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Abstract. Ancient glass is very susceptible to the environment of buried environment and weathering, 
in the soil its internal elements and the environment a large number of exchange, so that the 
proportion of glass components change, in order to identify the type of glass artifacts, we established 
a glass classification and identification model based on support vector machine (SVM). Firstly, 67 
valid sample points of known categories were classified and sorted, and the data were integrated in 
the order of lead-barium glass, high-potassium glass, and unknown cultural relics. Use matlab to 
bring the sorted data into the SVM classification model to obtain the type of unknown cultural relics. 
Finally, the sensitivity analysis of classification was carried out by reducing the number of known 
types of cultural relics and adjusting the calcium oxide (CaO) content of lead-barium glass and high-
potassium glass. The results showed that the glass artifacts numbered A6 and A7 were classified 
as high potassium weathering. A1 is high potassium unweathered; A2 and A5 are lead-barium 
weathering; A3, A4 and A8 are lead barium unweathered. Finally, sensitivity analysis shows that the 
overall stability of the model is good. 

Keywords: Support vector machine, sensitivity analysis, glass identification.  

1. Introduction 

Glass was first introduced to China through the Silk Road[1-2], and it is also an important 

"witness" of China's early foreign trade and trade[3]. The main raw material of glass is quartz sand, 

and the main chemical component is silica (SiO2)[4]. China's ancient glass absorbs its technology 

and takes local materials, using lead ore as a flux, and the fired lead barium glass is usually considered 

to be China's own invented glass variety[5-7]. However, because the weathering of glass is inevitable, 

this is also an urgent problem to be solved in the glass industry. This paper studies the analysis and 

identification of the chemical composition of ancient glass[8], and adopts a series of analysis methods 

to explore the relationship between the types and chemical components of glass, which is of great 

significance to archaeological research[9-10]. 

2. Establishment and solution of glass identification model 

2.1. Model building  

Support Vector Machine (SVM) classification models have been widely used in the field of pattern 

recognition. The main idea is to find a hyperplane that allows it to correctly separate as many types 

of data points as possible, while keeping the two types of data points furthest from the classification 

surface, as shown in the figure 1. 
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Figure 1. Schematic diagram of SVM classification model 

According to the given training set T = {[a1, y1],[a2, y2], ⋯ ,[al, yl ]} ∈ (Ω × y) l, where ai 

∈ Ω = R n , Ω is called the input space, and each point in the input space ai consists of n attribute 

features, yi ∈ y = {−1,1}, i = 1, ... , l. Find a real-valued function g(x) on Rn so that the problem of 

inferring the y value corresponding to any pattern x is a classification problem using the classification 

function f(x) = sign(g(x)). 

Considering the training set T, if ∃ω ∈ R n,b ∈ R and positive numbers are ε such that all AIs 

that make yi = 1 have (ω ⋅ ai) + b ≥ ε (where (ω ⋅ ai) represents the inner product of vectors ω and 

ai), and all AIs that make yi = −1 have (ω ⋅ ai) + b ≤ −ε, then the training set T linearity is said to be 

separable, and the corresponding classification problem is linearly separable. Note that the two types 

of sample sets are M+ = {ai |yi = 1,[ai,yi] ∈ T},M− = {ai |yi = −1,[ai,yi] ∈ T}. Define the conv of 

M+ as 

Conv(𝑀+)= {𝑎 = ∑ 𝜆𝑗

𝑁+

𝑗=1
𝑎𝑗| ∑ 𝜆𝑗

𝑁+

𝑗=1
= 1, 𝜆𝑗 ≥ 0, 𝑗 = 1, ⋯ , N+; aj ∈ M +

 
}     (1) 

The conv of M− (M−) is 

Conv(𝑀+)= {𝑎 = ∑ 𝜆𝑗

𝑁−

𝑗=1
𝑎𝑗| ∑ 𝜆𝑗

𝑁−

𝑗=1
= 1, 𝜆𝑗 ≥ 0, 𝑗 = 1, ⋯ , N−; aj ∈ M −

 
}     (2) 

where N+ represents the number of sample points in the +1 type sample set M+, N− represents the 

number of sample points in the −1 type sample set M−, and the sufficient condition for the linear 

divisibility of the training set T is that the convex hulls of the two types of sample sets M+ and M− 

of T are separated. The convex hulls of the positive and negative point sets are located on both sides 

of the hyperplane (ω ⋅ x) + b = 0, so the two convex hulls are separated. 

The hyperplane in space Rn can be written as (ω ⋅ x) + b = 0, with the parameter (ω, b) multiplied 

by any one.  

The nonzero constant gives the same hyperplane, defined as satisfying the condition:  

                    {
𝑦𝑖((ω ⋅  ai)  +  b)  ≥  0, i =  1, ⋯ , l

min
i = 1,⋯ ,l

| (ω ⋅  ai)  +  b =  1.                    (3) 

The hyperplane of is the canonical hyperplane of the training set T. When the training set T is 

linearly separable, there is a unique gauge hyperplane.   

{
(ω ⋅  ai)  +  b ≥  1, i, yi =  1

(ω ⋅  ai)  +  b ≤  −1, yi =  −1.
                          (4) 
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For sample points of class yi = 1, its interval from the gauge hyperplane is 

 min
 yi=1

|(ω ⋅ ai) + b |

||ω||
=

1

||ω||
.                         (5) 

For sample points of class yi = −1, the interval from the canonical hyperplane is 

                 min
 yi=−1

|(ω ⋅ ai) + b |

||ω||
=

1

||ω||
.                            (6) 

Then the interval between ordinary support vectors is 
2

||ω||
. Optimal hyperplane means 

maximization
2

||ω||
., As shown in the figure 2, (𝜔 ⋅ 𝑥) + 𝑏 = ±1 This is called a classification boundary,  

Therefore, the problem of finding the optimal hyperplane can be transformed into the following 

quadratic programming problem. 

min 
1

2
||ω|| 2, 𝑠.𝑡. 𝑦𝑖((𝜔 ⋅ 𝑎𝑖) + 𝑏) ≥ 1, 𝑖 = 1, ⋯ , 𝑙.               (7) 

The problem is characterized by the objective function 
1

2
||ω|| 2, And the constraints are all linear 

selection α∗ a positive component αj ∗, and calculated from this 

b ∗ = ∑ yiαi ∗ (ai ⋅  aj)
𝑙

𝑖=1
,                         (8) 

Then construct the categorical hyperplane (ω∗⋅x) +b∗ = 0, and from this the decision function is 

obtained. 

                       g(x) = ∑ yiαi ∗ (ai ⋅  x) + b ∗𝑙
𝑖=1                          (9) 

Get a classification function. 

                      f(x) = sign(∑ yiαi ∗ (ai ⋅ x)𝑙
𝑖=1 + 𝑏 ∗)                     (10) 

This classifies unknown samples. When the two classes of samples of the training set T are linearly 

separable, all sample points are distributed outside the classification boundary except for the ordinary 

support vector distributed over the two classification boundaries (ω ⋅ x) + b = ±1. The hyperplane 

constructed at this time is a hard-spaced hyperplane. When the two classes of samples of the training 

set T are approximately linearly separable, it is permissible that there are constraints that do not meet 

them:  

                          𝑦𝑖((𝜔 ⋅ 𝑎𝑖) + 𝑏) ≥ 1                           (11) 

When the two classes of samples of the training set T are linearly separable, all sample points are 

distributed outside the classification boundary except for the ordinary support vector distributed over 

the two classification boundaries (ω ⋅ x) + b = ±1. The hyperplane constructed at this time is a hard-

spaced hyperplane. When the two classes of samples of the training set T are approximately linearly 

separable, it is permissible that there are constraints that do not meet them: 
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Figure 2. Schematic diagram of a soft-spaced hyperplane 

The method of softening is by introducing relaxation variables. 

                            𝜉𝑖 ≥ 0, 𝑖 = 1, ⋯ , 𝑙,                               (12) 

to get the "softening" constraint.   

                  𝑦𝑖((𝜔 ⋅ 𝑎𝑖) + 𝑏) ≥ 1 − 𝜉𝑖 𝑖 = 1, ⋯ , 𝑙,                     (13) 

When ξi is sufficiently large, the sample point always satisfies the above constraints, but it is also 

necessary to try to avoid ξi taking too large a value, for which it is punished in the objective function 

to obtain the following quadratic programming problem. 

                        min 
1

2
||ω|| 2 +C∑ ξi𝑙

𝑖=1 ,                           (14) 

                      s.t. {
𝑦𝑖((ω ⋅  ai) +  b) ≥  1 − ξi

ξi ≥  0, i =  1, ⋯ , 𝑙 .
                      (15) 

where C > 0 is a penalty parameter.Its Lagrange function is as follows. 

         
1

2
||ω|| 2 +C∑ ξi𝑙

𝑖=1 -∑ 𝑎𝑖(𝑦𝑖((ω ⋅  ai) +  b) − 1 +
𝑙

𝑖=1
ξi) − ∑ γiξi𝑙

𝑖=1       (16) 

where γi ≥ 0 and ξi ≥ 0. The duality of the original problem is as follows. 

                max
 α

-
1

2
∑ ∑ yiyjαiαj(ai ⋅  aj) + ∑ αi𝑙

𝑖=1
𝑙

𝑖=1

𝑙

𝑖=1
               (17) 

                  s.t. {
∑ ξi𝑙

𝑖=1 𝑦𝑖𝑎𝑖 = 0

0 ≤  αi ≤  C, i =  1, ⋯  , 𝑙 .
                     (18) 

Solve the above optimization problem to get the optimal solution α∗  = [α1 ∗  , ⋯  αl∗  ] T, 

calculation. 

                           𝜔*= ∑ yiαi ∗𝑙
𝑖=1                             (19) 

A positive component of the α ∗ 0 < αj∗ < C is selected and calculated from this. 

                      b ∗ = ∑ yiαi ∗ (ai ⋅  aj)
𝑙

𝑖=1
                       (20) 

And from this, the classification function is obtained. 

                      f(x) = sign(∑ yiαi ∗ (ai ⋅ x)𝑙
𝑖=1 + 𝑏 ∗)                  (21) 
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Thus, the unknown sample is classified, and it can be seen that when C = ∞, it is equivalent to a 

linearly separable situation. 

2.2. Solving of the model 

Using the data of known samples, lead barium glass and high potassium glass are screened out and 

combined with the data that has not yet been classified into a new data table, and the data is imported 

into the SVM algorithm using matlab software to achieve the final classification, with i = 1, ⋯, 30 to 

represent 75 samples, and the jth index of the ith sample point is AIJ.yi = 1 indicates lead barium 

glass, and yi = −1 indicates high potassium glass. The calculation results are as follows: 

Mean vector for 67 sample points. 

𝜇 =[𝜇1, ⋯ , 𝜇8]=[50.9947,0.7097,2.2005,2.6730,0.7379,4.3959,0.9421,1.7871 ,23.2788,6.6  

 855,2.5494,0.2358,0.0789,0.3844]                     (22) 

Standard deviation vector of 67 sample points 

𝜎 = [𝜎1, ⋯ , 𝜎8]=[23.9273,1.4157,4.2371,2.4340,0.6601,3.1351,1.1963,2.0751,20.2396,7.6613, 

 3.4111,0.2573,0.3397,2.0345]                        (23) 

All sample point data were normalized using the following formula: aij = aij−μj σj , i = 1, ⋯ , 

30, j = 1, ⋯ , 8. Correspondingly, xj = xj−μj sj , (j = 1,2, ⋯ , 8) is a standardized indicator variable. 

Note x = [x 1, ⋯, x 8] T. The row vector of the 27 classified sample points after normalization is bi = 

[ai1, ⋯ , ai8] (i = 1, ⋯ , 27). The support vector machine model of the linear kernel function is used 

to classify and find the support vector is 𝒃2, 𝒃4, 𝒃7, 𝒃8, 𝒃12, 𝒃17, 𝒃18, 𝒃19, 𝒃32, 𝒃52, 𝒃54, 𝒃56, 

𝒃57, 𝒃59, 𝒃60, 𝒃62, 𝒃64, 𝒃65, 𝒃66 

The linear classification function is 𝑐(𝑥̃) = σ𝑖 𝛽𝑖 𝐾(𝒃𝑖 , 𝑥̃) + 𝑏= 𝐾(𝒃2 , 𝑥̃) +𝐾(𝒃4 , 𝑥̃) +𝐾(𝒃7 , 

𝑥̃ ) +𝐾(𝒃8 , 𝑥̃ ) +𝐾(𝒃12 , 𝑥̃ ) + 0.0394𝐾(𝒃17, 𝑥̃ )+ 0.5419 𝐾(𝒃18 , 𝑥̃ ) +0.1247𝐾(𝒃19 , 𝑥̃ ) 

+0.1780𝐾(𝒃32 , 𝑥̃) + 0.3149𝐾(𝒃52 , 𝑥̃)+ 0.2942 𝐾(𝒃54 , 𝑥̃) +𝐾(𝒃56 , 𝑥̃)+ 0.0321𝐾(𝒃57 , 𝑥̃) + 

𝐾(𝒃59 , 𝑥̃)+ 0.4277𝐾(𝒃60 , 𝑥̃) + 0.7972𝐾(𝒃𝑖62, 𝑥̃) +0.0179𝐾(𝒃64, 𝑥̃)+ 𝐾(𝒃65 , 𝑥̃) +𝐾(𝒃66 , 

𝑥̃)+1.6015 

The test was performed using known sample points, and the error was 0.075, which passed the 

test.The final classification results are shown in the following table 1. 

Table 1. Classification result table 

Artifact 

number 
Category 

The category label to which it 

belongs 

Surface 

weathering 

A1 
High potassium 

glass 
-1 No weathering 

A2 Lead barium glass 1 weathering 

A3 Lead barium glass 1 No weathering 

A4 Lead barium glass 1 No weathering 

A5 Lead barium glass 1 weathering 

A6 
High potassium 

glass 
-1 weathering 

A7 
High potassium 

glass 
-1 weathering 

A8 Lead barium glass 1 No weathering 
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2.3. Sensitivity analysis 

In the analysis of the chemical composition of unknown glass cultural relics, we use the attached 

data for SVM classification, the following study in the case of keeping other parameters unchanged, 

swapping the calcium oxide (CaO) content of lead barium glass and high alumina glass, observing 

the difference between the results obtained and the results before the exchange, the cultural relics 

with different classification results are marked in red (the same below), and the classification results 

are shown in the following table 2:  

Table 2. Influence of chemical composition on classification results 

Artifact number Category The category label to which it belongs Surface weathering 

A1 High potassium glass -1 No weathering 

A2 Lead barium glass 1 weathering 

A3 Lead barium glass 1 No weathering 

A4 Lead barium glass 1 No weathering 

A5 Lead barium glass 1 weathering 

A6 Lead barium glass 1 weathering 

A7 High potassium glass -1 weathering 

A8 High potassium glass -1 No weathering 

 

The results showed that two cultural relics were classified differently from those before the 

chemical content was not exchanged, which showed that the SVM classification model was sensitive 

to chemical composition content. 

In the following study, while keeping other parameters unchanged and randomly reducing 10 lead-

barium glass cultural relics and 5 high-potassium glass cultural relics, the differences between the 

results obtained and the classification results before deletion are shown in Table 3 below:  

Table 3. Effect of sample size on classification results 

Artifact number Category The category label to which it belongs Surface weathering 

A1 High potassium glass -1 No weathering 

A2 Lead barium glass 1 weathering 

A3 Lead barium glass 1 No weathering 

A4 Lead barium glass 1 No weathering 

A5 Lead barium glass 1 weathering 

A6 High potassium glass -1 weathering 

A7 High potassium glass -1 weathering 

A8 Lead barium glass 1 No weathering 

 

It is known that in the case of a large number of cultural relics, the SVM classification model is 

stable for the number of cultural relics. This is because the two glass components are classified in a 

fixed way, and when the data is universal, the results obtained by using the SVM classification model 

are basically error-free, which further verifies the rationality and reliability of the model. 

3. Conclusions 

In this paper, 67 valid sample points of known categories are classified and sorted, and the data 

are integrated in the order of lead-barium glass, high-potassium glass, and unknown cultural relics. 

Then, MATLAB is used to bring the collated data into the support vector machine (SVM) 

classification model, and the type of unknown artifact is calculated. Finally, the sensitivity analysis 
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of classification was carried out by reducing the number of known types of cultural relics and 

adjusting the calcium oxide (CaO) content of lead-barium glass and high-potassium glass.  
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