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Abstract. Firstly in the paper, it raised a comprehensive evaluation method of the digital image map quality 
estimation based on cloud model using the mapping between qualitative and quantitative knowledge of the cloud 
mode. Then it calculated the cloud parameters of each quality element using the theory of virtual cloud. After 
calculated the finally cloud’s parameter, it described the finally digital image map quality with the digital 
characteristic figure and probability status. Testified by the experiment results, the model is feasible and reliable, 
and more coincident with actual facts. 
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1. Introduction 
Digital image map production is getting more and more important as the source of the special data, and the 
quality is the key of its broadly applied. So it has a great meaning to research the comprehensive quality 
evaluation of digital image production. For a long time, we use the method of defection sub-traction score 
weighted mean and fuzzy set to evaluate the quality, but all of them have a common defection: the 
unification of the randomness and fuzziness during the evaluation process is been ignored. Because many of 
the things and their concepts in the real world is uncertain, they have the fuzziness and randomness both at 
the same time as well as the comprehensive evaluation of the digital image production quality. In this paper, 
we adopt the cloud model which is proposed by professor De-yi Li, and is a model of uncertainty transition 
between a linguistic term of a qualitative concept and its numerical representation. 

For now, the theory of cloud model has been gradually applied in the field of surveying and mapping 
such as the regulation mining of spatial association and the uncertainty query of spatial database and so on. 

2. Basal theory of the cloud model 

2.1. Cloud model and its extensions 
Let U be the set { }U u= , as the universe of discourse, and T a linguistic term associated with U. The 
membership degree of u in U to the linguistic term T, ( )TC u , is a random number with a stable tendency. 

( )TC u takes the values in [ ]0,1 . A membership cloud, or compatibility cloud, is a mapping from the 
universe of discourse U to the unit interval of [ ]0,1 . That is: ( ) [ ] ( ): 0,1 , ,T TC u U u U u C u→ ∀ ∈ → . The 
definition of cloud model shows that the mapping form all u U∈  to the interval[ ]0,1 , is a one-point to 
multi-point transition, producing a membership cloud, rather than a membership curve such as the traditional 
fuzzy subordinate function which is one-point to one-point. At the same time, any particular drop of the 
cloud may be paid little attention to. However, the total shape of the cloud, which is visible, elastic and 
boundless is most important. That is why we use the terminology “cloud” to name it. 

From the cloud model we can get the uncertainty degree of each drop which presents the qualitative 
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concept, however, the randomness exists in the implement. Firstly, each cloud drop is generated randomly; 
Secondly, the deterministic degree of each cloud drop which presents the qualitative concept is fuzzy, and it 
is fluctuant in a certain extent. Although the uncertain variation caused by one quantitative numerical value 
which belongs to one qualitative concept will not affect the overall character of the whole cloud, the overall 
distribution character of a number of cloud drops will presents the fuzziness and randomness of cloud 
projection. 

2.2. Digital characteristics of the cloud model 
A normal cloud is defined with three digital characteristics: expected value Ex, entropy En and hyperentropy 
He, which presents the quantitative characteristic of the qualitative concept (Fig. 1).  

 
Fig. 1: Digital characteristic figure of cloud model 

The expected value Ex is the position at U corresponding to the gravity center of the cloud. In other 
words, the element the Ex in the universe of discourse is fully compatible with the linguistic term. The 
entropy En is a measure of the coverage of the concept within the universe of discourse. It can be also 
considered as a measure of the fuzziness of the concept. En is defined by the bandwidth of the mathematical 
expected curve (MEC) of the normal cloud showing how many elements in the universe of discourse could 
be accepted to the linguistic term. The MEC of the normal cloud to a linguistic term may be considered as its 
membership function from the fuzzy set theory point of view. The hyperentropy He is the entropy of the 
entropy En. It is a measure of dispersion and thickness of the cloud drops. From figure 1 we see that the three 
digital characteristics are good enough to represent a normal cloud, and the definition effectively integrates 
the fuzziness and randomness of a linguistic term in a unified way. 

2.3. Positive cloud generator 
The positive cloud generator is an uncertainty transition model between a certain basic concept which is 
described by linguistic term and its numerical value, it is a projection from qualitative to quantitative. It 
generates the cloud drops according to the digital characteristics until there is enough number of drops to 
form a cloud. The algorithm for cloud generator is as follows. 

Input: the digital characteristics of cloud and the number of the cloud drops: ( , , , )Ex En He N ; 
Output: 1 1 2 2( ( , ( )), ( , ( )), ( , ( ))),T T N T NDrop x C x Drop x C x Drop x C xL  
• Step 1: To generate normal and random numbers ( , )iEn Norm En He= , and their expected value is 

En, entropy is He; ( ( , )Norm E H is a function which generates normal and random numbers, and 
their expected value is E, entropy is H) 

• Step 2: To generate normal and random numbers ( , )i ix Norm Ex En= , and their expected value is Ex, 
entropy is Eni,  

• Step 3: To calculate the certain membership degree of ix :
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= , let ( , ( ))i T ix C x  be 
cloud drops in the universe of discourse; 

• Step 4: From  step (1) to (3), to generate any number of cloud drops till the times is N. 

2.4. Virtual clouds 
Virtual clouds are constructed by several given clouds, calculate each cloud’s digital characteristics 
according to the application purpose, then consider the result as the new digital characteristics to form a new 
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cloud. There are different kinds of virtual clouds according to different kinds of logic operation, such as 
floating clouds, synthesized clouds, resolved clouds, geometric clouds, etc. Besides, to form a new cloud by 
the algebra operation、logic operation or linguistic operation of the cloud digital characteristics can be also 
regard as a kind of virtual cloud. 

3. The comprehensive evaluation of digital image map quality 

3.1. Digital image map quality elements analysis 
Analysis of the quality of digital image map productions which are one of the most important data sources of 
all map productions has made a certain extent progress now. Referring to the GB/T 18316-2001 <Quality 
check specifications and quality evaluation for digital image map productions> and < Implementation project 
for the selective quality examination of 4D surveying and mapping productions > which were constituted by 
national surveying and mapping bureau, we arrival at a conclusion that the quality elements of digital image 
production contains following first grade quality elements: image quality、data quality、mathematical 
accuracy、attachment quality and decoration quality, and table 1 shows each first grade quality element and 
its quality sub-elements. Based on the correlative specification and practical quality evaluation experience, 
the weight of each quality element and its sub-elements during the comprehensive quality evaluation are also 
defined (Table 1). 

3.2. Uncertainty analysis of digital image map quality 
There are many factors that influence the quality of digital image, most of the existent interrelated technical 
methods and scientific research achievements have a certain extent of uncertainty, meanwhile, the 
coexistence of fuzziness and randomness has not been solved yet. See following analysis: 

The determination of quality elements has uncertainty. For a qualitative factor, it doesn’t have a certain 
limit or quantity index, so fuzziness exists; For a quantitative factor, it usually use the method of sampling 
inspection to evaluate the comprehensive quality, so it is not absolutely precise, randomness exists during the 
process. 

Tab. 1: The quality elements and their weight of digital image map quality 

QUALITY 
ELEMENT WEIGHT QUALITY SUB-ELEMENT WEIGHT

Correctness of image resolution 0.30 

Uniformity of image color hue and moderateness of 
image contrast 0.25 

Image color and image definition 0.25 
Grayscale situation of image margin 0.10 

Image   
quality 0.30 

Situation of image edge matching 0.10 
Filename、data organization、correctness and 
normalization of data format  0.80 Data 

quality 0.20 
Data verisimilitude 0.20 
Correctness of grid reference system 0.25 
Accuracy of sheet corners and control points 0.25 
Accuracy of map sheet extent 0.20 
Horizontal accuracy 0.20 

Mathematical 
accuracy 0.30 

Accuracy of edge matching position 0.10 
Integrity and correctness of map annotation 0.60 Attachment 

quality 0.10 
Map border decoration quality 0.40 
Correctness and integrity of metadata files 0.35 
Correctness and integrity of document book 0.35 Decoration 

quality 0.10 
Completeness of handed in data 0.3 
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For the analysis of each quality elements’ weight during the quality comprehensive evaluation, the 
rationality lies on the understanding of the production quality and the experience of people who execute the 
evaluation, so the uncertainty definitely exists. 

For the determination of quality grade evaluation result, the uncertainty also exists. Take the definition of 
“ten-point system” for example, the grade interval of “nicer” is[ ]8.0,8.9 , the “certified” is[ ]6.0,7.9 . If the 
evaluation result of one production is point 8, the finally quality grade is “nicer”, if the result is 7.9, the grade 
is “ok”, but in fact, there is no obvious qualitative difference between those two productions. 

Following the above idea, in the process of digital image map quality evaluation, we can’t properly 
evaluate the production if we don’t consider adequately of the coexistence of fuzziness and randomness. So 
we import the theory of cloud model into the digital image map quality evaluation to realize the transition 
between qualitative and quantitative value which contain the fuzziness and randomness by using the digital 
characteristics to describe the influence of each quality element, let the finally evaluation result be more 
coincident with actual facts. 

3.3. Process of comprehensive evaluation 
(1) Comprehensive evaluation of the quality elements and their sub-elements using virtual 

model theory 

Considering each element and its sub-elements is relatively independent and the correlation between each 
other is tiny, we use the floating cloud model theory to evaluate in the paper. See the formula below. 
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In above formula, ( ), ,Ex En He  is the cloud parameters of first grade quality elements. ( ), ,i i iEx En He  
is the cloud parameters of their sub-elements. Ai is the weight of sub-element. 1, 2,i n= L , n is the number 
of sub-elements. 

(2) Comprehensive evaluation of the first grade quality elements using virtual model theory 

From the comprehensive evaluation of the first grade quality elements we can get the cloud parameters of 
finally evaluation result. Generally speaking, this arithmetic is a promotion of the concept from lower level 
to high level. During the process, two or more than two quality elements’ cloud parameters were integrated 
to be one cloud which is more generalized. Considering the dependence and the correlation of first grade 
quality elements between each other, the synthesized cloud model theory is adopted to execute the evaluation, 
see formula below. 
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The definition of parameters in above formula  is similar to the formula discussed before. 

4. Example and analysis 
We take a digital image map for example to execute the comprehensive evaluation using the method 
discussed above. The check results and cloud parameters of the lowest grade quality elements show in table 
2. In the table 2, the format of all check result is in “ten-point system”, and all cloud parameters are 
determined by the uncertainty during the check process and check results. 
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Each sub-elements in table 2 is comprehensively calculated using the method of floating cloud. Table 3 
shows the results. 

Tab. 2: Check results and their cloud parameters 

QUALITY SUB-ELEMENTS CHECK RESULTS 
CLOUD 

PARAMETERS 
( , ,Ex En He ) 

Correctness of image resolution Exact (6.00,0.010,0.01) 

Uniformity of image color hue and 
moderateness of image contrast [8.3,8.4]  (8.35,0.017,0.01) 

Image color and image definition [7.8,8.0] (7.90,0.033,0.01) 

Grayscale situation of image margin Mean square error：5.6525；
variance: 1.220 

(8.70,0.230,0.04) 

Situation of image edge matching [8.5,8.8] (8.65,0.050,0.04) 

Filename、data organization、
correctness and normalization of data 
format  

Accuracy: 99％ (8.70,0.010,0.01) 

Data verisimilitude [9.2,9.5] (9.35,0.050,0.04) 

Correctness of grid reference system Exact (9.90,0.033,0.01) 

Accuracy of sheet corners and control 
points [7.5,7.8] (7.65,0.050,0.04) 

Accuracy of map sheet extent [8.1,8.2] (8.15,0.017,0.04) 

Horizontal accuracy Mean square error：2.2595；
variance:1.500 

(7.80,0.990,0.04) 

Accuracy of edge matching position Mean square error：5.3535；
variance:1.821 

(8.90,0.140,0.04) 

Integrity and correctness of map 
annotation 97.2％ (6.27,0.050,0.01) 

Map border decoration quality 99.3% (9.07,0.010,0.01) 

Correctness and integrity of metadata 
files 99％ (8.70,0.010,0.01) 

Correctness and integrity of document 
book 98％ (7.30,0.010,0.01) 

Completeness of handed in data 98％ (7.30,0.010,0.01) 

Tab. 3: First grade of quality elements and their value 

QUALITY ELEMENTS CLOUD PARAMETERS( , ,Ex En He ) 

Image quality （7.60,0.0290, 0.0126） 
Data quality (8.83,0.0124,0.0118) 
Mathematic accuracy (8.47,0.2180, 0.0313) 
Decoration quality (7.39,0.0377,0.0100) 
Attachment quality (7.79,0.0100,0.0100) 

 
Then using the method of synthesized cloud to calculate the finally cloud parameters, and get the quality 

evaluation result of the digital image map: ( ), ,Ex En He , and Ex=8.3346, En=0.8130, He=0.0275. Figure 2 
shows the digital characteristics. 

The mathematical expectation of finally cloud parameters shows that the quality grade of the image map 
is “nicer”. But from the figure 2 we can see that the distribution of the cloud drops is in the field of [7.0, 9.5], 
the result is crossing several quality grades, so the fuzziness of the digital image map quality is quite large, in 
other words, the discrepancy between each quality elements is comparatively large. In addition, the figure 2 
shows that the cloud has a rather small thickness, it means that the uncertainty during the evaluation process 
is comparatively small, so the spread of evaluation result is small too, the result is more stabilized. 
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In order to find out more detailed quality information, we use the positive cloud generator to create 
10000 cloud drops and get the distribution of quality grade which cloud drops belongs to, see table 4. 

合格 良好 优秀

录属度

评语值

 

Fig. 2: Digital characteristic figure of finally evaluation result  

Tab. 4: Distribution of cloud drops 

Quality 
grade 

Excellent 
[10－9.0] 

nicer 
(9.0-8.0] 

certified  
(8.0-6.0] 

disqualified 
(6.0-0] 

Number of 
cloud drops 956 6505 2539 0 

 
The distribution of digital image map quality grade in the form of subordinate level is 

( )0.9556,0.6505,0.2549,0 , and the evaluation is “nicer” as the result before. Meanwhile from table 4 we 
can see that the subordinate level of “certified” is much high, so the quality is more likely to be worse than 
“nicer”. 

5. Conclusions 
The characteristics of cloud model theory and uncertainty of digital image map quality have been discussed 
in this paper, and a method of digital image map quality evaluation is been given, the evaluation result is 
been proved to be more intuitive, exquisite and coincident with actual facts through the experiment. Besides, 
we can not only get the evaluation result of finally production quality but also get the quality evaluation 
result of each quality elements. For the users who only care about one of the quality elements, they can just 
pay attention to correlated quality information and check the detailed results of quality elements evaluation, 
so they can know the quality situation more purposefully. In a word, importing the theory of cloud model 
into digital image map quality evaluation is proved to be feasible, and it is also feasible to import the theory 
into other geospatial data quality comprehensive evaluation. 

6. References 
[1] Deyi Li, Changyu Liu, Study on the universality of the normal cloud model, Engineering Science. 2004 6(8). 

[2] Yi Du, Zilin Song, Dey Li I, The method of association rules mining based on cloud model, Transactions of 
University of Science and Technology. 2000 1(1). 

[3] Qingguo Wang, etc, the criterion choosing of map production quality fuzzy evaluation model, Science of 
Ssurveying and Mapping. 2005, 30(6): 47-48. 

[4] Qingguo Wang, The quality fuzzy comprehensive evaluation of 4D, Mapping Institute of Wuhan University. 2005, 
30(6): 47-48. 

[5] GB/T 18316-2001, The check-acceptance specification and quality evaluation of digital mapping and surveying 
production, Bureau of national quality supervision, 2001. 

[6] GB/T 17941-2000, Quality requirement of digital mapping and surveying production, sector 1, Bureau of national 
quality supervision, 2000. 

[7] Deyi Li, etc, Membership cloud model and its generator, Research and development of computer technology, 32(6), 



 254 

1995. 

[8] Xinzhou Wang, Wenzhong Shi, Shuliang Wang, Fuzzy spacial data processing, Publishing company of Wuhan 
university, 2003: 240-268. 

[9] Guoying Zhang, Yun Sha, etc, High dimensional cloud model and its application in multiple attribute evaluation, 
Transactions of Beijing Institute of Technology, 2004, 24(12): 1065-1069. 

[10] Zhanhong Wang, Daosheng Du, Application of fuzzy comprehensive evaluation in digital image production quality 
evaluation, Science of surveying and mapping. 2004, 29(7): 53-56. 

[11] Hongyan Deng, Fang Wu, Renjian Zhai, Huilian Wang, Data model of cartographic generalization quality control 
oriented, Transaction of surveying and mapping, 2007, 36(2): 237-243. 

[12] Hong Fan, Zuxun Zhang, Daosheng Du, Quality evaluation model research of cartographic annotation, Science of 
surveying and mapping, 2004, 33(4): 362-366. 

 


