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Abstract: Aiming at the problem of using single judging value for the expert score of the traditional effectiveness evaluation, 

the expert's score data are not reliable; an improved effectiveness evaluation method based on the combination of AHP and grey 

interval correlation analysis is proposed. Interval number is used for the expert score in the improved method, the influence of the 

subjective fuzziness and objective fuzziness on the expert score using the single judging value is overcame. Interval number 

improved the reliability of the evaluation data. Combination weighting approach considering the influence of subjective and 

objective factors, the weight is more reasonable. The concrete steps of the improved effectiveness evaluation method are given. 

The improved method is proved to be more reasonable and reliable through an example. 
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1. Introduction 

The gray system theory proposed by Professor Deng 

Ju-long is a method of studying on the uncertain problem 

whose part of the information is known, while some of the 

information is unknown, "small sample" and " Poor 

information" [1]. Grey relational degree is often used to 

indicate the degree of correlation or the degree of similarity 

between grey system factors, and the gray relational degree 

plays an important role in the quantitative analysis of grey 

system theory. The results of the grey relational degree 

efficiency evaluation are based on the expert's scoring value, 

so the accuracy of the expert's scoring value directly affects 

the reliability of the results. 

At present, Chen Kai, Zhao Yu-hui, Du Jun proposed that 

the index was given different weights according to the actual 

important degree of the different index, to overcome the 

problem of using same weight and poor objectivity of the 

index in the calculation of correlation degree [2]. Chang 

Shuang-jun and Ma Jin-ya used synthetical optimization 

based on gray associated method for effectiveness evaluation 

of weapon system to avoid the results of effectiveness 

evaluation which is too partial or inferior to make the 

evaluation results more reasonable [3]. Ning Xiao-lei et al. 

proposed simulation models based on the improved grey 

relational analysis, which combines the geometric similarity 

and numerical similarity, and reduces the risk of conventional 

grey correlation analysis, and improves the credibility of the 

results of the verification [4]. ChihHsuan Wang used the grey 

correlation analysis method to optimize the green production 

project, which can use the minimum energy consumption to 

get lean production [5] and so on. 

In the above researches the experts' score data used a single 

value, however, it does not meet the people's fuzzy thinking 

habits [6]. Because of the ambiguity of the human mind and 

the influence of the objective factors, the value of the index 

judged by many people is a certain interval [7], and the 

interval number is more able to reflect the reliability of 

expert scoring. Therefore, in order to make the evaluation 

result more reasonable and credible, this paper proposes a 

method of combining AHP with grey interval correlation. 

2. Analysis on the Improved Method 

of Effectiveness Evaluation 

The gray system is complex and information incomplete, it 

has a large number of factors, complex logic relationship. 

Therefore, it is very difficult to evaluate the effectiveness of 

the gray system. The analytic hierarchy process (AHP) method 

decomposes the complex system into several elements, such as 
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target, criterion, index, etc., and then, according to the different 

attributes, these elements are arranged into a hierarchical 

relationship. It is the core idea of the AHP to establish an 

effective and reasonable hierarchical relationship. 

In the process of the effectiveness evaluation, the index 

weight is very important, and it has a great influence on the 

evaluation results. Therefore, the determination of the 

weights of the index should be scientific and reasonable, and 

the reliability of the results for the effectiveness evaluation is 

related to it. At present, there are some subjective weighting 

methods, such as analytic hierarchy process, expert 

investigation method and so on. Objective weighting method 

includes the method of maximizing deviation, information 

entropy method, etc.. In order to make the results more 

reasonable and reliable, combination weighting approach can 

be used to not only consider the preference of the experts to 

the index, but also reduce the subjective randomness. 

 In the improved effectiveness evaluation method based 

on the combination of AHP and grey interval correlation 

analysis, reasonable hierarchical relationship is established 

by AHP. The expert points are unified by using the evaluation 

interval number so the accuracy of the evaluation data are 

promoted. By using the combination weight approach to 

determine the weight, and by taking into account the 

subjective and objective factors, the weight is more 

reasonable. Extraction of the information vector of interval 

numbers after weighted [8], the vector similarity algorithm 

has represented the gray relational degree of the comparison 

scheme’s information vector and the reference scheme’s 

information vector (the ideal optimal or worst scheme). 

3. Concrete Steps of the Improved 

Effectiveness Evaluation Method 

According to the above analysis, the concrete steps of the 

effectiveness evaluation method of the combination of AHP 

and grey interval correlation analysis are as follows: 

Step 1: use AHP method to establish the hierarchical 

relationship 

According to the principle of AHP method, a reasonable 

hierarchical relationship is set up, which includes the target 

layer, the criterion layer, and the index layer. The object to be 

evaluated is recorded as A={A1, A2, A3,... , An}; the criteria 

layer index is recorded as B={B1, B2,... Bf}; the index layer 

is denoted as C={C1, C2,... Cm}. The corresponding index 

interval number of the underlying index
jc in the scheme

iA  

is recorded as ），（ ijijij aaa =  where ija and ija  expressed the 

lower and upper bounds of the interval respectively. 

Step 2: obtain expert evaluation interval number matrix 

and normalized processing 

The evaluation interval number of the underlying index jc  

of the expert K treatment evaluation scheme 
iA  is recorded 

as ），（ ij
k

ij
k

ij
k aaa =  where ij

ka and ij
ka  expressed the 

lower and upper bounds of the interval respectively. 
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the formula (1)and(2), K is the total number of experts 

involved in the assessment. 

The corresponding index interval number of the 

underlying index
jc in the scheme iA  is recorded as

），（ ijijij aaa = where ija and ija  expressed the lower and 

upper bounds of the interval respectively. So the experts 

evaluate the interval number matrix: 
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Because the physical meaning of each factor is different, 

its mathematical dimension is not necessarily the same, thus 

the number of data size is different, therefore it is difficult to 

get the correct comparative results in comparison. So the 

dimension of the data in the matrix is eliminated and it is 

transformed into a comparable data sequence. For the benefit 

and the cost type index, the formula (4) and the formula (5) 

are used to normalize the data in order to make each index 

value in the range of [0, 1]. 
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Get the score matrix of the expert after normalize 
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Where ），（ ijijij bbb = 。 

Step 3: determine the weights of the index 

(1) Determine the subjective weight 

In this paper, the subjective weight is determined by 

analytic hierarchy process. On the same level, the importance 

of each factor is relavent to the upper level of the importance 
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of the two comparison, getting the judgment matrix, the use 

of square method to calculate the eigenvalues and 

eigenvectors of the matrix, and the weight of the judgment 

matrix consistency test. When the consistency check 

probability CR<0.1, then the judgment matrix meets the 

consistency, get the subjective weight 

( )sm2s1ss wwww L=
 

(2) Determine the objective weight 

In this paper, the objective weight is determined by 

entropy method. The information entropy and the weights of 

the index are calculated by the formula (7) and (8) 

respectively. 
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Get the objective weight of each index 
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Through the formula (9) to calculate the combination 

weight, and in the formula cw is satisfied that

∑
=

=≤≤
m

1c

cc 1w1w0 ，
. 

Step 4: weight the interval number, and find the interval 

number of the scheme to be compared. 

The corresponding index interval number of the 

underlying index
jc in the scheme iA  after normalized 

processing is recorded as ），（ ijijij bbb = . The weight of the 

index is w, and the interval number is weighted by the 

formula (10). 

），（ ijijijijijijij bwbwbwc ==         (10) 

The interval number of the scheme A is calculated by the 

formula (11). 
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Step 5: extract interval number information vector 

For interval numbers ），（ ddd = , the interval number 

information vector ( )ddd zm
，

=I is extracted by the formula 

(12) and (13). 
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Step 6: determine the reference scheme and calculate the 

gray relational degree 

Reference vector selection ）（ d
n

cd mmaxm = , ）（ d
n

cd zminz = . 

Reference information vector is recorded as ( )cdcdcd zm
，

=I . 

The correlation degree between the program information 

vector and the reference information vector is calculated by 

using the formula (14) and (15) . 
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Where α is the resolution ratio, 0>α , in the paper α =0.1. 

Step 7: rank relational degree sequence 

The relational degree between the comparison scheme’s 

information vector and the reference information vector should 

be calculated respectively. And quality of the scheme is 

represented by the gray relational degree. According to 

numerical value of the gray relational degree, correlation 

degree sequence should be ranked. Compared with the optimal 

reference information vector, the greater of the gray relational 

degree, the expressed scheme is better. Compared with the 

worst reference information vector, the smaller of the gray 

relational degree, the expressed scheme is better. And then the 

efficiency of the gray system is analyzed quantitatively. 

Through above steps, the complex gray system can be 

decomposed into some indexes. Experts use the interval 

number to score for each index. Overcome the problem of the 

reliability of the score data are not enough because of the 

effect of the subjective and objective fuzzy factors in the 

traditional gray correlation theory by using a single 

numerical value. Using this method, the results of 

effectiveness evaluation quantitative analysis are more 

reasonable and reliable. 

4. Case Verification 

In this paper, the data comes from references [9-10] to 

analyze the results of the trajectory planning .From the results 

of the trajectory planning, the two groups of L1 and L2 which 

are of representative significance are selected. These two 

groups of trajectory planning are evaluated. 

L1 represents the 3 UAVs in the formation of the UAV 

doesn’t simultaneously reach the goal for the collaborative 

planning of the track; L2 representing the UAVs arrives the 

goal at the same time. Assessment experts are five people, 

and the assessment schemes have two n=2. 
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(1) Obtain expert evaluation matrix 

Using the AHP method to establish an effective and 

reasonable hierarchical relationship, experts score for the 12 

indexes of the index layer. Score control is over the range of 

[0,10].Because the indexes are the benefit type index in this 

paper, the higher the value of the index is, the better the 

index will be. Thus, the expert evaluation matrix is obtained: 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( )







=

5.6,2.66.5,3,59.6,7.62.7,8.62.6,8.57.6,5.6

2.6,0.64.5,2.59.6,7.69.6,6.60.6,7.54.6,0.6

2.7,0.73.6,1.66.6,3.65.7,2.72.5,8.47.6,5.6

5.7,2.73.5,1.52.6,0.65.7,2.70.5,7.40.7,7.6
X

 

The value of the interval number of each index is obtained 

by formula (1) and (2). 

(2) Get the normalized score matrix of the expert by the 

formula (4). 

(3) Determination of the weight of the index 

w1=(0.4899, 0.2239, 0.2862), w2=(0.7315, 0.1809, 0.0877), 

w3=(0.3602, 0.6398), w4=(0.3266, 0.1565, 0.3671, 0.1497), 

w=(0.4153, 0.3636, 0.892, 0.1318) 

(4) The interval numbers of the schemes to be compared 

are calculated by the formula (10)and(11). 

1dL
=(0.922406824486298, 0.962074864244169); 

2d L
=(0.946046913847564, 0.989928151057143) 

(5) In accordance with the formula (12), (13) to extract the 

information vector of the interval number of the scheme. 

=
1d L

I (0.942240844365233, 0.019834019878936); 

=
2d L

I (0.967987532452353, 0.021940618604790) 

(6) Determine the reference information vector =cdI

（0.967987532452353, 0.019834019878936） 

The gray relational degree is calculated by formula (14) 

and (15).  

=1rL
0.795249572940783； 

=2rL 0.979368632858783 

(7) Rank relational degree sequence which is concluded 

that the scheme L2 is closer to the ideal optimal scheme than 

the scheme L1 because 21r LL r< . And the result is in line 

with the actual situation. The results of the difference 

methods are shown in table 1. 

Table 1. Comparison of results obtained from methods. 

 Traditional gray correlation degree This paper 

L1 0.7913 0.7952  

L2 0.9149 0.9794 

5. Conclusions 

In this paper, an improved effectiveness evaluation method 

based on the combination of AHP and grey interval 

correlation analysis is proposed. The evaluation index value 

is replaced a single value by judging interval, which is used 

to solve the problem of the reliability of the data that is 

caused by subjective and objective fuzziness in the traditional 

gray correlation theory. The concrete steps of effectiveness 

evaluation based on the improved method are given. 

Example comparison shows the effectiveness evaluation 

method based on the combination of AHP and grey interval 

correlation analysis is feasible. Because of the selection of 

the expert data that the interval array is used, the result is 

more reasonable and reliable. 
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