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bRz 2432  1.65 3.88 232  0.65 3.07 1.18 224 1951 842 354 027 034  2.70

MIEL T H Rl U SO A 2 0SB 23 S0 A 3 AN 35 21, Si0, Tt 73 Bt b e A2 20 1) o
B, HAZR e o B s R e A A S

MY 1 BIGETAE R, WIS E A FE 7B il R0 - 33 SO Si0,  PhO AL~ a3 o FLAR, JAth i £k
LY T R s BRI 22 £ BE 23 A TR, S0, PO 1 AR B, HAB 73 AR A 45 BaO) A B
SE 5 FITA P2 73 B O J3E 3504 TEAEL, S T 23 i 2 il A D 8 5 DB LR R T 0, BTG B2 2R OB, D2 A
g o

AT oM BB SO A A 43 A AE 65 AN SCHIRAE S5 rh BRSSO A HL 4 ARAE
AR A R B SO AL A A3 43 A AR B (Si0, FEAS Sl K MR I BB ) L aniE] 2~5 FFR .

S 35 07 R 140 — . 01 RhEsk
g A e 09 FAfnd :%% 12.0 | = =03 AL 1 RAER
<R 10 TR '<R 10.0 \‘. \ 03 A 2 SR Ff S
S 2.5 - : N\ e 04 SRR
12 RFF 5, [ﬂB}H 3\
B 20 = 8.0 Y
60t | v
K13 | v % R
s . X/” N\ -
o5 M o20] 7 N RS VEIIN A
& 1 S ¥ oV \,
=~ 00 A =2 golt Ny L o Td et —
éz-no, $ DI %9 %\9 A éﬁr? (wo, Q,‘DQ @99 @9 N ng\ (}‘Q Q\‘Q Q{Z’Q an %9 %\9 Y
sy Ry
B2 SRS 5 g E B3 SRR T K E
< SOy e
% ;.| HE R — 02 FAE 1K = —— 20 REEM
;h 40.0 — — 08 RFERL '<R. 35:0 ] A e 24 RFE L
ﬁEﬂ 35.0 - 11 REEA 1 300 .. 30 FRAL 1 RAEL
1300 \ — 19 R #2501 F o\ 4 = =300 2 RAE
= 25.0
& 200 \ & 2001 !
i~ 150 15.0 k]
= 100 E 100 ]
I 50 e _ 3 Eso -~
= 00 NS or O © O 0-.0 o oo = 0053 or O O O 0-.0 o o
L@ S & @% Q DR L S R & @% @ O TRV E D
TSRSy WG
B4 SHOURILR ST 5 70 2k E B 5 $RYPURRAL LS 5 7o il 2

i W ER & 2~5, 4 KR ISHNAEAE I B AR 6] 2 A < B LAk 0 A KUK 14 B 43 B 2k T8 A7 CaO (8K
K,0) \ALO,.CuO Fl P,04 /Y 4 >0, Hovb i 8 KU 18040 v ALO, CuO J& 22, 1 & B R KUK 18040 H CaO
(87 K,0) \ALO, & 2 s S AUXAL I A0 27 10 B 65 43 BB R P AR, PO BaO 1Y BT i 40 B0 s, HLI 2 ]
B EYRIR RULE 1) i 2 T 5 A R I 25 4B



%5614 KB, A BT R 5 VA A B SO R 3

2 FIAZT&ERFEETMNELZER S RESE
TR SRS A A5 R IR 2 % A AR L 6 P B 5 3 £ 1

TR T oA R A8 o 25 RS 2R ER 3 B B A — XA = O BR 1 7 E XA s 8, O 2R — e XU s A%
PEEA TN

R2 UFEHITERIE

AR AR A PR fRbRAEH
A TeRAA 2 1 T i K E
FIAS B WA 27 a3 it 53 5 E

FEXTFE L5 T R , 45 KL T XA 8 B 23 SBT3 A T D TRE L AR KU 1 Ak 27 o35 4 o (4]
AR KA JE BIAR 27 B R By B AR Tt o AR 2 WP A» 2R ARHE , ST By 5 U N 2GR
y=Ax+b+pu | (1)
Horow = (22002, = (r a0 y10) oy S BIRERENERIARY AR SRR D = (B s Bags =% Buap)'s
TR AR BT s = (1,0 o ) 7R A SPSIAT S 0 0 L b st L R B A Sy
Bii Bia B
Boy Bt Bau

A= o (2)

By Buz B
TRy, (Si0,) ], A5 B
2.1 Lasso@3"
R [ AR L T REAFAE 2 EICER S ISP S LA Lasso [ #E 7748 B 07 2 . 5 % 3
/N3 (OLS) ™ E] A ] A, 1B 0 [ U R B30 8 1 A o, L R i L DL 6 &R

é=argmin[§(yi—x/é)2”2 } (3)

FIF Stata BAFFEAT 4758 UIAEY , VE#E Lasso MIH IR AESBANE 3 B, mHZEAHS 2] 1 i ft

FRIEZBA = 1111 17, it 4 07 5035 2% 4 17.880 00, 78 ALl |, 753 Lasso [IARISE R0 4 Fros
£ 3 Lasso @IAZERE

B,
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X, 5.472 136 0.058 089 94.20 0.000 [5.287 271, 5.657 001]
X, 2.234 406 0.050 645 44.12 0.000 [2.073 231, 2.395 582]
Xg 0.351 551 0.072 393 4.86 0.017 [ 0.121 163, 0.581 939]
X, -0.152 480 0.002 672 -57.07 0.000 [ 0.160 987, —0.143 980]
X, -14.498 500 0.413 170 -35.09 0.000 [15.813 340, —13.183 600]
Xy 5.422 015 0.298 400 18.17 0.000 [4.472 374, 6.371 655]

R 60.089 310 0.127 426 471.56 0.000 [59.683 780, 60.494 840]
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AEOERE A,
0.00 5.47 0.000.00 0.00 0.00 223 0.35-0.15 0.00 0.00 -14.49 0.00 542
0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00-13.02 0.00 -2.29
0.11 -0.04 0.000.00 0.00 0.20 0.57 0.04 0.13 030 0.14 0.00 0.00-1.17
0.00 0.12 -0.54 0.00 -0.17 0.00 0.00 0.26 -0.12  0.00 -0.09  7.75 -1.03 -1.67
0.00 0.00-1.30 0.00 0.00-0.26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.000.00 0.00 0.00 0.00 0.00-031 0.00 0.00 0.00 0.00 0.00
A = -0.38 0.08 0.000.00 0.00-0.57 0.79 0.57-0.44 -0.65-0.80 0.00 0.00-0.77 (7)
! 0.09 0.04 0.000.00 0.00 0.78 0.00 0.81 0.39 0.03 0.10 0.00 0.00-0.78 |’
0.00 -0.02 1.60 0.00 0.41 0.00 0.00-0.41 027 0.00 0.00 2.78 0.00 0.00
0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.20 -0.08 0.00-12.30 0.00-0.21
0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.11 0.00 0.00
0.01 0.16 0.16 0.00 0.00 0.07 0.01 0.03 0.03 0.04 0.00 0.00 0.00-0.21
0.00 -0.01 -0.01 0.00 0.00 -0.01 -0.07 -0.04 0.00 -0.01 0.00 0.00 0.00 0.33
0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
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Horrey = (i) o = (o, HEOR b, K
b, (450.92,—78.92,—1.35,—555.96,2.53,—6.32,—123.53,262.62,148.53,280.78,15.29,1.75,—0.41,—21.31)To(9)
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-3.89 0.00 -6.48 0.00 0.00 -6.40 0.00 -3.39 0.00 0.00 -1.77 0.00 0.00 0.00
0.77 0.00 -0.43 -0.20 0.00 0.00 15.74 0.00 0.00 0.00 10.67 0.00 0.00 0.00
0.00 0.00 0.31 4.02 -6.04 0.00 2271 2.37 0.00 0.00 0.00 0.00 0.00 0.00
5.57 0.00 11.23 0.00 0.00 9.27 0.00 4.55 0.00 0.00 23.79 0.00 0.00 0.00
0.00 0.00 0.00 -0.28 193 0.00 -3.22 0.00 0.00 0.00 -1.90 0.00 0.00 0.00
0.24 0.00 -6.78 -2.71 0.00 0.00 5.59 -2.60 0.00 0.00 0.00 0.00 0.00 0.00

A = 2.45 0.00 -4.11 0.00 0.00 4.50 0.00 3.46 0.00 0.00 -21.01 0.00 0.00 0.00 (10)

> | -2.67 0.00 093 0.00 0.00 -2.88 0.00 0.07 0.00 0.00 —13.37 0.00 0.00 0.00 |’

-1.50 0.00 1.84 0.00 0.00 -3.26 0.00 -2.18 0.00 0.00  7.03 0.00 0.00 0.00

-2.83 0.00 -0.47 0.00 0.00 -4.50 0.00 -1.09 0.00 0.00 -8.63 0.00 0.00 0.00
0.00 0.00 0.00 -1.48 1.15 0.00 -32.10 -2.54 0.00 0.00  0.00 0.00 0.00 0.00

-0.01 0.00 0.00 0.00 0.00 0.00 -0.63 0.00 0.00 0.00 -0.32 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.21 0.00 0.26 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.22 0.00 0.00 0.00

2.6 FALMERET R S5 R xF XL BT EY B 4 T
X T JC WAL 9 ST, HASIN B AT B HE A Ry 2 XA I A8 P2 B o o B, AT 2200 BORE , JU A
ARSI g A BT A7 o0 Jo i 20805 60 T 3R KA 9 SC) A7 A 7 B AL I B 8 KA = —




BHBE

f

a6

KA Z R A AR JZ 45 5 ST AE AR IR Z , W B 2N A AR J2 (R Ak 27 1 o3 i 1 43 K B R oA KUK i
HOAL2F Y o FE T 2.5 H 0 (] 05 25 S %) 3 i XUAk SCH (R BB XU i REAS ) 19 AUk AR 27 B 40 T i 4 B30k
7T, g5 sk 7 f3k 8 iR .

x7T OB RNERE %

WS Si0, Na,0 K,0 CaO0 MgO ALO, Fe,0, CuO PbO BaO P,0; SO SnO, SO,
2 5435 458 -042 1.64 -044 258 140 527 914 1291 098 0.05 0.09 0.0
8 68.00 0.18 000 134 124 856 041 033 5277 350 120 0.2 023 0.02
11 5259 405 004 383 078 961 091 -108 2692 485 120 030 -0.08 0.00
19 5501 524 -0.03 001 109 405 096 453 1473 1148 098 032 0.02 0.0
26 6341 0.69 092 298 124 829 081 074 2257 274 217 025 000 001
34 5138 543 035 000 092 28 000 272 2406 1147 -0.62 0.00 0.00 0.00
36 63.66 553 0.1 078  1.06 443 000 054 2022 1038 -0.62 027 0.00 0.00
38 5508 293 034 121 124 198 110 371 2328 972 169 031 001 0.00
39 4225 000 -005 106 124 -176 165 6.10 2396 990 411 009 009 -0.01
40 3995 -097 006 0.13 124 469 248 810 33.06 1098 496 020 0.10 -0.01
41 5061 214 000 063 -0.05 3.63 155 112 2509 791 241 020 0.0 0.00
43 47.68 048 -092 1.77 100 1.02 3.83 6.16 2646 895 344 0.19 -0.03 0.00
48 6075 470 020 214 042 1269 0.77 043 1481 498 -025 026 0.00 0.01
51 5245 507 -1.10 -133 090 3.10 114 324 1509 1211 092 0.8 0.2  0.00
52 5392 239 -0.66 106 110 258 -021 165 2136 9.06 205 028 0.09 0.00
54 3917 -354 -0.13 316 049 0.02 211 666 31.53 545 738 032 009 0.00
56 5408 897 055 -129 124 455 133 0.04 2837 1260 -328 0.13 0.0 0.00
57 5362 920 090 145 124 332 -072 156 26.02 1323 -328 0.14 -0.08 0.00
58 5363 488 000 050 059 515 000 299 1858 995 -037 033 0.00 0.00
®8 EHHBBMMERE %

WSS Si0, Na,0O K,0 CaO0 MgO ALO, Fe,0, CuO PhO BaO P,0, SO Sn0O, SO,
7 65.18 210 2203 827 052 618 042 107 011 000 0.00 004 000 0.00
9 6247 338 1452 823 0.66 923 050 047 162 000 015 000 001 0.0
10 59.81 0.00 1228 541 164 1005 6.04 218 035 097 450 0.12 0.02 0.00
12 6171 0.00 7.68 587 1.1 550 216 509 141 286 071 009 001 0.00
22 61.58 0.00 1237 735 177 750 262 327 000 000 094 006 000 047
27 67.65 0.00 1095 0.00 198 11.15 239 251 020 138 418 0.1 000 0.00

BT 7 53 8 AT LIS A R R A R R T 0, % BB OBCER R T 0, PR L B R
0 FRAC o IR L, T2 TR0 ) F 00 235 SR S A PR A o 70 St b mT LAAS S 000 45 S A0 4 b 2 RS, a7
Kl 8 BT o KL 7 KL 8 1T LAFE HY « R o Pl B A A 7 85%~105% (A AU Z N, i — 2B Ui B T A
R (4 Y Af 1
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1 1300] R
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lm 100} b 950}
= 1000] = 900l
= 00l g 0
= ool B O80L semeseserecsesaensscesa e
900 = 00
2 8 11 19 26 34 36 38 39 40 41 43 48 51 52 54 56 57 58 7 9 10 12 22 27
p&7E TR p&7E s
B 7 HOBNESS L E 8 mEmNESE
3 AR

AR SO T TR 25 7 B , R Lasso [ | 1] J5 328 25 (8101 OLS AFE (R 1 12 22 0] 01 25 22 Fof [m] )1 7
L EENT T v B B R R 2 [ AR, I ) e v R XA ST TE XA 22 i AR 1 B R
ORRCGHEAT T TN o TR 4 SR AR B 2R B TN 2 SR O S B AT O B SO R O S E SR —E S
%

S E k-

L1 0%, St . Ay AR 3 ) & 14 B 20 AT -5 6 90 ) R P B2 A0 [ 7 . b s B 22 B 2441, 2023, 31(9) : 61-66.

21K R R, B, 5 . 55T CatBoost MYBEIE LA 5 WAL G R SEIFFRSE ) . 3595 ,2023,50(8) : 15-23.

3PXBRTF BRZEFE IE R . T CLR (S SCH L3 43 BT 5 43 SRR [ ] B0 s S OHOR L 2023, 12(2) :41-51.

4RGSR . BT R ORISR o AR B L o S S (). SRS BB, 2023,7(8) 1 122-125.

ST Tl 55 07 FH B 22745 2022 A U AR A R 2 A B 5w 28 C I EB/OL].(2023-05-12)[2023-12-05 |.http://
www.mcm.edu.cn/html_cn/node/388239ded4b057d37b7h8e51e33fe903.html.

L6 4, AR, 2= 4ESC . BT G656 04 W 2 3 XV AL R4 90 5 52 il 4349 [ ). o7 AR R Jé 2022, 11(11) : 7925-7935.

(7] w1574, NS . BCF @Ok SR H [M . dbst: EIR5 Tolk Hihitrt:, 2011.

(8 MAAE AT . THE 22 T8 AL [M 15 W . dE s b R K% it , 2015.

Compositional Identification of Glass Artifacts Based on Regression and

Machine Learning

Zheng Dang, Chen Yu, Lin Jianhao, Xia Zhile

(School of Electronics and Information Engineering, Taizhou University, Taizhou 318000, China)

Abstract: Based on the data of glass artifacts of the CUMCM, regression models such as Lasso regression, backward
stepwise regression and robust standard error regression by ordinary least squares (OLS) were used to give linear regres-
sion equations for high—potassium and lead—barium glasses, and to identify the chemical composition content of surface
weathered artifacts prior to weathering.

Keywords: glass artifacts; weathering; multiple regression
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IR R AR E S B S, B E 9 IR AR, 2 1 M BTk AR 3R G 4 SR T SEBL T Bk BRI T 5
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KITHT , 1z T AL SR 81 34 A AR F000 e A #

KI5 2007 s e AR A 6 5 AR DA B 5 [l Y
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0 3|5

P R — 0y S A A L9 52 G B9 R 3 Bl il A1 2R R BR R AR 38 (Wimbledon Championships, L
RIAR IR LI A 140 AR g s A5 e B, ROk R DY R B R R 2 — i W el ZE 2 R BRER 51T
AR LUK Y 22 5 SR8 i L7 5 | R PR B IO RSB, 8 AR AR e R RERICHE 73 M <5 o M D F 540 i T
TN iz 8 BB AR B 5 5 S0 i R A HE SRR HAT B BRI SEAN

EL A BT 35 1 22 Bl 437 TR RS (g 1o Y, T 7 s R 5 FRT B TSR, A S
2% BRI YR 51 5C R o M B, BBl e > A9 00 SRl R, DL B - R A e 1 19 7 Pk PR S
A SR VM T 2018 ARUR R I BRA TP SRt FLHE 2 B =0 40 738 3 BB R BREIRAR |, Al iz
B 553 RSO AR R~ 2L 3 R R O SR T PN A B AR RRIE NG TR o s AR ARN AR 2021
At R, 70 B 5K Z BRAE A BREOR NS RE 1 05 IHAFAE R AN A2, O 1 58008 3 M B SHAR 7 HE 38 10 512
BRSO 5 T Charles * IA & BRAE A FE 032 5 SRR A0 SC DR 36 L3l o R BRI SR % 0 % A1
AR, 18 ) 51 BB B 3 2 A T EOR AUBL2s , AT 85 HE B8 rP A SOR SOE MR R 2

A BRAE IS LA~ > & SVl , (HL i F52 B X077 BE R A (O BERIE 25284 PRI 5515 2
DR A2, A REAT S5 X PO BR L B 45 2R AR VT30 o A SCHUL A e 1 IR 523 B AR i [ 1 g )
Jrik, LB U ER FEBEE S T

1 #RBIEST

1.1 JEM$8FR

A B AHE SR, 454 O A SO , i 520 I BR HL ZE SR 00 9 S HR 4051y D=7 N R BT
(X,); @Q— KR (X,) ; @— K WMINFE(X,) ; @D KIF0F(X,) ; ®IEZBPERRE(X,) s @BUR ) B EL
%5 H 8B :2024-08-11
EE BN A (2003— ), @, Wi T3 N, 2021 A S N S (RS ) Bl AR s EEERR (LR —1E#)

(2003— ), %, WL E ML 2021 k=5 A ECE () Bl ARRHE s 22346 GEEEE) (1979— ), 5,
AN PRV, it 3222 A R @ 5 o o




%5614 WREEER, 45« [ BR EL B8 14 5E S i 9

(X,) ; O & IR (X,) s @B ES (X,) s @QACE BR(E S0 1 KR BR) M EU(X,)

PG5 M “2023-Wimbledon—1301" (LA R #R“13017) L SR AR , 3 Bk 9 T bRl sy Bk 5t 3%
PRAIPEAERERL XFBR B 1(Carlos Alcaraz) FIER 5t 2(Nicolas Jarry ) 7£3X 37 Hb 58 7 () 2 B B HEATREAS
1.2 EEER

T Z B FE Bk DA R IR LGSR A Bk < R SR XS i LL BRI 9 UIEM 48 bR E AT AR IS A 0
(Kaiser—Meyer—Olkin , KMO ) #6: 56 F1 4% F 45 ( Bartlet)) BRFE ARG , 0 E 25 18 b 2 1008 A HUA 12007 s 1523
FIFH BT 3 BTG 9 TG HR 43 B 4 Ak R, R 45 20 B 7 1915 40 R 80 A DR &R 0L 25
B TR TR0 s 5 Ja , DUYRIER A A5 20 o AR i, &R OS5y A 28 o5, F A R A AR 7 | A
RN 1 R .

N T HEBRAMARTE IS A — L8 bR T LA B 5 FL R3Sk L AL B HIL 27 5, 8 SR L 38k $72E
A1) T BT SRR AT, XUy BR 51 7E S A B A 70T R OR A AT, ATEAS 9 J0THE B 7]
FAI AR BE 2 B & PPN FEARAE Sy B 28 o, BR 5OR 5 A5 A SR A A IR A 6, 047 22 S04tk [l 9 43
A B bR o [ T 22850 b v ] 05 2R B0k, % AR b xt FL B AR AR A5 i bl A S e, X 9 THPEAfr

SRR IR AR S R P HES AT 5 81 [ 0 000y A A S B G el 2 TS

| HSE R | B e
| Kno s Btrtlett R | | *@i%“a‘é%g@”%ﬁ)é% |
| Iﬁkﬁa\iﬂ‘ﬁ/f | | ﬁﬁ%%ﬁa‘éﬂﬁ |
| ﬁm;tﬁi'—mﬁ%ﬁ& | | %ﬁf@%ﬂ%%& |
| m@ajﬁ%ﬁzﬂ | | m@@uaﬁmmum; |

B 1 MR R T B2 T sk T B

1.3 #HXMEKRE

XA FPPEAN 4 A5 R KMO K5 56 F1 Bartlett BROE A 55, MIAS 9 KMO K40 R E0CH 0.769(K T 0.5), 1
HYERESE P=0.000<0.050, KB 2 i A L5205 355 A TR 14017 o
14 BEFESER

ASCRI A AT N Bk 9 TS AR AR U T 4 SRR R B 1~4 (905 22 TTERE 01

7 49.949% . 18.657% . 12.372% . 11.237% , ¥ (EAE /3 7]/ 4.495.1.679.1.113.1.011, W1 1 .
K1 RETHRZENFE

185y FFAEAE Ji ZE TR % S BUTHR /%
1 4.495 49.949 49.949
2 1.679 18.657 68.606
3 1.113 12.372 80.978
4 1.011 11.237 92.215

B R Jr 23617 X I L3 L A 7 LE S A8 e, TR AR 4 ANk IR 7 (i SR A 3L .36 2 T iy
BRI T A48 bR 5N T 2Z [ AT R HAT O R BRI SGE
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x2 BOEBEMELZEHRER

BRBY 1 (R bRAE HTF 1 A7 2 H-F 3 HF 4
BTN EERDT (X)) -0.056 0.003 0.054 0.994
—BAF5r3(X,) 0.029 0.948 -0.106 -0.002
— RIIIZ(X;) -0.398 0.844 0.061 0.010
TR (X)) 0.847 -0.097 0.306 -0.088
ez B MR RE (X)) 0.978 -0.145 -0.043 -0.019
WG B (X)) 0.879 -0.064 -0.223 0.061
% & IR (X,) -0.028 -0.049 0.974 0.059
MR (X,) 0.981 -0.139 -0.046 -0.043
ACE BRAE(X,) 0.961 -0.104 0.003 -0.075

A AT IE S AR W g SEPE IR 7 1 AR A4 b AR B R U < BB RS (X)) AR SZ 3B PR R
K (X;) (ACE BRAELOX,) OGRS (X)) M A3 73 3 (X,) SRR 1 1 fiv 4 0 “PEERAE I N 17 1
AR IR < S0 4 S G BR B AR BE NIy BRAGSE 1 5 IF 3238 PR AR TR (X)) 22 W S ek B3 PR RE 1 22 5 ACE
ERA B ULIIER 53 19 K BRBE 758 IR 2 B4 bn R BEL I 7 — R A5 00 25 (X)) Fl— R R (X,)
Pl T ERGY 1 A ERBYSEBR A5 00 B VRN 7 2 A 44 R BRA 2 I 77 AR 7 3 B & 1 hn e i
o, R BUR R IR RR SR R BRI (X)), B U [R5 3 i 44 o8 WU RE DT N7 AE LR DN 7 4 1454
PRAZ R RBERCR IR e 15 R BT (X)) R T 4 2 o8 R BRI 17 e T 4 3k

5 Aot A R T 930 R 8, Ak 3 Bl
#3 HERTFHESRY

BRBY 1 (AR FRAE & HF 1 K2 N3 AT 4
B NEED (X)) 0.035 0.002 -0.014 0.991
— RAFGHR(X,) 0.120 0.622 -0.032 0.009
— BRI (X,) 0.007 0.512 0.102 -0.011
ZRAR (X)) 0.201 0.060 0.298 -0.068
ez IR (X)) 0.222 0.021 -0.023 0.030
BRI S E (X)) 0.207 0.050 -0.189 0.117
R M (X,) 0.014 0.030 0.879 -0.004
PR (X,) 0.223 0.025 -0.024 0.006
ACE BR1M0(X,) 0.222 0.049 0.025 -0.030
HR R 3 gt , 4563k 1 gl 45 2 AR B AR
F= 92'1215 (49.949F, + 18.657F, + 12.372F, + 11.237F,) , (1)
Hrpr

F, = 0.035X, + 0.120X, + 0.007X, + 0.201X, + 0.222X, + 0.207X, + 0.014X, + 0.223X, + 0.222X, ,

F, = 0.002X, + 0.622X, + 0.512X, + 0.060X, + 0.021X, + 0.050X, + 0.030X, + 0.025X + 0.049X, |,

F, =-0.014X, - 0.032X, + 0.102X, + 0.298X, — 0.023X, — 0.189X, + 0.879X, — 0.024X, + 0.025X, ,

F, = 0.991X, + 0.009X, - 0.011X, — 0.068X, + 0.030X, + 0.117X, — 0.004X, + 0.006X, — 0.030X, -
1.5 BERTH4L

FR e R 1540 B AR A 13017 B H B3k 51 £ FR bRkt , SR s WU Bk 51 9 25 & BT 1547,
FE /N UA I HIETE s e nyE %, il 3 Fros B 3 BRI R 1 P4 BR 0L AE LS bR o
(] i ] 6 P 2 BG40 CHIDIRZS XS L) o INETFR AT U 1 50 3R N U BR G 3R IRAR 70 3438 i, B A ik



55561 R, < FUBR ELFE H0E 35 T "

1, FEIAG A IAH T #OR K s (H B 5 50 BRZ 5, BR 51 1 YR BUAS /30 K R I 35 3 5, Bl S5 BR 54 2 fir
TR 2200, I 2 GRAS FL SR EA) .

PAER B3 1 HLBE A IUAS 40 K 15 XU He B8 10 2 BRAS 40 K =2 A %ok Z) I ER D3 B9S2 IR 30
kg M (), B

_ Fi(1)
M) = F (1) + F,(t) °

Horp By (1) (0= 1.2) S FEBR BB BR BIB9G04 M (1) > 0.5 BF, F/RER BT 1 ARIRAE R TX5 T+, 1L
XTEREE 1AM 2 M(0) < 0.5 iF, ZoRBR B 1 AR/ NTXEF WO B 1 AR 524 M () = 0.5 i), HL3E
SIS B NAYE Y T

PABREY 1 R0, T4 30 H M (0) LG B AN B 4 B i P 4 AT A1 BR BT 1 ZEFF R 50 3Rk
BWSN IR BAE 50 BRZ T, HARZSZEE T 12, e L BE b 5  1 e

(2)

600 0.65
500 0.60
A
400 =055
P i
= 300 = 050
w 200 0.45
100 0.40
ol 0.35
0 50 100 150 200 250 300 0 50 100 150 200 250 300
BREL BREL
B3 WHHKRRRIASSHMEE B4 KR I1HREBEE

2 FEHERLE

N T VAL — 37 LU BRI 25 SRR A R ALY, FRATT G i AR A B T e SRR R BE AL L L Sy
“13017 (1 EEBE R 5], %3k D3 B A T REAILME 20T, 45 SR R P=0.00<0.05 , 3% 28 W N3k BT L 38 i At A
SEREALIY R G 1 HoAh LA HA R BR 5 i ELFE 38 3 [RIRE ARG 36 R A, SO 2406 A2 P<0.05, 15
W3 2 L R 25 AL A BRI

25 BTk Bk B ARk bR SRIBE AL , L SR SE R R B TR BR B SE T A Bk R MEAT
W FEGIMEL AW I, 55 0182 T H B NRE T A REARAS LL R A

3 =B

3.1 R EER

DR T3 Wik RE A 26 2 I PR BR B3 B0 RS AE R BE TN e B8 A0 “ $k 7 T B R ] SR 7R g )
FE P ER L FEE B w0 A R BRI AT HE AR AR RS R 5 iR A 5, 2% T HoAth v] 5852 i) Eb
FOERMHER) , I T AT A IE AR LA B P ER H B AL S0 11 52 B 175 100, AT 458 4532 28 50 9% [l 01 - B
VSR TR R BR b B A
32 KEAMEX

R T e BRSO R Z], T AR BR O R AR I B 1, I 2 HEE R AE S JE TSk 1-4],
PR ER L FE R B (3R 4) )& UL AR Yy B 279 05 o
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F4 TEXMBKEEEN“XEI
s AT 53 R iy iy
WL 40:0.40:15.40:30,AD:40 40:40 0:40.15:40.30:40.40:AD
ASCN 13017 EEFEEAE rh AR B R R R 1E SN B 4R “Key Points_Data set” , i T J5 22
SRTIEAE
3.3 WiE/REMBXSH
XTEAEHE “Key Points_Data set” 001 iz /R 2 M550 2 CHASE R 8 p -
6> d*
p=1- %:7 ,
n(n - 1)
Horp o d, FORE | DB P RAE Z R 2248 5 n R WL B FEAS S8R
#1 p>0.05, 1] LITA S T 8 35 25 55, RIS AR BICA A OCHE ;757 p<0.05, WA AE 1. 35 22 5, BRI FE b a] HAA A

A X B RE 19 9 THPF A5 A ABUYT B2 R A SC oM i, 75 B HAHSE R 8=k 5 Pioi .
R®5 9 TBUTMIBRZ BMHEXRE

(3)

X, X, X, X, X, X, X, X, X,
X, 1.000 -0.017 0.138  —0.054 0.061  -0.022 0.260 -0.011 0.019
X, -0.017 1.000 0059  -0.197  -0418  -0.156  —0241  —0410  —0.449
X, 0.138 0.059 1.000  -0.409 0074  —0.158 0.039 -0.165  —0.039
X, -0.054 -0.197  —0.409 1.000 0.447 0.503 0.128 0.642 0.540
X, 0.061 -0.418 0.074 0.447 1.000 0.835 0.322 0.947 0.964
X, -0.022 -0.156  —0.158 0.503 0.835 1.000 0.021 0.877 0.816
X, 0.260 -0.241 0.039 0.128 0.322 0.021 1.000 0.259 0.333
X, -0.011 -0410  -0.165 0.642 0.947 0.877 0.259 1.000 0.957
X, 0.019 -0.449  —0.039 0.540 0.964 0.816 0.333 0.957 1.000

3.4 [EAEATNERFEES ST
B 2 TR E 1 9 IR FE brAE b A A8 i KA PG 5 48 “Key Points_Data set” 1 [R7ZE &, il 1
A 5 11 U A3 Afr s g 7 (o] U FROASE AR 2846 56, [RS8 A HL A D0 BEAE 7 0 0117, X R I [ AR & 5 [ AR

REZ IR P AISAE BT, TR R R AN 3R BNk 6 BT
Fo6 EPAFRERMAEN

- 4!61%‘/&1&%%5& T R AL ) b
B TR R B

it 0.425 0.149 — 2.856 0.004
B R RERDT (X)) 0.325 0.046 0.325 7.069 0.000
— R34 H(X,) -0.592 0.382 -0.144 -1.549 0.122
— R (X)) 0.435 0.425 0.100 1.023 0.307
ZRIRR(X,) 0.392 0.293 0.102 1.335 0.183
Ik 2238 PR R (X)) -0.014 0.008 -0.336 -1.654 0.099
BRI (X) 0.051 0.025 0.184 2.010 0.045
1 K % (X)) -0.107 0.105 -0.050 -1.019 0.309
MR (X,) -0.000 0.000 -0.301 -1.096 0.274

ACE B4 (X,) 0.054 0.030 0.427 1.829 0.068




% 60 RS 4 IR L BER 13

M 6 BT LAE H RN R ER T (X)) FIRGR Y BB (X ) 845 .35, P<0.05; Hi 8k ACE BR%K
(Xy) FEEAZ I8P R RE(X) 1) P EIEE = T 0.05 , HLZRE 1 DL o BT 2R W, 3X W~ br i 2 220 L At 4
P 0 2, BRI FRATT R B X P b , 4538 1m0 0 T 0y 7«

(0=0.425+0.325X,-0.014X+0.051X,+0.054X, .

g B =S S RO (X)) OBURIEE(X,) (ACE BRDE(X,) CAEZ 38 R IR A (X)) X SR R 5

T 45 SR 5 A ARG, HAR MR g - X >X > X > X o

4 TS A

A 2023 4E i M LL %8 Carlos Alcaraz 5 Novak Djokovie B % L F% | Marketa Vondrousova 5
Ons Jabeur (2 5 L3855 2 5 HAT AQFRNE ) LEBEEH , 1) AR SCAY T 000 A5 8 220 e 3K B3R 25 5 Tt 0 L 45
S A5 B TN 25 R LB A SR 22 R R E B, PO A SRR 87.509% o W HHAth W 1R LU, TN A R A
REDRFFTE 80% LA I o iX — &5 R B, A SCITI A B ] 5, T 45 SR T {5

5 HiE

ARSI AR A E — BE AT U P RER LMY R A& IO , JUHIRTE I W BR L B8 h R 51 R
ATT T, g FEFRAHE— B WS IR AR L T — € 9275 (BRI T LR I B A — B IE
Bk s (1) 7 —SE2 L1 T R ER HE B8 14 17 3t B8 PP LA i i BC P o BRIV 255 78 1) LU SR ROV A BT AN [ 3828
S USRI ER S A R AT AR IR o EE BRSSO S o (2) 7 oAb — 28 HU BRI H AP 3 ek
FAAEWT AN AP B BR LT, 5 BRI BR 5 A AR sld IR R T AN S R AR , T RE L8 R BRAS A 1Y
FEHR (AN AR RO LRI TF ANTE T, P B BEAR TR A th U] (2 22 5% s SCINTE T RS 22 Nz sl b, B i e v F
— A ZBIBRMG, RO % EER 53 N RE T (Ansiisk 1 Wi e ) LUK I BARC &5 R ) S5 2 B4R bR

Sk

CHEA, kA REE . WRIe A T B P ERSESERAERRBT () ). RIS ,2024,9(4) : 139-143.

(2] B AT LTI TEBRE Bl 545 R BREARBIFT : L 2018 AFBFIE MIEBRATFEENGID . M AR & 2287, 2019.

[3IRAEM . FRIEDLT5 I F M BRis 8h 0 sk Z BT RO 307 [ D ). 30 BRIUAE Bt , 2022.

[4]CHARLES A. TImprove Your Tennis 1Q[M]. % 3C, 1% . dbat: ARME HRkE, 2007 12-15,23.

(S0 €Y . T3 F Bk A TH R 55 25 A 55 ) I A OSSR R 2 A7 [ ). 25 MR T 2 B 24412, 2015, 31(2) : 39-43.

650V, 32 B, G, 55 | ST R S T4 T LU R R PRI R 408 [T . LBt E K2%2%41,2010,33(2) : 122-124.
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##,2017,40(9) : 105-111.
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RE AEARIBERIE ST R BERBARG SR BRI 2 AZ31B Be M 6061 T6 414 @tk L, JE A HIE B2
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BTUIRE BRI 45 R R - AR R TR R3S, AZ31B BEE G AR 6061 T6 45 G kA b AR 2 IR REAR A @i, HL
B B b RO UR RS T B B A b AU SR G 5 U2 AR IR FEE (B B A T D B S T T o B <
M b TR JZ 2R R G e b, TR S A 2 [ B U1 3 R A B WA T B NI Z N, AZ3 1B BE S AR S 4l
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Influence of Spraying Pressure on Single—pass and Single-layer

Cold—sprayed Pure Cu Coatings Deposited on Different Substrates
Wang Han, Li Weiwei, Qiu Tianle, Gao Jumin, Xu Feilong, Shao Ling , Xue Na

(Zhejiang Provincial Key Laboratory for Metric & Cutting Tools Test & Deep Processing Technology Research,
Taizhou University, Taizhou 318000, China)

Abstract: Under different spraying pressures, pure copper particles are deposited on AZ31B magnesium alloy plate
and 6061 T6 aluminum alloy plate to form a single layer of pure copper coating. By observing the cross section and
microscopic tissue of the coating, measuring the coating thickness with an optical microscope, detecting the surface rough-
ness and morphology of the coating with a three-dimensional profilometer, and measuring the shear strength between the
coating and the substrate with a shear strength testing device, the influence of different spraying pressure on the coating
thickness, roughness and shear strength is studied. The results show that, the coating thickness increases on both AZ31B
magnesium alloy substrate and 6061 T6 aluminum alloy substrate, and the coating thickness on aluminium alloy substrate
is higher than the coating thickness on magnesium alloy substrate. The coating surface roughness value also increases
gradually with the increase of spraying pressure, but the surface quality of the coating on the aluminium alloy substrate
is better compared to the aluminium alloy substrate. In addition, the shear strength between the coating and the substrate
also increases gradually with the increase of spraying pressure, accompanied by the combination sirength of AZ31B mag-
nesium alloy substrate with pure copper coating is higher than that of 6061 T6 aluminium alloy substrate with pure cop-
per.

Keywords:cold spray; pure Cu coating; thickness; surface roughness; shear strength
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Research on High—Absorbency Resin Concrete Based on
Mix Proportion Optimization

Wang Ruixin', Yu Kaisheng', Yang Keyue', Zhong Linyan®, Lin Wei’,
Li Nengzhi', Zhang Zhicheng', Yuan Ji'

(1. School of Civil Engineering and Architecture, Taizhou University, Taizhou 318000, China;
2. Taizhou Four Strong New Building Materials Co. Ltd., Taizhou 318000, China;
3. Tiansong Construction Group Co. Ltd., Wenling 317500, China)

Abstract: In order to investigate the influence of high water—absorbent resin on the strength and workability of con-
crete, four sets of experiments are designed to study its strength characteristics and workability. The results show that the
addition of high water—absorbent resin reduces the strength of concrete by 10%~20%. The slump and slump flow of fresh
concrete decrease rapidly as time goes on, with a slump loss of 20% at 30 minutes and a slump flow loss of approxi-
mately 50% at 60 minutes. The optimal addition amount of high water—absorbent resin is 0.3%. Microspheres can reduce
the strength and workability losses caused by the addition of highly absorbent resins in concrete. They can be used in
conjunction with highly absorbent resins in engineering applications. The research findings of the study can provide a cer-
tain reference basis for practical engineering.

Keywords: high—absorbency resin; strength; workability
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2.1 BIBENR

2.1.1 BUIR&EHE
F T B R 1 AR A2 T 04 A G T J B o i B 4, A SCHERAE T 140 SR A TR I B, oAk
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O3 A TFAL G B BE (two—stage) J77i%, SSD 7E 3R I HLAS 18 25 1 L3 IRl , SSD [R] B XA [R) 2 45
U2 o0 245 1% i HH R AR AR A T 00, (e AR RS AT S A U AS TR /N B b, 338 10 22 IRUBE 1) B b 43 A o FLAA
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ANTRE SCRHE I RTS8 46 PT LAS BB A X6 45 b B AR T AR IEA TR o X F A B A , SSD il 3 45
FRZE [R50 H B 08 28 5 AL AR L b, o 1 A RS B v H AR 5 7 55 LU AN B A 1) 2L, SSD 51 A
T RXEFEATZHE (hard negative mining) , #5 IR T3 w5 X6 67 REA (1) 20 2R MERR B
222 ETF ResNetl0l Bt SSD &3k

SSD B3 LA VGG W25 (1 VGG-16) 1 R FFIE SRR 24, VGG-16 ML BIRIIL 16 2, M 45 R A
& HELLFE A3 B IS TR RS ARRAE , DA T S S0 A 0 1 BB AN Sk T AR BB A 1 5 A MR R AIE, A S
TR 265 (14 5 SR TFHRFAE 0 265 0 AR RE 7, SR AT B D IR BB AR R A9 )2 25/ HE R VGG 17
AT 51 B VR AT Grad BL G SE B G, S A T SR PR R o TR I, 4% SR FH R 2 Ak 2 I 2%
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5228 (residual - block ), H5 Bl W 45 2% 38 120 5% 22 A% FLH A% 30 500 , 72 TR I 46 14 [ Bsf, A 200 i ke T 6
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FNHABAT 55 B TR0 78 2 AT 55 h IS 1 il iR .
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/
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REAPEESIESREEIERE N I
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3 Xw5ath

3.1 EIWINE
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3080 Ti, fff FH A IR J3 2% > HEZE Sl PyTorch1.8.1, Python BiiAS 2 3.8, Cuda JiR 7 Jy Cudall.1. il 5t 7 b f
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3.2 MBEITEAIERR

AT NS PEAL T I B4 U g a5 A 000 ) 45 S TR (A ARSI A5 SR , o T R B A0l R SRR TRl AR S
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XNy
| XU Y|
Horp J(X,Y) 37K Jaccard $6F5 X Y 23 5278 FOWAE 5 R EHE N A IR R 9 2ES o 24 Jaccard $855 KT
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5 2 R (8] US43 2 T A AR AR 3] T A N

L = %[ﬁl’conf + aLlo(:(‘x)] © <4)
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3.3.1 EEEREST

R T IR AR SCHRE A0 % s B o G A ) A R | i P CdE IS A 5 YOLOVS , Faster R—CNN, LU
F R ) SSD MY EA 7% b, 25 RN 2 From o A 2 0T LA B - A4 1 oAl B AR ASI B39 | AR SCH H 1)
SRS T S LR BE L 8 TR A I A5 4 R i 14 57247 TOU (mlOU) 2y 87.19% . i AT AT, AR 550 7 i

NI s = A 7] V2 a1 S TE T i = R [ = I 8
R2 AEEBE IOU F mIOU 58

B 10U/%
Y - - - mlOU/%
EH FUE2 fuRds
YOLOvS 87.4 84.3 81.7 84.5
Faster R—-CNN 86.7 84.8 80.6 84.0
SSD 85.2 82.1 79.2 82.2
Yty SSD 90.3 86.7 84.2 87.1

3.3.2  AEIHFAETREN M 45 B9 5H RE SE I8 S 4

T 50 UE ResNet101 %f F 55k ot #F 19 81 1 1 A 2 47 19 20808 4R X VGG—-16, ResNet50
ResNet1013 Fft AS [R] (4 F¢ A1 4 B0 48 SF 704 Al 52 06, 25 3 an 28 3 Bom o N3R 3 W] LUK B AH A F R i 19
VGG-16,1#1 ] ResNet101 15 A REAE SR IR 28 76 SR for I 45 5 H IS T i 3 i3 7t b e 3 A8 5 e
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AR EXPUG T AR T, B3 10U 4271 T 6.0%.
#3 HMIBER
10U/%

FRAY mlOU/%
EH FUE 2 fuRds
VGG-16 85.2 82.1 79.2 82.2
ResNet50 86.4 84.5 83.4 84.8
ResNet101 90.3 86.7 84.2 87.1
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LERNG 4 PR S 38 3 M 4 AT LR BE A EE T B S 42500 SSD By, A SCHE M A ke e A6

DRI IS T PERE AR A3 T
F4 BEBYBREEWLER

FEETRY SR EIMB T/ (/s )
Faster R—-CNN 53.73 10.97
SSD 38.76 26.86
SR SSD 23.38 30.64
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IEEE/CVF conference on computer vision and pattern recognition.[S. 1.]:IEEE,2021:13733-13742.
CULIRSEAE 25 H i, 00K . BT Faster—RCNN BV TR ICBRBEAASIN [ ], PEBHBE T ORA22441, 2021, 40(3) : 29-34,
(125K S . FE T HALCON B TEST 8851 KL BRI AN R GEMFFE (D 1. P2 . 7422 Tl k%, 2021.

A Method for Detecting Adhesive Defects of Infusion Catheter
Based on Improved SSD

Xie Junjie', Chen Ruiyuan', Wang Jun", Zhang Shiqing", Luo Jian’, Zheng Long’

(I. a. School of Electronics and Information Engineering; b. School of Medicine, Taizhou University, Taizhou 318000, China;
2. Maider Medical Industry Equipment Co., Ltd., Yuhuan 317607, China)

Abstract: In the assembly process of medical devices, applying an appropriate amount of catheter glue can effective-
ly avoid the displacement or detachment of the catheter. To ensure the safety and stability of infusion treatment, the de-
fect detection of catheter glue is an indispensable part of medical device testing. However, most of the existing catheter
gluing technologies use automated control of the amount of glue to realize the catheter gluing, lacking the steps of gluing
defect detection, and there are still hidden dangers of non-standard catheter gluing. In order to solve the above prob-
lems, this paper proposes a deep learning—based catheter coating defect detection, which uses SSD (Single Shot MultiBox
Detector) object detection algorithm to achieve the defect detection of catheter coating. At the same time, ResNetlOl is
used as the feature exiraction network, which improves the feature modeling ability of the model and further improves
the accuracy of the defect detection algorithm. The experimental results show that the method proposed is superior to the
current mainstream defect detection algorithms, achieving high precision defect detection of catheter coating, which further
promotes the development of catheter coating technology.

Keywords:duct coating; improved SSD; ResNet101; defect detection

(L#5E137T)

Trend Prediction of Tennis Matches
Chen Jiahui, Wang Congrong, Jiang Hongtao, Li Shaowei

(School of Electronics and Information Engineering, Taizhou University, Taizhou 318000, China)
Abstract: Taking the match data of 2023 Wimbledon Tennis Championship as an example, the factor analysis and lo-
gistic regression method have been employed to describe the change of players’ "state" and predict the trend of the
match. Firstly, 9 evaluation indexes are determined, of which 4 ones are extracted as common factors by principal compo-

" "state". Secondly, the randomness of the game is tested by the run

nent analysis to realize the visualization of players
test method, and the "state" of the players determines the trend of the game. Finally, Spearman correlation analysis is
carried out on the "key points" data set, and stepwise elimination regression analysis is used to build a model to predict

the trend of the game.

Keywords:factor analysis; run test; correlation test; regression model
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A Dual-view De—-popularity Bias Recommendation Method Based on

Uninteresting Item Mining
Peng Shixin, Zhang Lisheng

(School of Software Engineer, Chongqing University of Posts and Telecommunication, Chongqing 400065, China)

Abstract: Popularity bias is a common problem in recommender systems, which causes popular items to be over-rec-
ommended and non—popular items to be ignored. The existing research on popularity bias debiasing mainly improves the
exposure of non—popular items by reordering the recommendation results or integrating regularization in the training pro-
cess, but data sparseness and indistinguishability of users’ preferences for popular items and non—popular items have be-
come obstacles to further research. Aiming at this problem, a two—view popularity bias debiasing method is proposed
based on uninteresting item mining, which mainly solves two problems : (1) Mitigate the impact of data sparsity and user
selection bias on recommendation results by mining uninteresting items ; (2) Dual-view learning is used to ensure that
the exposure of non—popular items is improved while taking into account the preferences of different users for popular
and non—popular items. In order to verify the effectiveness of the method, analysis and comparison are carried out on
three public datasets. The experimental results show that the proposed method can effectively alleviate the popularity devi-
ation while improving the non—accuracy performance.

Keywords: recommendation system; popularity bias; uninteresting item; dual-view learning
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Traffic Sign Detection Algorithm Based on Improved YOLOvVS
Liu Xinyu, Xue Bo, Lin Mengcheng

(School of Mechanical Engineering, Jiangsu Institute of Technology, Changzhou, 213001, China)

Abstract: Aiming at the problems of low accuracy and slow detection speed in identifying small traffic signs on
roads in different environments during driverless driving, a target recognition algorithm based on improved YOLOvS was
proposed. In order to reduce the model volume and improve the model inference speed, this algorithm uses the Ghost fea-
ture module to replace the original network architecture. Fusion and channel attention mechanisms are combined at the
feature module level to help the model better focus on key information in the image. In order to enhance the feature ex-
traction ability of small targets, the original C3 module was improved, the STB module (Swin Transformer Blocks) was in-
troduced, and the Chinese traffic sign data set TT100K was introduced for comparison and verification. The results
showed that the recognition accuracy of the method proposed in the paper was 92.6%, an increase of 0.7%; The value
reached 93.5%, an increase of 2.5%.

Keywords: traffic sign recognition; object detection; attention mechanism
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R A s i) R S 8, AR TR T AL A% o R A 0 PR 2 2 R 8 3 BB Rl 197 Pl ML -4
Xt 07 B L I SR O i s ) S BORS e R L RS IR 22 /N R E MR R R S T BT
STM32F411 ity By JC kil B AL AR e 5 T R 48, 8k A R i3 Lo 91— R 43 (P 428 Tl 25 2 500 0 S 9%t
P ML P SR 0 o 4 4 ) B 4 DG Rl L 3 FEL AL R AR VB B 2 R A 80 e Ak sl b 1 I T 512
FL R R A AT SEME A FLRL R AR 22 0 P R 1 1 3 A5 52 PID 53645 S50 PR 1 RO A 45, 3K
H Pk FORE 2R, I B A 24 3 48 3 PID # il #8280t A7 S804 SIS A il 1o b 7 Bk
(particle swarm optimization, PSO) , X} JChill B3 AL Rt 32 i R A7 04k, IFid 2 3% PID #51il #5 =
BORIET R GErERE T HE— 202 5 R s il R G Ak %

1 ZRIERBIHFEE
) P L 2 3 L AL A T ARG T A SRR 7 5 A sk (0 B R 55
E WS I A 7 3R 1R 7 5 R = AHZR 4 R

1 #E B #A - 2024-07-20

BES WA 2808 AT ST AR H (2022A05020007) s 511 “ AR5 2 067 B RRHE R T AL H (20232¢07)

EEE 0 PL(2000— ), I3 LRARMN A BB A P GRGIES ) (1973— )9 280 A 2% 1+, &=
BB RE IR TR A A LR B i S
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“szCIx"'? , (1)
Hrpx = A, B, Cyu, NHZHH TR, HAHGEH I ¢, iy = AHGELH 2G4k
Py=Sudy + Myply + Mol +cos (2)
2
Wy = Ml + Syuly + Myl + i, cos (9—%) : (3)
2T
o= Mycly + Mycly + Seele + pcos (0475, (4)

jﬂ\:EP:SAA’SBBaSCC éj\%ljﬂ‘jA’ B, C%gEE@;MAB9MBC’MAcé}%[Jﬂ‘7As B, C%£ﬂ£@;¢fﬁi%%*ﬁ%
ik PN i

2 TERIERBEIXEES
2.1 BHRETH(Clark transformation)

J TR LA B AR TR A T A I 0 B, R e b vl AR e B — R A AR 0 1 R L AR
Ty Ty I 40 PN TESCHUTR 1, 1, DT80/ 5 2 478 1) 9 728 o o AR A 6 R R M U A, 10 — A
BIEAMG N 120° <1, (i LB o 22 — 2R Aa bR R

1
I o _ o _ o A
a :K|:COSOO cos600 005600} 1| (5)
I sin 0 sin60 —sin 60
I
Hodr K RS IR R 50, HAEh 273,

2.2 THEZHE(Park transformation) F0 & 1H 52 25 #& ( Rev—Park transformation)
P 5 70 R A 2 P A i P A S R AR e 1) TR, BV ST B RS T BT N 1, 1, A B B

AT AR R L 1S
1, _[ cos 6 sin@} I, o
1, “ L-sin® cosf 1 ©

Rev—Park ZZHE il 1L N PLIERIEGHSBILNER) U,, U, A A AELAE U, Uy SR 54 —E TR
FezS 8] i, A A 2223 ) % S K S I il A 7 A 5, 4+

U, _|cos@ —sinf U,
{Uﬁ]_[sinﬂ COSGHU(I:' ° (7)
2.3 RIRFRIERAE

FBIRF) 1, F 1, Z B A ARG, 8 T AL RGEL IR R GG L, DL dg Bl s i3
et — 2 AR N PR TG LT FT R o8 0 JC R B AL B R A T v R v R AR ik R A
B dg B, BT dg SRS AR AR SR T, 2 1, O 0 i B 1, RO (E R AT SEEUN LA £
il o SN R AL T RE AR

dr,
U,=R.I, + de—tl oLl , (8)
d,
U, =Rl + ng —w, (L, + ;) o (9)

MIEL 1 rbal USRS 38 i w05t AR B A B 1, A1 1, A IR, 28 B 08 IR BRI T 25.89%,
051, LT, A3 T IE A A3 R R A o 7 v P AT S R SR WL TR SEINARE I B Tk
HRGRIPERIVERE o
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20 4 20 b
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=20 00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 040 0.45 720,00 0,05 0.10 0.15 020 0.25 0.30 035 040 0.45
B a] /s I a] /s

B AREARARA
3 ZTEXRE/KEIEH RIE

2 1 5% 5 K 9 9812 A, o WL 0T 5 0 i A% SN H 43 e R 26 S A PR e P 2
S PG 5 DX T 3 A543 ) e 500558 6 /T S O, 23 1] 6 ok Kk 9 90 5 5 0 2k 50
AR O L B 0 2 3902 RS T 1 0, BT k2 PR LA ) 8.5 o 0 B, MG L LG
A R R G B
3.1 BEXE/ERARIE
X LR R FITILEST SUASR RIS p "
B X R 9], 0P 2 R, 5% R U, iR A 010 T /1o
BKH L i Uy U, B Uy SIS %R AR v /
0F L U
T =T,+T +T, , (10) LTl
TU, =T,U, + TUg+ T,U, , (11)
Jot T g —ATF XS 5 Ug BT U, g AR HL PR % N/
U, EHUR A T, Ty U, 43Rk 1 — a
Ble 7, % Uy BRI 6 S U, 5 o B2 ) 2 BoREHRARAE
St B U 5 o 2 RIS 607

e

™ T, T ™
U.Y Xcos(e—3):‘U6‘XTP+‘U2‘XTZXCOS3 R (12)
U] sin 60 - T| = |0, x 22 x sin = (13)
; 3) 1% 3

Hrp 7 FRR—A KT (PWM) JH 5.
3 (12~13) 3R i 58 — B3 X VR R B8] 7, T, (U, R 58 TAEH R ) AR A% 2 T A R X A VR FH st
b T, T,, i3 1.
T =Msin(0—w):m(—ﬁU +1U) : (14)

3 U, | 2 7«27k

EIAUSNE ﬁ%(m 1%) : (15)

+
U, | 2 7«72

de
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x1 BERXXEEMANE

B X T, T,
I Jar,(V3u, - U,)nu, J3T.0,20,
I ~/31(V30, - U,) U, J3T(V3U,+ U,)RU,
i J3TU,U, ~J3 TI,(,/? U+ Uﬁ)/sz.,
v J3TU,U, -3 Tp(,/? U, - Uﬁ)/2U(h,
v ~/31,(V3U, + U,) 20, V31,30, - U,) U,
Vi Jar(V3u, + U[,)/2U(|« J3T,U,U,

32 BEXEERIF

TEARSCHR N T ok A 38 T U HSOR Dy SR DT B, SR T b B s 1) K A ik BE 9 i (space vector
pulse width modulation, SVPWM) , X 25k 5 4 7 R 6 U E - 25 ik (0B LT iR 450, e e HES R A2
AR5
3.3 BT

73 ) 5% Ak K S8 9 1] 10 OGS — 2D R FIMT S B R U, T e X . 275 K dit U, (R0 (1 3 B 41 7 1)32
11,8 T = U, K =320, - 12U, L ==V3 12U, - 12U 7 J7 WSS, B J,K,L KT 0 B 1,71

T 0y 00 AR H] N 5B IXSC RN 2 FioR.
®2 NSBRWEXFRER

Ji X J K L N
I 1 1 0

I 1 0 0 1
I 1 0 1 5
I\ 0 0 1 4
\Y 0 1 1 6
Vi 0 1 0 2

TEFR 2 H N = ] + 2K + AL ARYETHE I 0 N BRI 2% KAk U, TR X o e 2 22 a:d 2 W) R 4 K 58
TR B0 3 VIR R T 75 3] e, A HC T I Sk b U R ) 2 T O K T R o RE A 4R R TR
JEFHA (210 1.155) , T2 17 AL Sl 200 7 o AR 3 i T A1 2 54 24 ) 5 2 ik o 080 o 2 o) st B, S
Gy 4 il R 48, JLPA 3R RGUAE AN TA] 3 frs o

TR EEMTE
Speed_ref I, ref Uy Yy U, Up~ Ug =4
PI —7ﬂ> PI A > 2
_>?> o - S M 5T AR 5 SVPWM - S
: 1 )\ \
- [‘L—Nref 4 > PI Uan a ¢
7{ Y L[
PHTE AR - F 7o hr TE AR i
B
(L Latyr) F 1" A

> WxLxl, |—>F2 0

3 HEIAHRE R HIAEE
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4 KT B E AN E R

PSO J&—Fh 2 M it R 2O AR L P e S8R AL S 1 PSO AT S B0 b 5 5
B4R R AR SR AN IS IR 2 SRS (S RO B R &, AR T A BAT B IS0, T
X SES R B E N SR BT REA A 55, ZR 2 5 A REARAS R A PORICR o 24 o CRPEACE) BRI,
R R RE S5, R R AE 155 s M, Y o BUNRY, R R AE 155, R R AE 1R, 5 B A S TR
PRI G o PRI, Bt — Fofr Ay 2 102 s Dl Py I P AS R SR, S BRI A A Aoz B it A sl

w(t) = (a)max - wmin)(l - t)” o, (16)

T
Hew,, Mo, 2058 o S RAEAE/IME 0 0 S ETECE s T oA KGR AR s n AR B 4
BEXF JC I B HL LR S AR A — A G PSO BT, LANG s L4 SR8 R BB ) kb ) 0 e U0 A 1Y)
B, AT AR T AR g A B R A SR B AR R R R
5 (hEXK
Bl 4 g 2R TR F RS AU R 3 0 152 R 58 (PSO-FOC) 5 FLIEL, NI o] UE i 1 R 5
A5 SR s AR A SO AR S e AR 4R SVPWM  PSO-FOC Fl% 5 [l # il (FOC) 5 il 0F S 4L

HALETT TOLWE 5 s, fF BREE 0.45 s, ERMEE U, = 311 V, 37 0.35 s BT ZI 1712k 10.00 N-m
BESENG 0T HEAT 05 FLIA 76 S 30 B BOR UM 380 B B BeifE A7, B 0~800 r/min Al 800~1 500 r/min.

1600
1400 ﬁ ‘
7 1200F ,/
E 1000
E /
= 800
Jﬁaﬂ 600
prid
400
200 /
8.00 O.IOS O.IIO 0.15 OAIZO 0.‘25 0.‘30 0.‘35 0,‘40 0,‘45
IR /s
B 4 PSO-FOC E=#HIR&EFE E5 HBHETIR

05 LA BB TR, Q3R 3 R 4 o, FREICE A3 A5 ) - EAR S 800 r/min i fe K I 1t
FEAIR T 32.30% , PAREAF IR AL T 15.25%; EE2 2SR 1 500 r/min B 5 KR JE AR T 38.09% , Y& 4 st a] 41
T 5.66%.7F 0.35 s B ZIHE 67 2%, A HLEFE AR B JF % 11.90 N-m J&] [ 5f & A= Wk 3, fie K o 22 4 ikl 1
29.28 r/min, LT EEAL T 8.08%  £5A % HE BRI il 77 2, PSO-FOC F M 8 3t 5 /) | ] 4 sl ) B, 7

MEAE BTG O TP HeaE ) i .
R 3 EEEA 800 r/min 1 1 500 r/min AT EIFEASE LB XTEL

800 r/min FaSH 1 500 r/min FAZS{H
il &5 - — — - — —
KR o, PHEL ] ¢ /s K o, PHEL ] ¢ /s

FOC 18.988 0.118 12.344 0318

PSO-FOC 12.855 0.100 7.642 0.300
x4 AEHEBREHETLL
1 3 Bt FOC PSO-FOC
e K58 2% n/(r/min) 72.270 42.990

AL ] ¢ /s 0.396 0.364
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Xof bR AR T AR L e R AR FEHE T 30, Al 6 iR, Il 6(a, b, ¢) 2l PSO-FOC 53
BT R B 6(d, e, ) FOC SEMEDY ELA5 R oa F1 d Ry AL —AH B I 400 e iz 5 AR 675 3] 1, 1, 7
Wisb Al e EDAZE PSO-PLAEHIEAR 2NN U, U, s AT ML

XL 6 H B AT IREEAS 2] PSO-FOC 1 FOC #:36i F HLATLAY FL UL | R AR 4, 4nge 5 M3k 6 i
N IFE AT AR RCR  ingk 7 PR

LEA R P BRI, A SCR I PSO-FOC S92 RE A% (145 JT Il AL —AH H 3 B AR |, B Ol S50
JE TR i e e BN o

30

[— %l
pui \

) H/A
HEHL/N « m)

8
sk
4}
2
8 0
55 P S S T S P S T T S T 3 P S S S S S
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.4 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
d i)/ B 1)/ 18]/
30
Toanh Atathandie
| 16 I —
L PR = oot i
o QT '»‘ i ) R— ‘," M\\»‘J,W‘Xﬂ*é“u‘{:n’a{'
) ~ 12}k |
100 F ?MM s 12 ' ‘I\H‘HJ',\
- . 1 (i b e e e
é” E _MWMWM Z 0F w“\!\‘v‘l:‘l”“m
= ] < YL
5 B O [ VIt O g ol W
ELY 7 { i p T
A L
200 g \ 2 l m m
~300 - or W’
o o S S S R - I i i S
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0. 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.00 0.05 0.10 0.15 020 0.25 030 0.35 0.40 0.45
B8]/ i) /s 18]/

6 HELRERIILL
%5 6(a,b,c)By PSO-FOC A E R

Kot it /A I/A U/N UJN FER/N-m
F474% 800 r/min 2918 1.954 92.032 2.168 2.318
Fa74% 1 500 v/min 2482 1.787 87.540 3.776 1.559
BB 8.773 9.210 126.277 1.352 12.957

x6 E6(d,e, B FOC HEHIE

Kt 101 1JA I/A UV UN FEFE/N -m
FaZs 800 r/min 3.046 2.052 113.187 5.105 3.634
Fa75 1 500 r/min 2.491 2.078 127.257 6.331 2.181
Uik 17.158 18.472 308.368 2.172 16.803

%7 PSO-FOC #1 FOC B 4L 3tLL %

X H I A I, U, U, g
4% 800 r/min 4.20 478 18.69 57.53 36.21
Fa45 1 500 r/min 0.36 14.00 31.21 40.36 28.52
BB B 48.87 50.14 59.05 37.75 22.89

SEIG S-S A T s O SEIG R G AL S B AE BBl 2, B TR R 11.90 kgemm?, 2 HL B
(0.42+0.10) ohms(25 °C), £& H Bk (1.12+0.20) mH(1kHz) , JZ L33 4.27 V/(k-r/min) , S35 R4 S
WO Y R % (insulated gate bipolar transistor, IGBT) , fi KB B L N 24 V1 JCRI B IR HL AL o £
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Workbench FPFREAT RAMLEZ SEAGIN , 25 2R Q&) 8 s, dE— 295Uk 1 7€ 800 r/min Al 1 500 r/min 141~ J&
T REAS S BN A R R PR AR A A B

1600

1400 |

1200 |

1000

800

600

H5d/ @ » min™)

400

200

L L L ! '
10 15 2 5 30 35

e " wis
7 ZnTa RS

6 45k

A SCERVT TR R AL S0 15 %t 4 1) 45 G A8 T ki B I W LR S 4 i 3R e o 0 g Y o 78 78 00 R #
PID #4 fi #5 76 5% S 2 1) 22 G0 rh 2546 7 50 3 VSR 45 U e () Bt b, 7 5003 o iy 5 i R S B A A
e L PSO ST PID #2564 T S8 Ak , 31 L5 | AL 2 I8 =X Ul 1 A 3k B PSO B35 Fa A )
T AR AR B R AR T R A 0 L S S 1 7E MATLAB/Simulink FRES T #4520 007 B K 64 707 L2
SEIBAE LN EN 100 WA TG B L g % 42, STM32F407 A 4L Jg -8 b , 44 i S 5206 7 & kAT
WM, 45 5 B . PSO-FOC S A A FAL e FOC 535 72 A2 35 800 r/min F1 1 500 v/min B4 H i) £
K 553 AR T 32.30% F1 38.09% , P B ISRl 73 504K 1 15.25% T 5.66% , 75 A 32 1 80 i HH 5
WS> T 22.89% , sh A5 R B AT, i — A5 E B T SCH AR B PSO-FOC 53032 1A 300 DA R 45 46l
RGHA N RAFFEEHRIROR

5% k-

[V, TR, R TR R G i P R i vk sE (1], th L TR, 2017,37(14) : 4184-4191.

(21222580 . = U I R [R) 25 F S LR S P il B AR LD ] TR B« 2 B Tl K2, 2023.

(3]s, sk b e d i, 45 . — AT IR AR TR H FL AR sl A T 2 et 5 S R0 . fdL, 2023, 56(12)
48-55.

(4184, ik 2241 Bk B . JEF STM32F411 RYJCHI B HLHL FOC FEfil RGe it [T ). BrEHbL, 2023,51(5) :61-65.

[S]kIBOT , RAW, Rttbte . 454 Uik PSO-BP #f 28 [ 2% i JC Il B F AL il (7). R F K22 3 (A AR B4R L 2021, 54
(4):62-67.

6 CE, WD IR0, 4% . BE ok FRL Y JOR ELOR Fa ML 280 A P [T ). i TR 2%4]),2011,26(4) :57-63.

7 IBKSCHE B 7B . bR TR A AL B BLDCM 5 R FT (7). 53 T2, 2019,26(9) : 1636-1641.

81 EHANLL . W= AR R A LA 1) S SVPWM SE3E IS [ D], Bl « PHAE K2, 2023,

OV K S MUIBAR, TRk, A5 . HE 5% St Vi P A ) Ay B S0 A s il [0 ). v [ L TR 2% 31, 2016, 36 (11) : 3045-3053.

10 A7 152 BRAREE R TR AR SR P AR M A R i SR 2538 () ] il R (AL AR B , 2019, 40(3) : 274-288.
L1 ZR R SR T RER L A LA SRS AT 5 (1], R 2 Be 24l ([ AR BRI ) , 2024, 42(2) : 56-60.

12 ]I B A & . T el B TR F 5 1 TR T A ML P il b ) . i <OJF 96,2021, 59(1) :34-38.

13 AR, AR, A0 e, 55 . TR0 BE bl e I 24 1) JC Rl B A AL vk L ). f 74 R ,2019,53(12) : 106-110.
14150 2 5, FERA, ERT, 5 . 5T PSO BEELALBN PID 1 BLDCM 15 EHFFE[T]. {5 B0 w4k, 2024,25(3) :208-209.
IS]FAEAE  Ji 5 NS 55 L 2T PSO 1Y GPC-PID MNP HLEE AR I SEEE ) ], Va2 AR R4k ,2023,37(2) :9-16.
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1.3 ERIMARIRAELZEHE
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Research on the Overall Optimization of Kindergartens Based on
Green Building Technology

— Take Xinhu Kindergarten as an Example
Teng Rui, Shi Wenjing, Huang Lingding, Wang Bo, Yan Feng
(School of Civil Engineering and Architecture, Taizhou University, Taizhou 318000, China)

Abstract: At present, in the pursuit of green, environmental protection and energy saving in the context of the era,
the overall optimization design of the kindergarten is particularly important. Based on green building technology, the over-
all optimization design of Xinhu Kindergarten is carried out and found that there are deficiencies in ventilation, lighting,
energy consumption and noise control in the actual design process of the kindergarten, which directly affect the chil-
dren’s learning environment and physical and mental health. In order to solve these problems, the research team has ap-
plied software simulation technology to conduct an in—depth study of ventilation, lighting, energy consumption and noise
in kindergartens. Through the simulation analysis, targeted optimization solutions have been found, such as setting up re-
flectors, planting green plants, and photovoltaic building integration. After optimization, the natural lighting rate and venti-
lation effect of the kindergarten have been significantly improved, and the energy consumption and noise level have also
been significantly reduced. Through the application of green building technology, the optimization and improvement of the
kindergarten environment are realized, and a more comfortable, healthy and energy—saving learning environment is created
for the children.

Keywords: green buildings; kindergarten; thsware; simulation; remodel
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Analysis of the Current Situation of Computer Programming

Education and Research on Teaching Reform Strategies
Wang Dandan

(School of Electronics and Information Engineering, Taizhou University, Taizhou 318000, China)

Abstract: Teaching computer programming courses is an inherently challenging task, given the breadth of the con-
tent, the abstraction of concepts, and the strictness of grammatical rules, which all require a high standard of teaching
quality. To gain a deeper understanding and address these challenges, an in—depth analysis is firstly conducted of over
3700 related research papers on computer programming from CNKI (China National Knowledge Infrastructure). It employs
research methods such as keyword extraction, keyword co—occurrence graph analysis, and timeline evolution to comprehen-
sively explore the evolution of computer programming teaching strategies in China over the past 20 years. Moreover, an
in—depth analysis is also conducted of the current issues in teaching practice. The results not only reveal the developmen-
tal trends of teaching strategies over time but also identify some key challenges in teaching practice. In response to
these challenges, a series of targeted teaching reform strategies are proposed, which provide valuable references for the re-
form of computer programming teaching in our country and offer clear guidance for educational practice and innovative di-
rections.

Keywords: computer programming; keyword co—occurrence map; timeline evolution; teaching strategies
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On Interactivity in Secondary School Mathematics Lecture Method
Zhang Xiaogui

(The College of Mathematics and Statistics, Hefei Normal University, Hefei, 230601, China)

Abstract: The value of the lecture method in mathematics teaching has been increasingly recognized, and interaction
plays an extremely important role in the application of the mathematics lecture method. The necessities of focusing on in-
teraction are proposed in the use of the lecture method in secondary school mathematics from three aspects: misunder-
standing of the lecture method, social interaction theory and students’ mathematical learning, and examples are given to
illustrate the role of interaction in the secondary school mathematics lecture method. Finally, based on interaction, a few
suggestions are made for secondary school mathematics teachers to apply the mathematics lecture method.

Keywords: mathematics instruction; lecture method; interactivity

(E#E62TT)
Optimization Method for Brushless DC Motor Vector Control

Based on Improved PSO-PID
Jin Kai‘, Xiao Ping’, Lii Aoning

(a. School of Mechanical Engineering; b. Anhui Provincial Key Laboratory of Intelligent Vehicle Wire—controlled Chassis
System, Anhui Polytechnic University, Wuhu 241000, China)

Abstract: The brushless DC motors, commonly used as a power source for household appliances and precision instru-
ments, are often controlled by traditionally proportion integral differential (PID) control algorithm with lower precision,
which is more sensitive to external disturbances and can not meet the precise requirements. To address this issue, a vec-
tor control method for brushless DC motors using particle swarm optimization (PSO) has been proposed. First, a mathemat-
ical model of the brushless DC motor was constructed. Subsequently, simulation software was used to build a model of
the motor vector control system, and the parameters of the motor’s PID controller were optimized by using an improved
particle swarm optimization algorithm to achieve precise control of the brushless DC motor system. Finally, an experimen-
tal platform was constructed by using the STM32F407 microcontroller, and experimental verification was conducted. The
results indicated that, compared to traditional vector control, the proposed method reduced the maximum overshoot by
32.30% and 38.09% at steady states of 800 r/min and 1500 r/min, respectively, and optimized the settling time by
15.25% and 5.66%. During the load phase, the maximum speed deviation was reduced by 29.28 r/min, and the settling
time was optimized by 8.08%. The anti-interference capability and system stability were significantly improved.

Keywords:vector control; brushless DC motor; PSO algorithm; STM32F407 microcontroller
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Case Design of Ideological and Political Teaching of the
"Software Engineering'' Course Under the OBE Concept

Xia Jiewu, Li Jinzhong, Peng Lei, Liu Huan

(School of Electronics and Information Engineering, Jinggangshan University, Ji'an 343009, China)

Abstract: In the context of "three comprehensive education", ideological and political education in professional cours-
es cannot be ignored. Based on the OBE concept, problem oriented and combined with various teaching methods, we de-
sign course ideological and political teaching cases for the teaching of the "software engineering" course to explore the in-
tegration of cultivating student team values and professional ethics while imparting professional knowledge in software engi-
neering. The practical results show that the ideological and political education courses under the OBE concept can pro-
mote the integration of value shaping, knowledge transmission and ability cultivation.

Keywords: OBE philosophy; software engineering; curriculum ideological and political education; teaching case; case

design
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