much of the 

work in this fields are the huge data, bandwidth 

implied high resolution and the desire for real time 

interactive performance. Many innovative methods 

have been proposed however, most of these 

methods utilize sophisticated model which are 

edges, spine, templates or condensation algorithm. 

Even these approaches are broad in their abilities, 

they are unable to run on full video resolution 

images at high frame rates [11]. In real time 

tracking color has been widely used as its 

computational complexity is very less and robust as 

color properties in image frame do not change with 

rotation or scaling but one major problem is color 

constancy [15].  

Few factors in this problem are illumination 

changes, shadows and highlights. Speed of 

segmentation can become an issue in real-time 

application where time complex operations are used 

during the process of segmentation. Therefore the 
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issue is to represent the object color efficiently for 

high speed segmentation. In computers color pixels 

used are red, blue and green of which each one is 

represented by 8 bits. The most used color space 

models are Red Green Blue (RGB), Hue Luminance 

Saturation (HLS), and Normalized Color 

Coordinates (NCC) and Hue Saturation Value 

(HSV). The purpose of these models is to allow 

specification of color within color gamut. As color 

gamut is subset of all visible chromaticity and hence 

all color aspects cannot be explained by a single 

one. 

Section II describes various methods for image 

segmentation and related work on the techniques. 

Section III we present our approach for color image 

segmentation based on HSV and section IV 

discusses the results of our technique. Finally, 

section V concludes this paper. 

II. RELATED WORK 

The process of segmentation implies separating an 

image into different parts. This is something that 

humans can easily separate and view as individual 

objects. Many approach were proposed to  segment 

a given image because computers have no means of 

recognizing objects. The process of segmentation is 

based on various image feature like color 

information used to create histograms or 

information about the pixels [10]. Therefore, color 

and texture segmentation is used for management of 

data. Image segmentation methods are classified on 

the basis of two properties namely discontinuity and 

similarity [4]. Methods based on discontinuities are 

called as Boundary based methods. Methods based 

on similarity are called Region based methods. 

Segmentation is a process that divides an image into 

regions or objects that have similar features or 

characteristics. 

Region Based Segmentation technique divides 

image into sub regions based on some rules. They 

rely on common patterns in intensity values within a 

cluster of neighbouring pixels. The cluster is 

referred to as the region. The goal of segmentation 

algorithm is to group regions according do 

functional roles [3].  

Clustering Technique: The image here splits into K 

groups or cluster. The mean of each cluster is taken 

and each point P is added. The difference between 

the point and mean is smallest. Since it works on 

hue estimate it is used in dividing scenes in 

different objects. The performance is highly 

sensitive to use features and hence generalization is 

difficult. Some clustering algorithms like K-means 

clustering doesn’t give assurance in continuous 

areas in the image, even if it does edges of these 

areas tend to be unequal, this is the disadvantage 

which is overcome by split and merge technique. 

Split and Merge: In this technique image is split and 

then merged. The whole image is initially taken as a 

single region then some measure of internal 

similarity is compu`ted using standard deviation. If 

too much variety occurs then the image is split into 

regions using thresholding. This is repeated until no 

more splits are further possible. In merging two 

regions are merged if they are adjacent and similar. 

Merging is repeated until no more further merging 

is possible. The advantage of this technique is 

assurance connected regions. The disadvantage of 

this technique are the results depend on the 

orientation and  position of the image leads to block 

final segmentation and regular division leads to 

over segmentation. This drawback can be overcome 

by reducing number of regions by using Normalized 

cuts method. 

Normalized Cuts Technique (NCT) is used in 

segmentation of medical images. This technique is 

based on graph theory. Normalized cuts aim at 

splitting so that the division is optimal. Each pixel is 

a vertex in a graph, edges link adjacent pixels [14]. 

Similarity can be expound the distance, color, gray 

level, textures and so on. The advantage of this 

technique is that it removes the need to merge 

regions after splitting and hence it presents a new 

optimality criterion for partitioning a graph into 

clusters, different image features like intensity, 

color texture, contour continuity are treated in one  

uniform network. But drawbacks are lot of 

computational complexity involved especially for 

full-scale images. 

https://www.google.co.in/search?espv=2&biw=1366&bih=638&q=define+assurance&sa=X&sqi=2&ved=0ahUKEwig7LCm3sbPAhXFPI8KHbpoBKAQ_SoIIjAA
https://www.google.co.in/search?espv=2&biw=1366&bih=638&q=define+assurance&sa=X&ved=0ahUKEwj29e-h4MbPAhVMQI8KHS6pAyMQ_SoIIjAA
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Region Growing method starts with a seed point 

pixel and go on adding the pixels based on region 

and similarity [13]. When the growth of a region 

stops another seed pixel which does not belong to 

any other region is chosen, and again the process is 

started. The process is repeated until all pixels 

belong to some region. The advantage of this 

technique is connected regions, multiple criterions 

can be selected at the same time gives better results 

with less noisy images. But the disadvantages of 

this technique are if seeded region growing method 

is used then noise in the image can cause the seeds 

to be poorly placed, over segmentation take place 

when the image is noisy or has intensity variations, 

cannot distinguish the shading of the real images. 

This technique is power and time consuming one.   

Thresholding: In this technique regions can be 

classified on the basis range values, which is 

applied to the intensity values of the image pixels. 

This method is computationally inexpensive and 

fast, it is the oldest segmentation method and is still 

widely used in simple applications. Using range 

values or threshold values, pixels are classified 

using either of the thresholding techniques like 

global and local thresholding. Global thresholding 

method selects only one threshold value for the 

entire image whereas local thresholding selects 

different threshold values for different regions to 

segment complex images. This is called as 

multilevel thresholding. 

Edge based Segmentation: This technique is 

generally used for finding discontinuities in gray 

level images. Edges are local changes in the image 

intensity. It typically occur on the boundary 

between two regions. Main features can be 

extracted from the edges of an image. These 

features are used by higher level computer vision 

algorithms [12]. This technique is used for object 

detection which is used in various applications like 

medical image processing, biometrics etc. It is an 

active area of research as it facilitates higher level 

image analysis. 

Segmentation by HSV color space: 

Analysis: HSV color space represented in three 

dimensional cylinder shape as shown in the fig.1. 

The central vertical axis in fig.1 represents the 

intensity or value. Hue is defined as an angle in the 

range [0,2π] relative to the Red axis with red at 

angle 0, green at 2π/3, blue at 4π/3 and red again at 

2π. Saturation is the depth or purity of at 4π/3 and 

red again at 2π. Saturation is the depth or purity of 

the color and is measured as a radial distance from 

the central axis with value between 0 at the centre to 

1 at the outer surface. For S=0, as one moves higher 

along the Intensity axis, one goes from Black to 

White through various shades of gray. On the other 

hand, for a given Intensity and Hue, if the 

Saturation is changed from 0 to 1, the perceived 

color changes from a shade of gray to the most pure 

form of color represented by its Hue. When 

Saturation is near 0, all pixels, even with different 

Hues, look alike and as we increase the Saturation 

towards 1 they tend to get separated and are visually 

perceived as the true colors represented by their 

Hues. Thus, for low values of Saturation, a color 

can be approximated by a gray value specified by 

the Intensity level while for higher Saturation, the 

color can be approximated by its Hue. The 

Saturation threshold that determines this transition 

is once again dependent on the Intensity. For low 

intensities, even for a high Saturation, a color is 

close to the gray value and vice versa. Saturation 

gives an idea about the depth of color and human 

eye is less sensitive to its variation compared to 

variation in Hue or Intensity. The Saturation value 

of a pixel to determine whether the Hue or the 

Intensity is more pertinent to human visual 

Figure 1: HSV Color Space Representation 
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perception of the color of that pixel and ignore the 

actual value of the Saturation. It is observed that for 

higher values of intensity, a saturation of 0.2 

differentiates between Hue and Intensity 

dominance. Assuming the maximum Intensity value 

to be 255, we use the following threshold function 

to determine if a pixel should be represented by its 

Hue or its Intensity as its dominant feature [6]. 

thsat(V) =1.0 - (0.8 V)/255 

Feature Generation Using HSV: The feature 

generation makes an approximation of the color of 

each pixel in the form of thresholding. Features 

generated from the RGB color space approximate 

by considering a few higher order bits. The HSV 

based approximation can determine the intensity 

and shade variations near the edges of an object, 

thereby sharpening the boundaries and retaining the 

color information of each pixel [6]. It can determine 

the intensity and shade variations near the edges of 

an object, thereby sharpening the boundaries and 

retaining the color information of each pixel.  

Pixel Grouping using K-Mean Clustering: The RGB 

value of a pixel is first transformed to the HSV. The 

feature is extracted from each image pixel. After 

extraction, the pixel features are clustered using the 

K-Means clustering algorithm to group them into 

regions of similar color. Since the Hue and the 

Intensity values belong to the same number space, 

the two sets of data are clustered separately so that 

the color and the gray value pixels are not 

considered in the same cluster. 

III .  METHODOLOGY 

The segmentation of color image is highly affected 

by the illumination or light in the surrounding 

environment. Here we have implemented a new 

methodology based on Hue Saturation Value (HSV) 

color space. The algorithm is implemented on the 

embedded platform with ARM processor. The hue 

is the color in the image, saturation represents the 

range of gray in color space. This factor may have a 

value between 0 and 1, which is a normalized value 

and the V in HSV stands for Value which represents 

the brightness. The image is captured by the USB 

camera connected to the system as input optical 

device. The image is stored in form of raw pixel 

values in RGB format. At the preprocessing stage, 

the gamma correction technique is used. The 

formulae for gamma correction is as shown below: 

 

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑𝐼𝑚𝑔 = 255 ∗ (
𝐼𝑚𝑎𝑔𝑒

255
) . ^𝐺𝑎𝑚𝑚𝑎 

 

The gamma correction compresses the pixel values 

towards the lower or higher side. If the value of 

gamma is less than 1, the darker pixel values are 

compressed whereas the brighter pixel values are 

expanded and when the gamma value is greater than 

1, vice-versa happens. Here we choose the gamma 

value as 8 by trial and error method. Further after 

gamma correction the image is converted to HSV 

color space. The hue, saturation and value 

components from the HSV color space image are 

separated. The algorithm for RGB to HSV color 

space is described below. [17] 

 

 

HSV to RGB Conversion  

 

Get input RGB image 

Normalize all RGB pixels 

R’ = R/255 

G’ = G/255 

B’ = B/255  

For i = 1 to row 

    For j = 1 to column 

Get Minimum and maximum normalized value from 

all the three R’, G’, B’ components for (i, j) pixel 

 

Calculate Hue 

𝐻(𝑖, 𝑗) = 0                                         𝑖𝑓 𝑀𝑎𝑥 − 𝑀𝑖𝑛 = 0 

𝐻(𝑖, 𝑗) = 60 ∗
𝐺′ − 𝐵′

𝑀𝑎𝑥 − 𝑀𝑖𝑛
 𝑚𝑜𝑑 6        𝑖𝑓 𝑀𝑎𝑥 = 𝑅′ 

 

𝐻(𝑖, 𝑗) = 60 ∗
𝐵′ − 𝑅′

𝑀𝑎𝑥 − 𝑀𝑖𝑛
+ 2              𝑖𝑓 𝑀𝑎𝑥 = 𝐺′ 

 

𝐻(𝑖, 𝑗) = 60 ∗
𝑅′ − 𝐺′

𝑀𝑎𝑥 − 𝑀𝑖𝑛
+ 4              𝑖𝑓 𝑀𝑎𝑥 = 𝐵′ 

 

Calculate Saturation 

𝑆(𝑖, 𝑗) = 0                                𝑖𝑓 𝑀𝑎𝑥 = 0 

𝑆(𝑖, 𝑗) =
𝑀𝑎𝑥 − 𝑀𝑖𝑛

𝑀𝑎𝑥
           𝑖𝑓 𝑀𝑎𝑥 ≠ 0 

 

Calculate Value 

𝑉(𝑖, 𝑗) = 𝑀𝑎𝑥 

 

End 

End 
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The component values are scaled between 0 – 255 

and then the image matrix is constructed from the 

value matrix.  The spatial correlation between the 

image and the object mask i.e. a type of template 

matching, helps to determine the presence of 

required object. The flow of algorithm is shown in 

the flowchart in fig.1. 

 
Figure 1: Flowchart 

 

IV. RESULTS 

The results shown in the Fig.2 and Fig.3 shows the 

output of the algorithm implemented on ARM9 

processor. The application is to confirm whether the 

label is stuck on the box or not. The Fig.2a and 3a 

shows the input images captured by the camera. 

Fig.2b and fig.3b shows the pre-processed image 

i.e. image after filtering and gamma correction and 

Fig.2c and 3c shows the V-space image after 

scaling by 255.  As in Fig.2, there is no label put on 

the box in the input image capture by the camera. 

Obviously, the spatial correlation of mask of black 

rectangle with the image in Fig.2c is above 

specified threshold and hence we can say that no 

label is put on the box. On the other hand, in Fig.3a, 

there is no label on the box and hence in Fig.3c we 

can see there no solid structure to have a spatial 

correlation with the mask greater than specified 

threshold and hence we infer that the label is 

present. The two input images in Fig.2a and Fig.3a 

have different illumination but still it is possible to 

confirm the presence of label on the box. 
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Component
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Figure 2: (a) Input Image (b) Pre-processed Image (c) Segmented Image 

 

 

 
Figure 3: (a) Input Image (b) Negated Image after Filtering (c) Segmented Image 

 

V. CONCLUSION 

The paper presents an efficient approach for color 

image segmentation which is implemented on the 

real time embedded system. The use of gamma 

correction compresses the higher value pixel 

whereas expands the lower value pixel. The HSV 

color space helps to efficiently segment the image 

based on its components. The time for gamma 

correction calculation increases if the value of 

gamma is high. The algorithm works well & 

provides good results. The specific sequence in pre-

processing reduces the effect of illumination on the 

efficiency of the algorithm. 
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