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Abstract With recent developments in the Fourth Industrial Revolution, the manufacturing industry has
changed rapidly. Through key aspects of Fourth Industrial Revolution super-connections and
super-intelligence, machine learning will be able to make fault predictions during the foam-making
process. Polyol and isocyanate are components in polyurethane foam. There has been a lot of research
that could affect the characteristics of the products, depending on the specific mixture ratio and
temperature. Based on these characteristics, this study collects data from each factor during the
foam-making process and applies them to machine learning in order to predict faults. The algorithms
used in machine learning are the decision tree, kNN, and an ensemble algorithm, and these algorithms
learn from 5,147 cases. Based on 1,000 pieces of data for validation, the learning results show up to
98.5% accuracy using the ensemble algorithm. Therefore, the results confirm the faults of currently
produced parts by collecting real-time data from each factor during the foam-making process.
Furthermore, control of each of the factors may improve the fault rate.
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Fig. 1. Schematic Configuration of Foaming Process

Fig. 2. Foaming Machine Used in Actual Process and

Study
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P denotes pressure. r denotes radius of the pipe,

)

1 denotes viscosity, | denotes length of the pipe

oA Qe RF Pr <
A HE, 12 o] Zojoltt. )
R Aole] AuATL U
Wnggolr] Boe e
% e,



2 259] #sto] SJsfA
Eﬂq-‘z}e}/\ol A= AYPEALE Kim 9] 199
ATE B 9= %34 Hale Egede o i
71ZA9] 77] HIrF SAhE ERlste ARt v QL
o] 2% X3 TEZFPNN EFE 2ot ARAYS
& 4= ArH4]

2.2 HAl2d

Al gk Eolg2, 19599 Arthur
Samuel®] ‘AFE| FAAQ g2 glo] HiE
Ue HE Foots A+ BoF ke AolA AFtE
At o]F 20009t FHHEE] [oTE S8 Bt dlo]
Y| £33 A4 2R g B 201099 ©]
2= gEdolgte MR MdS AT xR v
Q] WS o|FoH, AR Hofo] HEsto] TeF
St A7 A= ArH6-8].

SRR o]2et MAl# Y& Tkt Al A-gst=d
ol FHA] &R L5 AIE HolFA]E 9]
o] HAst Fuejzo] Mele. Zqsit

_1\__

e 2gA5e

2.2.1 IMZBHEE| (Decision Tree)

IAAAEYE A T2 LHIst] A thAto]
He A2 2 719 afdoE ERsAY dES &
R 5’—@' WRlolty, A2 AlY B¢k, dER
¥ F4, 59 73 5 T 7S AEste] 7 REolA
E4Lt Eolos Wgfo g ERuEw, o3t Ry
of 2= #EE & Uvke AFol ATo-111.

2.2.2 kNN (k-Nearest Neighbor)

kNN 429 gt Xoll 7P 77k A kg A6t
of o]F9] Fo]&Z AEsle YaEEoelth tE 5
darejEt vlw A 7P ThdstEA] 9 57t e
ARgo] k= Axo] k. SHA|EE Hlo]H 9] o] Wo}
A4E guejEe] Ag&Ert Xy ESE Aol
gold4& L3t tlolE 7t WolbA TpAZho] WA
F¥A 1, o]Z QI5f gEst o] oY = = T
o] QItH12,13]

2.2.3 &= (Ensemble)
OME dyElES Ed wAlgdLe 7|A EEA

(base classifiers) 23l YAES
A EEd B9

& 751, OJ%%OH

s ARE St shte) A5

38

Ig TEche guEgolt. AEL IA FAH
(boosting)¥}+ BiA(bagging) ®4lo] EA3tct & 7HA]
WAlo] FEor Foke A2 WA sy s §
OH =29 23E 9ok Ao] ofd, thest dlolHAl

5ol =& e THo] ATEALS WHeEH
132—}57} e A3o] QloH11,14-16].

3. g7

e
3.1 Fa apy

wA1edL Fig. 29 2o] Hlole] 44, w4leld, o
o8] A%, Az BA9) Hgow APt ol Ao
A Hole] 49 FEA NS 59 S5 o

£ AFgsigon, mAlde 9 Te 3744 e
Zol 5,147709) HoleS A8l 374 FmelE
2 ) s HolEo] 1000719 A58 HolEE
83to] e Aake EY= st 4719 45S Wt
st

A
09.!

ol

Data
Verification

Result
Verification

Data
Gathering

Machine
Learning

—p{ Mactine | Daa L

Fig. 3. Flow Chart of Machine Learning Process
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Table 2. Performance Measure for Decision Tree

Algorithm
POLISO Flow | Press | Temp POLISO Flow | Press | Temp
Flow | 0.981 | 0.937 | 0.942  Flow | 0.992 | 0.996 | 0.976
Press | 0.964 | 0.959 | 0.837 Press | 0.982 | 0.995 | 0.863
Temp | 0.959 | 0.965 | 0.951 Temp | 0.996 | 0.999 | 1.000
(A) Accuracy (B) Recall
POLISO Flow | Press | Temp POLISO Flow | Press | Temp
Flow | 0.988 | 0.961 | 0.964 Flow | 0.990 | 0.978 | 0.970
Press | 0.980 | 0.963 | 0.961  Ppress | 0.981 | 0.979 | 0.910
Temp | 0.962 | 0.965 | 0.951 Temp | 0.979 | 0.982 | 0.975

(C) Precision (D) F1 score

Table 3. Performance Measure for kNN Algorithm

1SO 1SO
POL Flow | Press | Temp POL Flow | Press | Temp
Flow | 0.966 | 0.963 | 0.938 Flow | 0.984 | 1.000 | 0.973
Press | 0.976 | 0.961 | 0.926 Press | 0.996 | 0.998 | 0.968
Temp | 0.967 | 0.961 | 0.951 Temp | 1.000 | 1.000 | 1.000

(A) Accuracy (B) Recall

1SO 1SO
POL Flow | Press | Temp POL Flow | Press | Temp
Flow | 0.980 | 0.967 | 0.963 Flow | 0.982 | 0.983 | 0.968
Press | 0.979 | 0.962 | 0.954  Press | 0.967 | 0.980 | 0.961
Temp | 0.966 | 0.961 | 0.951 Temp | 0.983 | 0.980 | 0.975

(C) Precision (D) F1 score

Table 4. Performance Measure for Ensemble Algorithm

1SO 1SO
POL Flow | Press | Temp POL Flow | Press | Temp
Flow | 0.985 | 0.958 | 0.958 Flow | 0.993 | 1.000 | 0.994
Press | 0.972 | 0.958 | 0.875 Press | 0.995 | 0.994 | 0.900
Temp | 0.963 | 0.962 | 0.949 Temp | 1.000 | 1.000 | 0.998
(A) Accuracy (B) Recall
POLISO Flow | Press | Temp POLISO Flow | Press | Temp
Flow | 0.992 | 0.960 | 0.963 Flow | 0.992 | 0.979 | 0.978
Press | 0.976 | 0.963 | 0.966  Press | 0.985 | 0.978 | 0.932
Temp | 0.963 | 0.962 | 0.951  Temp | 0.981 | 0.980 | 0.974

(C) Precision (D) F1 score
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