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Quality Improvement Method Using Data Farming
on Quality Big Data

Hyejin Ju -

Yujin Song * Jai-Hyun Byun

Department of Industrial and Systems Engineering, Gyeongsang National University

Machine learning has been utilized across various industries to optimize quality characteristics for quality
improvement. However, existing methods such as Bayesian optimization and genetic algorithm suffer from
drawbacks including theoretical complexity and a lack of knowledge about quality characteristics near the
optimal conditions. This study proposes a data farming method to systematically find the optimal region of
features by applying the Nearly Orthogonal Latin Hypercube(NOLH) design to quality big data. The proposed
method employs easy-to-implement region-reduction technique by considering significant features for the labels.
Moreover, unlike existing methods, it can present optimal features’ region ensuring a desired level of quality
characteristics even if slight fluctuations occur in the process features. A case study shows that the proposed
method performs better than other methods. The data farming method is expected to help practitioners to

improve process performance using quality big data.

Keywords: Quality Improvement, Data Farming, Nearly Orthogonal Latin Hypercube Design, Machine

Learning, Optimal Region Exploration
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(b) N Plot

Figure 1. Matrix Scatter Plot for O and N7 Designs
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Table 1. NV} Design Matrix

EAAE N, NSNS, N Ny 7 A, ZH A7 88
T e QA = AU R 2770, 8~1170, 12~1671, 17~2271,
23~2970 ¢t} 2.178 o) A|A H =2 A Y E AH =(<Figure 1(b)>)
of th-3-5h= N o] HA 3 H & <Table 1>l JERHSIT o] &
< o] g3t 11719 IAE o= 337 S G T
ATH FEFL0S FA 02 799 (33-1)/2=167]= 2HE0]
A, F 334 FFL-16,-15,+,-1,0,1, -+, 15, 16 2.2 T-A 3T},
EAABEY 4L Cioppa(2002)¢t tlolelut F21 AlE
(Seed Center for Data Farming)] 3 ©]2|Q “https:/nps.e-
dwweb/seed ol A Al g8 T+ = 84918 4= 9]t}

No X X, X X, X; X X; X Xy X X
1 16 -13 -2 -1 -10 12 6 4 16 3 6
2 13 16 -12 -6 -4 -1 2 -10 13 11 8
3 12 -2 13 -15 -11 -15 15 3 -6 -4 7
4 2 12 16 -14 -3 14 -13 -11 -2 -9 10
5 14 -15 -1 2 -9 6 -12 7 -14 6 -3
6 15 14 -6 12 -7 -2 1 -9 -15 8 -11
7 6 -1 15 13 -8 -16 -16 5 12 -7 -4
8 1 6 14 16 -5 13 14 -8 1 -10 -9
9 5 -8 -9 -10 1 7 3 -6 3 -14 -16

10 8 5 -7 -4 6 -9 -10 1 11 -15 -13

11 7 -9 8 -11 15 -5 4 -14 -4 5 -12

12 9 7 5 -3 14 8 -11 15 -9 2 -1

13 3 -11 -10 9 2 3 -7 -12 -5 -16 15

14 11 3 -4 7 12 -11 9 2 -8 -12 14

15 4 -10 11 8 13 -4 -5 -16 7 13

16 10 4 3 5 16 10 8 13 10 1 2
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Table 1. V2 Design Matrix(Continued)

Yujin Song - Jai-Hyun Byun

No X X X X, X; X X7 Xy X X Xy
17 0 0 0 0 0 0 0 0 0 0 0
18 -16 13 2 1 10 -12 -6 -4 -16 -3 -6
19 -13 -16 12 6 4 1 2 10 -13 -11 -8
20 -12 2 -13 15 11 15 -15 -3 6 4 -7
21 -2 -12 -16 14 3 -14 13 11 2 9 -10
22 -14 15 1 -2 9 -6 12 -7 14 -6 3
23 -15 -14 6 -12 7 2 -1 9 15 -8 11
24 -6 1 -15 -13 8 16 16 -5 -12 7

25 -1 -6 -14 -16 5 -13 -14 8 -1 10

26 -5 8 9 10 -1 -7 -3 6 -3 14 16
27 -8 -5 7 4 -6 9 10 -1 -11 15 13
28 -7 9 -8 11 -15 -4 14 4 -5 12
29 -9 -7 -5 3 -14 -8 11 -15 9 -2 1
30 -3 11 10 -9 -2 -3 7 12 5 16 -15
31 -11 -3 4 -7 -12 11 -9 -2 8 12 -14
32 -4 10 -11 -8 -13 4 5 16 -7 -13 -5
33 -10 -4 -3 -5 -16 -10 -8 -13 -10 -1 -2
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Figure 2. Flowchart of Data Farming Application to Quality Big Data



Quality Improvement Method Using Data Farming on Quality Big Data 469

@) A 52 99 )

FATEE 7o) 49 342

r'l

B AAE 4

(3) HlolE] 3 e
SAA 2 AT 922 At oy 99-L BAlst=

Alolth. Tx 9] fof whe} A3 BHAE ’E;‘é@h—’_, Hl

BUS| S 2 WA 2R AV

gol+ Cﬂ]—f—%}t(:ﬁi)g :LE}

(4) AAA- ] Fol& dZgt 5ATF &<

(3) DANA T3 ol & dEgte] FAHS Idste &
741011:} AAAEE A2 gol & dSFES] SAF H,

AL, HSRE, JJW” Aket) o] 52 T3¢ (5) &

OM B 23 o515 duhdl o ARg-3it)

G)EN FR R 2A

go] & o =gk A TS uig o7 B8 Al o]oj LA,
Z83A AA = dAolth. 4 8

2248 2717e]h A
@mgfwﬂﬂ1%L1}alx¢1za%%~amﬂ
g FRW o8 A kg Aaog o, Hol
gl A ool 1

e Ao Bt 2 A
A B ol ol gte] BAFo] wF ML AA B F
A o) 2R AT B2 FET

£ 954 f Aol Bs ] 18 A0z, A

MO N N® - TE CMOA NN ® = TEOmOQ N n®— L
TERYSIURACTLRERRYLEREIS ade
L

(a) Line Graph of g,

Figure 3. Line Graphs of g, and y,, , — 4

e}
R
>‘9‘
N

O

52
lzl

3, Hohet 5 23 I A 3
4R xHoR AAsty At

< AT, A9 9 g2 7P vt
*;:‘_74]91 ﬁ% Al FE M2 239 T
i, (6) BAZ £4& o] ozt

(6) A& A7t 2 o] H A

golE d&3k 5 71Eael 7HA v =44 HolH ¢
B2 s gAolt HolEE Mdshs By e Tt
2t} golE d2gS A7)0 g Ydd I o =gho] AA
3] Mslsltir o= =3 S st A o] BAYSHHE, o] & 7]
TO 2 A WARE I A-7HA vlolE & gt o=

- W (Elbow method)®] 7] 7id oAl Zekste] Ysh=
FAEA 717k AAAE dEsty] dgtolth Hol & 4=
e Ydste Wk A5 S Haslstal Al oW 2 EAF
o2 Ygsta, HuslE dstd Eaeo® Ur%ﬂﬁ}
ojnf, A% =AA ol 49 10%7H vlo|HE Mg g
o}, ol @A A ol ”1¥ﬁ8$ﬂwﬂ%aﬂﬂ4ﬁi
2 H A (local optimum)o] EEE 5 917] wj&oltt. o] g A
@ﬂﬁ%@ﬂﬂﬂﬂTﬂﬂ*ﬂﬂtAW%ﬂ%QﬂE
tlo]E}7} H 43 27l AeE,

ko] FHshs A H e Ao 12 ALe-EHe] ghetgit)
AL R ZE T8 2 271X, HlolElE Y E
o] g3tAY A HlolE 9} (i+1)HA dolEle] Z}o] e
0] g3l A o|th. <Figure 3(a)>= #lo| & o Zgkel 5. 07 1
& AN, o] WH-2 Exo| ALt §lo] T ZE A &
A8 4 9ltk. vhd <Figure 3(b>= 1,9 5,.,9) Zo] gkl
= iy~ 5, F o183} IR Aotk o] e 1 AL
o) BASAT, gtel WES F o WHA spokg % gk
<Figure 359 T AT 2L HolEE ol §5te] 44T A
olck. Hlole) 47k Bl ekALk wlolElgk wol7k Wtai b
Bl ) diolHE 2 ZE I8 =% ghol IA ke A
Mg setel) A9 mR Aol Wil e, dole 47k B

~

0.08

0.06

0.04

(b) Line Graph of y,,,—y,

i



470 FA -

tolge] s Afo|7t A v A s we A s
AHg8kE Zlo] Eth

kA HiolEl & AElshs 71282 2 99 g oA ARS-
S AAA 7} L o, I Z A 0.1n 9
o] A FefAl= A WA A3 ol

e
N
n
ot

N,

ilﬁ W Fd 5] £& o]
A, 3+ HIOlEH iﬂlol%

:rL%‘J LH Eﬂ 01 E1

(7) A Eg bolH & &3 3 >8] FHAEA ol
A GA A g ElolElE o] &8t ol AT F 1, B8 A5 e IHE FAZ o] & fste]
o% 37] 98] FHHE FASHE WAk MR HolE o Galo] AHgT BAABAN 2 AR Fo) B S ghe.
S0l g3tol Bol S FE YA o 7H U 2 2 IARAES AN golEd fod M E ottt
FAorg Ayt FL2 volHEo] BHH IS AT sttt AoE g o o= 3 U HolHE YR
o oold AR o Qe e KB THSHK-Means 7 9|A 9] HUR, ALp o AUAsto] Faska, frofs)
Clustering)’, ‘¥ 70|55 K Mean Shift Clustering)’, ‘DBSCAN A % 3] x] 8] & H9l= T2 FA e}, o|uf, &4 9 Y
(Density Based Spatial Clustering of Applications with Noise)’ &  ©] B2t& wjujch f23k QIA7 Debd 4 glons §9&
o] Ytk & AFolA = Heolel7 BAE AHS FACE & F4Z it 3 AZAH S ThA W sfof gt
A& sk, #HY NrE EEE A Javt Qe W dlole a-& 283 vleolH 7|wk FE/ A 2 W
olF T 3= AHEFTE tlole] 3k AAH o= sk, glo] 89 dZgho] £
YA B FUS FLHEA HF F9L Dok A
(8) F4 F 54 o, T 2 540l itk A, A& o) ez Ye
o £41 F shte] 2US Hasta, FHo) 3D vl UL AALOE BT 5 9w, AH G4 Bophe 3}
B2 RO R BT 9oS SAaE Ao WA, 21 Aol BasA 4tk B4, £4 A4 AST B4ARE
& Shh ddalol BTk (7) WA T8 2 W HolE & & A Amstel 54 ARz} dolel PXE Gape the
7FEUE AL, 1 3f Gl FAEAl 2 HolE7E FH o Zugle] ot 4= qlnk whebA I A9} glo) & 1He
A5lo] Q&g ojrl @) mebd ofe] 23 F T HolH DA nejstel, dolRol o1 A o] MH SaawA
18
16 ®
1y L4 [}
2| e PS
/’ anl e
§ @
6
4 ® -~ *
Only X, is significant é o®
18 P 02 4 6 8§ 101214 16 18
16 ° ] " Xy
14 ® 16 ° i
12 .o U e L]
2| e
10 .. ® x, 10 .. @
8 @
X, . °, 2 ‘ ssg
s .. Only X is significant 4 L °
4 [ ] z ..
° 0
2 e 0 2 46 8 1012141618
L} X,
00‘463101114]6}? 18
B B 16 i
X, 14 ® @
12 |%
- ~N oo
® : NOLH design points 3 ° .
@ : Design points with better predicted values i ° '.
: Space to be explored next X, and X, are significant 2 .. L,
0

0 2 4 6 810121416 18

X1
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Table 2. Summary of Exploration Results for Minimizing Silica
Content

OBk Z3ksof, 18l Z3jel] &3k FloJ S o] g3tef S = . Statistics of y for NOLH design points for each
H23t) oo SAE JUE THs HolY Ao] g Region region exploration stage
Dejste] Zas3h7] U5 AP AN Y} AAHE o8 o CxPlomtion Standard ,
2e olgsie AARAL ANl +RARARY o | M | deviaon | M| M
R%, & 71208 3AAAYE 1A, 8719 FA7L £ 1 2.5947 1.1506 1.1848 4.5841
o]3}A] 28 Bolgich o8 uz)= Add 77 U] glo) 2 1.3585 0.1131 1.1464 1.6824
HE gaoz 7 139 A4z JUyos &3 M9 3 1.2298 0.08438 1.0467 1.4320
WA 998 243197, YA §o8iA 2L Ix= 4 1.1559 0.0632 0.9940 1.3184
A WA B o] Mg T2 SA 3T 5 1.0972 0.0509 0.9514 1.2265
6 1.0513 0.0439 0.9664 1.1895
43 ¥4 A 7 0.9906 0.0261 0.9260 1.0510
h 8 0.9632 0.0189 0.9147 1.0082
4180 AAT BN 28 248 2=ZT w714 9 I3A 9 0.9492 0.0147 0.9137 0.9859
S HHEST 4¥o] AA 99S BaE An, BEASS 10 0.9431 0.0142 0.9094 0.9893
<Table 2>9] AZ 3G 1494 F 1S A 33} o] & 11 0.9337 0.0111 0.9103 0.9635
d &z 437 13HA 9o B A3} SAlsle] AL 2 12 0.9266 0.0087 0.9109 0.9486
2319t} kA 14WA) S g A A 1)A o] MYy 4 13 09197 0.0063 0.9078 0.9353
MRS e A9 94 ddoz AR, 1 AHE A 14 0.9171 0.0056 0.9058 0.9316
Table 3. Initial and Optimal Ranges of Features to Minimize Silica Content
Initial Optimal
No Features - ;
Min Max Min Max
1 % Iron Feed 42.740 65.780 58.330 59.010
2 % Silica Feed 1.310 33.400 10.700 11.830
3 Starch Flow 0.002 6,300.230 2,212.420 2,238.190
4 Amina Flow 241.669 739.538 345.029 379.575
5 Ore Pulp Flow 376.249 418.641 391.644 398.298
6 Ore Pulp pH 8.753 10.808 8.887 8.898
7 Ore Pulp Density 1.520 1.853 1.687 1.733
8 Flotation Column 01 Air Flow 175.510 373.871 296.990 300.008
9 Flotation Column 02 Air Flow 175.156 375.992 300.255 320.725
10 Flotation Column 03 Air Flow 176.469 364.346 296.774 333.813
11 Flotation Column 04 Air Flow 292.195 305.871 297.224 298.940
12 Flotation Column 05 Air Flow 286.295 310.270 298.125 302.068
13 Flotation Column 06 Air Flow 189.928 370.910 262.727 282.686
14 Flotation Column 07 Air Flow 185.962 371.593 283.092 297.982
15 Flotation Column 01 Level 149.218 862.274 419.309 497.124
16 Flotation Column 02 Level 210.752 828.919 340.197 349.750
17 Flotation Column 03 Level 126.255 886.822 473.990 550.079
18 Flotation Column 04 Level 162.201 680.359 371.581 420.070
19 Flotation Column 05 Level 166.991 675.644 386.941 442.601
20 Flotation Column 06 Level 155.841 698.861 287.884 371.435
21 Flotation Column 07 Level 175.349 659.902 323.027 414.399
22 % Iron Concentrate 62.050 68.010 67.600 67.640
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Table 4. Comparison of Optimization Methods for Minimizing

Silica Content
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No Method Predicted values um‘er ©
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