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Abstract. A new method of image segmentation based on cloud model theory is proposed in this paper. A 
major contribution of this work is to add uncertainty of image to the segmentation algorithm. Segmentation is 
realized in three stages. First, we use cloud model theory to transform the image’s qualitative model to its 
quantitative model (concept tree). Second, we use climbing policy to get different level concepts which 
represent different level objects. At last, determine which concept each pixel belongs to. Such process will 
generate a scale-space hierarchical tree that induces segmentation without a priori knowledge. Experimental 
results based on natural images with respect to the concept tree and segmentation proved this multi-scale 
image segmentation algorithm can get different levels objects very well and good at resolving the edges of 
different objects which have uncertainty to objects. 
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1. Introduction 
Segmentation is a classical problem in image processing, can roughly be described as the process of 
partitioning an image into a set of non-overlapping homogeneous regions [1]. It is an essential step to higher 
level image processing such as image analysis, pattern recognition and computer vision [2]. It is basic to 
object expression. The parameters, expressions and features of segmentation results (or called different 
objects) make the image analyze and understanding is possible. Its importance makes it always hot [3]. Many 
scholars have made a lot of researches on it, but they have not yet made breakthrough in it. For example, 
many criterions have been proposed for defining the non-overlapping homogeneous regions. One way is 
called data driven method, which uses grayscale levels or color homogeneity, texture coherence, and so on. 
Another way is called model driven way, which uses snake model, optimization grouping, and geometry and 
statistics of object each and so on. Every method leads to different solutions.  

But the two ways are both not consider the uncertainty of image processing. In fact, Uncertainty inherent 
in the world is an objective attribute. Human understand things from different scales can obtain dif- 
ferent results. And at the same time, everything has its uncertainties exist. Similarly, uncertainty factors also 
existed in image processing and image analysis, for example, the same pixel or target may be one kind of 
object in one condition, on the other condition such as different process methods may be another type of 
object. This is just because the existence of uncertainty in image data and image processing. So, image 
segmentation process also has uncertainty. The best way to resolve the uncertainty problem is using 
uncertainty theory and method. Now there are many researches in uncertainty field, such as fuzzy theory, 
rough set theory, and so on. Researchers use these theories to solve the uncertainty problem in image 
segmentation and object extracting. At the same time, they began to recognize that only consistent with the 
laws of biological visual, using multi-scale, multi-resolution segmentation framework can provide satisfied 
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result. In this paper, we induced a new uncertainty theory - cloud model, focused on the multi-scale image 
segmentation algorithm based on cloud model.  

2. Cloud Model and Segmentation 

2.1. Concept and Segmentation 
From the point of view of cognitive science, concept is the basic cognitive element. Concept is 
corresponding to a quantitative data space, and is the nature form of thinking about the object formed in the 
minds of human, concept has its connotation and extension [5]. When people are thinking about an issue, 
they always understand, analysis, synthesis, reasoning from different view of things repeatedly, finally to get 
the concept of the object. At the same time, uncertainty is existed in people understanding process and the 
data itself. People recognize things from different scale or level can get different results, and uncertainty is 
existed in all things [5]. So, the concept of a different scale of the image is very important, and multi-scale 
and multi-resolution segmentation technique is in accordance with biological visual law. In order to make 
use of the different scale abstract concept to observe and analyze image, we must in some way to express the 
image into concepts.  

At present, most segmentation methods are using certain algorithm and single scale. Because of image 
segmentation is a process of separating the image into different regions, and these regions with respect 
characters have the common characteristic of certain aspects, such as colour and texture. From the above 
analysis, we can take the process of image segmentation as a concept extracting process, and we can get 
different concepts from different scale. 

2.2. Cloud Model 
Uncertainty is widely existed in the subjective and objective world. In all kinds of uncertainty, randomness 
and fuzziness are the most important and fundamental. Cloud model is an effective tool of uncertain 
transition between qualitative concepts and their quantitative expressions, can express the relationship 
between randomness and fuzziness, and constitutes the mapping between the qualitative and the quantitative. 
It is in accord with the process of human thinking. It is a simple and effective way to simulate the uncertainty 
by means of knowledge representation which provides a basis for the automation of both logic and image 
thinking with uncertainty [5].  

We suppose that U  is a quantitative domain represented by accurate numerical value, }{xU = ; C  is a 
qualitative concept under U . If the element Ux ∈ , and x  is a random implement of C , the certainty degree 
of x  to C , ]1,0[)( ∈xμ , is a random number with stable tendency. That is: 

)(]1,0[: xxUxU μμ →∈∀→  
Then, the distribution of x  in U is called Cloud, and each x  is called a cloud drop. 
Cloud model has three numerical characteristics, Expected value (Ex), Entropy (En), and hyper-Entropy 

(He), which are used to reflect the features of the concept [5]. They are very important and useful for 
understanding the connotation and extension of the qualitative concept. These numerical characteristics 
represent quantitative characteristics of an uncertainty concept.  

Ex is the central value of the concept in the domain and is the value which can most effectively represent 
the qualitative concept. Those elements with Ex value are fully compatible with the qualitative concept. In 
other words, the element Ex in the universe of discourse fully belongs to the object represented by the cloud 
model.  

 En is a measure of the concept uncertainty, is decided by the fuzziness and randomness of the concept. 
On the one hand, En is a measure of qualitative concept’s randomness, reflecting the dispersion degree of 
cloud droplet which on behalf of the qualitative concept. On the other hand, it is also a measure of qualitative 
concept may be of others, reflecting the value of the cloud droplet can be taken over in the domain of the 
concept of space. That is, it represents the margin of the qualitative concept’s double-sided property. The 
bigger entropy, the larger numerical scale is accepted by the concept, and the fuzzier the concept is.  
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He is a measure of entropy uncertainty, which means that it is the entropy of entropy (En), and it reflects 
the discrete degree of cloud drops. It is decided by the fuzziness and randomness of En. The bigger He is, the 
larger discrete degree of cloud drops is, and more random the concept is. 

Given the three numerical characteristics Ex, En, He and the number of droplets, we can generate a set of 
cloud drops. The process is called Cloud Generator (CG), we use the cloud model ),,( HeEnExC  to 
represent a qualitative concept. Fig.1 show the cloud model with Ex=20,En=3,He=0.1,n=1000 generated by 
Forward Normal CG.  

 

 

Fig. 1: Numerical Characteristics of Clouds 

Given the frequency distribution )(xf  of a set of attribute data X , according to the actual frequency 
distribution of X  attribute value, automatically generate a number of ),,( iii HeEnExC summed. Each cloud 
represents a discrete and qualitative concept. This process, which transforms continuous numerical range to 
discrete concept, is called Cloud Transform (CT). 

2.3. Segmentation Algorithm 
According the cloud model theory and considering the uncertainty of human thinking, we can take the 
process of segmentation as extracting concepts from image data. The whole process includes three steps to 
complete. They are lower concepts extract, concepts rising and discriminate concepts [7]. Each concept 
represents a special object or region of the image. Using the three numerical characters (Ex, En, He) of the 
cloud model to express the concept extracted from the image, the fuzziness, the randomness, and their 
relatedness are all reflected from the three parameters which to express the qualitative concept. The 
uncertainty of the image is included in the three parameters, and is spread and handled during the process of 
lower concepts extract, concepts climbing and discriminate concepts. 

Concepts extract. An important feature of human understanding process is finding knowledge of 
different granularity. People have different idea about the world in different granularity. There are many 
different levels of knowledge sequence in human thoughts. Simulation of human identification of the 
objectives, the first thing is to rebuild the image granularity, extract concepts at different granularity levels, 
constructing different level concepts to get the pan-concept-tree. Here, we take the image gray value as the 
studied attribute. The concepts extracting process is described as below: 

• Step1: Calculate the histogram )(xh  of image pixel set D , generally the image gray value is between 
0-255, so, the maximum number of concepts we can extract is 256. 

• Step2: Find the maximum value of )(xh , take its corresponding gray value as the iEx of the current 
cloud model. 

• Step3: Use )( iExh as the current cloud model’s magnitude factor ia . 
• Step4: Calculate iEn  of the cloud model with the known iEx  and allowed errorε . 
• Step5: Calculate iHe  of the cloud model with the known iEx , iEn , ia and the pixel set D . 
• Step6: Cloud( iEx , iEn , iHe ) is added into the cloud set. 
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• Step7: Calculate the fitting residual error ),(_)()( iii EnExExpCloudaxhxh ∗−= . 
• Step8: Repeat step2 to step7 until maximum of )(xh  is less than allowed error ε . 
Where, ),(_ ii EnExExpCloud is a function of calculating expected value curve of the cloud model, 

allowed error ε  is used to control En and the iteration times of fitting, usually is assigned by user and 
through experience, the more lesser of ε , the more cloud models are fitted, and the accuracy is more higher. 

Fig. 2 shows the extracted concepts from a image with ε =0.005, the number of extracted concepts is 41. 
We called the graph pan-concept-tree.  

Concept rising. Take the series of atomic cloud which got from cloud transform and represent a series of 
concept as the leaf node of the pan-concept-tree. Then, using cloud algorithm to upgrade the concept 
gradually and generate higher level concepts the user expected. Concept rising is actually a type of 
hierarchical clustering process. According to the hierarchical clustering termination conditions, there are two 
main concept rising strategy: one is giving the concept granularity, concept rising to the expected number of 
concepts. Another strategy is auto-rising, not giving the expected number of concepts, according to people’s 
understanding characters to get the appropriate number of concepts. In this paper, we use the first concept 
climbing strategy to get the different granularity concepts. Here, the multi-scale is reflected in the different 
level of concepts, each scale has its own concept number. To save all different level concepts, we use 
Multimap type variable and the key of the Multimap variable is set as the layer value. The first layer is set as 
0, and the higher levels are 1, 2, 3… and so on. Concept rising process is realized through the below steps: 

• Step1: Calculate the distance of current layer’s cloud models to get the latest two cloud models, the 
distance of cloud models is their difference value of Ex.   

• Step2: Synthesize the two similar concepts which are conforming to the merge criteria, the 
synthesized cloud model is calculated through the three formulas [5]: 
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• Step3: insert the synthesized new concept and the other non-synthesized concepts to a new layer, set 
the new layer as the current layer. At the same time, the layer number is added by 1; 

Step4: repeat step1-step3 until there is no cloud meet to the merge criteria or the concept number is up to 
the user assigned. 

When we get the concepts which represent different object or region, the last thing is to determine 
which concepts the pixel of the image belongs to. Here, we use the Great determination Act. That is, the one 
with the highest degree of membership is defined as the analysis result of its relevant object. The specific 
algorithm can be described as following steps: 

• Step1: Scan the image to get the first pixel ; 
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• Step2: Calculate the pixel’s piu  with formula 
22 2/)( ii EnExpixel

pi eu −= , where piu  represents the degree 

of membership of the pixel relevant to the concept, pixel  represents the gray value of the image 

pixel, and iEx , iEn represent the different concept’s Ex and En; 

 

• Step3: Find the max piu ,  assign the pixel to the relevant concept i ;  
• Step4: get the next pixel, repeat step2 to step3 until the end of the image pixel. 
 
 
 
 
 
 
 
 

 
                               (a)                                                                                  (b) 

Fig. 2: (a) and (b) are respectively the extracted concepts from Fig4. (a) and Fig5. (a)  with ε =0.005 (the red curve 
represents the original image histogram, the blue curves represent the extracted concepts) 

 
 
 
 
 
 
 
 
 
 
 
 

 
                                    (a)                                                                                             (b) 

Fig. 3: Concept rising result of Fig.2 with five concepts 

2.4. Experimental Results 
Analysis the process of multi-scale image segmentation based on cloud model, the main factor which affect 
the segment result is the allowed error ε  during concept extracting, the ε is more little, the number of 
concepts in the pan-concept-tree is more big, and the fitting accuracy is more high. Following is an example 
of segment result with different scale(level 2 to level 5) and ε =0.005 and ε =0.03. 

The experiment realized the multi-scale image segmentation according to the different level concepts 
which based on cloud model theory. The higher level concept is generated based on the lower level, but the 
higher level result is not the lower level’s pure merge, it considered the uncertainty of object. From the 
segment result, we can discover that the big scale segmentation will get more number of objects in detail. 
Furthermore, the segmentation method can distinct the different object very well. We can see that the most 
important and meaningful regions have been extracted. The borders are significantly smoother. For example, 
Fig.4 shows the good segment result of Lena’s face, arm and other background objects. Fig.5 shows the 
segment result of an aerial scan image, we can find that the green ground, shadow, house and road can 
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extracted very well in (f)-(i) at different level. At the same time, this segmentation method can resolve the 
edge of different objects well (See Fig.6).  

 

Fig. 4: (a) The original image of Lina. (b)-(e) segment result of 2-5 concepts with ε =0.03;(f)-(i) segment result of 2-5 
concepts with ε =0.005. 

 

Fig. 5 (a) the original image of an aerial scan image. (b)-(e) segment result of 2-5 concepts with ε =0.03;(f)-(i) segment 
result of 2-5 concepts with ε =0.005. 

2.5. Conclusion and Future Work 
We have presented a multi-scale gray image segmentation algorithm which extracts objects/regions at 
different concept level, which is useful for object-based image analysis. In addition to scalability, the 
uncertainty, including fuzziness and randomness, is added to the segmentation algorithm. This algorithm can 
get the region edge smoothly. Our future work is to use this thinking to colour images and to consider the 
spatial information/features into the segmentation.  
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(a)                                                                     (b) 

Fig. 6 The trace of the edge from the segment result of 2 concepts(that is Fig4.(f) and Fig.5(f))  
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