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Abstract: In this paper, the surface weathering, type, decoration, color and content of each chemical 
component of glass artifacts were studied and analyzed, and a K-means clustering model was established, 
using Spearman correlation analysis, chi-square test, and. It was solved to classify the glass types and 
analyze the change pattern of chemical composition of glass artifacts, and a better fitting effect was 
obtained. This paper characterized the problem as a prediction class, firstly, assigned values to four 
categorical variables: surface weathering, type, decoration and color of glass artifacts, and then used 
spss to perform Spearman correlation and chi-square test analysis to pre-process the data and eliminate 
invalid data. Then, it used descriptive statistical analysis to find that most of the chemical components 
of high potassium glass showed a decreasing trend after weathering, and most of the chemical 
components of lead-barium glass showed an increasing trend after weathering; finally, used Matlab 
matrix to derive a linear mapping relationship based on the changes of chemical components before and 
after weathering, and finally predicted the chemical components of glass artifacts before weathering. 
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1. Introduction 

Glass as an important evidence of early trade in the Silk Road, in the cultural exchanges between 
China and the West played an important role. Early glass often came to China in the form of bead-shaped 
ornaments in West Asia and Egypt, and ancient glass in China was often made locally from local 
materials after absorbing their good techniques, so although the appearance of glass products was similar 
to that of the inflow, the composition of glass products was different [1].  

Quartz sand, as the main raw material for glass, is composed mainly of Si02, and co-solvents are 
often added to lower the melting temperature to solve the problem of high melting point of pure quartz 
sand in the refining process. For example, potassium glass has a high potassium content due to the 
addition of grass ash as a flux during the refining process. Changes in the burial environment often lead 
to varying degrees of weathering of ancient glass products. In general, when weathering occurs, the 
environmental elements exchange with the internal elements to change their original composition, which 
affects the determination of their glass types. In this paper, glass samples with a cumulative composition 
of 85% to 105% are considered as valid data and the relationship between surface weathering and the 
other three elements is investigated; then the changes in the chemical composition of the surface of the 
samples are calculated according to the type of glass; finally, the pre-weathering chemical composition 
of the samples is analyzed based on the weathering data [2]. 

2. Assumptions and notations 

2.1 Assumptions 

Use the following assumptions.  

1) Only the main conditions involved are considered, and no other cases are considered.  

2) The basic information of the known glass artifact samples is made fidelity assumptions.  

3) It is assumed that the data are processed in a way that reflects the actual weathering of the glass 
samples.  
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4) It is assumed that the data are representative and accurately reflect the relationship between surface 
weathering and weathering. 

2.2 Notations 

The primary notations used in this paper are listed as Table 1. 

Table 1: Notations 

Symbols Description 
ti Chemical composition of heritage samples 
tij Chemical composition of heritage samples before weathering 
wij Chemical composition of artifact samples after weathering 
ni Chemical composition values 
Vi Variability of chemical composition 
i Number of clusters 
j Chemical composition of cluster center 
m Number of samples to be examined 
n Chemical composition of samples to be tested 

3. Model construction and solving 

3.1 Model Building 

3.1.1 Model Preparation 

Based on the data and requirements, Spielman's correlation analysis[3], chi-square test, descriptive 
statistics[4], and control variables were used in this question. In this paper, the type, decoration, and color 
of glass are categorical variables, so Spearman's correlation analysis[5] and chi-square test were used to 
analyze the relationship; when studying the type of glass, the variation pattern of other chemical 
components should be studied by using control variables and descriptive statistics. For the prediction of 
the chemical composition content before weathering, Matlab can be used to derive the corresponding 
expressions for the chemical composition before weathering based on the variables of the chemical 
composition, and then predict the chemical composition content of the samples before weathering. 

3.1.2 Overall model algorithm flow 

Model algorithm flow chart is shown in Figure 1. 

 
Figure 1: Model algorithm flow chart 

3.1.3 Spearman Correlation Analysis 

Spearman correlation analysis in short is solved by the order of the original data. Spearman's 
correlation coefficient is defined as follows.  

Definition: A and B are two sets of data, then their spearman correlation coefficients are 
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3.1.4 Chi-square test 

The chi-square test occupies an important place among the many hypothesis testing methods. It is a 
type of nonparametric test that is used to compare two and more sample rates as well as two categorical 
variables for correlation analysis. The key is to compare the goodness of fit or the degree of problem fit 
between the theoretical and actual frequencies. The principle is that the deviation between the theoretical 
inferred value and the actual observed value of the statistical sample, the deviation between the 
theoretical inferred value and the actual observed value determines the size of the chi-square value, if the 
chi-square value is smaller, the deviation is smaller; on the contrary, the deviation is larger; if the two 
are exactly equal, the chi-square value is 0, which means that it is consistent with the theoretical value. 

The specific steps are shown below: 

Step1: 

Put forward the hypothesis: W0: the distribution function of the overall T is F(t), if the overall 
distribution is discrete, then the hypothesis is W0: the distribution law of the overall T is P(T=ti)=pi (i=1, 
2, ......) 

Step2: 

Divide the range of values of the overall T into k disjoint small intervals A1, A2, A3, AK (i=1, 2, 
3, ......K), such as taking A1=(a0,a1), A2=(a1,a2), ......Ak=(ak -1,ak). The division of intervals depends on 
the case, but make the number of sample values in each small interval not less than 5, and the number of 
intervals k should not be too large or too small. 

Step3: 

The number of sample values of Ai that fall into the i-th interval is recorded as fi, which becomes the 
group frequency, and the sum of all group frequencies f1+f2+......+fk is equal to the sample size n. 

Step4: 

When W0 is true, according to the assumed overall theoretical distribution, the probability pi that the 
value of the overall T falls into the i-th interval can be calculated, so its product is the theoretical 
frequency of the sample value falling into the i-th interval. 

Step5: 

When W0 is true, the frequency fin of sample values falling into the i-th smallest interval in n trials 
should be close to the probability, and when W0 is not true, then fin is very different from W0. Based on 
this idea, Pearson introduces the test statistic as shown below. 
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3.2 Analysis and solution of the model 

In the process of solving this paper,it found that different models have their own advantages and 
disadvantages, therefore, the specific solution of this paper adopts spas correlation analysis and combines 
with excel to process the data, so as to use Matlab to run the program to get the prediction results. 

3.2.1 Data pre-processing 

First, according to the analysis of the basic data of this paper, the invalid data were eliminated, and 
the data blank indicates that the corresponding component is not detected, so that the chemical content 
of this component is 0, which can eliminate the detection data that do not satisfy the above equation. 

3.2.2 Spss analysis of the relationship between sample parameters 

For the study of the relationship between surface weathering and its sample parameters, it was first 
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assigned a quantified value, and then a Spearman correlation analysis and a chi-square test were 
performed to derive the relationship between surface weathering and its decoration, type and color. The 
relationship between surface weathering of glass artifacts and their ornamentation, type and color was 
determined by the Spearman correlation analysis and chi-square test. 

3.2.3 Spss analysis of the surface of cultural relics samples with and without weathering chemical 
content of the statistical law 

For the study of the type of glass and the change pattern of chemical content with or without 
weathering on the surface of the artifacts, we first used excel data processing to construct the content of 
each chemical component before and after glass weathering after fixing the glass type variable, and then 
import spss26.0 for descriptive statistical analysis to obtain basic statistics such as correlation trend, 
median, variance, etc., and then Then, the statistical patterns of the content of chemical components on 
the surface of artifact samples with and without weathering were obtained. 

3.2.4 Matlab analysis to predict the chemical content of artifact samples before weathering 

To predict the constituent content based on weathering point data, a matrix operation using Matlab 
was performed to derive the pre-weathering chemical content of each component content before 
weathering. 

3.3 Results of the model 

By passing the data into spss26.0 and transforming and recoding them into numerical variables and 
then using spearman correlation analysis, the results were obtained as shown in Figure 2 below. 

 
Figure 2: Correlation Analysis 

According to Figure 3, it can be seen that the Spearman value of surface weathering and glass type 
of glass artifacts is 0.009 less than 0.05, which has a significant difference, so it can indicate that the 
surface weathering and glass type of glass artifacts are significantly related; however, the Spearman 
values of surface weathering and glass decoration and color of glass artifacts are 0.781 and 0.668, which 
are greater than 0.05 and do not have However, the Spearman values of surface weathering and glass 
decoration and color were 0.781 and 0.668, respectively, which were greater than 0.05 and not 
significantly different from each other. Next, the chi-square test was conducted on the surface weathering 
and glass type, ornamentation and color of glass artifacts, and the results were obtained as shown in 
Figure 3: according to Figure 2 above, it can be seen that the Pearson chi-square value of surface 
weathering and proportional type of glass artifacts is 0.009 less than 0.05, which is significantly different, 
while the Pearson chi-square values of surface weathering and glass ornamentation and color of glass 
artifacts are 0.084 and 0.507, both of which are greater than 0.05 and not significantly different, are 
consistent with the above findings and prove the consistency of the conclusions. 



Academic Journal of Materials & Chemistry 
ISSN 2616-5880 Vol. 4, Issue 1: 48-53, DOI: 10.25236/AJMC.2023.040109 

Published by Francis Academic Press, UK 
-52- 

 
Figure 3: Type and surface weathering chi-square test 

3.4 K-means clustering algorithm for solving subclasses 

The specific implementation steps are shown below: 

Set X=x1,x2,......xn as the input data set, use I and K to describe the maximum number of cycles and 
the number of clusters, respectively; use Cj,j=1,2......,K to describe the class clusters, and K class clusters 
to represent the output. 

Step1: 

To obtain the original cluster centers mj(i) of K class clusters, arbitrarily select data points and the 
number of these data points is K. Set I=1. 

Step2: 

Find d(xi,mj(i)),i=1,2......,n,j=1,2......,K,which denotes the distance between each data point xi and K 
cluster centers; in order to make xi∈Cj,it is necessary to meet d(xi,mj(i)) as the minimum value. 

Step3: 

Reassign the K new cluster centers to obtain the formula: 
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Step4: 

Describe the objective function with the value of J(C) and solve the value of the formula as 
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When I=I+1, return to step (2),re-solve the d(xi,mj(i)) value until J(C) obtains the minimum value, 
then return mj(i), k=1,2......, K, and the K-mean clustering algorithm terminates the calculation. 

4. Conclusion 

In this paper, the four categorical variables of surface weathering, type, decoration and color of glass 
artifacts were assigned and quantified, followed by Spielman correlation and chi-square test analysis 
using spss to eliminate invalid data. Finally, based on the changes of chemical composition before and 
after weathering, we used Matlab matrix operations to derive linear mapping relationships, and finally 
predicted the chemical composition of glass artifacts before weathering, and proposed a subclass 
classification method based on K-means. 
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