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In the field of chemical engineering, several studies proposed to find appropriate operating parameters of the Slot
Die coating process, but there is still a problem with product quality because of limitation through trial and error by
workers at the manufacturing site. Moreover, PID (Proportional-Integral-Derivative) controller and MPC (Model
Predictive Control) are mostly used as process control techniques but they still have some limitations such as
nonlinearity, different environmental condition, complexity of response, or multiple objectives of manufacturing
processes. In this paper, we propose a novel multiple objective model predictive control technique called MOORA
(Multiple Objective Optimization based Regression Analysis) in the Slot Die coating process with multiple-input
and multiple-output. In this study, modeling with multiple regression analysis, we derive input values and output
target values. Furthermore, in the multiple objective optimization problem that find the best solution, the proposed
method has shown better execution time and performance than NSGA- Il (Non-dominated Sorting Genetic

Algorithm).
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Qapef A ko] ALAQ A5 A
243 ATHSmith et al., 2005).
o]213 ALA| o & 2 gt 32 Q] W © 2= PID(Proportional-
Integral-Derivative) A 1719} MPC(Model Predictive Control)7}
AT PID AloY7| = SE A A S v st 78 2 abghS
o] &ato] A ojghe AlAksh= 725 7HA AL AT PID Al 7]
T27} At Ao} Aso] faty] wl ol A el A
wol 2xo] a1 QA Rk T o] R A7to] 2 Ag]a 2HA
o] F3o] o G kS v A &= FA| 7} A THSung et al., 1996). 71
2] 2L PID Ao}7 = ) 34 ¢ ThefFsh A 2’7 Bl 3 2191 a9l
o 2 Qla) gehn|E 28-9] of2]$-0] o H(Zhou et al. 2013)
MIMO(Multiple Input Multiple Output) 373 o] 4] ¥4 2
0.2 QI3) PID A|o)7] & &-&3t7] ol A 33
EA| o] tH(Unar et al., 1995). ©] 2} ©] LHFA 1 MPC
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o, AN o] 875 = Aof 7ol H-&H 7] of
AN RHCH Lee et al., 2020).
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o B, g5 —1?}? Y #AE HAlEd 71
g A4 3 7= st Eoie AErt Siea
ATh(Deyi et al., 2017; Kang et al., 2016; Lee et al., 2017 Lee.,
2018; Smarra et al., 2018). 53] ha5A & 712 = T4
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Figure 1. [llustration of Pareto front for Two Objective Functions
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Figure 2. A Schematic Graph of Slot Die Coating Process
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Figure 3. The Exemplary Distribution of Slurry on Pole Plate
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(b) Visualization of Highly Correlated Variables between Inlet and
Pole Plate Location variables

Figure 4. Representation of Correlation Coefficient between Input
and Output Variables in Coating Process Data
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GSA(Gravitational Search Algorithm) S 283+ Zrl 2H.0] A2
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2011). NSGA-[I= F AL &S 7|Hko 2 sl 5523
o] HA el = :rLOPL d1e|F2 2, & 5] <Figure 5>
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7|8 &A= <Figure 6>-‘Jr 2ot A FAAEN RS 27] /)
A& A8t e Ee] 712221 A E(Selection),
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Aol =g wj7hA] 9 A& WHEITHLiu ef al., 2019).
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3. Multiple Objective Optimization based Regression
Analysis

5 o F Ao & 3B Aol A A s E
<F1gure >3 2 S ] Aloji e J%ﬁ}

T #AE E’_‘%il fé.oﬂ °1°1/‘1 S5 A
Wmdow Size(N)¥} o] 5
] E](Training Data) ]| ‘] ]O] 51 = —rﬁf‘]' <,
23 S5 dE 01, N 4000°]J_T7}100°lﬂ}t'4
o wf 1A vl o] Bl F-H 40008 A o] B o] E)7}A| & S8t
= 1< W= 10194 dlo]e 58 41004 HolH 7 & i%
st 02 JPHrt RS Sh5A7 $oll = i B9
VA PEE T3 HA A AET F oS TAH 52
FAE At TAH ] AU i+12 53l Windows ©]F
NA AR md g HH Aojghe A& o ot wheF
8¢5t o| B 9] =7)(Training Data Size)7} N+T*iE.t} 2} 0 H &}
FHlolE A 2T 5 e vlo]H7E NED 27 wj el &
TeEEe] TR

-------- S
________ s SelectRow T
4444444444 A+ @:N+TS)
———————— > Eq.(4)
Calculate Optimal | ;e
Input Variables and | -------- > Eq.(6)
Control Process

Yes
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e BEShe o] At SE7hmE i ER| Ak
P8t 7] W] AARP 0] 275 37 A0 FellA

geai7)ol Adsith B, S Rde AAToR S35
HlolEl & 53] Ao E5]7) w£o) AZk] meE TH o) WE
e 1T 5 e Aol Ao,

4.4 9 23}

B =dA e 1A 02 S ExE 9 Sl &
< Uetdi= Alojirt 2170, €819 5 FAE YR
= 2YW7E 2570, 283 HlolE 9] A7t 480070 & thee
9] AlojyiS=e} SHM4E 7HA& Slot Die 8 374 Tl o]
£ Agdulo|E 2 &85t T} Window Size} Step Sizeoll e
St Bl HeARE SHHTY B Test RMSE(Root
Mean Squared Error)E 43S &3l <Table 1>°] UERHSC
o, & Aol A= Test RMSEZ}F 71 2H-2 Window Size =
4000, Step Size = 1000.2 9L 3 A ATH

l

|

Table 1. The Performance as Hyperparameter Changes

Window RMSE RMSE RMSE
Size (Step Size = 100) | (Step Size = 200)|(Step Size = 300)
3000 0.01621 0.01454 0.01446
3100 0.01246 0.01333 0.01435
3200 0.01398 0.0150 0.01523
3300 0.01577 0.01570 0.01494
3400 0.01527 0.01435 0.01417
3500 0.01321 0.01347 0.01342
3600 0.01364 0.01345 0.01338
3700 0.01312 0.01317 0.01398
3800 0.01322 0.01429 0.01365
3900 0.01497 0.01373 0.01380
4000 0.01218 0.01304 0.01359
4100 0.01369 0.01414 0.01370

A AP A BARl BEES A ARG 2

(N3 2.

{a“}jill = arg min ,
{a:/}./zl =1 Jj=1

1€1, -+, 25,
i1, -, 21
o714 12 dlolE o] Qld|2F Uehf 1L Sk & HlolH = 17

Bl 40007H4) AABIATE is 2] £2 2570, j& Ao
W] £2 21718 AAsath ﬂAxﬂ—Sﬂd 8 EoH 7t 2d
o) 7} E Fahd 25 %21 71EA BEel a T Atk
2eS AR & B =Rl A 243 HHEM 7%«1 =
2] SEF ZEHQ 2174 Target y, S A3t Aojs o,
£ Tt 588 A (8)3 2t
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arg mm{E 21.74 — Eal] ; ®)

oA 73 7hEA AE AW o B Fote U gt
21.749} #fo| o] A|F 7ol HAv) HE Ao 9 4S F3l U
2 2 A o] Ao ZH <Table 2>9} 2T}

Table 2. The Optimal Solution of Proposed Method
x1 x2 x3 x4 x5 x6 x7
21.742 | 21.708 | 21.759 | 21.744 | 21.735 | 21.732 | 21.747
x8 x9 x10 x11 x12 x13 x14
21.742 | 21.731 | 21.748 | 21.742 | 21.738 | 21.734 | 21.750
x15 x16 x17 x18 x19 x20 x21
21.735 | 21.741 | 21.740 | 21.737 | 21.735 | 21.741 | 21.739

E2% FH A& 53 Step size? 1007E A& 7
Sk &, O] 5 Elo]EE 10157E 4100714] A4 st mdl &
SHEAIA HA Alofghs T8t Alofshe AR S HHEsh= A

o] B = A AlAISt= WH 20|t <Figure 8> <53 &
d-S 23] F7HH o] E|(Test Set) & &3 Ao AHE3
2 Aozt o2 A o3k & WindowE Step SizeTHE ©]5A A

AR 2L B Ao IR H = A& 2AR Aol
Modellng Pred|ct|on & Control
Tramlng Set Test set | w M
(«MM«WW W\MMWWW
" Window Size (N) <
Step Size (1

Figure 8. Process of Proposed Methods

B =follA A sk B E9 A5 NSGA-TT ¢arg&
< Hlwaty] 9fste HA Aojghs EEote e HHTTE
21 (93 2t
21 .
minf, = (21.74 — Y a,z,,)? 9)
j=1
21
minfy = (21.74 = Y ayr,;)°
12:11
minf, = (21.74 — Y agzy ;)
j=1
minf,; = (21.74 — Eabzm )2

st 21 < z; < 22

o];{-& .

B =RolHE AguolE o] Aois o] BT 4% 215
22 4ol BEH 017 Tzl o) B AL Folsh o

7] el AFEHO R a=21,b=2022 A & Yx
2ol @8l 7FeA o, 9219422 Aol o] A E
x5 weke] U2 A3kgho] 21,7498 Apo] 7t 2 48 ¥ =% 8}
SATE NSGA-II €aLgF o & v 29k 2 2315 38}
Atk stols sh2hu|Ef Q] AT 43(Size of Population)= 100,
At 4(Number of Generations)= 1000, Ho| & (Mutation
Probabilty) 02 51913, 252 U 23 T2 5 2 vl
R EZ MeElgth NSGA-TT ¢ g0 2 13 2] o] Ao
2 <Table 3>3 2t}

Table 3. The Optimal Solution of NSGA-II

x1 x2 x3 x4 x5 x6 x7
21.708 | 21.704 | 21.649 | 21.672 | 21.687 | 21.693 | 21.703

x8 x9 x10 x11 x12 x13 x14
21.709 | 21.673 | 21.718 | 21.689 | 21.693 | 21.678 | 21.704

x15 x16 x17 x18 x19 x20 x21
21.695 | 21.682 | 21.691 | 21.700 | 21.680 | 21.696 | 21.690

SFRE Y A eAEE = B A 5 Z 2 2HRoot Mean Square
Error, RMSE)% AHEER o, T SEHMTE VI = BY
o] J5& gRlsl7] 913l RMSE] ¥+ gk(Average Root Mean
Squared Error, aBRMSE)< 2] (10)2 -3l A4} THBorchani et
al., 2015).

N
~(1)
E (yi(l) -V )2

=1
— N (10)

a

aRMSE —Hi

i

A71A g & AA g AFS g, y, e dSd &
22 9] AFS oJmdit}h aRMSEE S W9 21 d7h9] 4,
o}y, 9] ZFol] AFFE vlolE 9] 4~ NO& W FE 3t Al
BT BT et Bs 73 Aotk

<Table 4> 3, tIdt RMSE HeS ¢ Train aRMSE,
Test aBRMSE= Train aBRMSE <] ¥ 2 0.01379, Test aRMSE 2
B 0013712 YEPRTE £ =& A £4¢ vjE ] 7]
Zo &Y =2 S 21.742 Target y, = A3}
<Table 4>01 A 853 2+ mdlof A} A QMY 7 NSGA-TT & +
St A Aoghs Bl g SHHTY #s AZsket
AIE <Figure 9> EAISAT £ =59 APH-S 53
T8 Ay 2HHS] 72 2174 A0 2o Qe HkE
NSGA- = xﬂ“b‘&@im} 21.749}e] A7t Ha, o4
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£ 4 3tk <Table 5> <Figure 9>
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Table 4. Average RMSE in Multi Input-Multi Output Model

Input Data Training aRMSE Testing aRMSE
1~4000 0.01379 0.01218
101~4100 0.01374 0.01373
201~4200 0.01378 0.01424
301~4300 0.01379 0.01244
401~4400 0.01375 0.01317
501~4500 0.01377 0.01535
601~4600 0.01380 0.01480
701~4700 0.01385 0.01373
Average 0.01379 0.01371

Table 5. Parameters of Output Values Obtained through The
Optimal Solution of Proposed Method and NSGA-II

, MOORA |  NSGA-II
Time -
Mean and(Variance)
T=1 21.74(3.5¢-05) 21.69(7.3e-05)
T=2 21.74(3.6¢-05) 21.71(1.0e-04)
T=3 21.74(3.3¢-05) 21.71(1.1e-04)
T=4 21.74(3.3¢-05) 21.68(2.7¢-04)
T=35 21.74(3.1e-05) 21.68(1.2¢-04)
T=6 21.74(3.2¢-05) 21.64(1.8e-04)
T=7 21.74(2.7¢-05) 21.72(2.3¢-04)
T=28 21.74(2.3¢-05) 21.69(9.4¢-05)
Average 21.74(2.8¢-05) 21.69(1.5e-04)

Table 6. Performance Comparisons of Computational Times

with Proposed Method and NSGA- 1T

_ MOORA |  NSGA-II
Time - -
Execution Time(s)
T=1 0.08 3.54
T=2 0.08 3.58
T=3 0.08 3.61
T=4 0.08 3.54
T=35 0.06 3.55
T=6 0.08 3.58
T=7 0.08 3.52
T=238 0.06 3.54
Average 0.075 3.54
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Figure 9. Comparison of Control Performance between NSGA- Il
and Proposed Method
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Figure 10. Comparison between Original Slurry Mass Distribution
and Expected Controlled Output Results of Proposed
Method
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