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Abstract. Ancient glass is a valuable physical evidence of early trade exchanges, and it is very 
susceptible to weathering caused by the environmental impact of burial. Therefore, the 
establishment of a glass cultural relics identification model and the analysis of the chemical 
composition of glass cultural relics are extremely important for the classification and protection of 
cultural relics in our country. In this paper, we first use differential analysis to find out the chemical 
composition with significant differences before and after weathering, and obtain the classification 
laws of high potassium glass and lead-barium glass. Then the 14 chemical components of high 
potassium glass and lead-barium glass were analyzed by K-Means clustering, and finally 8 
subclasses were divided. After testing, the model has low sensitivity, strong stability and good 
robustness. On this basis, the improved PYH-Topsis solution distance method is used to construct 
a judgment matrix, analyze the chemical composition of glass cultural relics of unknown categories, 
and identify the types to which they belong. 
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1. Introduction 

Ancient glass is very susceptible to weathering due to the influence of the buried environment. 

During the weathering process, internal elements are exchanged with environmental elements in large 

quantities, resulting in changes in their composition ratio. The surface of the severely weathered glass 

has been completely covered by weathered objects, and its original appearance is almost 

unrecognizable, thus affecting the correct judgment of its category [1]. In this paper, by analyzing the 

differences in the chemical composition of weathered and non-weathered high-potassium glass and 

lead-barium glass respectively, the classification laws of high-potassium glass and lead-barium glass 

are obtained, and some of the chemical components are classified into subclasses, and finally the 

rationality and sensitivity of the classification results are analyzed. 

In addition, this paper also analyzes the chemical composition of glass cultural relics of unknown 

categories, identifies the types of glass cultural relics according to the above-mentioned subclasses, 

and analyzes the sensitivity of the classification results. 

2. Glass composition analysis based on K-Means clustering analysis algorithmt 

2.1. Classification law of glass 

For high-potassium glass and lead-barium glass, Spss software is used in this paper to analyze the 

differences in the chemical composition of weathered glass and non-weathered glass [2], and the 

differences between silica (SiO2), potassium oxide (K2O), barium oxide (BaO), and lead oxide (PbO) 

before and after weathering are relatively significant. Moreover, the mean content of these four 

chemical components in high-potassium glass was 76.6438889, 6.401666667, 0.398888889, 

0.274444444, and the mean content of these four chemical components in lead-barium glass was 

34.42307692, 0.175128205, 11.37128205, 36.74051282.    
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Since silica (SiO2) is the main component of glass, the content in high-potassium glass and lead-

barium glass is very high, but the potassium oxide content of high-potassium glass is much higher 

than that of lead-barium glass, and the barium oxide and lead oxide content of lead-barium glass are 

much higher than that of high-potassium glass. Therefore, it is reasonable to use the content of 

potassium oxide, lead oxide and barium oxide to classify high-potassium glass and lead-barium glass. 

2.2. Subclasses of glass 

First, the 14 chemical components of high potassium glass and lead-barium glass were analyzed 

by K-Means clustering [3].The steps are as follows:  

1. Randomly select k points from the chemical composition sample points as the initial cluster 

center;  

2. Divide each sample point into the cluster represented by the center point closest to it;  

3. Replace the original center point with the center point of all samples in each cluster;  

4. Repeat steps 2 and 3 until the center point remains unchanged or the predetermined number of 

iterations is reached, the algorithm terminates;  

The objective function of the K-Means algorithm is the sum of squares of errors in the cluster:  

𝑆𝑆𝐸 = ∑ ∑ 𝑤(𝑖,𝑗)𝑘
𝑗=1 ∥ 𝑥𝑖 − 𝜇𝑗 ∥2𝑛

𝑖=1                            (1) 

The results of the K-Means clustering analysis are shown in Table 1 and Table 2. 

Table 1. Analysis of the differences of high potassium glass and lead-barium glass 

 
 

According to the results of clustering analysis, the analysis of the differences in high-potassium 

glass shows that the differences in silica (SiO2) are significantly higher than those of other chemical 

components. Therefore, the first division is based on the content of silica (SiO2) and is divided into 

two categories, named high-potassium high-silicon glass and high-potassium low-silicon glass. By 

calculating the mean and standard deviation of each chemical composition of high-potassium and 

low-silicon glass, and comparing the Z values obtained after standardization, Z=standard 

deviation/mean. 
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Fig.1 High potassium glass cluster diagram      Fig.2 Lead-barium glass cluster diagram 

From the data, it can be seen that the Z value of barium oxide (BaO) is the largest, but the specific 

content is continuous, the center distance is small, and the scatter plot is more discrete. As shown in 

Figure 5-10, there is no significant difference and it should be discarded. The Z value of sodium oxide 

(Na2O) is second only to barium oxide (BaO), the specific content is polarized, the center distance is 

large, and the scatter plot is more concentrated, which has significant differences. Therefore, the 

second division is based on the content of sodium oxide (Na2O), named high potassium, low silicon, 

high sodium glass and high potassium, low silicon and low Sodium glass. 

 

Fig.3 Scatter chart of four chemical components 

By analogy, the second division of high-potassium and high-silicon glass is based on the content 

of potassium oxide (K2O), and is named high-potassium, high-silicon and high-potassium glass (that 

is, the content of potassium oxide (K2O) is higher in high-potassium glass) and high-potassium, high-

silicon and low-potassium glass (that is, the content of potassium oxide (K2O) is lower in high-

potassium glass). 

From the analysis of the differences in lead-barium glass, it can be seen that the differences in 

silica (SiO2) are still significantly higher than those of other chemical components. Therefore, the 

first division is based on the content of silica (SiO2) and is divided into two categories, named lead-

barium high silicon glass and lead-barium low silicon glass. 

By comparing the Z-value of the chemical composition of lead-barium high-silicon glass and lead-

barium low-silicon glass, the distribution of specific content, the length of the center distance, and 

the concentration of the scatter plot, it can be seen that the second division of lead-barium high-silicon 

glass is based on the content of phosphorus pentoxide (P2O5), named lead-barium high-silicon high-

phosphorus glass and lead-barium high-silicon low-phosphorus glass. 
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By analogy, the second division of lead-barium low-silicon glass is based on the content of copper 

oxide (CuO), which is divided into lead-barium low-silicon and high-copper glass and lead-barium 

low-silicon and low-copper glass. 

In summary, after two subcategories of each category are divided in this paper, 8 classification 

forms are obtained, namely high potassium, high silicon, high potassium glass, high potassium, high 

silicon, low potassium glass, high potassium, low silicon, low sodium glass, high potassium, low 

silicon, low sodium glass, lead-barium, high silicon, high phosphorus glass, lead-barium, high silicon, 

low phosphorus glass, lead-barium, low silicon, high copper glass, lead-barium, low silicon, low 

copper glass. 

2.3. Sensitivity analysis 

For the mathematical model constructed above, this paper gives it 85 by changing the decision-

making chemical composition content of the subcategory 85%, 90%, 95%, 105%, 110%, 115% The 

disturbance factor is obtained, and the judgment matrix is obtained. The results are shown in Table 2, 

where “0” represents no change in the sub-classification, and “1” represents a change in the sub-

classification.The experimental results prove that the mathematical model has low sensitivity, strong 

stability and good robustness. 

Table 2. Subclasses sensitivity analysis 

 

3. Type identification based on PYH-TOPSIS method 

3.1. Model establishment and solution 

This paper regards the type identification of glass cultural relics as a system, establishes a 

hierarchical structure model according to the overall goals, evaluation criteria, and decision-making 

layers, compares the importance of various elements in the evaluation criteria, and constructs a 

corresponding judgment matrix. Relying on the judgment matrix, the relative importance weight 

value of each factor at the same level is calculated. After passing the consistency test of the judgment 

matrix, the relative importance of each factor is finally determined based on the comprehensive 

judgment of the decision maker. 

Let the overall research object have m evaluation objects, and compare these evaluation objects in 

pairs to obtain a judgment matrix Z[4]. 

𝑍 = [

𝑥11 ⋯ 𝑥1𝑚

⋮ ⋱ ⋮
𝑥𝑚1 ⋯ 𝑥𝑚𝑚

]                               (2) 

Where 𝑥𝑖𝑗 is the comparison result of the relative importance of the i-th evaluation object and the 

j-th evaluation object, (i, j=1,2,3,..., m). 

Through differential analysis, the four chemical components with the greatest heterogeneity were 

selected from the high potassium and lead-barium glass artifacts, namely silica (SiO2), potassium 

oxide (K2O), lead oxide (PbO) and barium oxide (BaO).Assuming that 𝐸𝑖(𝑖 = 1,2,3,4) corresponds 

to the four chemical components of high potassium glass and 𝐸𝐼
′(𝑖 = 1,2,3,4) corresponds to the 

four chemical components of lead-barium glass, then:  
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     𝑃𝑗 = ∑
𝐸𝑖−𝑥𝑖𝑗

𝐸𝑖−𝐸𝑖
′ 𝑤𝑖

4
𝑖=1    (𝑖, 𝑗 = 1,2,3, … , 𝑚)                      (3) 

Where 𝑃𝑗 is the determination value and 𝑤𝑗 is the weight value. 

When 𝑃𝑗 > 0.5, the unknown category of glass cultural relics is close to the chemical composition 

of 𝐸𝑖
′, it belongs to lead-barium glass;  

When 𝑃𝑗 ≤ 0.5, the unknown category of glass is close to the chemical composition of 𝐸𝑖, it 

belongs to high potassium glass. 

In summary, it is learned through Excel solution: 𝐴1, 𝐴5, 𝐴6, 𝐴7  is high potassium glass, and 

𝐴2, 𝐴3, 𝐴4, 𝐴8 is lead-barium glass. 

3.2. Sensitivity analysis 

For the identification and classification results, this paper gives a certain disturbance to the 

established mathematical model and observes the change of its 𝑃𝑗-value, as shown in Figure 4.In 

addition, its sensitivity is also verified through the analysis of the model formula, as follows:  

∆𝑃𝑗 = ∑
𝐸𝑖−∆𝛼∙𝑥𝑖𝑗

𝐸𝐼−𝐸𝑖
′

4
𝑖=1 𝑤𝑖 ≤ ∑

∆𝛼∙(𝐸𝑖−𝑥𝑖𝑗)

𝐸𝑖−𝐸𝑖
′ 𝑤𝑖 ≤ ∆𝛼 ∙ 𝑤𝑖

4
𝑖=1                   (4) 

 

Fig.4 Model sensitivity analysis 

It can be seen from the figure that after the mathematical model is disturbed, its ∆𝑃𝑗-value change 

range is small, its sensitivity is low, its stability is strong and it has good robustness. 

4. Summary 

When establishing a subclasses division model, this paper conducted two K-means clustering 

analyses to reasonably divide the original high-potassium glass and lead-barium glass into 8 types of 

glass, and the model has low sensitivity and good stability. When establishing the PYH-Topsis model, 

this paper regards the type identification of glass cultural relics as a system. A hierarchical structure 

model is established according to the overall goal, evaluation criteria, and decision-making layer. The 

determination threshold is set very cleverly, which can accurately identify the type of unknown glass. 

However, the model in this paper fails to have sufficient data, and there are a small number of 

identification accuracy rates that need to be further improved. Moreover, the chemical composition, 

which accounts for almost 0%, is not included in the modeling considerations. At the same time, some 

decision-making indicators do not take into account influencing factors other than natural factors. 

The model established in this paper is reasonable and effective for the division of subclasses, has 

a high identification accuracy rate, and accurately analyzes the correlation and differences between 

the chemical composition of glass cultural relics. Therefore, the model in this paper can be 

popularized and applied to cultural relics identification, glass chemical composition analysis and 
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other work. This paper innovates the PYH-Topsis method on the basis of the Topsis method. 

Although it is only applied to the sorting of the proximity of two-dimensional objects to the target in 

this article, it can be tried to apply it to three-dimensional objects in the future. At the same time, 

when the amount of data increases, the identification effect of the model in this paper can be further 

improved. 
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