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Subclass division of ancient glass based on hierarchical clustering
ZHAO Huazhen, JIAO Zhihao, YANG Runlin, BO Shukui, LIU Hua

(School of Computer Science, Zhengzhou University of Aeronautics, Zhengzhou 450046, China)

Abstract: Ancient glassware is an important carrier of human history and culture, and the analysis of its chemical composition can
provide valuable information for us to understand its production process and raw material source. It is important to study the
chemical composition of ancient glass for the identification of ancient glass products. In this study, a group of ancient glass products
divided into two types of high potassium and lead barium and their contents of various chemical components were collected, and now
they are subdivided. First, a CRITIC weight model is established to calculate variance, conflict and information content, and then
several chemical components with the largest weight proportion are determined. Then a hierarchical clustering model is established to
perform hierarchical clustering for these chemical components, and the result of sub—classification can be obtained. According to the
result of subclass classification, the chemical composition of the unknown glass type is added, and the type of the unknown glass
type can be obtained by hierarchical clustering again. CRITIC weight model is an objective weighting method, focusing on
objectivity, so as to avoid the interference of experimental results caused by subjective factors of experimenters in the experiment.
Based on hierarchical clustering, there can be a variety of subclass classification results, which provides a variety of classification
options for historical relic workers.
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Table 1 Chemical Composition Dataset wt%
N TEAREE R SR Sk SR
(Si0,)  (K,0) (Ca0) (PbO) (Ba0)
01 69.33 9.99 6.32 0
02 36.28 1.05 2.34 47.43 0
03 87.05 5.19 2.01 0.25 0
04 65.88 9.67 7.12 0 0
05 61.58 0 7.35 0 0
06 67.65 0 0 0.20 1.38
07 92.63 0 1.07 0 0
08 20. 14 0 1.48 28. 68 31.23
51 24. 61 0 3.58 40.24 8.94
52 25.74 1.22 2.27 47.42 8. 64
53 63. 66 3.04 0.78 13. 66 8.99
54 22.28 0 3.19 55.46 7.04
55 49.01 2.71 1.13 32.92 7.95
56 29.15 0 1.21 41.25 15.45
57 25.42 0 1.31 45.10 17.30
58 30. 39 0 3.49 39.35 7. 66
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Fig. 1 Flowchart for selecting the right chemical composition
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Fig.2 Flowchart of hierarchical clustering
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Table 2  Standard deviation, conflict, information content and

weight of each chemical component( descending order)

PRt hoe fFEE &
THEAREE(SIO,)  0.261 3 15.536 4.0601  0.098 4
AL (PHO)  0.277 9 14. 107 3.9206  0.0950
FALH(K,0)  0.267 1 12.361 3.3025  0.080 0
FAEB(BaO)  0.237 6 13.296 3.1598  0.076 6
AALE5(Ca0)  0.267 2 11. 688 3.1233  0.0757
EALB(Sn0,)  0.1429 13. 065 1.8673  0.0452
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Fig.3 Hierarchical clustering diagram of glass cultural relics
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Table 3 Classification criteria
x5 SRR (A2 A )
RS K,0-Si0,
[ RER RS K,0-Ca0-Si0,
HYURE S PbO-Ba0-Si0,
GkiEES Ph0-Si0,
AR PbO- BaO-Ca0-Si0,
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Fig.4 Result of hierarchical clustering
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Table 4 Types of glass artifacts belonging to unknown categories

%> XYis RZEE ERIEN
68 Al e K,0-Ca0-Si0,
69 A2 B PbO-Ba0-Si0,
70 A3 LA PhO-Ba0-Si0,
71 Ad i PhO-Si0,
72 A5 HH PHO-Si0,
73 A6 A K,0-Si0,
74 A7 e K,0-Ca0-Si0,
75 A8 A PbO-Si0,
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