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Abstract. Traditionally, it was hard for image segmentation to suit the cotton 
image segmentation of foreign fibers. To solve this problem, this paper proposed 
an image segmentation method of foreign fibers based on HSV color space. The 
value of foreign fibers images’ S channel was enhanced in this method to 
improve the contrast of foreign fiber and its background which help the 
subsequent image segmentation. The result of experiment shows that the method 
could highlight the images of foreign fibers, speed up subsequent image 
segmentation and realize fast image segmentation. 
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1 Introduction 

Foreign fibers in cotton refer to the fibers mix in the raw cotton production, process and 
transportation. These fibers are non-cotton fibers and colored fibers which terribly 
affected the cotton and its production (Li et al., 2006). Most of the cotton enterprises 
pick out foreign fibers artificially, which waste both time and energy (Li, 2006). 
Nowadays, Machine vision technology is the main method to process online automatic 
detection of foreign fibers. 

The aim of image segmentation is to partition the image into meaningful connected 
components to extract the features of the objects (Zhang et al.,2011).The segmentation 
results are the foundation of all subsequent image analysis and understanding, such as 
object representation and description, feature measurement, object classification, and 
scene interpretation, etc. Thus, throughout the image processing, image segmentation is 
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an extremely important aspect. Various image segmentation methods are reported in 
the literature (Bakker et al., 2008; Kim et al., 2003;Pichel et al., 2006). In recent years, 
researchers have developed more efficient but also more complicated methods for 
segmentation. The methods mentioned above may work well in their specific context, 
but they are not capable of segmenting images of cotton foreign fibers because of the 
low contrast (Zhang et al., 2011). 

As a result, a non-linear enhancement method based on S channel of cotton images  
is proposed in this paper. First, the RGB color space of the original images is 
transformed into HSV, and the values of S channel are extracted. Second, the 
non-linear enhancement model is constructed via saturation histogram analysis. 
Finally, the best thresholding is got through the iterative method. 

2 Samples and Methods 

2.1 Sample Preparation 

The foreign fibers used in this research, including feather, hair, hemp rope, plastic film, 
polypropylene twine, colored thread, pieces of cloth, etc., as shown in Fig. 1, were 
collected from cotton mills. Adequate pure lint without foreign fibers was also prepared 
for making the lint layer. 

 
Fig. 1. Foreign fiber samples 
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2.2 Image Acquisition 

Put the prepared foreign fibers into sufficient lint without any of them before and 
opened the lint completely with opening machine. In the meantime, negative pressure 
was produced in the pipe through the fan, which leads the lint moving in it. Finally, an 
online scan industrial camera was used to scan these layer samples and acquired 24 bit 
true color images. 

2.3 Choose of Color Space 

Color spaces consist of many types such as RGB, HSV, YCbCr, CMY, etc. Acquired 
foreign fiber images are based on the RGB color space, a common color presentation 
method which is not suitable for human visual system. While HSV, describes the  
color with hue, saturation and value from the aspect of human visual system, is 
advantageous to the process and recognition of images. Hue refers to different colors, 
saturation refers to the various shades and value refers to the degree of lightness and 
darkness. 

The conversion from RGB to HSV can be completed with the following formula 
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, R, G, B respectively response to different 

color component in collected images of foreign fibers in cotton; H, S, V, respectively 

response to saturation and brightness component of images after converted (Wei et 

al.,2008). 

2.4 Saturation Component Enhancing Method 

The three typical types of the foreign fiber images and their saturation images are 
shown as Fig. 2. 



 A Fast Processing Method of Foreign Fiber Images Based on HSV Color Space 393 

 

 

              (a)                                     (b)  

Fig. 2. (a) Three typical types of the foreign fiber images, (b) Foreign fiber saturation images 

Image enhancement can be divided to two kinds, space domain enhancement and 
transform domain enhancement. Machine vision system always chooses space domain 
enhancement due to the requirement of speed. 

Denote the saturation value of original image in the position of (x, y) to be S(x, y), 
the enhanced saturation value to be I(x, y) 

32( , ) ( , )I x y S x y S= −  
(2) 
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, parameter S(x, y) is known, a, b successively 

represent the length and width of image, as the size of collected images is 4096×128, so 

the formula of enhanced model can be defined as 
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2.5 Method of Image Segmentation 

The identification of cotton foreign fibers is carried out through real-time monitoring. 
However, image segmentation threshold value will change when image collection 
environment changes. Therefore, this paper chooses iteration method to calculate 
threshold value of foreign fibers automatically on the premise of accuracy and speed. 

Image segmentation procedures of iteration method are described as follows (Deng 
et al., 2010). 

(1) To calculate the maximum saturation value Zmax and minimum saturation value 
Zmin of the saturation image, we define the original thresholding T0={Tk|k=0} to be  

max min
0 2

Z Z
T

+
=  (4) 

(2) Segment the image into target and background according to thresholding Tk, and 
calculate their average saturation value (Zo and ZB). 
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Z(i , j) is the image saturation value of the position (i, j), N(i, j) is the weight coefficient 
of position (i, j), generally take N(i, j)=1.0. 

(3) New thresholding Tk+1 is Calculated. 
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(4) Repeat steps (2) and (3), until the difference between Tk and Tk+1 is smaller than 
defined parameter or reach certain iteration times. 

(5) Compare the thresholding Tk+1 with the saturation value of each pixel, if the 
saturation value is bigger than Tk+1, the pixels will be set as target, otherwise, the 
pixels can be considered as the background. The formula is as following 
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3 Results and analysis 

3.1 Analysis of Enhanced Result of Foreign Fiber in Cotton 

The images of foreign fiber shown in Fig. 2 are chosen as the input images. Fig. 3(a) is 
the enhanced images by histogram equalization, and Fig. 3(b) is the enhanced images 
based on the method of this paper. 

 

 (a)                                                        (b) 

Fig. 3. (a) Enhanced images by histogram equalization, (b) Enhanced images based on the 
method of this paper 

The results show that histogram equalization method can enhance not only the 
foreign fiber targets but also the background. Therefore, it cannot increase the contrast 
between targets and background. The difficulty of segmentation hasn’t been reduced. 
On the contrast, conclusion can be drawn that the segmentation method which is 
proposed in this paper can remain targets’ details, in the meantime, inhibit the 
background effectively. 

3.2 Analysis of Image Segmentation Results 

The contrastive result of 1000 images between direct iteration method and iteration 
based on enhancing method is shown in Fig. 4. The direct iteration method can be  
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success to handle the sliced foreign fibers such as paper and plastic pieces but not to the 
linear such as polypropylene yarn. The main reason is that the size of linear fibers in 
images is so small that the background is missed to recognize it as an object easily. 
Consequently, the approach proposed in this paper is more effective for segmentation 
of foreign fiber. 

 

 

(a)                                           (b) 

Fig. 4. Processed images using the iteration method: (a) segmentation results of the original 
saturation images, (b) segmentation results of the enhanced saturation images 

4 Conclusions 

(1) To speed up enhancement, according to the features of foreign fiber images, we 
adopt air space method to enhance foreign fiber images. 
(2) This research adopts iteration method to segment images and obtains accuracy 
segment results which avoid the inaccuracy results created by direct iteration method. 
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