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Abstract. The conventional analogous maps are gradually substituted by the 4Ds, i.e., DLGs, DRGs, 
DEMs, and DOMs. In various fields of national economic, 4Ds are applied extensively and people attach 
much importance to the quality of 4Ds. The paper discusses fuzzy comprehensive evaluation techniques. The 
implementing process and its characteristics are also analyzed. Taking the comprehensive evaluation of 
DEMs as an example, a model for fuzzy comprehensive evaluation of DEMs is developed. 
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1. Introduction  
Representing Digital Line Graphs (DLGs), Digital Raster Graphs (DRGs), Digital Elevation Models (DEMs), 
and Digital Orthophoto Maps (DOMs), 4Ds are the key components in National spatial data Infrastructure. 
The conventional analogous maps are gradually substituted by the 4Ds. Due to its wide application in many 
fields of national economy, the quality of 4Ds is gaining increasingly attention. The paper discusses fuzzy 
comprehensive evaluation technique of the 4Ds product quality, analyzes the implementing process and its 
characteristics, and constructs the model of fuzzy comprehensive evaluation for DEMs. 

As the main form of National Spatial Data Infrastructure,4D is accepted by  interrelated industries and is 
gradually taking the place of traditional papery Line terrain maps, what’s more some, the corresponding 
national spatial data exchange criterions are formulated. Now 4D is widely used in many national economy 
fields, including Agriculture Development, Plantation Protection, Fine Agriculture, Disaster Prevention, 
Urban and Rural Construction, Environment Protection, Important Infrastructure Construction Projects, 
Forestry Protection Transportation Commanding, Land Use Planning, Land Resources Reconnaissance, and 
so on. 

2. The Quality Control and Evaluation of “4D” 
In order to increase the data quality, the possible error-arousing processes are controlled; some parameters 
are regulated; and detected errors are modified in the course of 4D product manufacturing. So 4D quality 
control, the important step of assuring product quality, penetrates the whole process of product design, 
manufacture, testing. The 4D quality control consists of math foundation inspection, original data quality 
inspection, task process quality control and production inspection. 

For 4D products, quality examination and assessment is the important parts, because the credibility of the 
analysis result lays heavily on it. Presently, Defection Subtraction Score and Weighted Average are adopted 
in 4D product quality estimation. Firstly we calculate the average product score, then evaluate product 
quality on the basis of average product score. The procedure is illustrated as follows: supposing the full mark 
is 100, firstly, judge the objection of map products, secondly, subtract score according to the objection 
degree, then add respective score, finally we judge the product quality by score value, which is equal to the 
difference of 100 and aggregate deduct score. This approach is easy to handles and it is sensitive to objection, 
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so one serious objection may disqualify the product. The objectives are easily quantified, and objective 
values correspond to different product qualities straightway, therefore we can classify them according to the 
deducted score. But this essence of defection subtraction method regards the objections of different kind and 
degrees as single isolated objections, makes linear combined score subtraction, then judges the product 
quality and the grade by score. The means is rough and less reliable. What’s more, this approach can only 
make judgment on whether it is objection and the degree of the objection, meanwhile it makes no judgment 
on the information which is not taken as objection, hence many  medial information are ignored. The means 
fits for former stimulant map assessment, but not applicable to current digital product.  

3. The Quality Fuzzy Comprehensive Evaluation of “4D” 
 

 

 

 

 

 

 

 

Fig. 1: The fuzzy comprehensive evaluation process 

Now, several scholars discuss the feasibility of digital map product quality estimation by fuzzy 
comprehensive evaluation means and make some researches. The researches prove the fuzzy comprehensive 
evaluation means is a sort of new scientific means, which make quantificational description after 
comprehensive evaluation on fuzzy alternative and phenomenon. The means considers fully diversified 
practicable information, and differentiates and analyses the fuzziness. So it can apply in 4D product quality 
evaluation widely.  

Figure 1 shows the fuzzy comprehensive evaluation process, judging the 4D product quality grade by 
fuzzy operation and final comments. 

4. Example Analysis 
Taking DEM quality fuzzy comprehensive evaluation as an example, we constitutes the fuzzy computation 
model of DEM product. 

4.1. Selection of evaluation factor set 
According to the content of the current data quality and Detailed rules of 4D mapping product quality 
monitoring and inspection and The quality evaluation and inspection regulation of digital mapping product, 
the author constitutes multilevel evaluation factors on the basis of following the principle of evaluation 
factors selection, ---factor set, figure 2: 

4.2. Confirmation of  Comments 
In order to judge evaluation factors and final resultant quality status, we need constitute comments V=
（v1，v2，…，vn）.On the basis of evaluation grades, which is adopted frequently in the field of actual 
mapping product quality evaluation, the comment set is as the following: 

V ={ excellent，fine，eligible，incompetent }  

Confirmation of Factors Weight 

Selection of   Evaluation Factors 

Confirmation of comments 

Confirmation of genes assessment matrices 

Selection of fuzzy computation model 

Fuzzy comprehensive evaluation of 4D product quality

http://dict.cnki.net/dict_result.aspx?r=1&t=essence&searchword=%e5%ae%9e%e8%b4%a8
http://dict.cnki.net/dict_result.aspx?r=1&t=defection+subtraction+method&searchword=%e7%bc%ba%e9%99%b7%e6%89%a3%e5%88%86%e6%b3%95
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According to the effect of factor in quality evaluation and the interrelated regulation of  Detailed rules of 
4D mapping product quality monitoring and inspection(Draft),which was instituted by STATE BUREAU 
OF SURVEYING AND MAPPING, factor weight are confirmed  as figure 2. 

 
Basic Evaluation Factor Weight Two Level Numerator Weight

Mathematical Precision 0.3 
Elevation precision of DEM grid point   
Elevation precision of DEM interpolation point 
The precision of DEM edge match 

0.5 
0.4 
0.1 

Attribute Precision 0.2 
Correctness and integrity of attribute item definition 
Correctness of factor classification and attribute value 
Correctness of attribute edge match 

0.4 
0.5 
0.1 

Data completeness and accuracy 0.3 
Correctness of map border coordinate 
Correctness and up-to-date of original data 
Completeness and accuracy of vector dataStratification 

0.3 
0.4 
0.3 

Data logical consistency 0.1 

Accessories Quality 0.1 
Completeness and accuracy of metadata   
Completeness and accuracy of documents 
Completeness of trun-in Data 

0.5 
0.3 
0.2 

Fig. 2: Multilevel evaluation factor sets of DEM product quality 

4.3. Confirmation of Factors Weight A 
For any sort of 4D products, the quality influential factors is various, and the influential function is also 
different. In order to express the significance and influential function, it is necessary that the relevant should 
be constituted in order to represent the difference of  influence and function, as relevant factors weight A=
（a1，a2，…，am）. 

4.4. Confirmation of factor evaluation matrix 

The establishment of factor evaluation matrix is the other key link of fuzzy comprehensive evaluation, which 
is the fuzzy relation between factors and comments. 

The scientific of evaluation matrix establishment effects the scientific of assessment results 
immediately.There are many methods to establish evaluation matrix, including synthetic evaluation method, 
probabilistic method,expert grade method, subordination function method,and so on. At present,we study 
mostly neural networks and genetic algorithms, etc.. 

In the course of product quality examination,we calculate scores Xi of sub-factors firstly according to 
defection subtraction score criterion,then confirm evaluation grade of sub-factors.End,the evaluation matrix 
of sub-factors is gave, which is on the basis of corresponding mapping relationship from U to V. 

The mapping relation is as the follows： 

   

(X  90) / 10  90 X 100
0                       X 0

− < ≤⎧
⎨ ≤ 9⎩       High-Grade Product Ｘ=90～100 score 

    

(X  100) / 10  90 X 100
(X  75) / 15       75  X 0
− − < ≤⎧

⎨ − < < 9⎩    Middle-Grade Product Ｘ=75～90 score 
(X  90) / 15    75 X 90

(X  60) / 15       60  X 75
− − < ≤⎧

⎨ − < <⎩    conforming Product Ｘ=60～75 score 
(X  75) / 15    60 X 75

1                             X 60
− − < ≤⎧

⎨ <⎩     nonconforming Product Ｘ<60 score 
According to the inspection evaluation of the DEM product and the above Fuzzy mapping relationship 

from U to V, the evaluation matrix of sub-factors is obtained through calculation, which is as the follows： 

http://dict.cnki.net/dict_result.aspx?r=1&t=mathematical+precision&searchword=%e6%95%b0%e5%ad%a6%e7%b2%be%e5%ba%a6
http://dict.cnki.net/dict_result.aspx?r=1&t=grid+point&searchword=%e6%a0%bc%e7%bd%91%e7%82%b9
http://dict.cnki.net/dict_result.aspx?r=1&t=interpolation+point&searchword=%e5%86%85%e6%8f%92%e7%82%b9
http://dict.cnki.net/dict_result.aspx?r=1&t=correctness&searchword=%e6%ad%a3%e7%a1%ae%e6%80%a7
http://dict.cnki.net/dict_result.aspx?r=1&t=integrity&searchword=%e5%ae%8c%e6%95%b4%e6%80%a7
http://dict.cnki.net/dict_result.aspx?r=1&t=attribute+item&searchword=%e5%b1%9e%e6%80%a7%e9%a1%b9
http://dict.cnki.net/dict_result.aspx?r=1&t=correctness&searchword=%e6%ad%a3%e7%a1%ae%e6%80%a7
http://dict.cnki.net/dict_result.aspx?r=1&t=classification&searchword=%e5%88%86%e7%b1%bb
http://dict.cnki.net/dict_result.aspx?r=1&t=attribute+value&searchword=%e5%b1%9e%e6%80%a7%e5%80%bc
http://dict.cnki.net/dict_result.aspx?r=1&t=correctness&searchword=%e6%ad%a3%e7%a1%ae%e6%80%a7
http://dict.cnki.net/dict_result.aspx?r=1&t=completeness&searchword=%e5%ae%8c%e5%a4%87%e6%80%a7
http://dict.cnki.net/dict_result.aspx?r=1&t=accuracy&searchword=%e5%87%86%e7%a1%ae%e6%80%a7
http://dict.cnki.net/dict_result.aspx?r=1&t=correctness&searchword=%e6%ad%a3%e7%a1%ae%e6%80%a7
http://dict.cnki.net/dict_result.aspx?r=1&t=map+border&searchword=%e5%9b%be%e5%bb%93
http://dict.cnki.net/dict_result.aspx?r=1&t=correctness&searchword=%e6%ad%a3%e7%a1%ae%e6%80%a7
http://dict.cnki.net/dict_result.aspx?r=1&t=original+data&searchword=%e5%8e%9f%e5%a7%8b%e6%95%b0%e6%8d%ae
http://dict.cnki.net/dict_result.aspx?r=1&t=completeness&searchword=%e5%ae%8c%e5%a4%87%e6%80%a7
http://dict.cnki.net/dict_result.aspx?r=1&t=accuracy&searchword=%e5%87%86%e7%a1%ae%e6%80%a7
http://dict.cnki.net/dict_result.aspx?r=1&t=vector+data&searchword=%e7%9f%a2%e9%87%8f%e6%95%b0%e6%8d%ae
http://dict.cnki.net/dict_result.aspx?r=1&t=logical+consistency&searchword=%e9%80%bb%e8%be%91%e4%b8%80%e8%87%b4%e6%80%a7
http://dict.cnki.net/dict_result.aspx?r=1&t=completeness&searchword=%e5%ae%8c%e5%a4%87%e6%80%a7
http://dict.cnki.net/dict_result.aspx?r=1&t=accuracy&searchword=%e5%87%86%e7%a1%ae%e6%80%a7
http://dict.cnki.net/dict_result.aspx?r=1&t=completeness&searchword=%e5%ae%8c%e5%a4%87%e6%80%a7
http://dict.cnki.net/dict_result.aspx?r=1&t=accuracy&searchword=%e5%87%86%e7%a1%ae%e6%80%a7
http://dict.cnki.net/dict_result.aspx?r=1&t=completeness&searchword=%e5%ae%8c%e5%a4%87%e6%80%a7
http://dict.cnki.net/dict_result.aspx?r=1&t=establishment&searchword=%e5%bb%ba%e7%ab%8b
http://dict.cnki.net/dict_result.aspx?r=1&t=scientific&searchword=%e7%a7%91%e5%ad%a6%e6%80%a7
http://dict.cnki.net/dict_result.aspx?r=1&t=establishment&searchword=%e5%bb%ba%e7%ab%8b
http://dict.cnki.net/dict_result.aspx?r=1&t=effect&searchword=%e5%bd%b1%e5%93%8d
http://dict.cnki.net/dict_result.aspx?r=1&t=scientific&searchword=%e7%a7%91%e5%ad%a6%e6%80%a7
http://dict.cnki.net/dict_result.aspx?r=1&t=results&searchword=%e7%bb%93%e6%9e%9c
http://dict.cnki.net/dict_result.aspx?r=1&t=immediately&searchword=%e7%9b%b4%e6%8e%a5%e5%9c%b0
http://dict.cnki.net/dict_result.aspx?r=1&t=synthetic+evaluation+method&searchword=%e7%bb%bc%e5%90%88%e8%af%84%e5%ae%9a%e6%b3%95
http://dict.cnki.net/dict_result.aspx?r=1&t=probabilistic+method&searchword=%e6%a6%82%e7%8e%87%e7%bb%9f%e8%ae%a1%e6%b3%95
http://dict.cnki.net/dict_result.aspx?r=1&t=expert+grade+method&searchword=%e4%b8%93%e5%ae%b6%e6%89%93%e5%88%86%e6%b3%95
http://dict.cnki.net/dict_result.aspx?r=1&t=subordination+function+method&searchword=%e9%9a%b6%e5%b1%9e%e5%87%bd%e6%95%b0%e6%b3%95
http://dict.cnki.net/dict_result.aspx?r=1&t=at+present&searchword=%e7%9b%ae%e5%89%8d
http://dict.cnki.net/dict_result.aspx?r=1&t=study&searchword=%e7%a0%94%e7%a9%b6
http://dict.cnki.net/dict_result.aspx?r=1&t=neural+networks&searchword=%e7%a5%9e%e7%bb%8f%e7%bd%91%e7%bb%9c
http://dict.cnki.net/dict_result.aspx?r=1&t=quality+examination&searchword=%e8%b4%a8%e9%87%8f%e6%a3%80%e9%aa%8c
http://dict.cnki.net/dict_result.aspx?r=1&t=sub-factors&searchword=%e5%ad%90%e5%9b%a0%e7%b4%a0
http://dict.cnki.net/dict_result.aspx?r=1&t=evaluation+grade&searchword=%e8%af%84%e4%bb%b7%e7%ad%89%e7%ba%a7
http://dict.cnki.net/dict_result.aspx?r=1&t=sub-factors&searchword=%e5%ad%90%e5%9b%a0%e7%b4%a0
http://dict.cnki.net/dict_result.aspx?r=1&t=sub-factors&searchword=%e5%ad%90%e5%9b%a0%e7%b4%a0
http://dict.cnki.net/dict_result.aspx?r=1&t=mapping+relationship&searchword=%e6%98%a0%e5%b0%84%e5%85%b3%e7%b3%bb
http://dict.cnki.net/dict_result.aspx?r=1&t=mapping+relation&searchword=%e6%98%a0%e5%b0%84%e5%85%b3%e7%b3%bb
http://dict.cnki.net/dict_result.aspx?r=1&t=inspection&searchword=%e6%a3%80%e9%aa%8c
http://dict.cnki.net/dict_result.aspx?r=1&t=evaluation&searchword=%e8%af%84%e4%bb%b7
http://dict.cnki.net/dict_result.aspx?r=1&t=mapping+relationship&searchword=%e6%98%a0%e5%b0%84%e5%85%b3%e7%b3%bb
http://dict.cnki.net/dict_result.aspx?r=1&t=sub-factors&searchword=%e5%ad%90%e5%9b%a0%e7%b4%a0
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     R maths = 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

0.1     0.2     0.4     0.3
0.2     0.5     0.2     0.1
0.1     0.2     0.5     0.2

          R attribute = 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

0.2     0.5     0.2     0.1
0.1     0.2     0.5     0.2
0.0     0.2     0.3     0.5

 

   R maturity = 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

0.1     0.1     0.6     0.2
0.1     0.2     0.4     0.3
0.1     0.2     0.5     0.2

      R accessories = 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

0.1     0.2     0.4     0.3
0.2     0.5     0.2     0.1
0.1     0.2     0.5     0.2

 

Rlogic =  [ ]0.0     0.1     0.6     0.2  

4.5. Selection of fuzzy computation model 
Establishing the evaluation matrix R and considering the weights A of factors, we can regard B of both 
synthesis as the ultimate evaluation of integrating different factors evaluation, namely, fuzzy comprehensive 
evaluation. 

Therefore, the mathematical model of fuzzy comprehensive evaluation can be expressed by: 
B = A º R = （b1，b2，…，bn）

 

In the formula, º represents fuzzy operator.Differents fuzzy comprehensive evaluation models 
correspond the different operator definition. At present, there are four different fuzzy comprehensive 
evaluation matrix: 

ModelⅠ: M（∧，∨）,correspondingly,bj =
m

1i=
∨ （ai∧rij）.“∧，∨” is the conjunction and 

disjunctive operation symbol of fuzzy mathematics. 

ModelⅡ: M（• ，∨）, correspondingly, bj =
m

1i=
∨ （ai·rij）. “·” represents the common real number s 

multiplication. 

Model III: M（• ，⊕）, correspondingly, bj =min（1，∑
=

m

i 1

ijira ）. “⊕” represents the upper bounded 

summation,as α⊕β=min（1，α+β） 

Model Ⅳ: M（∧，⊕）, correspondingly, bj =min（1，∑
=

m

i 1

iji )r,min(a ）. 

Among the above models, the course of fuzzy comprehensive evaluation is: input A, transform through 
converter,output comment set B. Among them, the meanings of R and B are very definite, so that which the 
results of comprehensive evaluation are objective depends on weight vector A. Especially evaluating with 
the principle of maximum membership degree,the change of weight vector A may result in  the opposite 
conclusion. Therefore, only understanding rightly the essential of A, we can reach the reasonable evaluation 
results. 

Due to that which the evaluation results are objective depends on the weight vector A, only model III 
have the meaning of weight among the above models, so that we adopt model III to implement 
comprehensive evaluation. The effect is optimal in the light of theory. But between model I and II, the 
factors which play an important role are magnified, so the two models have definite superiority when we 
need stand out the function of main factors. 

4.6. Fuzzy comprehensive evaluation of 4D product quality 
Through fuzzy operation, we get comments B. The every component of the comments B represent the 
ultimate subordinate degree of the product, which is corresponding to every degree, with that, we may 
evaluate the quality degree of the product. According to the principle of maximum membership degree, one 
evaluation method regards the comment of maximum membership degree as the ultimate evaluation result, 
which represents the quality degree of product. Because comments B have the characters of fuzziness,the 

http://dict.cnki.net/dict_result.aspx?r=1&t=establish&searchword=%e5%bb%ba%e7%ab%8b
http://dict.cnki.net/dict_result.aspx?r=1&t=evaluation+matrix&searchword=%e8%af%84%e4%bb%b7%e7%9f%a9%e9%98%b5
http://dict.cnki.net/dict_result.aspx?r=1&t=considering&searchword=%e8%80%83%e8%99%91%e5%88%b0
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evaluation result form comments B is very fuzzy, which is based on maximum membership degree. In order 
to get more delicate result, we may process comments quantitatively. Each comment represent definite score 
intervals,so we can calculate the highest score, lowest score and average score, then evaluate the quality 
degree of product according to score values. 

In the paper, firstly multi-factor fuzzy comprehensive evaluation of sub-operation has been done by  
operator M(• ，⊕),then continue higher-level calculation, finally implement highest-level evaluation, obtain 
evaluation result, confirm evaluation degree. Calculating respectively is as follows: 

Bmaths=A m a t h s º R m a t h s= 

[ ]0.1     0.4     0.5
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

0.1     0.2     0.4     0.3
0.2     0.5     0.2     0.1
0.1     0.2     0.5     0.2

= [ ]0.14   0.32   0.37   0.17  

Battribute=AattributeºRattribute= 

[ ]0.1     0.5     0.4

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

0.2     0.5     0.2     0.1
0.1     0.2     0.5     0.2
0.0     0.2     0.3     0.5

= [ ]0.07   0.23   0.39   0.31  

Bmatur i ty=AmaturityºRmaturity= 

[ ]0.3     0.4     0.3

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

0.1     0.1     0.6     0.2
0.1     0.2     0.4     0.3
0.1     0.2     0.5     0.2

= [ ]0.10   0.17   0.49   0.24  

Baccessories=AaccessoriesºRaccessories= 

[ ]0.2     0.3     0.5

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

0.1     0.2     0.4     0.3
0.2     0.5     0.2     0.1
0.1     0.2     0.5     0.2

= [ ]0.13   0.29   0.39   0.19  

Again, continue high-level calculation: 
Bm a t u r i t y= Am a t u r i t y  º  Rm a t u r i t y = Am a t u r i t y º (Bm a t h s  Ba t t r i b u t e  Bmaturity  B4  Ba c c e s s o r i e s)T 

= [ ]0.1   0.1    0.3   0.2   0.3  º 

⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

0.13     0.29     0.39     0.19
0.00     0 0.1     0.60     0.20
0.10     0.17     0.49     0.24
0.07     0.23     0.39     0.31
0.14     0.32     0.37     0.17

= [ ]0.099   0.232   0.435   0.224  

According to the maximum subordination principle of fuzzy mathematics and the above operating 
results,we draw a conclusion that the quality degree of DEM product may be valuated as fine.  

5. Conclusion  
Based on analysis of sample data, it can be concluded that the evaluation process of fuzzy comprehensive 
evaluation is more delicate than defection subtraction method and the evaluation result is also more reliable, 
because in the course of evaluation, we utilize fully all kinds of quality information and carry comprehensive 
treatment again on the basis of evaluating respectively all kinds of quality information by fuzzy 
comprehensive evaluation method. But the gene objection is corresponding to the gene quality condition, not 
product quality condition, so the reaction of product quality on objection is not more sensitive than 
conventional defection subtraction method, which leads to draw the impracticable conclusion in the 
condition that a serious objection may veto the quality, But we may also resolve the problem well by 
selecting main-factor-outstanding operation models or setting the precondition of fuzzy comprehensive 
evaluation. 
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