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Abstract

Glass has a long history of origin. As one of the precious material evidence of the early trade and
cultural exchanges between China and the West, glass has greatly enriched the material culture of
human beings. The analysis of the relationship between the type and chemical composition of glass
cultural relics is of great scientific guiding significance to the research of glass production tech-
nology and source. This paper studies the ancient Chinese glass. Firstly, we use the linear regres-
sion analysis and the correlation analysis to establish the weathering chemical composition of the
glass artifact surface and obtain the relationship between surface weathering and type of glass
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cultural relics. Then, we use the K-means algorithm to subclassify the glass artifacts. Finally, we
combine the mean method and partial least squares regression model to predict the pre-weathering
chemical content of glass relics, and identify the type of unknown glass relics based on the deci-
sion tree method. This paper has certain guiding value for the composition analysis and category
identification of ancient glass cultural relics.
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2. ROiER

A2 B T ARBIESCIA SAE2 73 Z R AR S P20 A, xS BB as AT T2 70

FATAE S — et ARSI SR B AE R 2 vh, BEAT B TUAREE: 1) R h 2 B AR ARk
MBNZAER Y, K 0 358; 2) R pio Ll RN AALE 85%~105% KI5l b : 3) Kk Him b
TR G AL O B AT A — AL B, (3L RINFIN 100%: 4) ¥ “ SCHERAE s J3 TR “ X5
FCORFER” , JEXRE LR 2 AT E I Mo R W 1.

SO | REE AL | R R | bR AL AL AL AL AL ALK AL ALHY FALEL | UL | FULER AL 5B
0 01 0 1 71.03 0.00 10.23 6.47 0.89 4.03 1.78 2.9 0.00 0.00 1.20 0. 00 0.00 0.40
1 02 1 0 36.32 0.00 1.05 2.34 118 5.74 1.86 0.26 47.48 0.00 3.57 0.19 0.00 0.00
2 03 gAY 0 1 87.05 0.00 5.19 2.01 0.00 4.06 0.00 0.78 0.25 0. 00 0.66 0. 00 0.00 0. 00
3 03 T2 0 1 62.41 0.00 12.51 5.94 1.12 5.56 2.18 5.15 1.43 2.89 0.71 0.10 0.00 0. 00
4 04 0 1 68.58 0.00 10.07 7.41 1.62 6.70 2.14 2.27 0.00 0.00 0.82 0.00 0.00 0.37
5 05 0 1 63. 81 0.00 11.35 7.62 1.83 7.77 2.71 3.39 0.00 0. 00 0.97 0. 06 0.00 0.49
6 06 Al 0 1 68. 39 0.00 7.45 0.00 2.00 1. 8% 2.42 2.54 0.20 1.40 4.23 0.11 0.00 0.00
7 06 T2 0 1 60.51 0.00 7.77 5.47 1.75 10.17 6.11 2.21 0.35 0.98 4.55 0.12 0.00 0.00
8 07 1 1 92.91 0.00 0. 00 1.07 0. 00 1.99 0.17 3.25 0.00 0.00 0.61 0.00 0.00 0. 00
9 08 1 0 20.18 0.00 0. 00 1.48 0. 00 1.34 0. 00 10. 43 28.73 31.29 3.60 0.37 0.00 2.58
10 08 ALk 1 0 4.69 0.00 0.00 3.25 0.00 1.13 0.00 3.20 33.03 31.17 7.70 0.54 0.00 15.30
11 09 1 1 95.24 0.00 0.59 0.62 0. 00 1.32 0.32 1.55 0.00 0.00 0.35 0. 00 0.00 0. 00
12 10 1 1 96. 95 0. 00 0.92 0.21 0. 00 0.81 0.26 0.84 0.00 0. 00 0.00 0. 00 0.00 0. 00
13 11 1 0 35.21 0. 00 0.22 3.68 0.74 2.82 0. 00 5.17 26.62 15.32 9.83 0.39 0. 00 0. 00
14 12 1 1 94.70 0.00 1.01 0.72 0.00 1.47 0.29 1.66 0.00. 0.00 0.15 0.00 0.00 0.00
15 13 0 1 60. 13 2.91 12.77 8.86 0. 00 6.28 2.93 4.82 0.00 0. 00 1.29 0. 00 0.00 0. 00
16 14 0 1 63. 10 3.41 12. 40 8.31 0.67 9.32 0.51 0.47 1. 64 0.00 0.16 0. 00 0.00 0. 00
18 16 0 1 66.23 2.13 14.75 8.40 0.53 6.28 0.43 1.09 0.11 0.00 0.00 0.04 0.00 0. 00
20 18 0 1 81.71 0.00 9.69 0.00 1.57 3.14 0.00 0.00 0.00 0.00 1. 40 0.07 2.43 0.00
21 19 1 0 30.01 0.00 0. 00 2.97 0. 60 3.61 1.35 3.55 43. 36 5.42 8.94 0.19 0. 00 0. 00
22 20 0 0 42.26 0.00 0.80 0.00 0.00 6.16 1.71 5.41 10.52 26.64 6.50 0.00 0.00 0.00
23 21 0 1 77.83 0.00 0. 00 4.78 1.24 6.28 2.41 3.33 1.02 2.00 1.12 0.00 0.00 0. 00
24 22 1 1 92. 35 0.00 0.74 1. 66 0.64 3.50 0.35 0.55 0.00 0.00 0.21 0. 00 0.00 0. 00
25 23 HRRL A 1 0 55.74 8.21 0.00 0.52 0.74 1.47 0.00 3.10 17. 60 12.29 0.00 0.34 0. 00 0. 00
26 21 0 0 32. 30 0.00 0.00 0.48 0.00 1.61 0.00 8.56 29.47 26.53 0.14 0.92 0.00 0.00
27 25 RRLE 1 0 52. 14 2.38 0.00 0.65 0.00 1.96 1.60 115 32.87 6.85 0.20 0.21 0.00 0. 00
28 26 1 0 19.83 0.00 0.00 144 0.00 0.70 0.00 10.59 29. 58 32.31 3.14 0.45 0.00 1. 96
29 26 [THERALA 1 0 3.72 0.00 0.40 3.01 0.00 1.18 0.00 3.60 29.95 35.49 6.05 0.62 0.00 15.97
30 27 1 1 93.84 0.00 0. 00 0.95 0.55 2.54 0.20 1.56 0.00 0. 00 0.36 0. 00 0.00 0. 00

Figure 1. Part of the preprocessed experimental data
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Table 1. Regression coefficients of the multiple linear regression model
F 1. Z&MEIRB N EFRE

TEALEESIO,) FAMLEI(Na0)  EALEH(K,0)  EALES(Ca0)  AALEE(MgO)  FEALER(ALOS)  EALEk(Fe,05)

-0.0557 0.0331 -0.8732 -0.1787 -0.0272 -0.0309 -0.2892
FALH(Cuo)  EALH(PbO)  EALH(BaO) (P,00) FALEL(SrO)  E (SN0,  EALHI(SO,)
25,

-0.0403 0.1809 0.0354 0.1806 0.0540 -0.2316 -0.0061

HIC 1, e E B{EY 0.1, BUAEXHER T 0.1 ik 22 n R BT AL A (KR0), AL 45(Ca0), ALk (Fe,0s),
AAHI(PDO), LA B (P,0s), HAMBI(SNO,), FFIN IR LA A B 73 X AL E MR BOR, HE
AT LI ALL 20 o

2.1.2. T Pearson X REHRNLEXERNE

FESRERE LR, AR 5 AR O B M AR 2 5 A 2R PRI, L% 0 22 [A) I SR A7 1E B AR B IR
0L, NERATIE 2 Je R M RN 0 T AR Al L, BEAT 1 AH S 40 B ok B8 4 1 3t o0 AT 4 27 B 0 o AL R
AT

B P X (X, Xp X FY {Y Y, Y ) (0= 15) XA Y ARER R 75 WAL A 14 R Ak 2 1053
R XA EL 1, %A KA RALEEL 0,

FEARIIE A :
X = Zinzlxi Y_: Z.nzlYu
n ' n
ﬁézliﬁ}jjﬁ
! - X)(Y. =Y
Cov(X,Y)zz‘l( )( ' )
n-1
FEZA Pearson #HC R34 [11]:
B Cov(X,Y)
Xy — SXSY
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A 445(Ca0) F0:215 0.623 1.000
A4L4H(K,0) -0.555 1.000 0.623

H A H(Na,0) 1.000

ZHLRE(SIO, | 0.234-0.847 0,619 -0.568 -0.673
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Figure 2. Heat map of chemical composition and weathering correlation
2. WERSERUHEX MR AE
HE 2, FATHURE S 0.2, W2 KA REBOKT 0.2 10F 8 b misy, 45 R WIF 4% 2:
Table 2. Pearson Chemical composition with a correlation coefficient greater than 0.2
Fz 2. Pearson tHXREHBAT 0.2 FILER S
2Ry TE e E=RiRE ER R AR
Pearson %% -0.373 -0.555 -0.215 —0.205
(R '%ix EZRERTS ALY Tt A B AR
Pearson %% -0.371 0.480 0.336 0.259

213 B

AR, BRI SAE A KA R B A sy . B (K0), FAki5(Ca0), %
Wk(Fe,0s), A (PDO), LA AL W (P,Os)o

Ba, FATA A RAAR S 55 A “ RIS 5 B B 7 A AR OGP E R 1], 25 2R W an 4] 3.
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By, HA S R RIEAR DS

2) FERAEAEOLN, B SO 2 o B B B 2 BV 5 A R E L B I & 2 Ok

3) IR A KA A BRI o B B A DGV o s ATV R 1 A SR AT 1 o B AR OG
GRS
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Figure 3. Heat map of weathering chemical composition correlation
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ST B R AT AN B AT S Ak 4y, FRATAT LUR R R k. BR AR R
BraE ), BT AR KB BREAS AT R 00K e 198 B8 — 5 (R U 1) o J 5T A A EARBL (R D& 1) (R
RAEF — AR, A BIREA S A FIZAE, AT TRE A 2 (8] P TE [P 5 DA AR B2 8] R Ik
R

K-means SHVERETRIIRBEDL, HEREA S SETOIIER, 5550 A S5
Fl—2i% . PIAREA PR BRI, DA B A

FEAR AR

1) W kfE, RRTEELIRD KK A, MFEA SPBENUER K A SVEAYIG % G,

2) 7 BT REAS S RIS A IE R OB, R AR NREA 25 R0 B P B B A 0

3) FH AR BT FEAS 5O (B OIS, 1 1 5N FE o S RGP 340 AR 85 JA 1 o £

4) BB 2 M3, EEFO AR EGA RIS AU, BRIk,

AR — ML BRI AR, SRR LA I BRI A 1 — 20, X B A fR 2 55 AN 8 o
F) Pl SRR, BB NG

MR FRALEE 5 1) %dE , FIFT python,  BATTAT DAAS S 4 R BT R 43 2R 1 Hho 0 L R 42 3:

Table 3. High potassium glass and lead barium glass classification center

3. SIRKBMIAIINIE S FH D
ZEAEE EaRiA: A A ERiAS EaRia:s EERiATS

B 28.06 0.33 0.15 2.72 0.59 2.70 0.69
G 68.90 1.21 3.38 2.50 0.80 5.37 1.03
A AT A FAEA AALEE A TR
L 2.32 43.79 12.19 4.84 0.42 0.04 1.16
G 1.73 9.27 4.42 1.01 0.13 0.11 0.14
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% 3 MERER O, FIFSCIRHERISIE, SRR, 67 A5 O IEMFIE T 58 AR,
IEHIR L 86.6%. HHEHE B R AL 2RI 0 5 B & B, AT UK 1o B0 5 T R AP A BB 3 3k AT B N HE A (1) 20 2%
222 e, SPOFIEHITIE RS

1E 2.2.1 (3ERE b, A1 WE k=3, {1/ python IZATFEF, BB TRF ORI TR 4, £5:

Table 4. High-potassium glass subclass center table

4. BHEBT LR

—AALRE AL AL RS AR A BN AR

WK1 94.33 0.00 0.54 0.87 0.20 1.94 0.27
WK 2 64.91 0.94 11.03 6.50 1.16 7.49 2.36
W33 82.20 0.00 4.96 2.26 0.94 4.49 0.80
AL LAY ApE hEf—EE AR A AR
WK1 157 0.00 0.00 0.28 0.00 0.00 0.00
WK 2 2.88 0.41 0.59 1.55 0.05 0.00 0.14
W3 1.37 0.42 0.67 1.06 0.02 0.81 0.00

Table 5. Lead barium glass subclass center table

5. SRYBRIBIT KR
AR SEAL A A AR At AR

WK1 27.82 0.22 0.18 3.03 0.76 3.04 0.85
WK 2 58.72 1.93 0.19 1.16 0.71 5.16 0.64
T3 16.14 0.00 0.08 1.93 0.00 1.19 0.00
A SALHY A WAt B AR At AT
WK1 1.42 48.18 8.68 5.32 0.43 0.06 0.00
W2 2 121 20.35 8.26 118 0.23 0.07 0.17
W2k 3 7.27 30.15 31.36 4.12 0.58 0.00 7.16

AL 35 X R S AV B AT T BRI 3

2.2.3. EEMMBRESTIT
BRATAT LUK FH T 5% 22705 F SSE A8 8E 230 CH 4845 RIS B2 T IR IR , 25 SR P46 8t 250
NS

o, a(i) AR INRE, HEAKWT:

" distance(i, j
a(i):zJﬂ — ( J)
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Figure 4. Plot of the contour coefficient versus k
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Figure 5. Diagaph of contour coefficient and number of chemical compositions
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J
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Table 6. Mean value and rate of change of each chemical composition before and after weathering
6. MLAIREUERTIERERE

R/ Y A/ Y/ HAL EYEL

KA e AL HT AR YR KA e AL HT AR AN

A 94.3310 69.2315 -0.3625 34.5180 54.6896 0.3688
Abin 0.0000 0.7052 1.0000 0.9757 0.7929 -0.2305
A 0.5446 9.5150 0.9428 0.1451 0.2692 0.4610
AAbAS 0.8732 5.4404 0.8395 2.4311 1.2533 -0.9397
Afber 0.1978 1.1025 0.8206 0.7248 0.4996 -0.4508
AR 1.9378 6.7386 0.7124 3.9297 3.2951 -0.1926
ER RS 0.2659 1.9688 0.8649 0.5735 0.9617 0.4037
A 1.5684 2.5003 0.3727 2.0435 1.6191 -0.2621
AAE 0.0000 0.4163 1.0000 38.1319 24.1208 -0.5809
A 0.0000 0.6057 1.0000 10.7877 10.8813 0.0086
FEA 0.2813 1.4260 0.8028 4.3104 0.9683 -3.4515
A 0.0000 0.0424 1.0000 0.3770 0.3017 -0.2493
A 0.0000 0.2022 1.0000 0.0569 0.0657 0.1346
AR 0.0000 0.1051 1.0000 0.9949 0.2816 -2.5330

3.12. fwE/DZFEEFASMERNTUREETUER T E
A SCIRAN 3 ST A B 7> 3R 5] U 23 BT B RL T XA I A 2 1 23 2 B [13] -
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Figure 6. Histogram of partial least squares regression
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