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ZIAEE ol lou AF 37 &

A d38]F S F OLS(Ordinary Least Squares),
GLM(Generalized Linear Model)7} 1t} H] A3
37 24 g
Gradient Boosting, Random Forest, SVR(Support
zdo] gtk

o] g}

2 Ada Boosting, Extra Trees,

Vector Regression), Stacking, Voting

2d Zd 2 Multi-Layer Preceptorn &
o AdF9dA= OLS, GLM Gamma, Random
Forest, Extra Trees =3-& A €lste] vlnl #2443}

Ak

2.2.1 OLS(Ordinary Least Squares)

Zkzrel A}y a4 ARb A
Ay Rd=
OLS(Ordinary Least Squares)= 2 | e}3}H T}
2007~2020; Perter and

o) =gk o

(Scikit-learn developers,
John, 1989).

2.2.2 GLM(Generalized Linear Model)
Gamma

S5-8 HlolB o] T Wl A ALkATo] 2
A3HH <Figure >3 22 ZupHEE
(k=3,0=2)9 FHE X GLM(Generalized
Linear Model)-< | &3} Th(Scikit-learn developers,
2007~2020; Perter and John, 1989).
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2.2.3 Random Forest
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o] T3t Feature S AHE-Sh=
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2.2.4 Extra Trees
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(Table 1) Row data set

Number Data Type Feature Name Number of groups Feature Description
1 Categorical RECEIPT NO 174.883 Order Number
2 Numerical SEQ NO ’ Order sequence
3 Categorical G_GUBN 1 Product classification code
4 Categorical PROCESS CODE 238 Production method code
5 Categorical RECEIPT DATE - Order date
6 Categorical DELI DATE - Delivery date
7 Numeric MARGIN - Orders - Delivery period
8 Numeric QTY - Order quantity
9 Numeric LOT QTY - Input quantity
10 Numeric E QTY - Completed quantity
11 Categorical CURRENCY 7 Foreign currency type
12 Numeric EXCHANGE RATE - exchange rate
13 Numeric UNIT_PRICE - Unit Price
14 Numeric AMOUNT_HAN - the amount in Korean won
15 Numeric DEG - Angular measure
16 Categorical G_GILD 2 Plating code
17 Categorical G_WELD 28 Welding code
18 Categorical G_TYPE 55 Bevel code
19 Categorical G_GLASS 20 Material rating code
20 Categorical G_ITEM1 1 Product group code
21 Categorical G_ITEM2 11 product code
22 Categorical G_MATI 47 Material group code
23 Categorical G_MAT2 189 Material code
24 Categorical G_SCHI, 2 1155, 29 Thickness 1, 2 code
25 Categorical G_SIZEl, 2, 3 159, 2, 1 Sizel, 2, 3 code
26 Numeric CSCH1_MM - Thickness 1 value
27 Numeric CSCH2 MM - Thickness 2 value
28 Numeric CSIZE1 MM - Sizel value
29 Numeric CSIZE2 MM - Size2 value
30 Numeric CSIZE3 MM - Size3 value
31 Numeric CWEIGHT - Product weight
32 Categorical MAT_GROUP 6 Raw material group code
33 Numeric RWEIGHT - Product weight based on order date
34 Numeric DWEIGHT - Product weight based on delivery date
35 Categorical PO_NO 156,395 Manufacturing management number
36 Categorical C312 3,746 Date of completion of the cutting process
37 Categorical C391 3,094 Date of completion of production
38 Numeric TOTDAY - Total working time
39 Numeric HOLDAY - a Holiday time
40 Numeric C001~C999 391 Process execution status
41 Numeric EFFDAY - Working time
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(Table 2) Process code description

Process Code Description Process Code Description
C031 Ist pickling C423 Final hot forming
C033 1st shorting C454 Surface grinding
C050 2nd: Hot C457 Surface scratch
C064 2nd shorting C561 NDEMT)
C120 2nd shorting C562 NDE(MT,UT)
C124 Orthodontic part grinding C563 NDE(PT)
C155 Final cold forming C564 NDE(RT)
C212 Rolling C566 PMI TEST
C278 Bead removal idea C707 BALL calibration
C303 Molding C712 Surface scratches
C306 Molding C738 Heat treatment (Q)
C333 Hot forming C758 Re-shorting
C336 Heat treatment (N) C764 Re-shorting
C340 Heat treatment (S.T) C798 1st: Hot
C344 Welding C831 Hot forming
C359 Heat treatment (T) C838 Bead removal idea
C376 True circle correction C846 Attach support
C383 Attaching the support C918 Grinding
C389 Remove support C946 Ist shorting
C392 Inspection C987 NDE(PT)-surface
C39%4 Mounting C988 NDE(PT)-bevel
C395 Installation idea
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= AASA

A daelEe] diss
2 Ada Boost, Gradient Boosting, Random Forest
Modelol| 4] Feature importance #t©] =5 0%
FeatureS =202 A ASIA .

Ay du)|2E AL3 2 124 895
7N, 22kl A 6671, 32Foll A 3712 FeatureS A A
3kl 4zke]] AR AWRe Ag e 88t
31 P-Value®} VIFS ¥H53H= const, Margin( -
AZh, LotQty(AMZZES3F), EndQty(As3),
AmountHan(¥3+=<Y), Sch2(F712), Sizel(AFo]&
1), Weight(% ), Rweight(+F715% %), Dweight
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(Table 3) R?value of times

Vogl Linear 1?*value Non-Linear R? value
ode
ST1E P ST2E P ST3E P ST4E P MSE ST1E P ST2E P STSE P ST4E P MSE
OLS 0.3777 | 0.3615 | 0.3618 | 0.3584 | 188.45 | 0.4143 | 0.4137 | 0.4084 | 0.4083 173.80
GLM Gamma 0.3871 0.3685 | 0.3686 | 0.3592 197.61 0.4503 | 0.4496 | 0.4414 | 0.4410 182.29
ExtraTrees 0.5823 | 0.5826 | 0.5785 | 0.5702 126.24 | 0.7317 | 0.7306 | 0.7245 | 0.7232 81.29
RandomForest 0.2991 0.2991 0.2952 | 0.2967 | 206.58 | 0.3121 0.3121 0.3121 0.3121 | 202.05
(E7171+5%), €031, C033, C050, C064, C120, C278, C303, C306, C333, C340, C344, C359,
Cl124, Cl155, C212, C278, C303, C333, (336, C376, C383, C389, (C392, (C394, (C423, (457,
C359, C376, C395, C423, C454, C457, C561, C561, C563, C564, Cs566, C707, C712, C738,
C562, C564, C712, C738, C758, C764, C798, C758, C764, C798, C831, (C838, C846, CI18,

(838, (846, C884, C918, C946, C9872] AW
F7F A=l on Aus Y&
<Table 2>°l|A] A3}t

v dE dag]Ee 12kl 91771, 2&kell A 6
N, 32k A 571€] FeatureS A A3}l 420 2
A A g S H831a Feature
importance %= YHS3H= const, Pr EESO5(AH
< EF3 ~E9l8]l2), Pr EHNI2(Q R 43t
2Elold), Pr EHQOS(AH.$- AzF A IA
g]), Pr EHSIN(ZES < Z2H<lYD),
Pr ETCOI(YHES- T4l 7, Pr ETCO3(QH$-
EA ML), Pr ETQOI(YRS- FA WA dA
2]), Pr ETSO9(¥ X9 F4l 2H Qg 2), CU A
(€21), We 00, We OR, Ty 00, Ty 20, Ty BF,
Ty BU, C1 0, C1 3, CL A, 12 1, M1_70, M1 _71,
M2 01, M2 02, M2 04, M2 10, M2 17, M2 48,
Margin(4 5217, Qty(FF7%), LotQty(FHU
%), EndQty(M143), ExchangeRate(3L),
UnitPrice(27}), AmountHan(3}), Degree(Zt %),
Sch1(5+7l1),  Sch2(F712),  Sizel(AFo]&1),
Weight(5 %), Rweight(5F715%%), Dweight
(g7171%% %), C031, C033, C064, C120, C124,

-
A

C946, C987, C9882] AHHMFE AestA =
t}. <Table 3>°14 R?%# MSE(Mean Squared

Error)#ke 1% 4+ ok

Rl 27 Uk
§o] FALAL
slek.

A4

o olze )

4 2 8 |o

due]Fol A R FS Extra trees >
GLM Gamma > OLS > Random Forest &38| &
o] &A1 2 0.5702, 0.3592, 0.3584, 0.29672] Z+<
Heloh

HAE dug]Eox R*ZES Extra Trees >

GLM Gamma > OLS > Random Forest &112]=
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9] =4 0.7232, 0.4410, 0.4083, 0.31212] #&
HRlth AIg W82 <Table 3> <Figure 5>
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(Figure 5% R’value of times

4.1.2 MSE(Mean Squared Error)Z} H|m0

Ay, Ay daese] vl Ay dAH e
2 A E e Ay daris Fes o
MSE #te] @A sttt o]z vy daelE
o] A go] FAATES] FA | T Attt
g At

A garg]Eol A MSE2] 3t Extra Trees <
OLS < GLM Gamma < Random Forest &8 &
o] AR 126.24 < 188.45 < 197.61 < 206.582]
s Btk

H A darg]Z&ol A MSEY] 748 Extra Trees
< OLS < GLM Gamma < Random Forest &8
Z +£A4Z 81.29 < 173.80 < 182.29 < 202.059]
e BRIt} A W82 <Table 3>9} <Figure
6>olA Z1E = ATt
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Abstract

A Machine Learning-based Total Production
Time Prediction Method for
Customized-Manufacturing Companies

Do-Myung Park* - Byung-Kwon Park** + HyungRim Choi***

Due to the development of the fourth industrial revolution technology, efforts are being made to
improve areas that humans cannot handle by utilizing artificial intelligence techniques such as machine
learning. Although on-demand production companies also want to reduce corporate risks such as delays
in delivery by predicting total production time for orders, they are having difficulty predicting this because
the total production time is all different for each order. The Theory of Constraints (TOC) theory was
developed to find the least efficient areas to increase order throughput and reduce order total cost, but failed
to provide a forecast of total production time. Order production varies from order to order due to various
customer needs, so the total production time of individual orders can be measured postmortem, but it is
difficult to predict in advance. The total measured production time of existing orders is also different,
which has limitations that cannot be used as standard time. As a result, experienced managers rely on
persimmons rather than on the use of the system, while inexperienced managers use simple management
indicators (e.g., 60 days total production time for raw materials, 90 days total production time for steel
plates, etc.). Too fast work instructions based on imperfections or indicators cause congestion, which leads
to productivity degradation, and too late leads to increased production costs or failure to meet delivery dates
due to emergency processing. Failure to meet the deadline will result in compensation for delayed
compensation or adversely affect business and collection sectors. In this study, to address these problems,
an entity that operates an order production system seeks to find a machine learning model that estimates
the total production time of new orders. It uses orders, production, and process performance for materials

used for machine learning. We compared and analyzed OLS, GLM Gamma, Extra Trees, and Random
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Forest algorithms as the best algorithms for estimating total production time and present the results.
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