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[51-59]



5355 10

VRIS & AR REE TARIBR A SURIpH U R 5 R FoRE G 572 .+ 2915 -

23 AIEaeEIT SRR A

VYR T A R A BRagE R b N s SR,
N TR ERIX IR A % 0, HAR GRS 45 1E
HR PR R BB AR R R S
BOERTE, AR TR T s EUR- B EOd- R
HAR = — R BT : EIETR R0 4E  45 S A
FEGENL AR S BRI 5, RN T RE KA 2 (]
SRR A I T S AR R B &2 IR
TR SEIL T AR = BE R (R Be ELER, i B -2
AR SERL T YRR S5 R 304 8] WL A B, 7R 4
BRETEA 2P IGE T — 37 AR, IELEHES) i
PRI 2 228 B s ) 5 2 R (1 9,

N T BERE 78 5 R TE s ) Tolk Ak R &
HAZ O IR B 3R BILLE Tl ) 3 45U e e AR 5
I St . — 7T, 35 M R 4 R R 2 g )
NS SIS SN I ¥ A SR/ L Rl =1 1 e ER
TG, SEETEE BRI R EAG . S
ST HERR AR, W BT T s AR I R RE AL
KPS ON 5Ty, KRR Al A OV 4
IS AR RE 7, AR LT SRR, 2
it e SO R BT TN A B ARy AR T 2 0
R TS 008 7EAT ML Bk sz, DA B
N B ER, HLERS I AEREN T AR T
I F S AN %S (b SN Bk W4 /Db 1
FABGEA G, SONAT W R (S AR
olro SUEERS, A T8 REI I A A AR 15 5
NEH: WFEmankas, s S A T8
B Ay AT LA R 9 e A Y, AR 0 R U [ <
AR 2 IR A AR RNEAR, RE B RELE
PR AT AR MR R S, MESAT LA, AL
BRI IEH . SRS SyRmsE " R
T AR [ AT B A e AN R, (B R
BN T R . BB Gl S AT BEAEAE (3L
PER R, X —7F JEE— N8 T R ZERR FL )
T TR TR S STHESR AR ARI® S pdigi A
e S, R IR S S S
FsEmEY, B ST Sebr TR E RS, 55k
BRAz P~ 2 1) B SE B IR FE R, T RE S I A RS
FCEN VAL I P IR S,

24 AILE&EEFREIEHIE W PN A

241 Y4y SERETIN O LAk, AL
BREHAR U RS 2 S BHE 1R 22 5 HoR 40
BRGNS T RERRE, NIRRT S R
WAt T )1 F AR 0 Wt S RE TN T

PRS2 21 B 08 o #2908 K 2 92 50 2088 o (0 9 72
A, BN TSR AL . [ 2 BN T LR
FE RS BE VTR RE TN 75 THD P 3 B AR A A [R] M e
TG R4S R Hoh B 2a B T LA ST E B
Bt LR R F o 1 2, AR A Se A Gl S
RO, sl IR H50H05 e PR 24 ) LA 2 J PR S 4R
JE A FANLAS 2% S R HE W EAR S b i — e X, Jf
SRR,

TEEFS 2 7y Bt o TH, I 45 AR 4 S
BAESVL, BERN R B A R MR
B R B A RO, s BE L AR ARSI B T
AR AR SR B s p 44007 shah, R 2 4F 45 1
FEFRZE 4% (4N GlassNet A&7, A LA [F] B S0 3% 3
M RpE R, BEERE T IACR S e, X
BeR AN G A T SR RO A, [FR S
BEAR T IR I REAS o MBI, T AR R JE B B e i )
B R BB /R R T T, WK 22wk
RHABAI SciGlass $4fs RS2 HUE R, R FHBEHLARM
HPHEAE 56 FE Y BEA 5 M R T
B, Gyt Rk AR R (SHAP) S5 7 VI Fu A A
AT AR, SEEL T TE M 42 0 2 (R B B 4R K
RE B AR AR TN . R A AR AR
Si-Al-B-Ca-Mg-Na 75 TG AL 5 23 8] TR 2 118
JIANBEESTC T HEAT PO TN, R 4 ARRERR B
PERERE S OEATIAR, 25 R WIRE SR RE SR A T
WARRF, HARTAHCHYEE R, 300F T B8 B HER
PERISERE, ABETH R B R I S s B g 2H 7
PO T B R

FESE TSI RE T J7 T, L3857 ) [FIFE R I 5
K7 I8 W B B 4 43 5 o B B o
ML, FHRIFBENLARMA. 328 BRIPZE W%
B RNAR SR, AER] LS I 3 3 R 4 5 )
REETRINT, IR YR B I PR A AR R
UK R A B, SREThEe. BRI At
SELE I RIERE S, B 2b SRR KR A
ANV SRR P 0% B (1 P35 266 SHAP {E#)/)N
K], HIXMIERER T A RS RE 1 D]
DUHRe BN BT NFFERE, Hh iR
IR, B @RI . x BiEs TS5
B RBER AN B SHAP 15, & 2c~&] 2f Ji
ANRANE =R R, SRS R
TR OC T BT O RE 5 . PSR EE AR L S
2 9 RS0 RN 45 SR 5 LSS A
FEAEHAT TR LIAIE, SRIF TR 10—



+ 2916 - CRERR R 2540 J Chin Ceram Soc, 2025, 53(10): 2912-2928 2025 4
Glass experiments Supervised learning
Property database Machine learning

Glass simulations

Classificatio

models

Prediction

—

Unsupervised learning

High
Tannealing
Al O,
SiO,
Li,O
TiO, >
Na,O| .. . . =
Ca0 g
Load g
B0, ®
Er,0; =
MgO
Yb,0s
R,05
KZO 1 1 1 1
-1 0 1 2 3 Low o 10
SHAP value/GPa
(b)
0.00
160.0
140.0
120.0
100.0
80.00
60.00
; ! 40.00
0.25 0.50 0.75 1.00
SiO,
(e)

P2 WA SIAE BRI 7 M MR TH TS0 ) TR K o3 MERE TIUN A S (a) LSS ST PEBIRAE A v rh ¥y L ST I (b)

5.0 860
5.5 810
6.0 760
6.5 710
7.0 660
7.5 610
8.0 560
8.5 510

20

200 30 40 50 10 30 40
Na,0/% Na,0/%
(©) (d)
36
£ 33
Q ) &
B £
2 5
= 28 2
3 =
g &
—_— o
E 24 A&
5]
2.0
10 20 30 40 50 60 70 80 90
Si0,
®

7.

K

I SHAP 52058 % S A AT S I (K T3 s (c—f) WLAR 2 STRERL T b AN R SRR 1 2 45 A B 1 ) 4 SR 5055200

Fig. 2 Process and partial performance prediction results of machine learning in glass formula and performance prediction:

(a) Typical application examples of machine learning

oxides using SHAP model®); (c—f) Prediction results o

models[SO, 88, 90]

Rl x T RaRMZ AT BOEAS, N THERE
LS SRR R B R AF iz AL RE 7T, RERS T
W A 0,5 7 R 24 B B 3 IR
Blhn, ARERZT Mg RS BB, RS
[ AN K I ARk = RhpLas o2 S 5k, 2T
NUKE B X TE AR AR R SR B AR ) . MR

in glass design!"'); (b) Prediction of hardness dependence of various
f various properties of different glass systems under machine learning

PRE . MR R EL AR BB IR T R
PERVEBEREAT TN, FZh Il 1 0.9879 [ thiE &
H, JERE 50 A LI B HEAT HERZ AL T, 2% 0E
i SHAP {32 AR B PERERK Tk, i
VEREBERAIER M 4L VTR B T it v

B T vt SR BRI , HLER S ST AE DR R



5355 10

VRIS & AR REE TARIBR A SURIpH U R 5 R FoRE G 572 < 2917 -

RAL REUINETT T A% 7 EEAER] . filtn, it
Tol B2 217k, W FEN 7R 1 B AR A S5 R pL
i, NERRRBIEAORHOROIAT AL T B A,
BEAE, HLas 2 ST 1 T DU A B AL BRI AN X
S, AT — 25 Bt e e B T Fy v fy e

SR, AL ST B AR S v i B i —
ek, L, TR R AR I SR AR Y
BLfil, H E AT BB U s AR R R, HAF
FERCHE A g 1) ), BRI LA ) g —
Lo F T N B SR R S, B TR A I
TIMEREM &, AEA RS AN AL T 1 22 A i S
PETT TR RAFAE A —E I RIRPE . Lk, BT i
FEPEA A AT &S5 > B i — . Oy
TR E R AT R, BEFNGCKRH T SHAP MH
IR, RS 1A AV R AR T 45 SR ) B
B, fEJEERIBE T, W LA — 5 2 LS R
LAEIRNH L DRSS AR AL SR R, B
R SCAT AT (GAMSs) P JE 2 1t 5 AT g1k o xof
TEAREEAR, @S AU AT AR R
2% (U1 ProtoPNet) BRA 2 57 5IR G RS0, K BFETH
AL Dy ] BEAR RN o FEVRFE 5 ) &t T et
A R, Bl InfE R 2% i iR
T AR £ i 2 J2 2 S 85880,

ARK,  BEAE BEERL 2 U AN W A SR AL
it ORI, HLEs S ARSI RIE
eh L B SORE SE N R o 5 S RS VR S HEE SR B
TR OSSR 2 SRR K e i) <8t )& . il
SEE PR TR MBISEI AR EEE R 5L
R IEOR, N TR R dE AR ot 504,
NBETEAT RS I R TR N i3 g2,

gi LTIk, Blas 7 SIE SR Wt A BE T
DU N C 2 B T R O, BAT R A
PERHORIE . BARMEA RS M. ROk, BEET
AREIAN T HED FIE RN G, Bl PR AE
PP BT R P R I VR, HES AT
WIS K RE
242 AEPIRESESIIE PRI AR
o, BT AR BRI 51T, C4 R
JRRMA I . ] BB Bk BREERIN. D)E S
IR DI RIEEEER, S BB HOR L
b5 T BB R T T AR PR R s

JEORH b 2 A K i EG AICAR 2~ AR 3B 38 A P VAR Y
A, N TR RS RHE P IR &, FsE
DL RERC EE AL, SIS 7 3 0 A g S B s Bh A

VEE R LA, SE T B JEURHE A 3 S TSk
R B 00 SRk 2 O R 0 A ARk R A A SRR
AR FUR B, 8 E R SR A AR A SR IR
BeLb e T B AL, 456 o4 AR A (RFID)F2 AR
SERFIB R RIS B, BRI IRIR G R A 1R
SEMERS BRI, VRS S T2 s e s, T
JE AR 7 T R — IR N R R, AT A R i T Ok T
B 77 AV B 7 T T R BIL A 27 S AR Y 5 SEBR i) k)
REFKREL, @l —E AR, &AL
RPN TR RS, PRSI JER R Sk
BEIE R AN [F] B AR BT 2R

PRI R PR o o B S A R A TR G R
IO REREINTT, (R I HA2 R E B3 ot Jog B AN AR e
PEROCEERT BL, HR Retbizdl k2 Bt 5 A
i P DR 2R RO 2 ) B . R T 90 2 2R A (PO R
5 AL SRR (GA)VE R T S A oA b,
SCHR T PRI E . A A TR (R KA, (]
NGBS 75 R HECE, T4 T RRURECA, R
W7 TR AR R . KIFIE . 2 H AR RS )
AL, ONBEESHE SRR A T IS R R se AL iR T
Y R IHEZED, — R T AL 1 %2 R
AiE @B 10 2 A6 D AR Y (CHED) 8% F T 15 v B 3 08 2
DA A SRt e L ST = R A ol lE IR e
FE AR K, thAl, Cravero 25U gz s
WS PSR AR NG, s AN E Tt 2 AL
BEMAMATTE, Gia it ERE 1% (CFD)RIE £
Hbnis L 5, e S i Ok 23 B SR R A 2%
f, AR RGR R S TE IR TS 9k
i O8R5 26 3 VA e 22 I 2% (DRNIN) ] 5 1%
JE ) H R S A R AR, PRI T
A% R SE M SRR E Ve AR A 28 il 32 425 1
X — S ) L, AR A28 X 4% (FNIN) 5 185 Sl 4R
B TAE PR S HANR AL 32 ) S, A ROe ik 7 &
SR RAR Y« K T A P I AR 25 5T e 010,
BE A, T 2 X % N 1) 28 o e o e 4 -
Ty -AA 5 (PID) R 17 Je it &4 77 %8, W& 4k
7 H R I TR A AR T TR S PID R4
A S T A SR (IR h S ma O, o B B AR 3
A BRI B — ORI TR, R e BN AE
R B AN, AR H AT A M LA 5
(R REAE L FH T i o B b (R B B G BR BA T, (A
IR K B T 20N B AR 2 (A K JE =3 0] i3
WL HEEA. RIEKE. P BRI ESED,
I HARE 2 (A3 R B gz, PRt AR B AR ALy



« 2918 - (RERR Sh2230)

J Chin Ceram Soc, 2025, 53(10): 2912-2928

2025 4F

BEIESEI A TR, B FHBEEEA SR B
TR AE RIS M BT RN BT, TER R BB 1
S B AR 7 2 T S RNV B A I R B EDIE 1 2 A
N, EEAEM AN TR RS RM NG TE R, A
REMS B IE 2 S Ik <RI B8 1 Th A

BB R 5 R T AR R S R A% O B RR . B
Fe M NUROR L . DG SN RO TaE Rtk . il
PR BRI T AR, BRI
TR, ZEILLVERTL, Wi TIEEIE. SCHRFm
F[EJH. XGBoost [A] 41 LightGBM [a] )45 B —Fji
TS Y S o} 35 Feg B AR 1) P BE AR AT T, R A DL
Hrib b S EIE AT SSR, NREE . T
R 22V 5 Al /MBI i & FH 36 T Stacking 46
JAE SRR 3 Rl A RRHEAT T O B T . AR
B, 5T Stacking HEMF IR T H AT
IR e RERDZ A VE AN FINRS B, AE BT AR N
T3 A W A ) R R T v SR A P2 e R
#7490.0068 mm, LI T BIEEARE X —K
BT AR bR 0 O AR S D Re . AR, PR
(1) T R B R G B TR ARRR T R BE LAAME A B
ZE. WU BHESE, N R R 2R B AL
TS VR T A - T it - )\ it S8 3 A7 PR 3 i R
feid#8, WAIERCANIIA EAER, DL A A
TRGSAAR R 43 X 4 BT 1) A%, T I B PR 3R 1 28 S R¢
i) [ e 45 BB T B 256 UK - AR BBR 1 A2
H AT Rx S5 i TAE, KA AN s A 7k
B AE M — 2 TRRAG 5 T T S50 0E,  RRids &%
AR IERRAE — T 56 2 B AR e TR 4% 1 H 2
BRIl Mk, HHTC SRR R AN [F R B
B AT UV, R R — i, AN
A H R 5 B K R (2 0 AN SE PR R AR B R — &
S8, MR AR RS B VT A AR P R I RO
TN T A KB . (R, 76 2 90 4038 A1
DL T HEZ NS R, WA RREH AN TR
X SR A P AN R L P S 0T REF G, IF
T AE W EERAT IO, A G AR K
R EA S SRR, KRB
S B RUR

TR K i B AR T PR 35 PN 0 S DR T
FUE T BB PR L MM A, BER
Wi 3 36 () e 1 AR e 0 S DN LA kg e .l I kG v
A AN T2, Rk i T IR S BN R iR R
B TR AN G B SR I B PR R AR I Ty
T 4% 2R BB o AR B L B8 PID 4% 1l 70 B

IR PR B R AR R B RO ]
FaE PEZ S A, Wit [ Fh R TR Rl 22 X 25 11
T P2 1) 2R A 28 X 2 T 2, SEE T IR KR
FE R A A B RO AI R ARG A TR %, FE ISR EAd
TIRKIPIRIERSG, e T RS0 E s KA
PERE, X SRR o IR R R AN A P Ao B B
B, R KER I, RS R A
L% (BP) #0222 [0X) 2% FH 7 S5 B 00 386 338 vt 0 82 40+
fif R 1 A G R AR U i S TR R, SR
¥ P AR T4 48 7772 « Stefano LR FH AL 2827 = 75 12
CCRFMEAVEFERIA), 1 g (o] Y458 2 S0 35 35
WRIK AN ST, G561R K a M ZHOH B R K T2,
AR BRAR T PRSI PN 38 g SR ) XU o T
PR 5, @Rk B R RE R E S
AT DA A R IR KRR SR, DRI A R L8 2 2
JTIE RS R VL HC T 2264, (HX T, B)E
PASAE LR R M T 5, B AR i W w3
T PIRAEIR KB NN T BT IEBEAER, @ 21
DX BN AS [F) 5 2272 FE 1) F D 4 AT I B2 1) b
£, T TAE RS, A RGO, IR
BN RN R AT R B RME AN AT, T A B
T BRI B T S 1 9 B 2 T BB RIS R iR
ZERR, X IX A ) R 75 L 5 S bn BB T A
ANTR] DX 8] PN PRS2 A« VA i E 2 2 A 0 475 10
T TR ) JEL TR 2 1R 0, DA B 3B N A S5 5 S I O
SGLRA AT S I AR, W SR 5 IR 3R A SR
NEZR, T ELGS &M AN TR REITIEES B
BRI, A B R RS R O R AT ok i
PEECR I Re AR RS .

St B RS U 2 A 33 A 77 I R AN AT R — A
KRBT, — WAL T HIR K a e i Uk X 3. @
Tk 0T IR AR I SN A A R, BEE S A —
LR o I 80 of HL S A5 B DD A A B A s g, T
FEITI AT DL I8 5 B PR i SIS A0 A7 AR SR HE = A sl
R 4] Jot [RS] RT S B S R T 6o 76 N L& BE RN
R, SREER AT Ay DLd i B AL S HLES - )
SIS BE R . — MR T B 3D R E(AO])
RANIEMG AP (LM, BE9m). RRIEFEECK S $E
AEFERE) S 53 FSAR I (G HRE Im) B L) H AR B FH T~ AR
B AR BE AT I 2 b, SEEL T X EIRRIIRE . AR
TR A% T R R RGN , R R BRI 959", —
P TR FE i 22 0 28 27 2] 1 EHR AR B 5 1R 7 V40
FH - gl v 1 2 SUENR 5 A7 T2 R 2 A1
AHSAER) H B2 WA, 7E U-Net #5284 Z6A 458 H



5355 10

VRIS & AR REE TARIBR A SURIpH U R 5 R FoRE G 572 + 2919 -

WAL B g s P e B, DY KRR
B FEMIZ G5 Atk H— 4 (BN)JZ, Bk k2%
WIZRIT HILER L R IR . ERAEEE N
dropout )2, AJULA B IEEEIMER . IEiIXFh L
HER) U-Net ABISEHIL 150 33 Sk SUEMG EAL 47 2
Pl FEXS SR SAEFE RS I 5 iR 5 5 T, {E Faster
R-CNN [ 28 15 R IR 380 1 Rt b B s A 2K
WO PR ER AR, B0 T HHE /DR Sl 2ok
BE, IR T IS ke iz ARE T, R T B
VGG-16 BERNENRHEIRIVZ, 4G T ITB¥ 107
5, XFEIE R S Faster R-CNN [ X 25 15 4 47
I T B AR IR T VEE R S B G AN R R 2%
IR AER IS 94%. FET I e | — &3
LY T 202 W R G0, MR P T AL
#EARERSE Y, [N, @A
LSRR B IR ORI , MLAS 7 ) BB mT S wi Tt s 4
WIR RS, NTZESHESHBRARIE.

AT R 2 i At sk et Il 2 f5, @it
BREA I ARSI EE g, 2t AT 45 e ML
Sk g [X i ek 7] 36 v AR o o A ) A T AR
1, KA RIS FA S5 20 BB AT AR A VD, 29l
IR BIA RIS L, @I AU T REAS [ (1) 3 38 7
b SO AT HEM AN A3 o UIFL 0 ile 5 HEBR AT I Y
ReAb T AR A s SR B A ke 55 o 153 A% SR
TS IR IHEREARAL , 456 ST A2 r= R B A
DIEI %, WA R T n T e, &
/N SCHR IR EATLRVE A F T IR B B A e 2 VA v
PRFARAT B A FEER R, i — D4 T PR AE A
Ui AR AL R B A R P E R S, AR A R AR
LR ekl s gt T A SR — Rl AR
5 ) SHLEAR Y 1) 77 240 FH T Tl 3 2 B AR A S i
P RfER 7y, il 2 RESRZ. dEE P
KA I T 28 IR FE 2 SIS, YEERA TI0I 1 B3
R R RS RETREA T, T
FEML B8 N B AT S5 b mT S 2 edh, 3%
Tt E R 2P B IR I R G iEd gEFE i 5 R
ZEam I, BN AR PRI R AT RS R A A
) 22 A= e R A SR A SR P,

AR EIE RS RG] SRR R BT HL )
e RRE . Roger M B FCH I T — P T ALK
A ) 2 YRR R E VISR (Surh, PR R K
HRTTIE), SR UEI AT AL N s 1) 52 B 42k
— ISR, BRSPS SRR SR
TR N A AT SR

LA RN LLRIL, AR E P
BRI B DB AL OIS, Gl LR ] AR
BB WAL AN g SR AR, WHE B
AR ST SR 2 R I AT RAR PR, (3
SRR IR P AR P I R AN B TR 2 (8 B B R
AHE SRR R, [RIULAE AR PR 3R T AR L T
D5 TR T B IR AR SE 3, 3 HLRE AE g g T AR
PR E B (IR . BB S), REREIE T
Hs L = 5 A BB Y B R B8R (Can 4 o 2 0k
TR IRIBEAR T I FIRR ), 5 & A R ) B 1 1) 3 1 oy
R ARBR A BT T RR gt >
243 FEMBRERRBISWOT T BRI TR
B A P RN T3 R R AN R G P I S, 6 SR 1)
WA S2W, AR RSO FEEE, R A
B ARIE 2 SI AT REAR A e A 2 AL S A A O
BRI BRI 5 T BM a4, H
HEMAERRESE DN R TR, FEEI
AR EL R T B FR R R S 512 Wi AT 1) 4 Bl
77, FB RS A SRS EIER G M
RORMA, BERS T WG SN, KT IR
J5 2 ST sk B R 1 55 12 W 5 T 9 32 T 98 2 S G
Kl 3 fros.

W ER, 2T CNN [ H bk 5 o E)
(1 YOLO %71, SSD. U-P-Net 25) K H i 2ct: i ay
YRR, AR SERR Tolkg se b R I H o
KIBEN M. B, KA YOLOvT #ALE L 5| N6
FUER IR CBAM) IR Sk, A SUF R T B
BGANINIR IR S, PR R T 6.15%! 1,
i, RS YOLOV3 fiRY, 454 imiEE
JIWLHI(SENet) M 22 REEHRFAEIE], 728 BeTFHL a5 Rk
BRI P SEEIL TOA E S E OEE ARAR T L eAh,
SSD 5ik45 & ResNet 5k ZEMEHFIRRE & 7 85 9 2%
(FPN), {00 & 3 3 SR 14 /0 E B R B R A FEE 3 T
15.7%"8) . S S AR L 1 BT Ao A 2 B
TEMIEERE 17, R T Toll3g 5o Hont st 1 5 4
FER P4 75 5K

E PR ECHE B e R R 5T Je it 7 ThD, W A3
IR T 2RI ARG HT . B0 XFFEARAS 1
Bkt 1 R, 2B R B X 25 (GAN) T T B 1 e i
Bepr G, 2 RO Al A RS AE TR R T
B NI R 7y ol R = C IE b= I K I @]
CBAM. EMA) 5| Nt —B Ak 1 180T A0k fa
Rk gt O RN i, ARGk SR A ST 4
HHRRIMEE I —pn, KELAEMNES CNN



. 2020 - (RERR Sh2230)

J Chin Ceram Soc, 2025, 53(10): 2912-2928

2025 4F

—|a). Gabor filter and genetic algorithm to adjust features

]

Ultrasonic

[b). Adaptive noise cancellation technique based on time-frequency signal processing]

1
11

testing

&
g Iy

i

[c). Combines acoustic emission and wavelet transform

—{d). Helmholtz electromagnetic array probe detection method

—{c). Disturbance observer theory

[ﬂ. Combined array detector and random matrix theory

(b)

Summary and [g). Kalman filter combined with X-ray method

analysis of defect Filter

[h). Time-varying spatial filtering rearrangement method based on microphone array

I LU

U

detection

[i). Novel defect detection scheme based on morphological fiters

methods [j), Coupled rayleigh-like waves

(k). Real-time kalman filtering

—{ 1). Gabor filter combination method

—(m). Spectral residual visual attention model

Machine

vision (n). Multilayer perceptron and backpropagation learning algorithm

:

—{0). Image calibration combined with C-means clustering algorithm

.—(p). X-ray image defect detection technology

Other quality

detection

[ 8). Pulse magnetoresistance method

A

U LJUL I )

technologies

—{r). Acoustic emission technology

(@

(d

Bl 3 BRBE IR B A A R R R RCR s (a) SRS S IR BN (b) A BREA ) S BAE 5 R
(c) EnF RITRBREE FIAS I HLAS 22 3] 5 R0 EE S (d) 6 R [F) & SO R AR AS TR B 2 2 51 5 ot EE )

Fig. 3 Summary and classification of defect recognition methods and their typical application effects: (a) The mainstream methods
for defect detection and identification’®; (b) Prior frame and identification of bubble defects!''®); (c) Comparison of
different machine learning methods for scratch defects!''™); (d) Comparison of different machine learning methods for

recognizing different stripe types!''”?

(B A A FH U220l By BP 20 N 4% 45 45 JL BB i 5
EUS, SRR R B A AT S T S B T T 85%
FRBIR . EEERNZ, 2RESHME ML
(MCNN)#L F 7 22 00 &7 85 0 i, BEE I IR 4R
TR TI 2 98.4%!'%Y, U-P-Net BiIZE S5 5
G S AR U B TE T AS B 1) s ks 1),
TSR AR % O 1F T 388 L B 3 3 R AR A A
R Ei, R TlIg s SehriRa . M SEBRR
PR KT, T 2 ST AR L3545 S 5= BRI 1)
T AR . 10, Park 251204 5T 4-DarkNet
(1 22 38 3 I 5 5 s 285 B8 T AL 2 170 St e A
Hr, K HERG A 98.17%, 43 A ik B & 4127
RN 2% R A B 2SI B P, i A T 9 B
A Rt SE N S R e R e R . AR R PI
TR AR RS RI RGR A T &R S
AL, SEELT 2 B AL R AR S St MW S,
HIAE T HAREH AT AT, RN T —
FhIET YOLOV3 BRI AR RHIE 2% SC B G s M 77
W, BEm TR 2 S SRARS R AN ik B AE
LT SR BUEE I E SR S, W T ERA
TR TR, AATERITBSE R TR
K HERER. AR, RV N TR e e SR B A

R TR T kR, A AT TG 2 Sk
HORFRE A B MRS B I AP, &
IR L8R A v P 112, DL S A AR Y
SEA e ST AR B I, A, S INBRI (B
TR0 20 IR A 1) AT 75 a0 SE RS 4 1 22 R
FRAER A RAR RS 120,

TN R B R, BT EE R T
HREH AR B = R — R E A
Wit (N Eff-YOLOVT) 54 s & 14s &, DA
TR TR 2 3D MRS 2B HR (4
A% TS B IR G, DAMESR B (1) 2 (/) R AE g
ORI ) S B IR ST IR R, RRRE
ol ! >, R, BRTHSAR AT REERE A
Tk A SR AT B B, BRI
J 25 S TE B IR P A I 1 R OB — AL
F1a RGMERRITT Z RN, RRFHE— DS
REPH S TRESRER, HEShZBEAR M E SRR Bk
B F AN S AR ) 7 )

2.5 FHRBIBERMEMN. CES5EAEAR

251 RAMHEGEHER 7 PRIEEIT,
FS o SR Py (16 it B PO A 1 B A R 4 o
£ S8 £ fits i B 5 AR TR 56 01



5355 10

VRIS & AR REE TARIBR A SURIpH U R 5 R FoRE G 572 - 2921 -

Wr, &5 HIEFRE. Sibt. 2 AR H AL
iR, BEEN TR AR, e ais i
RGUIBWRE N TR A, A RERT T
PR R AR

e w2 % Agent RGEANHTIEHL N T 3%
IV JE e, BB EE . R
L ML RAENMHEN Agent, FHERIA B PRE
PLIHAT S, ARGET TSRS REE, ¢
LT BhAAk . IR, 575 Rt b o P4 B
B P LRI Al G R PSR S
WA EAH, 46 ENTFB, MUFFMEAE
R, ERFER R T M. MAENE, N
BERATH SR A, BRIE R R
HL 1 (PDA) J¢ TG 45 W 25 A% B 5o R JEAT 1 A7 280 e
AN, SEELT BOEOME B E b S5E B, RIE
Tt 1AMV E i 1 S e R 1

BRI B B — 2 AR R,
WREREAR. Ak, mitEEZA . @it
4 A ST R E TR A e 22 AP A A A 3
A, XYEERORMN S, 7T LAk — S5 T A7
EE R BRI o AR, BEAEBORPIA B,
B REIIA O B BN IR TR 1) K R I
252 iafEgpAe MR SR EeIHE EIARHEE
o PRI I IS A IR S R R R R SR AR
PR PR A ) G R R . Bl R Re il A B
BIMCHERIIR R, el LA ~F- AR 3830 77 i £ 3 ik
oH R R AR KA AN 2, 0 SR = RIS g s i B
B o

TP AR 3 2 BRI R, BR AR AN TP
PISHIs R R E AL SRR ERAS R AT DA K PR
J55 1 ARG a2 R R RS, I BRI i A
BRI B RGN AT T DURE SR GG . 240 W]
PERIZS B2 PR EAT SE A% . B4, Zhang %0
SR TGN S B A R G AE A e R sk 2 7
T A 2, Farooq M SMAH T Mok (1 it % S50k
TR G P N2 B335 F(AGV) RS 1T
PRATRAG IR o X B8 T7 75 (R B FH DR~ F- iR 3 3 A 80t
P )5 s s AR R SR T A E IS5 . AL,
Hu 20 T —Fh o Mo 0%, H TR RE T
] AR . AR HE M TR, ER
DUAR B SEIN B4R shAS B R 26, ORI ™ i 2 4
1 RIS AT o X6 T e B AT BE AR AR I TR FE i R
LR AR DA R S 7 7 SR 2% ) AL, L 2518
P T — M RE 5 B AR 7 2R AR R A DL B A

AGV HFZAER,  DARIXX LBk A5 AT v
THEATE, DB siakin R g0t B AN AR i . e
J1. PRBGHE ISR S B R R
2% 110 L (ORI FEAUR, B T AR AE T AN T
BRE. REEA A sm G . BTk
J&, R R IR M IR HAT TR 7E 4 S 2%
HE, ZYUROFFSA R OV . e B
HLRRA R w38 f i o7 SRAR T IE . AR AN A
KK, BEEBCRNAREED, B atich 5 HE RS
REAE PRI AT M A A P BOR B B B2 AR

3 NTHE A FARFEHIH RE

3.1 HARWESEIFHES

FENTRBERIETT I, ARRAT BB = 24
BRI HR . HATHR 7 IR AR Zhid R
AT ERERBIEAMT SR, HAAE ISR )
K B EMEF @ KK, BFARNZATRERITA
H AR EAL . ENm AL IR AR IR L 2 5
HEUPL, Bt SRS SR AR T OB AE, SR
HE, FEEBRRIIZRRCR . AR AHER R .

ZHARRA R AR EEOFHA, AT
B S KB . RS RORIR LA,
TR TN REAL AP R 2 o IR I AR S BT
WRBCFE A P B W IR LI, e RE R TR
& B LESHEE; KEATEEOR N TX X 2
EHARRIAEAE . EHEAT, N TR RER R R
FRE MBI B HEARN N TR GERA
SRR B R AR KR TH S B, SCIUAR T ) PR ik
ARA AL
32 MEBITWEFERANEMESETE

P GLI) P AR AL P A AN TR A AN
LR AW, EPRCRAR B ETEE . N TR AR
ENIUE ] DA R S Y S S LR AN A A
B, SR IR S I R v
OB R RIR AR, ARAE A, I8 NN
DR BT 7 el S R, B e i o B P R AT
— k.

N TR REERE R PRI AT AL T 37 58 4 SR
FRAREN . A S N TR BEBOR AN N F 5 77 ) 4
My FEAEFERCR S PR TR BIBTRE ST RN
ST TR AT A0S, RENE T4 M 2 11T 37 7 R
B PREE N2 AR T I, AT E T3 38 4 rp
32 S AU e R I S BN TR A
BRI, WTRER TR A BT PR sE g ST



. 2022 . (RERR Sh2230)

J Chin Ceram Soc, 2025, 53(10): 2912-2928

2025 4F

Bop 55 e L, ST T AT UK o IR R AT AR B AT
W idgfep Bt — Dt HESAT ML 3 & A
ﬂéﬁ[l48—149] .

33 ALERERBRMYES N RES

W N TR BE . FH AE AR B s ey f v, 3
PR — N R I . I AR AR AR
FIRAT, BEBUERFE RG], s ARER
W FEL R B kAR, A IR A EBR A .
T L3R A 7 PR SR AR I s T B A% 4T 1A
SEN TR R SILE = R 1A ST 5
BAE USSR 3 7 KR A, T BEAFE R SE AN HER
ATERE . AN—FUEEN L, B, AR s A
FORAEMBIE B BUmZE, N Tid B vl e 1E
BRI, ATTRZ M N TR A AR IR f v Aff 1 A T
MR N T RRYOX — W, T B G — M EE bR
AEFRE, BEEGRAAR R R ELE, Ll
B B RSL =, AR, o B R
GINHPIIES PO e e S N e PSS )
RIS FIE I . WAL A AT R HE RN LS,
TREE KA HERAYE s R B 29 28 BHLRN T Ak 2
FEAR L BRECHE (R s A A, B A T
ST HAR A RN, DRSO 1 22 2 A 5
;f%,].i[lsmlﬁ] .

T S A M RS 5 e 2 S R B 3 A = AT
gz N TR eI X — 2R E R R P
PR L ZmAEKAS S, SR, TEA
%, BIEEM BRI R IR K. A,
RS XA R R A H AR,
N TR REAME L AT . MR @RI T . [, 3%
TR AN R R (2SR S R KRR
SV R o IX AN T 45 K R ] RE TP AE P i FE A
PR TR, BTN A Re AR P I AR R R AR
IMERE . AT fRULIX— )/, o] LA RE S N Je it 1)
B @ik, AEPEEAETT B, {2 5B
LREY, K25 BIRE 1077 1546 3 5 R 1 A
FERE RS, i, A CFD #5403 B i) i £ v
MRS AE I G, S N T8 REAR L B 11 SR A 1)
BEhl, P2 O AR P I AR ) B AD TN RE 7 - RIS,
IS NG A= 2 RS E P u e ot | P 12 L YA A= 22 53
AR, BN TR R RGUE S A P2 I 1 A8 FL A AN W2 )
FVHEE WS, LG R T 2R A PR 1« [T
TR HIENEH RS, S WA P TR AL,
I B B A SHCR R R i = AR

A —ANANTT 2R ] A N TR Bt ol

FITRMZ IS R HOE . BB AE PO VF 2 R
SAURIUE S AR R Bl AR IR PR 56, XLk
SRR LA R A R AL, N T ReAE DL E
RBUNA I e 2 it AT R AL i . BORANTH
AE AT LASR B X Bl R e WO TN, (H 7 — 2552 2%
RERERET, REANREREEAS NS
AR IR T B AR AT SR A FIWT, AT
BRELIE B RNRMRFRE S BOIX— 1]
BATEAHUEME SRR AR & o B I A iR
A DURE B A P U ) T L AR L 2B R
B EIRE RS, DUE A T A8 R 50 A Hh AR AR
FIEXEERIR . i mR B R A A HEPL T RE, N
ARG AT . HERRRARAE,  [F I AT LK
PNC S NIDEE vk 20 VS R 0 7 ] DN
REHEAT S TR . fEBLEERS B, PR EM. HH
PN R T TP DN S e R b S PN
RE R GUEAT AL, BEIN B R 40 0 4 AT,
FFARE H B 2 UG BEAT R RE AR SR . [, ST
XFFRYE GEHBNTERREMALL KN
ISR ol s 1= e S

N R AR AR N T REAE T AR A 38 A0 P v
T PR — Pkl o N T REBARD e 2 A R0
7 B R N TR RERAR S CAB TR B AT LI B &
BN Hil, RREEMAAMEEZ, #HLAT
N T RAET AR BIEAT ML A HE) IR o O 17 xS
R—Phdl, AV RINGR S RS BT R A1,
NN B SRR GIHENLH  mA AR LA AT AT
BOHRE AL ANEREE, 577 BoA 5 AR RS RE
NFA

4 RHEHRZ
4.1 R4

[ =]

ASHIEFE AT AT 5N R REAE TR Ak )
IS RE SV U iy W A AN a [ K53 73 VE RS TN
B REVIILS N E B DL i B 5 e E 2 A
KRBT AR, AN TR RERARE
R RERCRL B RS AR S TS H R
RGBT, BERTE VAR BRR T A
FEBEE 17

2 AN 5 SRR BT T, T LA
(IR T R P AL TN PR ES SR o ) R A I AR AL It
R IMEBIR M SN, ST AR
HRFETES O R e ST TSR

BREVIUL S N B B Y, N e A IR



5355 10

VRIS & AR REE TARIBR A SURIpH U R 5 R FoRE G 572

. 2923 -

S e i . s AR S R
DL S AR 7 i (6] 55 75 SR T 55 07 1  #5 1 BELAE
R, BREET TR K T YDA I3 5
AR S R ] R A

N TR G AR BRI B 2 AR £k,
PRBEFS AR NGRS by R, BHEVLA, &
REEREVEQIHT, RS EORME S, HEsh N TH
REF ARAE A 3 39 S0k P 7 FH A0 R R
42 RE

BAR N TR REAE AR BRI T R B H T K
1, B HATAEAE — Se R AR S AN R . R
KT B — P s N T ReHe AR AE PR B FS IC 77
LOVERRTIIN ., A rmad RREES]L SREERI . PR e
5 SEPR I S R N R TT, R ER P b I AR
18 3] 1) 1) DA B A 7 AN AT 2 B A B R T R
FEIEME R, B N LB BEBORLE 5E B P AR B
A PR A ) S R A AT S . R TR B ST
W T NEMNURR, SEMEERATE, &
TR o e OC R AR PR, T8I 48 I 4% SE IR )
B A =5 (an R Al B . I IR E SR, S AER
BeJ7 B TT 5. i, SHa il 2)a Serb & 2k B E)
i, RG AN AT EME A, FHoK A
AL FID RERAE P24, ST R TR Be A
TS EE, AT EAL S R
T ERRE AT RS R EFEE L CRH =D
TERARA IS, S, G5 FSUEBRGE). H
R RE B L. BB . IBKE T P53, @i
AT SR 4 A 5 AR S o AR R (T s A T 25 1) 5 3
PeIRMI A RZE  BOB LA EGHR FE 4 A UL RS
SRR EROR. 1B KRR R S 1A
&), FEEIEWIE R T 2B IR, R R A i
AT BB RN T, SEINL G SR 2
W - 2 g AR T A R I R R A B

B N TR R A T AR I3 ST ) v FH Rk
12, 8 G — AT bR AE RS R A AR 1S e 9
B ARRBLINSRAH SCHRHE B TR E TAE, B
NI Sk o @ 8 e Yl el I /M 37 N ]
(1) 5 SR AR TR bR, FTEAT R R, {2k N T
AT PR BT IR AP RE. AT
B REAE AR I 3 AR B RO S S A A
s SRM Tk . BRI, N T 6
BRI, WA AR R, 2 HEORR
AR BoNES NHJTH, AN TR RS
WRERVAAE . B R B SR, A A e s

BRI AR S A e . N BB S AT R 3

SR AHT R BT EAE AR U sE e, HE

B PR IEAT ML EOR QU Al A 5 7 L AR A
G = Emh ER S 2R

S 30k

(1] LM%, FRIE, o N T8GR RIE S RVRI]. iH5H
HLURFHL, 2020(9): 7-10.

JIANG Guorui, CHEN Hui, WANG Shuxin. Comput Era, 2020(9):
7-10.

[2] RUSSELL S J, NORVIG P. Attificial intelligence: A modern
approach[M]. 4th ed. Pearson, 2020.

[3] BELLENS S, GUERRERO P, VANDEWALLE P, et al. Machine
learning in industrial X-ray computed tomography—a review[J]. CIRP J
Manuf Sci Technol, 2024, 51: 324-341.

[4] BISHOP C M. Pattern Recognition and Machine Learning[M]. Cham:
Springer New York, 2006.

[5] ALMASI A D, WOZNIAK S, CRISTEA V, et al. Review of advances
in neural networks: Neural design technology stack[J]. Neurocomputing,
2016, 174: 31-41.

[6] ZHANG S, YAO L N, SUN A X, et al. Deep learning based
recommender system[J]. ACM Comput Surv, 2020, 52(1): 1-38.

[7] LECUN Y, BENGIO Y, HINTON G. Deep learning[J]. Nature, 2015,
521(7553): 436-444.

[8] Krizhevsky A., Sutskever I. and Geoffrey E. Hinton. ImageNet
classification with deep convolutional neural networks[C]//Advances in
Neural Information Processing Systems. 2012: 1097-1105.

[9] Vaswani A., Shazeer N., Parmar N., et al. Attention is All You Need[J].
Advances in Neural Information Processing Systems, 2017, 30:
5998-6008.

[10] JIAO Y, FINLEY J J, YDSTIE B E, et al. Digital transformation of
glass industry: The adaptive enterprise[J]. Comput Chem Eng, 2022,
157: 107579.

[11] LIU H, FU Z P, YANG K, et al. Machine learning for glass science and
engineering: A review[J]. J Non Cryst Solids, 2021, 557: 119419.

[12] &7, B K. PRI T BUIR S5 I FE 3R, 2003, (1):
3-11.

PENG Shou, ZHAO Fei. China Glass, 2003, (1): 3-11.

[13] Bhdt, RBEWE, EER, & o EPRE AT o5 B
FRERFFC[T]. T EFREERIE, 2018, 38(12): 4451-4459.

ZHONG Yuezhi, SONG Xiaohui, WANG Yanchao, et al. China
Environ Sci, 2018, 38(12): 4451-4459.

[14] FISCR, J2E, UMy, &, SPHTE ok s B BT 72 2k JRe 7).
BHBEES T B, 2023(9): 2-11.

ZHOU Wencai, ZHOU Yun, LIU Xiaopeng, et al. Archit Glass Funct
Glass, 2023(9): 2—11.

[15] BROCAR. ~PARBR AR B 2R d A PP 5 (D). db e desg Tk
22007.

CHEN Wenjuan. Research on Life Cycle Assessment of Flat Glass
Production[D]. Beijing: Beijing University of Technology, 2007.

[16] Z=A, ZRm, Vrocks, 5. Tk N8R K s R SO B0IR &% i 2 [T].
H 3k 248, 2020, 46(10): 2031-2044.

LEE Jay, LI Xiang, XU Yuanming, et al. Acta Autom Sin, 2020, 46(10):
2031-2044.



. 2024 (RERR Sh2230)

J Chin Ceram Soc, 2025, 53(10): 2912-2928

2025 4F

(17] Z2KAE, AR, 2PHPF. N DR RERAR R anfar 520w i b 63 1)
fpE TAEZ B, 2024(10): 155-173.

LI Yuhua, LIN Yuxin, LI Dandan. China Ind Econ, 2024(10): 155-173.

[18] RAVINDER, VENUGOPAL V, BISHNOI S, et al. Artificial
intelligence and machine learning in glass science and technology: 21
challenges for the 21st century[J]. Int J Appl Glass Sci, 2021, 12(3):
277-292.

[19] KEDE. WA PRI E 6 L) AR BB RE[I]. B0, 2024, 5103):
40-43.

GUAN lJianguang. Glass, 2024, 51(3): 40-43.

[20] o777, WL XU EIE. BT LA L A SRS SRR )], S
7%, 2020, 42(1): 25-31.

QI Ningning, CHANG Min, LIU Yuhan. Opt Instrum, 2020, 42(1):
25-31.

[21] x5, sRAEHe, TKIE. 2023 FEPARBEEEAT LA THE TR 21 T].
R EEAH, 2024, 73(3): 66-68.

LIU Yang, ZHANG Yani, ZHANG Kaibo. China Build Mater, 2024,
73(3): 66-68.

[22] #hmaoR, Earh, X, B AL S AR I EE T S R 0], o
Rl HARRL, 2023, 53(10): 1589-1608.

HAN Gaorong, WANG Likun, LIU Yong. Sci Sin Technol, 2023,
53(10): 1589-1608.

[23] MIZUKOSHI K, YAMAMURA T, TOMIOKA Y, et al. Optimization
of lowermost layer material for low-resistivity Ag-based multilayer
structure in low-emissivity glass[J]. Thin Solid Films, 2021, 739:
138996.

[24] 550, B, MBS, & RER GBI ST S RED). P ER
#EAL, 2024 T 1): 101-105.

QI Shuai, GUAN Min, ZHENG lijjie, et al. China Stand, 2024(Suppl 1):
101-105.

[25] CHEN S N, GUO Y M, SHEN C, et al. Photoelectric-coupled
multilayer smart glass synergistically regulated with doped
nanoparticles of GaAs and IST phase change layers[J]. Renew Energy,
2025, 238: 122023.

[26] HZER. 1 [E TFT-LCD FEMRIEI R JERER[]. BEHE SR
55,2022, 50(12): 31-35.

TIAN Yingliang. Glass Enamel Ophthalmic Opt, 2022, 50(12): 31-35.

[27] 24k, LA, EBM, . RVERR IR HE n Tk R[],
BEHE, 2022, 49(5): 11-19.

LI Miao, KONG Lingxin, WANG Dacheng, et al. Glass, 2022, 49(5):
11-19.

[28] =3, 7 Reid T 5T AR L B R ARG )], o B @A R,
2015, 24(5): 63-64.

LI Ping. China Build Mater Sci Technol, 2015, 24(5): 63—64.

[29] BIEE. Gt Bt AT 1 B B IR L 2R A[]. B LAruE 55
7, 2025(1): 134-137.

LIU Ruilian. Stand Qual Light Ind, 2025(1): 134-137.

[30] SRHRIR, IR, MENEOG, . FEBEEHIK RN THEARER]. R
FhiEH, 2020, 39(2): 585-591.

GUO Zhengiang, YUAN Jian, HUAI Xuguang, et al. Bull Chin Ceram
Soc, 2020, 39(2): 585-591.

[31] Tk i, R, 26, B LECRA 5 BOR AT 5T LA
SPARBEIEAT B[], AT, 2024(8): 71-75.

ZHANG Gaohan, SONG Jinhui, LI Zongguang. China Price J, 2024(8):
71-75.

[32] ALAE, ZEgkug, Zfa. XU AT BB R BT LIB ). 3%

4, 2024, 51(10): 14-18.

DU Cheng, LI Jianfeng, LI Heng. Glass, 2024, 51(10): 14-18.

[33] HUANG B Y, LI Z H, LI J Y. An artificial intelligence atomic force
microscope enabled by machine learning[J]. Nanoscale, 2018, 10(45):
21320-21326.

[34] KOROMINA M, PANDI M T, PATRINOS G P. Rethinking drug
repositioning and development with artificial intelligence, machine
learning, and omics[J]. OMICS, 2019, 23(11): 539-548.

[35] KAMOUN F, IQBAL F, ESSEGHIR M A, et al. Al and machine
learning: A mixed blessing for cybersecurity[C]//2020 International
Symposium on Networks, Computers and Communications (ISNCC).
Montreal, QC, Canada. IEEE, 2020: 1-7.

[36] HUMM B G, BENSE H, FUCHS M, et al. Machine intelligence today:
Applications, methodology, and technology[J]. Inf Spektrum, 2021,
44(2): 104-114.

[37] YATHIRAJU N. Investigating the use of an artificial intelligence
model in an ERP cloud-based system[J]. EEC J, 2022, 7(2): 1-26.

[38] MUELLER B, KINOSHITA T, PEEBLES A, et al. Artificial
intelligence and machine learning in emergency medicine: A narrative
review[J]. Acute Med Surg, 2022, 9(1): e740.

[39] TOURETZKY D, GARDNER-MCCUNE C, SEEHORN D. Machine
learning and the five big ideas in AI[J]. Int J Artif Intell Educ, 2023,
33(2): 233-266.

[40JHADJIISKI L, CHA K, CHAN H P, et al. AAPM task group report 273:
Recommendations on best practices for Al and machine learning for
computer-aided diagnosis in medical imaging[J]. Med Phys, 2023,
50(2): el—e24.

[41] YANG J D, LI J P. Application of deep convolution neural
network[C]//2017 14th International Computer Conference on Wavelet
Active Media Technology and Information Processing ICCWAMTIP).
Chengdu, China. IEEE, 2017: 229-232.

[42] SINGHAL A, SINHA P, PANT R. Use of deep learning in modern
recommendation system: A summary of recent works[J]. Int J Comput
Appl, 2017, 180(7): 17-22.

[43] LAT Y F. A comparison of traditional machine learning and deep
learning in image recognition[J]. J Phys Conf Ser, 2019, 1314(1):
012148.

[44] DENG L, LI X. Machine learning paradigms for speech recognition:
An overview[J]. IEEE Trans Audio Speech Lang Process, 2013, 21(5):
1060-1089..

[45] ALOM M Z, TAHA T M, YAKOPCIC C, et al. A state-of-the-art
survey on deep learning theory and architectures[J]. Electronics, 2019,
8(3): 292.

[46] DARGAN S, KUMAR M, AYYAGARI M R, et al. A survey of deep
learning and its applications: A new paradigm to machine learning[J].
Arch Comput Meth Eng, 2020, 27(4): 1071-1092.

[47] ALIBABAEI K, GASPAR P D, LIMA T M, et al. A review of the
challenges of wusing deep learning algorithms to support
decision-making in agricultural activities[J]. Remote Sens, 2022, 14(3):
638.

[48] WANG C H, LUO Z Q. A review of the optimal design of neural
networks based on FPGA[J]. Appl Sci, 2022, 12(21): 10771.

[49] NIU H J, LI H, WANG J F, et al. Enhancing computer digital signal
processing through the utilization of RNN sequence algorithms[J]. Int J
Comput Sci Inf Technol, 2023, 1(1): 60-68.

[50] DEGADWALA D S D, DEGADWALA D V. Survey on systematic
analysis of deep learning models compare to machine learning[J]. Int J
Sci Res Comput Sci Eng Inf Technol, 2024, 10(3): 556-566.



5355 10

VRIS & AR REE TARIBR A SURIpH U R 5 R FoRE G 572 < 2925 -

[51] GONZALEZ-RODRIGUEZ D, HERNANDEZ-CARRION J R.
Self-organized linguistic systems: From traditional Al to bottom-up
generative processes[J]. Futures, 2018, 103: 27-34.

[52] ABDI A H, AUDAH L, SALH A, et al. Security control and data
planes of SDN: A comprehensive review of traditional, Al, and MTD
approaches to security solutions[C]/IEEE Access. IEEE, 2024:
69941-69980.

[53] Kim J B. Implementation of artificial intelligence system and traditional
system: a comparative study[J]. J Syst Manag Sci, 2019, 9(3): 135-146.

[54] ADAM S. Symbolic behavior in artificial intelligence[EB/OL]. Deep
Mind, 2022, 1-17.

[55] WEI Z, WU C, CHEN L. Symbolism and connectionism of artificial
intelligence[C]. IEEE, 2000, 364-366.

[56] ZHONG Y X. Structuralism? functionalism? behaviorism? or
mechanism? - looking backward and forward on better approach to
AI[C]//2006 IEEE International Conference on Granular Computing.
Atlanta, GA, USA. IEEE, 2006: 32-37.

[57] WITTE H, BLATTER T U, NAGABHUSHANA P, et al. Statistical
learning and big data applications[J]. J Lab Med, 2023, 47(4): 181-186.

[58] EL NAQA I, LI R J, MURPHY M J. Machine learning in radiation
oncology: theory and applications[M]. New York, Springer, 2015..

[59] DIETTERICH T G. Machine learning[J]. Annu Rev Comput Sci, 1990,
4:255-306.

[60] KIM K G. Book review: Deep learning[J]. Healthc Inform Res, 2016,
22(4): 351.

[61] YANN L. Deep learning[J]. Nature, 2015, 521: 436-444.

[62] MATHEW A, AMUDHA P, SIVAKUMARI S. Deep learning

overview[M]//Advanced = Machine
Technologies and Applications. Singapore: Springer Singapore, 2020:
599-608.

[63] KHAN A A, LAGHARI A A, LI P, et al. The collaborative role of

blockchain, artificial intelligence, and industrial Internet of Things in

techniques:  An Learning

digitalization of small and medium-size enterprises[J]. Sci Rep, 2023,
13(1): 1656.

[64] FOUKALAS F, TZIOUVARAS A. Edge artificial intelligence for
industrial Internet of Things applications: An industrial edge
intelligence solution[C]/IEEE Industrial Electronics Magazine. IEEE,
2021: 28-36.

[65] PANDA S K, MOHAPATRA R K, PANDA S, et al. The New
Advanced Society: Artificial Intelligence and Industrial Internet of
Things Paradigm[M]. New York: John Wiley & Sons, 2022.

[66] WAHLSTROM M, TAMMENTIE B, SALONEN T T, et al. Al and the
transformation of industrial work: Hybrid intelligence vs double-black
box effect[J]. Appl Ergon, 2024, 118: 104271.

[67] JIAO Y, FINLEY J J, YDSTIE B E, et al. Digital transformation of
glass industry: The adaptive enterprise[J]. Comput Chem Eng, 2022,
157: 107579.

[68] WANG J J, MA Y L, ZHANG L B, et al. Deep learning for smart
manufacturing: Methods and applications[J]. J Manuf Syst, 2018, 48:
144-156.

[69] JI Z. Digitalization and intelligentization of manufacturing industry[J].
Adv Manuf, 2013, 1(1): 1-7.

[70] SARKER I H. Machine learning: Algorithms, real-world applications
and research directions[J]. SN Comput Sci, 2021, 2(3): 160.

[71] WUEST T, WEIMER D, IRGENS C, et al. Machine learning in
manufacturing: Advantages, challenges, and applications[J]. Prod
Manuf Res, 2016, 4(1): 23-45.

[72] KIM S W, KONG J H, LEE S W, et al. Recent advances of artificial
intelligence in manufacturing industrial sectors: A review[J]. Int J
Precis Eng Manuf, 2022, 23(1): 111-129.

[73] ZHANG H T, SEMUJJU S D, WANG Z C, et al. Large scale
foundation models for intelligent manufacturing applications: A
survey[J]. J Intell Manuf, 2025, https://doi.org/10.1007/s10845-
024-02536-7.

[74] ARINEZ J F, CHANG Q, GAO R X, et al. Artificial intelligence in
advanced manufacturing: Current status and future outlook[J]. J Manuf
Sci Eng, 2020, 142(11): 110804.

[75] Jacques B. MGI-Artificial intelligence-The next digital frontier[M].
McKinsey & Company, 2017.

[76] CASSAR D R, SANTOS G G, ZANOTTO E D. Designing optical
glasses by machine learning coupled with a genetic algorithm[J]. Ceram
Int, 2021, 47(8): 10555-10564.

[77] W&, EACT, wEHL 5. F TP S R UK S5
Hor BT T[], RERR #him iz, 2023, 42(7): 2603-2612.

TIAN Jing, HUANG Yiping, MIAO Enxin, et al. Bull Chin Ceram Soc,
2023, 42(7): 2603-2612.

[78] CASSAR D R. GlassNet: A multitask deep neural network for
predicting many glass properties[J]. Ceram Int, 2023, 49(22):
36013-36024.

[791 ZHU J Q, DING L F, SUN G H, et al. Accelerating design of glass
substrates by machine learning using small-to-medium datasets[J].
Ceram Int, 2024, 50(2): 3018-3025.

[80] SINGH J, SINGH S. A review on Machine learning aspect in physics
and mechanics of glasses[J]. Mater Sci Eng B, 2022, 284: 115858.

[81] ZAKI M, JAYADEVA, ANOOP KRISHNAN N M. Extracting
processing and testing parameters from materials science literature for
improved property prediction of glasses[J]. Chem Eng Process Process
Intensif, 2022, 180: 108607.

[82] CASSAR D R, DE CARVALHO A C P L F, ZANOTTO E D.
Predicting glass transition temperatures using neural networks[J]. Acta
Mater, 2018, 159: 249-256.

[83] BISHNOI S, BADGE S, JAYADEVA, et al. Predicting oxide glass
properties with low complexity neural network and physical and
chemical descriptors[J]. J Non Cryst Solids, 2023, 616: 122488.

[84] YANG Z Y, MIAO Q, DAN J K, et al. Structural mechanism of glass
transition uncovered by unsupervised machine learning[J]. Acta Mater,
2024, 281: 120410.

[85] ATENWE, K&, 4R, & HTHLEY KL ThRE BT 7L
HERE[T]. WOt GHF R, 2024, 61(9): 0900004.

FU Lili, ZHANG Zhiqiang, XU Huimin, et al. Laser Optoelectron Prog,
2024, 61(9): 0900004.

[86] MR . B Ak R 5 3 3 A5 52 VE RO RSO (D). 4 BH: PH R R
K2, 2023.

CONG Yutong. Simulation study of the stability of borosilicate glass[D].
Mianyang: Southwest University of Science and Technology, 2023.

[87] M 5%, fiaet, XML, & N LARE 2% 76 B e 7 i i
FEAHWEFE]. MORHSHR, 2005, 19(6): 17-19.

XIAO Zhuohao, LU Anxian, LIU Shujiang, et al. Mater Rev, 2005,
19(6): 17-19.

[88] DU T, CHEN Z M, JOHANSEN S M, et al. Predicting stiffness and
toughness of aluminosilicate glasses using an interpretable machine
learning model[J]. Eng Fract Mech, 2025, 318: 110961.

[89] PIGEONNEAU F, RONDET M, DE LATAULADE O, et al.

Physical-informed deep learning prediction of solid and fluid



. 2026 - (RERR Sh2230)

J Chin Ceram Soc, 2025, 53(10): 2912-2928

2025 4F

mechanical properties of oxide glasses[J]. J Non Cryst Solids, 2025,
657:123476.

[90] YANG Y, HAN J, ZHAI H, et al. Prediction and screening of glass
properties based on high-throughput molecular dynamics simulations
and machine learning[J]. J Non Cryst Solids, 2022, 597: 121927.

[91] TKINHE, 23, BRIIM, 55 BEERc A TERT R ). kR
AR, 2022, 50(8): 2338-2350.

ZHANG Liyan, LI Hong, CHEN Shubin, et al. J Chin Ceram Soc, 2022,
50(8): 2338-2350.

[92] FEE Y-, JIREE, RO, . BOEEE TREEROCIIEE IR
e T AU T R (0], WOL SO H T R, 2022, 59(15):
1516002.

DONG Guoping, WAN Tianze, WU Minbo, et al. Laser Optoelectron
Prog, 2022, 59(15): 1516002.

[93] NTI I K, ADEKOYA A F, WEYORI B A, et al. Applications of
artificial intelligence in engineering and manufacturing: A systematic
review[J]. J Intell Manuf, 2022, 33(6): 1581-1601.

[94] Francisco J. Development of Machine Learning models to predict glass
quality of melting furnace[D].Portugal: University of Porto, 2022.

[95] PINA J M, LIMA P U. A glass furnace operation system using fuzzy
modelling and genetic algorithms for performance optimisation[J]. Eng
Appl Artif Intell, 2003, 16(7-8): 681-690.

[96] 2= REFH. VEIEBIEIA A AR I 5 ] RS L BLD). AR
FE: BB R, 2023.

LI Kangyang. Research and realization of liquid level detection and
control system in float glass furnace[D]. Shijiazhuang: Hebei
University of Science and Technology, 2023.

[97] CRAVERO C, DE DOMENICO D, MARSANO D. The use of
uncertainty quantification and numerical optimization to support the
design and operation management of air-staging gas recirculation
strategies in glass furnaces[J]. Fluids, 2023, 8(2): 76.

[98] 5K, SEIR2E, FRARIR. T 325 VA 48 0 45 1) B0 A i L
WAEAEHII]. ST A3k, 2007, 26(5): 67-69.

ZHANG Langing, DANG Xuanju, CHENG Juanjuan. Ordnance Ind
Autom, 2007, 26(5): 67-69.

[99] 5K A, JEHE 5 il LB B A KA AT FE[D). KM KB K7,

2004.
ZHANG Xiping. Intelligent control for glass furnace temperature
system and simulation[D]. Zhengzhou: Zhengzhou University, 2004.
[100] 5 . 37 il 58 4 e XU AR I BT FE (D). Rk EAR R
TRHEKE, 2007.
ZHANG Langing. Research on intelligent double decoupling control
of glass furnace temperature[D]. Guilin: Guilin University of
Electronic Technology, 2007.
[101] SBZLME, SROCTE. ASDR I 28 100 45 7E BB P il B2 2 1w ) B2 T 9]
T KR (B SRR, 2007, 34(3): 233-236.
GUO Hongmei, GUO Dayu. J Liaoning Univ Nat Sci Ed, 2007, 34(3):

233-236.
[102] ¥ NS . B 22 N 4 75 3 B 2 i 4% i I S FH D). TR FH: ARk
K2, 2010.

YANG Minming. The application of fuzzy neural network in the
temperature control system for glass furnace[D]. Shenyang:
Northeastern University, 2010.
[103] BRE 4, SskBk. 2T 8 Reis bl HAR TFT-LCD B s i g
WA AR A A R ST, MR, 2022, 43(3): 58-62.
CHEN Zhirui, GAI Linlin. World Build Mater, 2022, 43(3): 58-62.
[104] it E75. J= T s SR 50 A0V o 30030 e AR S P 0 S0 9 5 A1
FERD]. M Hm TR, 2020.

CHU Wangtao. Algorithm research and software development of LCD
glass substrate thickness prediction based on data driven[D].
Guangzhou: South China University of Technology, 2020.

[105] ZEALEE. BOH 1 22 100 £ T2 JRRIR K pP T BE A% 1) P i RE A [D]. it B2
B ETIE K22, 2002.

WANG Huajian. Application of Fuzzy Neural Network in
Temperature Control of Glass Annealing Furnace[D]. Qufu: Qufu
Normal University, 2002.

[106] Stefano P. Modelling and simulation of a glass production system with
Machine Learning algorithms[D]. Italy: Polytechnic University of
Turin, 2020.

[107] JRHRA, HEAEE, TR BP 2 25 R0 1008 K A N B IR
FERITIL]. EFTI L 24K, 2006, 9(3): 377-380.

ZHU lJinjie, TONG Shuting, GUO Fengjiao. J Build Mater, 2006, 9(3):
377-380.

[108] &FLKE. BEFGIEM AOL RGHE T BURAIEEABF[D]. &AL
AL T K2, 2020.

ZHU Konghui. Research on several image processing technologies in
AOI system of glass substrate[D]. Hefei: Hefei University of
Technology, 2020.

[109] SR K. i3 B30 i 1] 2% SURMB UM 55 T 2R REAR R VE 1 2 Wit
FE[D]. ZE&: MLk, 2020.

JIN Dabing. Diagnostic study on the correlation between stripe image
recognition of float glass end face and process technology[D].
Qinhuangdao: Yanshan University, 2020.

[110] 473, XUBE, B#k, 5. BT HAETRIE DIV o A 7= 28 v A 2
FHI]. AR, 2022, 43(5): 52-54.

ZOU Ningbo, LIU Rui, GE Miao, et al. World Build Mater, 2022,

43(5): 52-54.
[111] FRAEEMG. VR =R U BB AL PO (D] B2 &: MLk
2 2007.

ZHANG Haipeng. Soft computing on glass plank position in the
cold-end of float glass production line[D]. Qinhuangdao: Yanshan
University, 2007.

FITILT]. HEREEE TR &4k (H SRR AR), 2022, 50(8): 71-81.
HOU Liwei, WANG Hengsheng, ZOU Haoran. J South China Univ
Technol Nat Sci Ed, 2022, 50(8): 71-81.

[113] TRbIE. BT it EmE 6N R AN 55 [D]. ki
AR, 2018,

YU Rongzheng. The research and realization of the furnace intelligent
monitoring system based on cloud computing[D]. Shanghai: Donghua
University, 2018.

[114] ROGER T, STEINLE F, SCHILP J. Monitoring data quality for Al
models in industrial glass production[J]. Procedia CIRP, 2024, 130:
282-287.

[115] JAEEE, mifh, VE#E, 5. HLAE I FERDRIRES: ity 52 3 R[]
5 BAT K], 2022, 23(6): 8-12.

ZHOU Yueyu, GAO Jing, WANG Yan, et al. Inf Rec Mater, 2022,
23(6): 8-12.

[116] FREBA, XUBIFE, ARE5, &5 SOl YOLOVT (1350082 TH SR A A
TTEHTSE[I]. ML TREHA, 2024, 53(6): 209-215.

SONG Liiming, LIU Mingqin, LI Xiangbin, et al. Mech Electr Eng
Technol, 2024, 53(6): 209-215.

(7] AR GF BN, Bz, BEAR, &5, TH & Ak T ML 3 38 55 ARG B2 A 0 1

YOLOV3 BUGHFIR FH[I]. i 5 R, 2021, 36(12): 1728.



5355 10

VRIS & AR REE TARIBR A SURIpH U R 5 R FoRE G 572 < 2927 -

WU lJigang, CHENG Yuan, SHAO Jun, et al. Chin J Liq Cryst Disp,
2021, 36(12): 1728.

[118] BRI, B, skibzs. T oodt SSD AR & B 38 25 M Bk I har
M. i TR, 2023, 42(8): 119-121.
CHEN Cheng, CHEN Weifeng, ZHANG Shijie. Value Eng, 2023,
42(8): 119-121.

[119] BT 2R, J= TR B2 2% = FAO V0 BB R B R 9 75 ¥2:9F 78 [D]. KER:
RAEAHRE, 2024,
WEI Jirong. Research on Defect Detection Method of Float Glass
Based on Deep Learning[D]. Daqing: Northeast Petroleum University,
2024.

[120] k. 2T VR L% 2] ROTEIERE 2 2 7 IERT SE D). MR /RUE: e /R
TREREE, 2021,
CAO Xin. Research on sorting method of broken glass based on deep
learning[D]. Harbin: Harbin Engineering University, 2021.

[121] THE & J TR 2% S0 i TP AR B BRI A T 75 VA8 92 (D).
WAL TR 200 L 368 3, 2023.
DING Pengfei. Research on Defect Detection Method of Mobile
Phone and Tablet Glass Based on Neural Network Algorithm[D].
Master's Thesis of Hubei University of Technology, 2023.

[122] B, FE T HLEALIE ) B B 2 KRNI BT K [D]. &8 &L
TolkK2, 2018.
XUE Yuan. Research on classification and recognition of glass defect

based on machine vision[D]. Hefei: Hefei University of Technology,

2018.
[123] EREE. 3T BP (4 M4 BB S IR A H AR 7T [D]. KJR:
JuK2E, 2010.

WANG Suzhe. The research on recognition technology for glass flaw
based on BP neural network[D]. Taiyuan: North University of China,
2010.

[124] REZLAK, BEEAR, BRI, 55 2T 2 REB R0 M2 1 B L i
BREGRE DT L], TR IE R 4, 2020, 26(4): 900-909.
XIONG Honglin, FAN Chongjun, ZHAO Shan, et al. Comput Integr
Manuf Syst, 2020, 26(4): 900-909.

[125] Z58. BT U-P-Net FIBZIEEIE 25 AL RGERIAT[D]. |
Mz TR TR, 2023,

LI Mo. Design of Glass Defect Segmentation and Visualization
System Based on U-P-Net[D]. Guangzhou: Guangdong University of
Technology, 2023.

[126] PARK J, RIAZ H, KIM H, et al. Advanced cover glass defect
detection and classification based on multi-DNN model[J]. Manuf Lett,
2020, 23: 53-61.

[127] AT, BRghoP, WEEn], 45 Vg mh ba 7E 4k iR ) 75 VAo
FE). B E R, 2010, 38(1): 1-6.

PENG Xianggian, CHEN Youping, XIE Jingming, et al. Glass Enamel,
2010, 38(1): 1-6.

[128] YANG J, LI S B, WANG Z, et al. Using deep learning to detect
defects in manufacturing: A comprehensive survey and current
challenges[J]. Materials, 2020, 13(24): 5755.

[129] i, =T HLAS 5L A BRI AR I 77 VAT JE[D). V5% P2 r
TR, 2021
LI Kun. Research on defect detection method of glass cover based on
machine vision[D]. Xi'an: Xidian University, 2021.

[130] BRZ, 2T, sk, % 5T YOLOV3 MBI AREHIE RS
PURAI 7 0], 15 BEER, 2021, 45(8): 21-29.

ZHAO Fengzhi, LI Jiangtao, ZHANG Guohua, et al. Inf Technol,
2021, 45(8): 21-29.

[1311JHA S B, BABICEANU R F. Deep CNN-based visual defect
detection: Survey of current literature[J]. Comput Ind, 2023, 148:
103911.

[132] M3CH. HeT 2 Agent REHIHEIEIN TALF A G# L RSEHT 7L (D).
PRt FRIMAREE, 2018,

SHI Wenzhang. A research about glass processing warehouse
scheduling system based on MAS[D]. Nanjing: Nanjing University of
Finance & Economics, 2018.

[133] X5, Gz, BB KBRS A =4 s iR
AEAEE ] BOEiEE SRS, 2024, 52(6): 18-22.

LIU Wanzhong, YI Yun, SHENG Siyi. Glass Enamel Ophthalmic Opt,
2024, 52(6): 18-22.

[134] BEAHIE. B HE PDA L 0Lk M) 44 i H AR 7E B3 o i i B0 o ) 2
JAD. REEAESE, 2017, 9(11): 72-73.

HOU Zugqing. Public Commun Sci Technol, 2017, 9(11): 72-73.

[135] ZHANG S, LU C W, JIANG S, et al. An unmanned intelligent
transportation scheduling system for open-pit mine vehicles based on
5G and big data[C]//IEEE Access. IEEE, 2020: 135524—135539.

[136] FAROOQ B, BAO J S, RAZA H, et al. Flow-shop path planning for
multi-automated guided vehicles in intelligent textile spinning
cyber-physical production systems dynamic environment[J]. J Manuf
Syst, 2021, 59: 98-116.

[137] HU M, CAO J H, CHEN X, et al. Path planning of intelligent factory
based on improved ant colony algorithm[C]//2021 Asia-Pacific
Conference on Communications Technology and Computer Science
(ACCTCS). Shenyang, China. IEEE, 2021: 1-4.

[138] LI Z K, SANG H Y, PAN Q K, et al. Dynamic AGV scheduling
model with special cases in matrix production workshop[C]/IEEE
Transactions on Industrial Informatics. IEEE, 2023: 7762-7770.

[139] MENGHANI G. Efficient deep learning: A survey on making deep
learning models smaller, faster, and better[J]. ACM Comput Surv,
2023, 55(12): 1-37.

[140] JAVAID M, HALEEM A, SINGH R P, et al. Artificial intelligence
applications for industry 4.0: A literature-based study[J]. J Ind Intg
Mgmt, 2022, 7(1): 83-111.

[141] CHEN Y N. IoT, cloud, big data and Al in interdisciplinary
domains[J]. Simul Model Pract Theory, 2020, 102: 102070.

[142] SAADIA D. Integration of cloud computing, big data, artificial
intelligence, and Internet of Things[J]. Int ] Web Based Learn Teach
Technol, 2021, 16(1): 10-17.

[143] FICILI 1, GIACOBBE M, TRICOMI G, et al. From sensors to data
intelligence: Leveraging IoT, cloud, and edge computing with AI[J].
Sensors, 2025, 25(6): 1763.

[144] YAHYA L M, SUHARNI S, HIDAYAT D, et al. Application of artificial
intelligence to improve production process efficiency in manufacturing
industry[J]. West Sci Inf Syst Technol, 2024, 2(2): 223-232.

[145] MOLINA L M, TETI R, ALVIR E M R. Quality, efficiency and
sustainability improvement in machining processes using Artificial
Intelligence[J]. Procedia CIRP, 2023, 118: 501-506.

[146] Podder I, Fischl T and Bub U. Leveraging artificial intelligence to
enhance process control and improve efficiency in manufacturing
industries[J]. Int ] Comput Appl Technol Res, 2025: 7451-7474.

[147] PIAO Y. The promotion of artificial intelligence and the formation of
new quality productivity[J]. Adv Econ Manag Res, 2024, 12(1): 74.



. 2028 - (RERR Sh2230)

J Chin Ceram Soc, 2025, 53(10): 2912-2928

2025 4F

[148] ZOU W Y, XIONG Y J. Does artificial intelligence promote industrial
upgrading? Evidence from China[J]. Econ Res Ekon Istrazivanja,
2023, 36(1): 1666-1687.

[149] CHENG G. Research on the pathways and mechanisms of
technological innovation driving industrial upgrading from the
perspective of new productivity[J]. SHS Web Conf, 2025, 213: 02051.

[150] JAIN A, PATEL H, NAGALAPATTI L, et al. Overview and
importance of data quality for machine learning tasks[C]//Proceedings

of the 26th ACM SIGKDD International Conference on Knowledge

Discovery & Data Mining. Virtual Event CA USA. ACM, 2020:
3561-3562.

[151] HAUKKALA M. Data Quality in Artificial Intelligence[D]. Finland:
Haaga-Helia University of Applied Sciences, 2022.

[152] ELMORE J G, LEE C 1. Data quality, data sharing, and moving
artificial intelligence forward[J]. JAMA Netw Open, 2021, 4(8):
€2119345.

[153] DHAR V. The future of artificial intelligence[J]. Big Data, 2016, 4(1):
5-9.

Research Progress and Prospects on Artificial Intelligence in the Field of Flat Glass Production:
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Qinhuangdao 066000, Hebei, China)

Extended Abstracts

Flat glass as an important foundational material in various industries such as construction, automotive, and electronics has a
significant importance in promoting the development of related industries through its production efficiency and product quality. With
the development of the global economy and the continuous growth of demand for flat glass in various applications, the size of the
global flat glass market is still expanding. However, the conventional flat glass industry faces some challenges in production, testing,
logistics, and other aspects due to its low production efficiency, unstable product quality, high energy consumption, and high logistics
costs. The rapid development of artificial intelligence technology brings some opportunities for transformation to the flat glass
industry. It can play an important role in material and performance prediction, intelligent control of production processes, precise
quality inspection, and efficient logistics management, effectively improving production efficiency, product quality, and market
competitiveness, reducing production costs and energy consumption, and promoting the sustainable development of the industry.

This review mainly discusses the current development status and existing problems of artificial intelligence in the field of flat
glass production, revealing the practical effects and challenges faced by artificial intelligence technology in promoting the intelligent
development of the flat glass industry. In terms of component design and performance prediction, machine learning algorithms
establish accurate prediction models via mining inherent patterns in a large amount of experimental data. For instance, the research
and development cycle of new materials shortens and research and development costs reduce via combining neural networks and
genetic algorithms to design new glass materials with specific optical properties and using random forest models to design
components for lightweight and low expansion curtain wall glass. In terms of production process control, artificial intelligence
technology plays an important role in core processes such as raw material processing, melting, forming, annealing, defect detection,
cutting and sorting. Fuzzy modeling and genetic algorithm based on layered architecture are used for furnace operation optimization,
and computer vision models are used for float glass melting furnace liquid level detection and control, thus improving production
efficiency and product quality. In terms of identifying and diagnosing product defects, deep learning technology improves
recognition accuracy and practicality through innovative model architecture, multimodal data fusion, and optimized computational
efficiency. Object detection and segmentation models based on convolutional neural networks are widely used in glass defect
detection. In terms of transportation, warehousing, and scheduling of flat glass raw materials, intelligent warehousing management
systems and intelligent scheduling systems are gradually applied to flat glass enterprises, effectively improving the efficiency and
accuracy of warehousing management and reducing transportation costs.

Summary and Prospect Although artificial intelligence has a great potential in the field of flat glass, there are still some technical
challenges and application bottlenecks, such as data quality, process complexity, dependence on professional knowledge, and talent
shortage. In the future, it is necessary for the enhanced practicality and reliability of artificial intelligence technology in the complete
production chain of flat glass to further strengthen the application research of artificial intelligence technology in practical scenarios
such as formula adjustment, performance prediction, production process control, defect detection, logistics and warehousing of flat
glass, solve the problems encountered in the process of technology implementation, and improve the connectivity of data and
adjustment solutions between various production links. Meanwhile, it is important for the increasing application of artificial
intelligence in the field of flat glass to establish unified industry standards and specifications. In the future, artificial intelligence will
develop in the field of flat glass towards technological breakthroughs and innovation, as well as the expansion and deepening of
application scenarios, thus promoting the integration of technological innovation and industrial transformation in the flat glass
industry.
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