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Abstract 

Image processing is a form of signal processing for which the input is an image, such as a photograph and the 

output may be either an image or, a set of characteristics or parameters related to the image. Image segmentation is 

an important preprocessing operation in image recognition and computer vision. This paper proposes an adaptive K-

means image segmentation method, which generates accurate segmentation results with simple operation and avoids 

the interactive input of K value. This method transforms the color space of images into LAB color space firstly. And 

the value of luminance components is set to a particular value, in order to reduce the effect of light on image 

segmentation. Then, the equivalent relation between K values and the number of connected domains after setting 

threshold is used to segment the image adaptively. After morphological processing, maximum connected domain 

extraction and matching with the original image, the final segmentation results are obtained. Experiments proof that 

the method proposed in this paper is not only simple but also accurate and effective. 

Introduction 

An Image may be defined as two-dimensional function, f (x, y) where x and y are spatial co-ordinates and the 

amplitude off at any pair of co-ordinates (x, y) is the intensity or gray level of the image at that point. The Image is 

composed of finite number of elements, each of which has a particular location and value. These elements are called 

pixels. Image segmentation refers to the decomposition of an image into a number of non-overlapping meaningful 

areas with the same attributes. Image segmentation is a key technology in digital image processing, and the accuracy 

of segmentation directly affects the effectiveness of the follow-up tasks. Considering its complexity and difficulty, 

the existing segmentation algorithm has achieved certain success to varying degrees, but the research on this aspect 

still faces many challenges. Clustering analysis algorithm divides the data sets into different groups according to a 

certain standard, so it has a wide application in the field of image segmentation. Image segmentation as one of the 

key technologies of digital image processing, combined with relevant professional knowledge, is widely used in 

machine vision, face recognition, fingerprint recognition, traffic control systems, satellite image positioning objects. 

 Related work 

The traditional image segmentation algorithm mainly includes the segmentation method based on the threshold 

value [1], the segmentation method based on the edge [2] and the segmentation method based on the region [3]. 

Because image segmentation technology is closely related to other disciplines in the field of information, such as the 

mathematics, pattern recognition artificial intelligence, computer science, and other disciplines in the production of 

the new theory and technology, a lot of segmentation technology combing special theory appeared. The im- proved 

algorithm proposed in this paper utilizes the theory of cluster analysis [4]. Cluster analysis is an important human 

behavior. As early as childhood, one can learn how to distinguish different kinds of things by constantly improving 

the subliminal clustering pattern. Various clustering methods are constantly proposed and improved. This proposed 

algorithm is based on classical K-means cluster analysis. Because of the high efficiency of the algorithm, it is widely 

used in the clustering of large-scale data [5]. At present, many algorithms are extended and improved around this 
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algorithm. Compared with the traditional K-means method, the improved algorithm we pro- posed in this paper will 

transform the image into the LAB color space before segmentation and set the luminance l to the fixed value to reduce 

the interference caused by the background. In addition, for the selection of K value, creatively put forward the number 

of connected domain images meet requirements comparing with iterative variables, and when the two are equal, the 

value of K is the value of iterative variable. The improvement of the above part can greatly improve the accuracy of 

image segmentation and also optimize the optimization of algorithm structure to a certain extent.  

 

Fig.1  A Grey Scale Image of Planet  

(a) A Two-dimensional Gray Scale Image of the planet Venus 

                                           (b) Each of the sub-squares within the square box represents the pixels 

                                           (c)Pixel Values for each sub-square. 

Method 

1.1 Overview 

In this dissertation, the proposed method is divided into the following steps: image normalization, color space 

conversion, adaptive K-means segmentation, and image morphology processing. Finally, the maximum connected 

domain algorithm is used to match the original image. Our technology flowchart is shown in Fig. 1. 

1.2 Image preprocessing 

Before the formal processing of the image, we will first perform some necessary preprocessing on the image to meet 

the requirements of the subsequent steps and achieve faster and better segmentation. 

1.2.1 Image normalization 

Since the size of the processed image is different, the image needs to be normalized firstly. The photos will be 

compressed to a certain extent, so that the subsequent    segmentation can be carried out more quickly while the clarity 

of basic requirements is satisfied. 

1.1.1 L*a*b* color space conversion 

Because L*a*b* [6] is wide in color space, it not only contains all the color fields of RGB and CMYK but also 

displays the colors that they cannot perform. The colors perceived by human eyes can be expressed by the L*a*b* 

model. In addition, the beauty of the L*a*b* color model is that it compensates for the inequality of the color

distribution of the RGB color model because the RGB model has too much transition color between blue and green. 

However, it lacks yellow and other colors in green to red. Therefore, we choose to use L*a*b* when dealing with 

food images that need to retain as wide a color space as possible [7]. 

After a lot of experimental verification, we found that different food images will inevitably cause uneven background 
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due to differences in conditions such as light and the color of the food itself, which will seriously affect the 

segmentation results. Therefore, we take the L* component, the luminance component, in L*a*b* as a fixed value x. 

First of all, we need to realize the conversion of the L*a*b* color space and the RGB color space of the image itself. 

Since RGB cannot be directly converted into L*a*b*, it needs to be converted into XYZ and then converted into 

L*a*b*, i.e., RGB–XYZ–L*a*b*. Therefore, our conversion is divided into two steps:RGB to XYZ. 

Assume that r, g, b are three channels of pixels, and the range of values is [0,255]. The conversion formula is as 

follows: 

𝐼𝑔𝑟𝑎𝑦=0.2989∗𝑅+0.5870∗𝐺+0.1140∗𝐵 (1) 

        

Fig.2 RGB Image   Fig.3 Grayscale Image 

 

 

 
 

 Adaptive K-means segmentation 

K-means algorithm is the most classical partition- based clustering method, and it is one of the ten classical data 

mining algorithms. The basic idea of K-means algorithm is to cluster the objects closest to them by clustering the K 

points in the space. Iteratively, the values of centroid of clusters are updated one by one until the best clustering 

results. This method combines the maximum connected domain algorithm to determine K values of the K-means 

segmentation method adaptively. After ex- tensive experiments, we have found that the value of K is usually between 

2 and 10. We use the maximum connected domain algorithm to restore the image containing only the target object, 

record the number, and compare it with the K value to obtain an accurate K value. The algorithm steps are as follows: 

As shown in the pseudo code of this adaptive K-means method, when choosing the K value, it starts from 2 and 

Fig 4 Technology flowchart 
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progressively increases to 10. According to our large number of experimental results, the selection of cluster K is 

mostly between 2 and 10. Determining the correct K value is the key to the success of the K-means method. We start 

with the selection of K = 2, that is, image segmentation starts from two clusters, and then the image is segmented. 

Finally, we determine the number of segmentation results based on the maximum connected domain algorithm. If 

the image number of the final segmentation result matches the K value, the K value is selected correctly. If the K 

value does not match, the K value at the beginning will be increased until the above two values match. After the 

segmentation of K-means algorithm, we obtained the segmentation results of all target objects with few influences 

of background, as shown in Fig. 3. 

 

1.3 Morphological treatment 

As we observed in Fig. 3, many dark (bright) areas of the target object are below (above) the selected threshold 

and therefore are misclassified. For this, additional morphological processing must be implemented. 

 

Median filtering 

The median filter has a good filtering effect on the pulse noise, especially when the noise is filtered and the edge of 

the signal can be protected so that it is not blurred. A large number of experiments show that the median filter is 

better for filtering noise in food image segmentation. We performed binary operation on the filtered image, and the 

threshold value was 0.95. 

 

  Partial filling 

Take and reverse the processed image (exchanging black and white part), and there are many white gaps that can 

be observed in the image. In order to ensure the subsequent step accuracy, we performed a partial filling operation: 

convert the black pixel parts in the connected domain formed by the white part into white to ensure the integrity of 

the image. The processed image after partial filling is shown in Fig. 4. We can see clearly that, comparing with 

image in Fig. 3, the gaps and noises in connected domains are all erased and the image can be segmented into several 

integrated parts. 

 

 5    
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Maximum connected domain algorithm matching Using the maximum connected domain algorithm [10], we 

successively match the original image and sequentially segment all the target object images. The processing result 

is shown in Fig. 6. 

It can be seen from Fig. 6 that the output results are not ideal and still need to be screened manually due to the small 

noise in the image which is invisible to the naked eye. There is a big gap between the size of the invalid image and 

the target image that are not completely filtered. That is to say, there is still a large gap between the smallest object 

and the noise that can be distinguished by human eyes. After a lot of experiments, the number of pixels of the smallest 

effective object is set to n. Connected domain smaller than n is recognized as noise. The final processing result is 

shown in Fig. 7. 

 

Discussion and experiments 

1.4 Segmentation results 

In this article, an adaptive K-means algorithm was pro- posed. First of all, change the picture to LAB color space, 

then use the adaptive K-means algorithm to segment it where the value of K is a cycle from 2 to 10. Next, the image 

is converted into two valued by morphological operations. Finally, under the condition of setting the threshold, use 

the operation of selecting the maximum threshold to gain the segmentation result in iteration. If the number of results 
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is the same as the value of K at this moment, the stop iteration, and the results of division are the final results. Figure 

8a is a picture contains hand, a cake and a cheesecake. Change it to LAB color space and set the luminance component 

L to a fixed value. The result is showed in Fig. 8b. The K-means method is called to cluster and segment the Fig. 8b, 

and Fig. 8c is obtained. Due to the noise existed in Fig. 8c, a morphological processing has been done on it. Then, 

we get the Fig. 8d. Next, the value for setting the maximum threshold is 489; get the maximum threshold image 

gradually and match it with the origin picture to get the segmentation results as shown in Fig. 8e–g. At this moment, 

the number of results is three, the same as K; therefore, stop the iteration and get the final results. The above 

segmentation process is just one representative of our large number of experiments. We also selected medical, animal, 

landscape, plants, and other different types, different styles and different application areas to carry out experiments. 

According to our experimental results, the adaptive K-means segmentation method proposed in this paper has great 

practical value. Figure 9 shows some examples of segmentation results that we have ap- plied in other fields. 

 

1.5 The analysis of segmentation results 

In order to measure the accuracy of results segmented by the methods proposed in this article, we compare them 

with the results of artificial segmentation in Photoshop.  

 

 

Among these parameters, Error represents for the rate of error in segmentation results. S represents the pixel number 

of results segmented by the method in this article, while represents the pixel number of results segmented by artificial 

work (Tables 1 and 2). The results of the experiment are as follows: 

The experimental results show that the error rate between the segmentation result and the Photoshop segmentation 

result is acceptable, and the segmentation result is accurate. 

 

The results compared with the watershed segmentation method 

The segmentation method is compared with the image segmentation method based on watershed algorithm [11] 

and Intersection over Union (IOU) is used as the standard to evaluate the image segmentation. The formula is as 

follows [12–14]: 

IOU = original img∩result (9) 

original img∪result 

The formula means the IOU is equal to the ratio of the overlapping area to the combined area of the original image 

and segmentation results. 

Calculate the IOU value between the segmentation results of this paper (Fig. 10b) and the original (Fig. 10a); also 

the IOU values between the original images and the segmentation results of the watershed algorithm [15] shown in 
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Fig. 10c are calculated. Compare them. The larger the IOU values are, the greater the similarity 

between the segmentation result and the original image. The test results are as follows: 

 

Discussion 

 The effect of L component in LAB color space on the segmentation results in the experiment, the image is 

inevitably affected by illumination during the shooting process which produces shadows or exposures, has a great 

influence on the image segmentation effect. To solve that, changing the picture to LAB color space is proposed in  

this article. The L component represents Luminance in LAB color space, the value of which is from 0 to 100. The 

LAB color space image with original L value is obtained, as shown in Fig. 11a. After the K-means clustering and 

subsequent operation, the result of segmentation is shown in Fig. 11b. When the value of L is set to be 0, the LAB 

color space image is shown in Fig. 11c, and the result of segmentation is shown in Fig. 11d. 

Compared with the two segmentation results, it is found that, when the luminance component is not set, the shadow 

of food whose color is closed to food in natural light will be divided into a part of the food, and the result of image 

segmentation is inaccurate. When the L component is set to a fixed value, the shadow vanishes and the segmentation 

result is accurate. The effect of morphological operation on the segmentation results.  

 
In order to distinguish the prospects and background, the grayscale image of the adaptive K-means algorithm, as 

shown in Fig. 12a, is processed by morphological operation. Different colors represent different gray values. And 

how to select the binarization threshold has a great influence on the image segmentation results.  

When the threshold is set to 0.5, which means the pixel with a gray value of less than 128 is set to black in the 

process of binarization, and more than 128 parts are converted to white. The binarization results are shown in Fig. 

12b. 

When the threshold is set to 1.0, the image will be transformed into whiteness and the foreground extraction will 

fail. 

For this, after a lot of experiments, we determined that the threshold value was set to 0.95, and the morpho- logical 

operation results are shown in Fig. 12c. The background was eliminated in the figure, and the hand and food parts 

remained intact. 

 

Conclusions 

In this paper, we propose an accurate image segmentation algorithm which provides a technical basis for volume 

calculation. Compared with the traditional method, there are several advantages. Firstly, in the K-means method, 

the method of determining K is optimized, and the loop is used to compare the number of connected domains that 

meet the requirements in the final step, and when they are equal, the K value is selected correctly. This innovation, 

compared with other traditional methods such as elbow method, can save a lot of code, save time and improve 

efficiency. Secondly, the method proposed in this paper that images transformed into l determined LAB color space 
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is not available in traditional methods. The parameter can better filter the influence of the background to the image, 

so that the final segmentation result is more accurate. 

With the rapid development of science and technology, image images are becoming more and more sophisticated. 

The image segmentation algorithm introduced in this paper is of high accuracy, but it is slightly lacking in running 

time. In the future work, we plan to enhance the image preprocessing work, and greatly reduce the number of pixels 

and speed up the algorithm, on the premise of completion of image information. 
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