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3 JJoH(X. P. Niu, B. H. Hu, L Pinwill and H. Li., 2000).

Stationary Platen

Ejector Platen

!

Die Cavity
Hydraulic

Cylinder
\ Gooseneck

PIunger\

m
Flifyiis . Ejector Box
Cover Die
Nozzle Ejector Die
(a)
Stationary Platen
Ejector Platen

Hydraulic Cylinder

(b)

(1™ 2-1] 2 tolAA" 71A19] A E; (a) hot chamber type and

(b) cold chamber type (E.J. Vinarcik, 2003).
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A Z U (Decision Tree)= ©1% 275 4L o A AMEH= iR
Aol Bel F shtort. o] 7 HolH e £A4& 7Hter 7% Ve A
Astal, 1 7)o wEt ER FHIE HolHE 271tttk o MpAoA A W
Az 2715= 249 =EE B8 E=Root Node)gl stal, mpx[afoz F
71Ee A8 Xste] E(Terminal Node)gh gheh e Lo} a9 L
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o2 A2 ML 2o ARD PA A48T & e gHe] YA, HAY
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Lucian Dragut, 2016).
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Raw Data
Random
sampling

Random
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Tree-1 Tree-2 Tree-n

Value-1 Value-2 Value-n

|
{ Average or Voting ]

Final prediction
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2) SMOTE (Synthetic Minority Oversampling Technique)
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Ho|E EDA/H|0[E] dEEE & 0I0lE SO0l 7|8t oo}
ES ST Mz E=REE]] 234 x| == B
cio|7§ A8 pLC EDR sig/as 22 ShioIE SH5E[0] 5 7|8 S0/ E(30%)

(SHOT DATA) *| ool 2= g (70:30) (%V:{ia;‘:",‘%% 22+g 7l 23 8t
24
SAETY
SR ehag HAZZ Undersampling
(OK & NG) SEE orE Al Dhn 4
St (& =) = 3
=353 () SEE I=
ojol g Random Forest EEZI&O&BEJ
A AMHolH (&2, 10%, 20%, (Afcirac
S0 O|AHK| K2 30%, 40%, 50% e
(BE esE, A=K K7l 212l oot % Precision, Recall,
d2iier) &= EREE! ) Fi-score)
(2YE:10%, 20%,
30% 40%, 50%)
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# 3-1] 59 & 34 dloly &

A 4 Cont | EF% | 2959 | 29s

A5 10,127 9,178 949 9.37%

A A8 22,979 22,229 750 3.26%

Al5 10,839 10,425 414 3.82%

Al19 5,693 4,872 821 14.42%

B1 31,611 30,698 913 2.89%

B B3 6,175 5,600 575 9.31%

B20 10,656 10,228 428 4.02%

B21 7,668 7,368 300 3.91%

AZA 49,638 46,704 2,934 5.91%

B3l 56,110 53,894 2,216 3.95%

A+B3HA 105,748 100,598 5,150 4.87%

[ 3-2] 9 2 oY 238
Au) | 23 s BRE L bk

myEmad a2 25| ed| A A% =] g9 [mag
A5 436 9 0 3 7 181 | 30 0 1 277 5
A A8 310 | 32 0 5 135 | 227 2 0 1 7 31
Al5 79 9 1 6 94 | 152 | 73 0 0 0 0
A19 | 387 | 20 0 36 71 160 | 22 97 21 3 4
Bl 183 | 16 6 2 33 | 271 | 393 0 0 0 9
B B3 450 3 0 15 12 79 14 0 0 0 2
B20 125 14 2 10 2 238 | 30 0 0 0 7
B21 158 3 0 8 7 120 4 0 0 0 0
AZA 1,212| 70 1 50 | 307 | 720 | 127 | 97 23 | 287 | 40
B34l 916 | 36 8 35 54 | 708 | 441 0 0 0 18
A+B3HA 2,128 | 106 9 85 | 361 | 1,428| 568 | 97 23 | 287 | 58
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A3 dolgdy 3 A% 2

A ABeE 8719 5ol #HHE HolHs Aol2EY, I, ALEEE:
s 18719 PLCHoIE %}, W2k, 38255 4719 AAdolE, 1719
Class(@) 2 45 o] 3lom, dF ZASA9}, o A& Zds vt W
AR 9 7% FAZE [E 3-3], (29 3-2], [I¥ 3-2] oA &1 &

f =
ATt

RN
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[¥ 3-3] HeAE 9 7z SA

No. W TR 9] N N o xF Azt 2 2 3k Q1 =95 Q3 Hdi#k
1 Mol 2 E}]] PLC s 105748 0 102.110 5.20848 0 99.7 101.9 103.1 213.1
2 BRI PLC % 105748 0 103.899 4.74493 0 102 105 107 110
3 R PLC m/s 105748 0 0.926159 0.0999688 0 0.952 0.964 0.976 1.059
4 AEERE PLC m/s 105748 0 4.15515 0.363753 0 4.139 4.226 4.309 4.871
5 A7 PLC ms 105748 0 82.2753 20.9949 0 72 79 85 307
6 Fzx4Y PLC Mpa 105748 0 51.0640 5.82049 0 51.2 52.6 54 63.1
7 BISF7l PLC mm 105748 0 34.2271 173.762 0 27 29.5 32.4 6553.4
8 L&A PLC mm 105748 0 661.471 36.7122 0 649.1 660.9 674.3 715.5
9 &3k PLC mm 105748 0 148.855 24.0198 0 132.2 157.7 164.5 246.3
10 S PLC kg 105748 0 17.3157 3.49636 0 15 16.1 18.4 33

11 %] 27} 45 PLC ms 105748 0 963.341 100.153 0 890 962 993 1357
12 3142 7)4 PLC ms 105748 0 14.8382 5.03229 0 11 15 16 84

13 | PLC Mpa 105748 0 16.3359 160.884 0 11.4 12.4 13.9 6553.5
14 SRAZE PLC ms 105748 0 246.188 3602.57 0 41 47 50 65534
15 27N PLC mm 105748 0 776.375 38.7522 0 771.8 783.6 789.6 820.4
16 gk PLC mm 105748 0 33.9520 19.6438 0 22.3 30.2 35.5 129.6
17 &3 PLC - 105748 0 48.5661 1.54023 0 47.9 48.5 49.2 56

18 AEEE PLC m/s 105748 0 0.754504 1.27900 0 0.031 0.033 0.85 4.413
19 WEe sl A A A=) = 105649 99 35.0727 5.82502 2 32.772 35 37.113 96.836
20 W7t w2 A %) = 105649 99 25.9907 2.89559 2 26 26.736 27 88.768
21 TRLeE A %) = 105669 79 18.9291 6.51558 4.891 13.183 18.822 24.402 34.699
22 FAEE A2 %) % 105669 79 55.5848 10.5073 15.821 48.6405 56.311 63.209 76.785
23 Class S AR A= I/E 105748 0 0.0487007 0.215243 0 0 0 0 1
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A 42 dolg HA
252 A= " oy ¥4kl ¥ae2i2, 32 E

o] A5¢}, PLCE 4 EE HolHF 022 +HE FF2 AAs

ol "A W Al $AAZL BISHA, A&7Hs, ALHE, 15HE, F
e, FHAAIY A= FDEY] o]/4d21(65534, 6553.4, 6553.5)= TlolH
Hxo| ot YHA= tfAstAY, SHgkE Aletetay, i AAlst

PLCOlA +A=E 1871 ¥4 &, IEEE7F 04ms SHAIRE, &4,
D&Y, NE7MEG, SRGE, ST, HEANA, A&l BE 002

(£ 3-4] A4 T 72 EAF

No. W N Nx#| 4t ET 12 [ Haw | Q 95 | Q3 Hdi#
1 Ao ZELY 105263 0] 102.146 5.02603 0 99.7 101.9 103.1 213.1
2 BRI 105263 0] 103.917 4.56966 79 102 105 107 110
3 e 105263 01]0.926811 |0.0988458 | 0.533 0.952 0.964 0.976 1.059
4 AEET 105263 0| 4.15567 0.360137 0 4.139 4.226 4.309 4.871
5 = AIRE 105263 0] 82.2599 20.8744 0 72 79 85 307
6 T2 105263 0] 51.0699 5.76988 15.7 51.2 52.6 54 63.1
7 BISHF7 105263 0] 29.6703 5.78943 0.2 27.1 29.5 32.4 137.7
8 a1 7) A 105263 0] 661.693 35.7869 0 649.4 660.9 674.3 715.5
9 A&7k 105263 0| 148.755 23.8469 0 132.2 157.7 164.5 246.3
10 =T 105263 0] 17.3248 3.49592 11 15 16.1 18.4 33

11 A 47} 105263 0] 963.535 99.4596 8 890 962 993 1357
12 4714 105263 0| 14.8185 5.00740 0 11 15 16 84

13 394 105263 0] 12.3814 2.02869 0 11.4 12.4 13.9 20.8
14 FHIAIZE 105263 0| 48.6132 28.6474 0 41 47 50 600
15 A 105263 0] 776.491 37.6152 0 771.8 783.6 789.6 820.4
16 &3 105263 0] 33.9579 19.6338 0 22.3 30.2 35.5 129.6
17 =3 105263 0] 48.5710 1.42063 0 47.9 48.5 49.1 56

18 AEET 105263 01]0.750160 1.27670 0 0.031 0.033 0.825 4.413
19 Y7 %1 | 105263 0| 35.0727 5.83006 2 32.771 35 37.1 96.836
20 Y2222 | 105263 0] 25.9907 2.89857 2 26 26.736 27 88.768
21 TALEE 105263 0] 18.9368 6.52281 4.891 |13.153 |18.858 [24.412 |34.699
22 FAEE 105263 0] 55.5971 10.5109 15.821 |48.673 |56.327 |63.218 |76.785
23 Class 105263 010.0460466 | 0.209587 0 0 0 0 1
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[# 3-5] AA2] & 59 2 49 oy #
AH| B Count FETE | EEFTE =EFE
A5 9,845 9,178 667 6.78%
A A8 22,851 22,112 739 3.23%
Al5 10,833 10,422 411 3.79%
Al9 5,687 4,871 816 14.35%
B1 31,561 30,652 909 2.88%
B B3 6,174 5,997 577 9.35%
B20 10,647 10,218 429 4.03%
B21 7,665 7,366 299 3.90%
A A 49,216 46,583 2,633 5.35%
B B 56,047 53,333 2,214 3.95%
A+BEA AB 105,263 100,416 4,847 4.60%
[# 3-6] A3 & 59 2 #3d =894E
aw | =2 : EFTE
MAAEMAFH &F | FF | 29 | A% | d5 | 29| 23 [H=E 78
A5 | 433 | 8 0 3 7 1180 | 30 0 1 0 5)
A A8 | 309 | 31 0 5 | 133|227 | 2 0 1 0 | 31
AlS5 | 79 8 0 6 94 | 150 | 73 0 0 0 1
Al9 | 386 | 20 0 36 | 71 | 189 | 22 | 97 | 21 0 4
Bl | 183 | 16 6 2 33 1269|391 O 0 0 9
B B3 | 450 | 3 0 15|12 | 81 | 14| O 0 0 2
B20 | 125 | 14 | 2 10 2 | 239 | 30 0 0 0 7
B21 | 158 | 3 0 8 7 1119 4 0 0 0 0
AZA 1,207) 67 | O o0 | 305 | 716 | 127 | 97 | 23 0 | 41
BeH 916 | 36 8 35 | 54 | 708 | 439 | O 0 0 18
A+B&A 2,123 103 | 8 85 | 389 | 1424| 566 | 97 | 23 0 | 89
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AS A QeB7IARY o H AT

o

ol oA HE RIYAE RHEO] A5 HIkSH] HAdl AMEEHE F
A5 AxEE AZZ(Accuracy), AL (Precision), AHE-E&Recall), F1 HF
(F1 Score)dUth. ol#fet #5L Rdlo] EFEFS dnht & dSst=A&
THHoR wost= b FadUh 7k A7 Aot A4t HHE o
Zrt

1)

Predicted
Negative Positive
(0) = (1) 28
Negative True Negative False Positive
(0) ™ FP
or= (Type | error)
Actual = e
Recall
Positive False Negative True Positive True positive rate (TPR)
(1) FN TP __ TP
2ak (Type Il error) " TP+FN
Precision,
Accuracy Positive predictive value F1-score
B TP +TN (PPV) - Recall x Precision
“TP+TN+FP+ FN I X Recall + Precision
TP+ FP

[T19 3-4] A5 B7HARe Ao & AL U

A (Accuracy): RE o= F 2427 4 &35 H|E
« A% (Precision): R O]
AAE Recal): A4l =% ME T 2ol &F2z 53t Hl&

* F1-Score: HHx e} A2 23t oz, F AR 3= Ul
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A6 A stadolsa 74 2 54

) ,9_1;1]0]1_;1 1:11 XLQ.AIEtﬂ

AMHE] 47 FP3}, BAH] 47 29, A8l AA 10, BAH] AA 174, A+B
Au] A4 14, & 1178 89 dolel Ag Aokt 53 Ea shadolE
o] E#H|8S SMOTEMZH(10%, 20%, 30%, 40%, 50%), AEA=H
(10%, 20%, 30%, 40%, 50%)%+ 107H9] F7} sh&& dHolEHAlS FA5HA
ot EFE°] 10%7F ¥ A19 299 3% 10%°] tigh M2 dog&= Al
olotal F 119709] &<5-8 dlolE|Ale =&ttt

l

2t IR, sgol F8eA gL Uula] 0% doleg dE dojHz
gttt
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A7E =d A4 L Bst A

B7kstal, Sl tiet BrHEyaE (& 3-7], [& 3-8], [& 3-9], [& 3-10]
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[ 3-7] A5, A8, A15 2ol digt B712ax}

SH& 00l E (70%)

St& 00| Cheh HIHED:

A SOl E{(30%)

4SEHOIEof tiet ErrZnt

=t
No.| =% st& OO Ef AE =2 | 22 E |Accuracy| Recall |Precision|F1_score| ¥E | =22 | @& | Accuracy| Recall | Precision | F1_score
1 qe 6,425 466 6.76% | 0.999855 | 0.997854 1 0.998926 096107 | 0452736 | 0.947917 | 0.612795
BN SMOTEHMEE 10% 6,425 713 9.99% 1 1 1 1 0959716 | 0.462687 | 0.894231 | 0.609836
3] SMOTEMEZ 2 20% 6,425 1,606 | 20.00% 1 1 1 1 0.959377 | 0.492537 | 0.846154 | 0.622642
En SMOTEMEZZ 30% 6,425 2,753 | 30.00% 1 1 1 1 0.958362 | 0.517413 0.8 0.628399
5 | SMOTEMEZ 40% 6,425 4,283 | 40.00% 1 1 1 1 095633 | 0517413 | 0.764706 | 0.617211
(6 | As SMOTEMEZ 50% 6,425 6,425 | 50.00% 1 1 1 1 2,753 201 6.80% | 0954638 | 0.522388 | 0.734266 | 0.610465
7] HAHMEY 10% 4,194 466 10.00% 1 1 1 1 0.959039 | 0467662 | 0.87037 | 0.608414
s | HAHMEY 20% 1,864 466 20.00% 1 1 1 1 0.952945 | 0512438 | 0715278 | 0.597101
B HAEHHMEY 30% 1,087 466 30.01% 1 1 1 1 0936696 | 0.58209 | 0.531818 | 0.555819
E A HMEY 40% 699 466 40.00% 1 1 1 1 090149 | 0631841 | 0369186 | 0.466055
11 HAEHMEEY 50% 466 466 50.00% 1 1 1 1 0.841571 | 0.691542 | 0.255046 | 0.372654
12 dAe 15,497 498 3.11% 1 1 1 1 0.984102 | 0.651452 | 0.862637 | 0.742317
13 ] SMOTEMEZZ 10% 15497 | 1,721 | 10.00% 1 1 1 1 0.984102 | 0.701245 | 0.820388 | 0.756152
I SMOTEMEE 20% 15497 | 3,874 | 20.00% 1 1 1 1 0.982351 | 0.717842 | 0.765487 | 0.740899
[ 15 | SMOTEMEZZ 30% 15497 | 6,641 | 30.00% 1 1 1 1 0.982205 | 073444 | 0753191 | 0.743697
16 SMOTEMEZZ 40% 15497 | 10,331 | 40.00% 1 1 1 1 0.981622 | 0.738589 | 0.738589 | 0.738589
I A8 SMOTEMEE 50% 15497 | 15497 | 50.00% 1 1 1 1 6,615 241 3.52% | 0.980455 | 073444 | 0716599 | 0.72541
18 A MEY 10% 4,482 498 10.00% 1 1 1 1 0979288 | 0.721992 | 0698795 | 0.710204
| 19 | HAEHMEY 20% 1,992 498 20.00% 1 1 1 1 097112 | 0.751037 | 0.567398 | 0.646429
| 20 | HAHMEEY 30% 1,162 498 30.00% 1 1 1 1 0957701 | 0.763485 | 0.441247 | 0.559271
| 21 | A HMEY 40% 747 498 40.00% 1 1 1 1 0.939323 | 0.79668 0.34347 0.48
22 A MEE 50% 498 498 50.00% 1 1 1 1 090738 | 0.850622 | 0.254975 | 0392344
[ 23 | dAe 7,309 274 361% | 0.999868 | 0.99635 1 0998172 0.975385 | 0525547 | 0.827586 | 0.642857
| 24 | SMOTEMEZ 10% 7,309 812 10.00% | 0.999877 | 0.998768 1 0.999384 0975692 | 0.591241 | 0.778846 | 0.672199
| 25 | SMOTEMEE 20% 7,309 1,827 | 20.00% 1 1 1 1 0975385 | 0583942 | 0.776699 | 0.666667
| 26 | SMOTEMEZ2 30% 7,309 3,132 | 30.00% 1 1 1 1 0973846 | 0583942 | 0.740741 | 0.653061
| 27 | SMOTEMEZ 40% 7,309 4,872 | 40.00% 1 1 1 1 0973231 | 0576642 | 0.731481 | 0.644898
| 28 | A5 SMOTEMEZE 50% 7,309 7309 | 50.00% 1 1 1 1 3,113 137 422% | 0973231 | 0576642 | 0731481 | 0.644898
| 29 | HAEHMEY 10% 2,466 274 10.00% 1 1 1 1 0.975077 | 0.613139 0.75 0.674699
30 AL MEY 20% 1,096 274 20.00% 1 1 1 1 0.965846 | 0.649635 | 0.585526 | 0.615917
| 31 | HAHMEY 30% 639 274 30.01% 1 1 1 1 0.955077 | 0.678832 | 0.476923 | 0.560241
| 32 | A MEEY 40% 411 274 40.00% 1 1 1 1 0.938462 | 0.686131 | 0.374502 | 0.484536
33 A MEE 50% 274 274 50.00% 1 1 1 1 0.889846 | 0.715328 | 0.235012 | 0.353791
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[® 3-8] A19, Bl, B3 2ol et H7ra}
No.| =5 SH& 0| O| B (70%) st&Oo[Eof CHet BIHADt S 0| E(30%) AZHolEof et BrtZA Dt
’ st& 0| O Ef AE =2 | 22 E |Accuracy| Recall |Precision|F1_score| ¥E | =22 | @& | Accuracy| Recall | Precision | F1_score
34 = 3,411 569 14.30% 1 1 1 1 0.930873 | 0.623482 0.860335 0.723005
? SMOTEMEE 20% 3,411 852 19.99% 1 1 1 1 0.927944 | 0.635628 | 0.826316 | 0.718535
? SMOTEME 30% 3,411 1,461 29.99% 1 1 1 1 0.926772 | 0.647773 0.808081 0.719101
T SMOTEMET 40% 3,411 2,274 40.00% 1 1 1 1 0.925015 | 0.684211 0.771689 | 0.725322
? A19 SMOTEME 50% 3,411 3,411 50.00% 1 1 1 1 1,460 247 14.47% | 0912712 | 0.684211 0.704167 | 0.694045
? A MEY 20% 2,276 569 20.00% 1 1 1 1 0.9256 0.643725 0.80303 0.714607
F AL MEY 30% 1,327 569 30.01% 1 1 1 1 0.917399 | 0.696356 | 0.722689 | 0.709278
T L MEY 40% 853 569 40.01% 1 1 1 1 0.894552 | 0.761134 | 0.608414 | 0.676259
T AL MEY 50% 569 569 50.00% 1 1 1 1 0.836555 | 0.817814 | 0.463303 0.591508
i = 21,467 625 2.83% 1 1 1 1 0.978245 | 0.323944 | 0.867925 0.471795
i SMOTEMET 10% 21,467 2,385 10.00% 1 1 1 1 0.978667 | 0.380282 0.80597 0.516746
i SMOTEMET 20% 21,467 5,366 20.00% 1 1 1 1 0.977822 | 0.390845 0.75 0.513889
i SMOTEMET 30% 21,467 9,200 30.00% 1 1 1 1 0.977506 040493 0.72327 0.519187
i SMOTEMEE 40% 21,467 14,311 40.00% 1 1 1 1 0.976555 | 0.387324 | 0.696203 0.497738
i B1 SMOTEME 50% 21,467 21,467 50.00% 1 1 1 1 9,185 284 3.00% 0.976449 | 0.411972 0.676301 0.512035
i ACMEY 10% 5,625 625 10.00% 1 1 1 1 0.976238 | 0.390845 0.680982 0.496644
i AL MEY 20% 2,500 625 20.00% 1 1 1 1 0.967684 | 0.450704 | 0.460432 0.455516
i AL MEY 30% 1,458 625 30.00% 1 1 1 1 0.94445 0.464789 0.26087 0.334177
i L MEY 40% 937 625 40.01% 1 1 1 1 0.898933 | 0.503521 0.149114 | 0.230088
53 AL MEY 50% 625 625 50.00% 1 1 1 1 0.802936 | 0.573944 0.08543 0.148723
i = 3,921 400 9.26% 1 1 1 1 0.91959 0.254237 | 0.725806 | 0.376569
i SMOTEMET 10% 3,921 435 9.99% 1 1 1 1 0.916892 | 0.259887 | 0.666667 | 0.373984
i SMOTEMET 20% 3,921 980 20.00% 1 1 1 1 0.910416 | 0.293785 0.55914 0.385185
i SMOTEMEE 30% 3,921 1,680 29.99% 1 1 1 1 0.910416 | 0.355932 0.547826 | 0.431507
i SMOTEMEE 40% 3,921 2,614 40.00% 1 1 1 1 0.905019 | 0.384181 0.503704 | 0.435897
i B3 SMOTEME 50% 3,921 3,921 50.00% 1 1 1 1 1,676 177 9.55% 0.899622 | 0.389831 0.469388 | 0.425926
ﬂ A MEE 10% 3,600 400 10.00% 0.99975 0.9975 1 0.998748 0.91959 0.265537 | 0.712121 0.386831
i G MEE 20% 1,600 400 20.00% 1 1 1 1 0.907178 | 0.389831 0.518797 | 0.445161
i L MEE 30% 933 400 30.01% 1 1 1 1 0.874258 | 0.446328 | 0.369159 | 0.404092
i AL MEE 40% 600 400 40.00% 1 1 1 1 0.832704 | 0.497175 0.28479 0.36214
64 QI MEE 50% 400 400 50.00% 1 1 1 1 0.762008 | 0.610169 0.225 0.328767
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[ 3-9] B20, B21, A 23] tj

sh& Ol 0| B (70%)

St& 00| Cheh HIHED:

ZZ G o[Eof Cfet BorAD

=t
No.| =% st& OO Ef AE =2 | 22 E |Accuracy| Recall |Precision|F1_score| ¥E | =22 | @& | Accuracy| Recall | Precision | F1_score
65 qe 7,163 289 3.88% | 0.999866 | 0.99654 1 0.998267 0973396 | 0.492857 | 0.831325 | 0.618834
66 | SMOTEHMEE 10% 7,163 795 9.99% 1 1 1 1 0973709 | 0564286 | 0.77451 | 0.652893
67 | SMOTEMEZ 2 20% 7,163 1,790 | 19.99% 1 1 1 1 0973396 | 0.607143 | 073913 | 0.666667
65 | SMOTEMEZZ 30% 7,163 3,069 | 29.99% 1 1 1 1 0973083 | 0.635714 | 0717742 | 0.674242
69 | SMOTEMEZ 40% 7,163 4,775 | 40.00% 1 1 1 1 097277 | 0614286 | 0.722689 | 0.664093
70 | B20 SMOTEMEZ 50% 7,163 7,163 | 50.00% 1 1 1 1 3,055 140 438% | 0968388 | 0571429 | 0661157 | 0.613027
3 HAHMEY 10% 2,601 289 10.00% 1 1 1 1 0973396 | 0.621429 | 0731092 | 0671815
72 HAHMEY 20% 1,156 289 20.00% 1 1 1 1 0.968075 | 0.664286 | 0.628378 | 0.645833
73] HAEHHMEY 30% 674 289 30.01% 1 1 1 1 0.958059 | 0.678571 | 0.516304 | 0.58642
z A HMEY 40% 433 289 40.03% 1 1 1 1 0.94241 0.7 0.408333 | 0.515789
75 HAEHMEEY 50% 289 289 50.00% 1 1 1 1 0.906729 0.75 0.285326 | 0.413386
76 dAe 5,163 202 3.77% | 0.999814 | 0.99505 1 0.997519 0973913 | 0391753 | 0974359 | 0.558824
77 | SMOTEMEZZ 10% 5,163 573 9.99% 1 1 1 1 0973913 | 0412371 | 0930233 | 0571429
E SMOTEMEE 20% 5,163 1,290 | 19.99% 1 1 1 1 0.974348 | 0.453608 0.88 0.598639
[ 79 | SMOTEMEZZ 30% 5,163 2,212 | 29.99% 1 1 1 1 0973478 | 0.443299 0.86 0.585034
80 SMOTEMEZZ 40% 5,163 3,442 | 40.00% 1 1 1 1 0975217 | 0.494845 | 0.857143 | 0.627451
E B21 SMOTEMEE 50% 5,163 5,163 | 50.00% 1 1 1 1 2,203 97 422% | 0973478 | 0.484536 | 0.810345 | 0.606452
| 82 | A MEY 10% 1,818 202 10.00% 1 1 1 1 0972609 | 0.412371 | 0.869565 | 0.559441
| 83 | HAEHMEY 20% 808 202 20.00% 1 1 1 1 0.96 0505155 | 0.526882 | 0.515789
| 84 | HAHMEEY 30% 471 202 30.01% 1 1 1 1 0931304 | 0546392 | 0317365 | 0.401515
| 85 | A HMEY 40% 303 202 40.00% 1 1 1 1 0.876957 | 0.639175 02 0.304668
86 A MEE 50% 202 202 50.00% 1 1 1 1 0797391 | 0.659794 | 0.128773 | 0.215488
| 87 | dAe 32,623 | 1,828 531% | 0.999913 | 0.998359 1 0.999179 0972164 | 0580124 | 0.864815 | 0.694424
| 88 | SMOTEMEZ 10% 32,623 | 3,624 | 10.00% | 0.999972 | 0.999724 1 0.999862 0970674 | 0.601242 | 0.812081 | 0.690935
| 89 | SMOTEMEE 20% 32,623 | 8,155 | 20.00% 1 1 1 1 0968642 | 062236 | 0.759091 | 0.683959
| 90 | SMOTEMEZ2 30% 32,623 | 13,981 | 30.00% 1 1 1 1 0966813 | 0.637267 | 0.721519 | 0.676781
| 91 | SMOTEMEZ 40% 32,623 | 21,748 | 40.00% 1 1 1 1 096512 | 0.64472 0.69385 | 0.668384
2| A SMOTEMEZE 50% 32,623 | 32,623 | 50.00% 1 1 1 1 13,960 805 545% | 0964307 | 0.657143 | 0.678205 | 0.667508
| 93 | HAEHMEY 10% 16,452 | 1,828 | 10.00% 1 1 1 1 0.969861 | 0.608696 | 0.790323 | 0.687719
| 94 | AL MEY 20% 7,312 1,828 | 20.00% | 0.999891 | 0.999453 1 0999726 0961327 | 0659627 | 0.641304 | 0.650337
| 95 | HAHMEY 30% 4,265 1,828 | 30.00% 1 1 1 1 093891 | 0.714286 | 0461107 | 0.560429
| 96 | A MEEY 40% 2,742 1,828 | 40.00% 1 1 1 1 0.906197 | 0.763975 | 0339779 | 0.470363
97 A MEE 50% 1,828 1,828 | 50.00% 1 1 1 1 0.858855 | 0.801242 | 0.25107 | 0.382336
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(3 3-10] B, AB 2&9] o

(s}
hi

SHEE

N i & O|0|E{(70%) sh& oo Eof CHet HWIHADt A S H|0| E{(30%) ASHolEof CHet W7Dt
| =e &0 0| E AE =2 | 22 E |Accuracy| Recall | Precision| F1_score =% | 22 | Accuracy| Recall | Precision| F1_score
98 e 37,684 | 1,548 | 395% | 0999847 | 0996124 1 0.998058 0971038 | 0354354 | 0805461 | 0.492179
[ 99 | SMOTEMZ 37,684 | 4,187 | 10.00% | 0999952 | 0.999522 1 0.999761 0971335 | 0402402 | 0761364 | 0526523
E HMEY 37,684 9,421 20.00% | 0.999979 | 0.999894 1 0.999947 0.970681 0.436937 | 0.711491 0.541395
101 EMEY 37,684 16,150 30.00% 1 1 1 1 0.969194 | 0.448949 | 0.664444 | 0.535842
102 | EMER 37,684 | 25122 | 40.00% 1 1 1 1 0.968659 | 0456456 | 0.648188 | 0.535683
E HMEY 37,684 37,684 50.00% 1 1 1 1 666 3.96% 0.967113 | 0.460961 0.612774 | 0.526135
104 £ 13,932 1,548 10.00% 1 1 1 1 0.970027 | 0.441441 0.690141 0.538462
105 | E3y 6,192 | 1,548 | 20.00% 1 1 1 1 0956111 | 0512012 | 0452255 | 0.480282
E E3y 3612 | 1,548 | 30.00% | 0.999806 | 0.999354 1 0.999677 0932977 | 0591592 | 0315452 | 0411488
ﬂ £ 2,322 1,548 40.00% 1 1 1 1 0.90675 0.623123 | 0.239607 | 0.346122
108 £ 1,548 1,548 50.00% 1 1 1 1 0.836396 | 0.692192 | 0.153309 | 0.251021
[ 109 | e 70,281 | 3,403 | 462% | 0999973 | 0999412 1 0.999706 0972165 | 0451524 | 0882273 | 0597343
ﬂ HMEY 70,281 7,809 10.00% | 0.999987 | 0.999872 1 0.999936 0.972102 | 0.493075 | 0.826945 | 0.617787
& MEY 70,281 17,570 | 20.00% | 0.999989 | 0.999943 1 0.999972 0.970297 | 0.522161 0.752495 | 0.616517
[ 112 | NEY 70,281 | 30,120 | 30.00% | 099999 | 0.999967 1 0.999983 096941 | 0539474 | 0721296 | 0617274
[ 113 | HEY 70,281 | 46,854 | 40.00% | 0999991 | 0.999979 1 0.999989 0967732 | 0547091 | 0683983 | 0.607926
ﬂ MEY 70,281 70,281 50.00% 1 1 1 1 1444 4.57% 0.966117 | 0.548476 | 0.654545 | 0.596835
[ 115 | E3y 30,627 | 3,403 | 10.00% | 0999971 | 0.999706 1 0.999853 0970898 | 0515235 | 0772586 | 0618197
[ 116 | EY 13,612 | 3,403 | 2000% | 0.999941 | 0.999706 1 0.999853 096105 | 0590028 | 0571812 | 0580777
i G 7,940 3,403 30.00% | 0.999912 | 0.999706 1 0.999853 0.941385 | 0.639889 | 0.409756 | 0.499594
ﬂ £3 5,104 3,403 40.00% | 0.999882 | 0.999706 1 0.999853 0.910478 | 0.690443 | 0.295232 | 0.413607
119 £3 3403 | 3,403 | 50.00% 1 1 1 1 0.853479 | 0.745845 | 0201799 | 0317652
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ABSTRACT

Study on Defect Prediction Performance in Die
Casting Process with Imbalanced Datasets:
Utilization of SMOTE and Random Forest

Lee, Sang—Min

Major in Smart Convergence

Technical Consulting

Dept. of Smart Convergence Consulting

Graduate School of Knowledge Service

Consulting

Hansung University

This study aims to provide a guide for sampling techniques to
increase performance metrics using random forest and SMOTE(Synthetic
Minority Over—sampling Technique) to predict defects in high pressure
die casting process. The die casting process requires real-time data
analysis and prediction, as even small changes in process variables can
cause defects. In this study, 105,748 data points collected over a period
of 7 months were analyzed for various process variables. In the data
preprocessing process, missing values and outliers were removed, and

SMOTE and undersampling techniques were applied to solve the problem
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of data imbalance. As a result of training and evaluation using random
forest models, the model with SMOTE technique showed high prediction
performance, especially the model with SMOTE 10% to 30% sampling
ratio maintained high Fl-score. This study presented a data—driven
approach to improve the accuracy of defect prediction in the die casting
process and contribute to quality control in the manufacturing process. In
future research, it is necessary to add more variables and sufficient data
to further improve the model performance and increase the applicability

of the model in real industrial sites.

[Key words] Machine learning, Random forest, Die—casting, SMOTE,

Defect prediction,
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