Modeling and Simulation 54 H, 2023, 12(2), 1185-1198 Hans X
Published Online March 2023 in Hans. https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2023.122112

E RIS AR 2 S ER IR EE

xaEL, SWMWM, N4kE2, 2EE!

LR RSN TR R, i
2 B H TR HAE B ST RN LR SR, L

ks HiH: 20224F12A5H; FAEM: 20234F3410H; &k HM: 20234F3417H

E3

H E

AT By AR ] o S 55 B AL R B O B B AT AW B SO RN, R AT X BB ) o R 3K
R, X R REBHEER SRR, URHEBIKATRELEETRUIT, ERKIERIR
B, BENIARMARZUN HADRHAT AT S HAE, 7300 X B i R 5 R L R B AR A B A 2Rl 10 B
E VX BRI RSy » BB AR IR ORI R 50 VI SRR RUESRAE XAIE £ PPN IR B MR 2
FFRBEHAT AT, BRNAIRT B R KA DA K 2 B i B AR A

Xiid
HARBEEB AL, RNRE, KHERSE, BEVFRK, ZTXRIE

Research on the Model of Ancient Glass
Products Classification and Identification

Bozhi Liu?!, Shanshan Lv2, Shuyi Liu?, Tianfeng Li!

'School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai
’School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and Technology,
Shanghai

Received: Dec. Sth, 2022; accepted: Mar. 10th, 2023; published: Mar. 17th, 2023

Abstract

In order to help archeologist to quantitatively classify the type of relics of glass by the difference of
chemical composition and solve the problem of Ancient glass products classification accurately,
this paper proposes to make a quantitative analysis of the more than sixty pieces of data obtained
from sampling more than 50 ancient glass samples, analyzing and verifying the species by using
K-means Clustering model and Random forest model, screening the chemical composition which
make a significant role in classification of whether weathering or type of glass, building a mathe-
matical model, valuing the accuracy of the model by dividing data into two categories of test and
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validation and analyzing its sensitivity, then acquiring the optimal model. The purpose of this
study is to help archeologist to quantitatively classify the type of relics of glass by the difference of
chemical composition.
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Figure 1. Algorithm flow
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Table 1. Paired t-test results of mean chemical composition of lead-barium glass with or without weathering
%= 1. BERUHSHIBRLERSHHER t RINER

FCX CPHME £ briEZ)

., .
2 m—— ———. ZEEBCXF 1-FEST 2) t p
AE L Bix RMAE L 93.96 +1.73 68.87 + 9.44 25.10 6.561 0.001™
Rb 2 s KA 2 0.00 +0.00 0.00 +0.00 0.00 null null
K63 X RMAL 3 0.54 +0.45 9.26 + 2.58 -8.71 -8.701 0.000™
KAk 4 Bix RAAL 4 0.87 +0.49 4.78 +3.04 -3.91 -3.224 0.023"
Atk 5 Fex  RRL 5 0.20 +£0.31 1.22 £0.72 -1.02 —4.479 0.007"
Atk 6 X RRL 6 1.93+0.96 6.43 £2.69 -4.50 -4.721 0.005™
KT BEx RMAE 7 0.27 +£0.07 1.83+0.94 -1.56 -3.995 0.010
M8 Eixr ARMAL 8 1.56 £ 0.93 2.95+1.48 -1.39 -1.895 0.117
A9 Eix  ARMAL 9 0.00 +0.00 0.31+0.55 -0.31 -1.380 0.226
Adk 10 Fixd  RML 10 0.00 + 0.00 0.71+1.19 -0.71 —1.454 0.206
Adk 11 Eexd RRUL 11 0.28+0.21 1.41+1.37 -1.13 -2.078 0.092
AAE 12 EoRE SRR 12 0.00 +0.00 0.05 + 0.05 -0.05 -2.117 0.088
MK 13 EoxE AR KL 13 0.00 +0.00 0.00 +0.00 0.00 null null
AL 14 FEOXE RRE 14 0.00 +0.00 0.20+0.23 -0.20 -2.207 0.078

“p<0.05, “p<0.01.

Table 2. Paired t-test results of mean chemical composition of lead-barium glass with or without weathering

2. BRRAHRIIER K F B ERRT t IR
FEXICFEME £ brifEE)

S Y o _ o
2 —— S— ZE{E (FOxT 1-Fex 2) t P
RAb 1 s R L 24.47 +11.20 54.66 + 11.83 -30.19 -8.927 0.000™
Atk 2 st ARk 2 0.24 +0.59 1.68 £2.37 -1.44 -2.78 0.011"
A3 X RAAL 3 0.14 +0.25 0.22+0.31 -0.08 -1.077 0.293
Ak 4 FXF RAA 4 2.79+1.70 1.32+£1.28 1.47 3.689 0.001™
Atk 5 FExF KRR 5 0.70 £ 0.72 0.64 +0.55 0.06 0.333 0.742
M6 FEixr  RKAL 6 3.03+2.79 4.46 +3.26 -1.43 -1.697 0.104
KA 7 Eex R 7 0.62+0.76 0.74 +1.15 -0.11 -0.404 0.69
KA 8 X RMXA 8 2.35+2.97 1.43+1.97 0.92 1.495 0.149
A9 X KX 9 43.50 + 13.00 22.08 +8.22 21.41 6.133 0.000™
AL 10 EoX RKE 10 11.59 +10.50 9.00 +5.83 2.59 1.071 0.296
Kk 11 Eoxd  RRL 11 5.46 + 4.21 1.05 + 1.85 4.42 4.301 0.000™
Ak 12 X ARRE 12 0.46 +0.25 0.27+0.24 0.19 2.869 0.009™
KAk 13 Eexd ARk 13 0.08 +0.29 0.05+0.13 0.03 0.479 0.637
Ak 14 FOXE RRL 14 1.54 + 4.45 0.16 £ 0.76 1.39 1.453 0.16

“p<0.05, “p<0.01.
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Figure 2. Box-plot of non-weathering chemical composition of high-potassium glass relics
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Figure 3. Box-plot of Weathering chemical composition of high potassium glass relics
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Figure 4. Box-plot of Non-weathering chemical composition of lead-barium glass relics
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Figure 5. Box-plot of Weathering chemical composition of lead-barium glass relics
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Figure 6. K-means Clustering algorithm flow
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Table 3. Classification center of high potassium glass with or without weathering
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Table 4. Classification center of lead-barium glass with or without weathering
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Figure 8. K-means clustering results for subclassification of lead barium glasses
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Figure 9. Importance of weathered glass type characteristics
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Figure 10. Importance of non-weathering glass type characteristics
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H I matlab A2 pl 2 LIS Kt 14 ML R R I . Peshi B DL R R E AR/ ME R A
6, BT RAXE T BEALAE o 09 B F P (e R AR AN S B, UM B AR & BHE T 0, AR
MR BN TE B LA T, — D A] B o B B G O, M0 A7 5 B AR 2 SRR A O 18 A Bl
aEEP TSR A S, RS LEE, S Ir, R SE DU R SR, X T
L0 HIRE S, TR RIS E L, PARKRREE IR R, DA 25 0 X U R/ T
SEMEABA RIS B, T 8 LA R bR I = (5 AR 22 B O 5 e ME R ZE EAE ARSI TE
IR LG & B 25 IRE Vs E B VE L, 2t 2 ki)E, DU B i KB 5 e MEL K 2248 AR
ARG E BN EIE, MR HRER—H-1~1 Z RN R, e MRS RS, 2K
KA, EFELL 10%. 50%. 100%48 3l 5 IS 20 A B U TEREAT FIWT, X @i Kb, e
AL UKL EEUTE A DY A e, A AT 0 48 T 27 1 2 ) 5 B A A DA B 9 LA AR TR, T DA
AFERTF BRI, EFERECRE BoME PEMER R EE, RIS E N -1~1 Z AR E
Ie) 37 LADIL 3l 2 K50 F e AKX BBt e s Ve B, R s (BN B SR BudE P AR B A s -

FEZ RS G, BRI AIMNEKIE) R E(50%, 100%E5E K) i, —Ee¥dE BAREN K H{E R,
PRI T AR, (HRE G, AR 2 AR 10E B/ T 85% KT 105%, HIskfs B&
ZRNTERESE, M EIET 0 BRI TS, B8 T %, e 0 i, AL EpetE
N0, — T IEARNBUEA S RIS, S5, MR 7 HEE AL, BT LA I AT B A AT
P, HREEIX HABIIME R E KT 0 M Al SR BA LW EEE, AR IS K775
TR X IRBNE RBERBEAT UL, 8 SR BN AR B) J5 SR ARG 2 R & R B, YRR
A2 RS B R BT ERE AR AL 27 0 5 B (KA, BEAT T A — PG A B, A3 /5 1) B J5 AR 8 A R
ik S R A E KA EE .

73BT K BRI (1 70 AR BEHL AR S K T R AT I, 25 2R 7~9 P

Table 7. K-means clustering sensitivity test results of high potassium glass

% 7. BRI K ERKEBE IR R

SR SR 10%RBN 73 RA R B0%IAN SRR 100%H5) 7 KL R
7 Rk A, AL A
9 Rk A, AL A
10 A A, AL A
12 Ak Rk Kk JKed
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XHE A

Continued
22 Ktk Atk Kk Rk
27 Kk RAk R Ak
1 TR TR TRAL T4
03 iz 1 TN KA R %4
03 #ifz 2 TR TR To WAL ToAAL
4 To Rk FTo Rk FTo AL ToAAk
5 TRk TRk FTo AL ToAAk
06 HRAL 1 TR TR TR To Rtk
06 #hhr 2 TR TR TRAL TR
13 T4k TR TRAL TR
14 TR AL T TN TR
16 To Ak FTo AL T RAL FTo Rk
18 To Atk KAk Kk Atk
21 To Rtk Rk Kk Adk
Table 8. K-means clustering sensitivity test results of lead-barium glass
5z 8. $RTENIEN K BERABURMENINER
SCHERFE R SRR 10%33h 4 50% 545 R 100%41 Bl 45 5
02 Ktk Atk Kk Ak
08 Ktk Atk Kk Ak
08 =5 Kk & Rtk Atk R4 Atk
11 %24 KAk Rk AL
19 %24 KAk Rk KA
26 Atk AN Ktk Rk
26 JE AL Atk KAk Ktk Atk
34 Ak Kk Ktk Atk
36 Ak R Rtk TR
38 Rtk Rk Rtk Rk
39 Rtk AL Rtk Rtk
40 KAk Rt KA Rk
41 KAk Kk Ak Mk
43 #ihr 1 Ak Kk Ak Mk
43 #fr 2 KAk Kk Rtk Rk
49 KAk T4 To Rtk TR
50 Rtk Rtk Rtk Rk
51 #ifr 1 KAk RAe AL %4
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AHE 5

Continued

51 #BAr 2 Ktk Atk KAk Rk
52 KA, RAk R Ak

54 Rtk Rtk Rk Rtk

54 77 5 A, 25 Rtk Rk AL Rtk
56 Ktk KA Ktk Rk

57 Atk KAk Kk Adk

58 Ak KAk Ktk Adk

48 Rtk R Ktk AAk

24 TRk TRAL T4k TR

30 iz 1 TR Rk RAe KA
30 AL 2 TR %4 Rt KAk
20 ToAAL Kk Ktk KAk

31 FToRL To R AL To Ak FTo AL

32 To AL TR To ALk TR

33 T4 TRAL TR TR

35 TR T4 TR TRAL

37 TRt TS TR T

45 FTo Rk To Rk ToAAL To R AL

46 FTo Rk To Atk To AL To R AL

47 TR To ALk To AL TRk

55 TR TR TR T4

42 KRR L T RA TRk TERA T4
42 KRR 2 AL TRk TRk T WAy
49 A AL A FTo AL To Ak FTo Rk To Rk
23 R A To AL ToAAk FTo Rk To AL
25 R KA FToRAL To Rtk TRk To A4k
28 AN 5 TR TR TR T4k
29 AN 5 AL TR TR TR
44 KA 5 TR, TR TR TR
50 A KUK T XL FToRAk To AL TRk
53 AR KL To Rk FTo Rk FTo AL To Ak

Table 9. Sensitivity test results of random forest classification of high potassium and lead barium glasses

F 9. S, BIIRIBAURENL AR S K ERMNIXER

SCHDRAF R 10%H B Tl &5 2R 10%$ 2 Tl 45 R 100%#/ 2)) Tt 25 2R
A2 Y A4 Y
A5 HA A4 HA
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