Advances in Applied Mathematics N %223, 2023, 12(7), 3188-3199 Hans )0
Published Online July 2023 in Hans. https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2023.127319

IR RHEE S I RR 5

HERE, TAAE, 2HH, AHE, a5
LR T RERES G2k, b

Weks HiA: 20234F6 H14H; FHHEM: 20234F7H9H; KA HM: 2023474 19H

HE

ETFOMBEFERBNESE, TFRBB SO R E R B < H &R B XA S B E B RN, B
HWET E BB BB AR R TR MEEL, 3R A A R A E B SOk AT
L5, HARIN: FEEEHAMSHEE MR, SLFHER, MEHAEATLR; SHATEML,
HYBBREESZ AT M, REFLST RPN — g thp ) EE R ik E
ER45PbO. BaO. SiO:. K.0, BILIHERAMEEHLARM (RF)FSZFFHENL(SVM)IRERL, HREFHRY
N100%, X BRI 8N RAKE P FH BT ER, GR—B, ¥WAN: ALA6 ATHRH, HR
RNEBI; SHEANREWFIE SRR EER S, M Hk-means KIEH XA KA B T W] AR IFHa 41
SRR ER; BJE, BRI BEER /B3I RAE LT AR R R (E i .

XK ia
BENLERAR, XFFEEMNL, K-MeansFIHLE, BMHEHHE

Classification Identification and
Sub-Classification of Glass Relics

Meiping Xu*, Xingxiu Wang*, Mengmeng Jang, Siyu Qiao, Yunchuan You

School of Mathematics and Statistics, Beijing Technology and Business University, Beijing

Received: Jun. 14™, 2023; accepted: Jul. 9", 2023; published: Jul. 19", 2023

Abstract

Based on glass relics data with known glass types, factors and important chemical compositions
related to the weathering of glass surface are studied. And classification models of glass types and
sub-classification models are established based on their important chemical compositions. Then
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these classification models are applied to identify glass relics with unknown types. Results show
that the weathering of glass surface is related to its type, weakly related to its decoration, and un-
related to its color. The surface of PbO-BaO glass is more susceptible to weathering than that of
high KO glass. Surface weathering can cause significant changes in the proportion of some com-
positions of high K,0 and Pb0O-BaO glass. Four important compositions, PbO, BaO, SiO. and KO,
are selected to make models of glass types via random forest (RF) and support vector machine
(SVM), with classification accuracy of 100%. These models are employed to identify 8 unknown
types of glass relics, same results are presented that A1, A6 and A7 are high K;O glass, and the rest
are Pb0O-BaO glass. Then 8 important compositions are selected for each glass type, both of which
are divided into two subclasses via k-means clustering very well. Finally, the robustness of the
proposed models is verified by adding a small random disturbance to the composition data.
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Figure 1. Research idea map

1. R BREE

3. R8I
3.1. BIERIRSTAE

WA R BR8], SRASBRRA, i, Hith 5 14 A EE R LB R Sc A e BdE . Bk
T PR R O LA A Pt . SURFRE NI 515, R 2 2R 1 FOCmE
—LESRFE SR R, R 3 A IR R B SO R B . R 2 RN 3 IR B A O,
A% R BN Z IRT 41T Ak =B, AT B A AE RIS 21 i o LU AT AN SE T 100% 155G, T H J5 0 e Lt
1] SR INAIAL T~ 85% 2 105% R B A R, HAR B LAE TR

X2 g 18 1 20 MMAT TCRCEHE ST IBR, JE3RAF 67 1TH MO EE . X 2 A1 3 ik
ST B 1) B oy B AN — MR/ IS 1e-3, i G 8 LT3y X T R R 2 55 5 R IE U 14
AN T B HAE 5 LERIAS A 100% 0 1] AT VA — AL AR . T30 2 1 43 S5 B S PRl 2 14 2 25 ) o 1)
— NG, BATIE R ) O X E B AR e (CLR)G FL b 31 14 4 sz (i) .

., Vd
yélenﬁ;), g(xi):[qxijJ (1)

Horby o (i=Leeems j=1,0o,d ) Ron 5 j S B B0SS 0 AN, n R d 53 50 A ROW IS FOR 734>
o TR ERD Z A EA e 2 mALENE, et I 2Rl e AT 75 250 HBEATRRIE IRk, 2
HH L AR OG IX AN RIS B N 2L Ry 5 i 00 SRR (R L AN SR o) o A SR T 5 % B T
il R A2 B

3.2. ML 5RE, gUinfa Mt

30 B 3 A A T R AIR 25 5 B SR I L ST RN 2 1) O 51 S TR IR (1] 2)REAT WAL 20T, WL

DOI: 10.12677/aam.2023.127319 3190 IR Esid


https://doi.org/10.12677/aam.2023.127319

wEMN, ETE %

Z5t. BATEKIL: Setigasmtt, MolmRm e 5 2 L m; SHegufititt, & Bath B 5%
AT s i MRS R AR N 2 B . BREBIREARERN, RA 7 BL R 53 5% R
RS HHRAL. SURMBUET 3 A IR A R TS, 45 RAHNIN A p (H. HEFIRUL
5gifi, Bt iR o BN T 5 B DL, SRR RO A 2 U 2, B4 T Fisher K
LG BN p B CE 1) FHXEIE ERMAE O, BN T 5 MM EMIE O SN 4 DA ke
HILIFZN IR EOFE LS, AR 2() M 1 e 174 .

(a) Type
9 5| @ Weathering
B No weathering
o
N
£ 24
S
o
o
o
0 -
o 4
high K;0 PbO-BaO
type
(b) Emblazonry
B weathering
©w _| B No weathering
o
s 9
3
o
o
} . ._
o
A B C
emblazonry
(c) Color

B weathering
B No weathering

black cyan green light blue light green dark blue dark green purple

count

color

DOI: 10.12677/aam.2023.127319 3191 I Bk


https://doi.org/10.12677/aam.2023.127319

(d) Merged color

B weathering
B No weathering

count

A1 A2 A3 A4

color
vE: Al= (B0 “B7 B “R7 ), A2={Bifih “EER” . @7 . RET BUYIREZ” ), A3 = (it
CRIE” B RIE” ), Ad= R

Figure 2. Parallel bar chart of surface weathering state and glass type, decoration and color
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Table 1. Results from both chi-square and Fisher exact tests

5% 1. K750 Fisher 15TAIGER

Hp ¥ value p value Simulated p value of Fisher test
Weathering and type are independent 5.4518 0.0196 0.0113"
Weathermg and emblazonry are 49565 0.0838 0.0846"
independent
Weathering and color are independent 9.4324 0.3071 0.3528
Weathering and merged color are 3.3786 03368 03838

independent
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Figure 3. Mean comparison of some compositions of high K,O (upper)/PbO-BaO
(lower) glasses under different weathering states

3. BH(L)EN(T)RBEARKRTS TER S B B EEL R

DOI: 10.12677/aam.2023.127319 3193 I Bk


https://doi.org/10.12677/aam.2023.127319

WwEM, ETE F

Table 2. Analysis of variance of some composition of high potassium/lead barium glass on surface

% 2. SRARTINIEER D B Y IR A KLY T E 4R

Composition

Si0,
Na,O
K,0
CaO
ALO;
CuO
PbO
P,0s
SrO

high K,0 PbO-BaO

F value p value F value p value
31.3509 4e-05"" 19.3865 6.1e—05""
0.0324 0.8595 6.9239 0.0115"
2.3449 0.1452 5.3306 0.0254"
0.6230 0.4415 4.9538 0.0309"
3.3550 0.0857" 9.0118 0.0043"
4.8978 0.0418" 0.4645 0.4989
2.1582 0.1612 6.1300 0.0169"
0.0026 0.9602 12.7208 0.0008""
0.2808 0.6034 2.9280 0.0936"
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Figure 4. Comparison of box diagram of important compositions to glass types
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Table 3. Analysis of variance of important compositions on glass type
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Composition F value p value Composition F value p value
Si0, 31.9268 3.83e-07"" PbO 283.0483 2.26e-25""
K,0 43.1445 9.97¢—09"" BaO 87.2497 1.25e-13""

AlLO, 34.8645 1.41e-07"" CuO 4.9262 2.99¢—02"
Fe,0; 13.9721 3.94e-04""" SrO 23.4977 8.12¢—06""
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Figure 5. Ranking of important characteristics under mean decrease accuracy and mean decrease Gini
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Table 4. Identification results of unknown types of glass relics
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Figure 6. Mean ranking of the first eight important compositions of high K,O/PbO-BaO glass
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Figure 7. K-means clustering results of high K,O/PbO-BaO glasses
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Table 5. Sub-classification results of high K,O/PbO-BaO glasses
=5 =HARIERIE T AR NER

Type Character Subclass naming Observation No.
. High SiO, K,0-high SiO, 3,9,12,13, 15,19, 23,29
High K,0 ) .
Low Si0O, K,0-low SiO, 1,4,5,6,7,8,16,17, 18, 22
High SiO, and 21,24, 26, 30, 31, 34, 35, 36, 38, 39, 40, 45, 46, 49, 50,

PbO-BaO-high SiO,

low PbO 51,52, 53, 55, 61, 64
PbO-BaO High PbO and 1 2,10, 11, 14, 20, 25,27, 28, 32, 33, 37, 41, 42, 43, 44
ig and low
Si0, PbO-BaO-high PbO 47,48, 54, 56, 57, 58, 59, 60, 62, 63, 65, 66, 67
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