Journal of the Korean Institute of Industrial Engineers

Vol. 47, No. 3, pp. 321-325, June 2021.
ISSN 1225-0988 | EISSN 2234-6457

A23)7} 9= ARAL vjo|E ) 24w o] )

"m Check for updates

https://doi.org/10.7232/JKIIE.2021.47.3.321
© 2021 KIIE
<Research Letter>

A3l

A Study on Analyzing Data from Designed Experiments
with Missing Values
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Department of Industrial and Systems Engineering, Gyeongsang National University

A data-oriented approach is proposed to analyze experiments designed data with missing values resulting from the
invalidity of the design points. The procedure consists of representing available data in a normal probability plot,
identifying better design points and the factor levels common to these points, and then deciding on optimal
conditions in the experimental region or the direction of improvement. Proposed approach is illustrated with
analyses of a fractional factorial design and a robust design data. The procedure is expected to be useful to the
practitioners implementing design of experiments to product/process development.

Keywords: Design of Experiments, Missing Data, Screening Design, Fractional Factorial Design, Robust Design,

Product Development

LA &

L5 47| (Data collection)& Al 28-S £ ], == A A5}
+ o oA BA SFoltt 39 HolHe #A Hlol
H, #Z tolH, AP olEE & AUtk AA HolHE
o] &3t FHE FZ3t tolH vhold WYL Hl-&o] 7H
AA s Aol A= tile] AL dA] o] b2A
U HolHo 277 A o, Be BAATE A e 999
dolE7} gl w28 7FX7F Yol ¢ HojH« ¢
A Qe TA Ot ARl 2 Alg st A& Zlo]7] Wl
B H S ZEA 2] B0 #3 ARE & At #
Z ATE FE HYEE o] &3t ZEA2F EYESHA,
3|AEA T WS o] &sto AF/FA Y W 2 FAA
& otshe Aotk AF A7e APATL Al2E Ee 2R
Aol 7| ske] o =2 0 F FQIH X(Input variables)S] kS
HHERLS o) A28 8 A E440] ofgA Mst=AE
Slstar #H A o] BYwar 23-& Ashe EFolth Agd ol
HE 870|173 o7 A= o] AU, fs

¢

ol

A, Fo T g HAs), A8 GRe A E o
(Vining, 2013).

APE Tt AFhEeIU FAN & =R o, 25X
7h A EE A7 A BT ASA = ) A 7Y $ 1)
olE] 7] 50] iAW, 2) A E Aol TA7F AAW, 3) A E AR
Ee ALY RS A 140 8 AP S HE P S 7 jA
U, Es4) g A3y Az 283t Fdolv e
< FHaA) Xt EAS MR EolHE A T EE T 5
ChFgh o] fr 2 A gT) 919 A5 374 o] T st E ASA]
7HEAEHA, S A SA) Thofl ks FA Tk A S 4 ok v
B Ao A= A S0 dA st sl g A 20 o] v A] vo]E
o] gk o] &5t At whEo] gl & T4 E5A18
(Randomized complete block design)©] L} ZH1 -2 R (Latin squares)
ol A= kA5 & (Error sum of squares)©] {47 H 25 A5
2| & 7 g Montgomery, 2017). ¥FE-0] ¢li= @ AujA] | A=
t& 78 PO BE AuA w5 A-E9 gho] 00] HEE
=25 F43H(Goh, 1997). 4l & €91, A, B,C 3712 IAE
O Z HHEo] $lE 2973 3%UAF 8QIuA] &) of = A g ol A

o

fu

Lo

S0 jo
Wi

oz N

b

B ATE 201895 AHHAI & BT AYeR A 7ATe AYS Tol FaH ATU(No. 2018RIDIAIB07049764).
+ Ly

a-T)
AFAAL Y 1w, 52828 B AFA AFUE 501 B AP 2] 53

E-mail : jbyun@gnu.ac.kr

, Tel : 055-772-1692, Fax : 055-772-1699,

20201 102 12¢ A4 20208 1€ 169 A2 A 20208 1€ 179 AA &4,


https://crossmark.crossref.org/dialog/?doi=10.7232/JKIIE.2021.47.3.321&domain=https://jkiie.org/&uri_scheme=http:&cm_version=v1.5

322 R

N
e

A
o
7}

A

e}

o] W3, 39170 LEA-§2) ABC7H00] B 2%
A3 70|t wito] gl FE A QIR H 2 o]

!
&<

4o

A 4L S1ske] old 9l A HE ISR AH 5
0 T ASA s A A o) A2 w2l
gHAlo] oy, FH AP S T AEF AT ARl o] =
ATHE, 7HE F2 W2 ASA7F SR AN AL
O rdsted ol E de otk & ol =71E 4
S F7H A o Ao AT glon g BE G5
A o F-E Ads] flste] oz Aol M ARt e dd
HoAM & P& Fsto] AP ol 2o/t A s =A S &
s Aot £ = ASA 72 A A AA7E A
7FSlolA o] Ao 2ol A BagHolHE de e
7350l &8 o] ob4 gith= Aot & ATl A= o]
37350l 28 < e S AlQksk A I

—

o e o
i)
i\

;Y
&2

AL A
[0 Ol ox

(

A 23l A2 A7) olm 2 FL 4E A4 Baeh A
o] oh) oG A Hol A Hlo]EE & 5 g2, o] A

2JSh S AN A 343 A 4o A 22 el
WIS o] §3H A0} A Aol BSR4
W] £ HBHES sHetate] ol B0 FFU AR £2L
T3k 017 HlolE S ol §35te] A H 422 o
She P AR AR EoE Al 4ol 7] &

2. Hlo]E 7)Y

=
i
)
ok
E
)
r (<]

AZo| 715 &7 e AP 8 T Al RS o] ol g,
A Fol date 718 Aoy e 2t5A Kt 7= 74
TS AFH AA Y TAZ st HAS ) LG F U=
W& 2AlS= Al o] B st ol & £, Park et al.(2019)2 £
FAE Y= YAE FAete FA8A A3 AHE AX e
o], 18702] A Fol A a7l o] A oA YA A=A &
EAZA] BAIS AF3ta ek E3, AlFolu 373 /NS 9%
Ay AT 279 AEA S A FRARJIMAYE & 2AY 7
ALAE A3 Aol A= ol e

Box et al.(2005) Ho1® nfRAH A E EA5HA Y
HEARQl A B0 2= ofd 81 8HE Fof3hA] AT,

Hlol8] AHA|E #asto] nprLgo] 2 Yehe 7 7o A

=]

5
A7 AT BAE 5 Sl
4

o

A gofslar o] 5 AP 352 Yehe= A 5
S Hotshs WS o] &3l HH 218 F= WHE AA
ot & = AE o]y ¢ ofolt]of & o] &3t AP A4}
So] AZX7} FA s A3olA A &8 5 Qe iy
S AN E A B} 7| 820 Fape o232} 1) AEX
£ A -3 F S AFEEIHA YER L, 2) o] F
M e M g 2o ks FE 2 AdHES 7
3to], o] ol FE 0 2 YR} QA 528 1o, 3) o
FEZIE HHzH 02 AHSAY 5 EHSFE 1A
3l7] 93k wake A3t A E A EIY o E e
Yo 2 AgHE 2= WH-S Box et al.(2005)0] HWo1® o}
2 A oA o] &3th AHEEIE S o] &3, A2

o] 50% 1ol = Hlo| B Se) 24 Aakol A Hojd AT
2 Room THY 4 9lomw of HolA Hojt ASL U
VA

3. 728wz A 2 HlofE EA

A2k B FAd A #HIJES] FHE(glossiness) 2 Ul TFEA
(abrasive resistance)S %°17] 915t} 87)9] Q/IAE GO =
25t FE oA e s AAE ) AProlE E
<Table 1>l YEFH SATHBox et al., 2005; p. 265).

ol tlolB & &4 3 2, B y, ol F2I7F EI= A9} BO]
Bel S Fo|7] Y3 24-L A+B+o| T WHERA 4, Elo]E
19, A, B, F 127} frof s vint g & 7Hd Eol=
—B—F+o|th A A& 9l8ke] A 52709 APzl
AT IS AER ARJEN AN E =27} 5 A
29 slo] B 7} gkl 7Hg skat v A HlolEl &
o) Rl E, 4,8, 12, 168 A @A y, 9] o] T
1S Bls) FEsHA 2A tee 2 &+ ATK<Figure
[2). ol APANA FFoZ Y= A S BA
A9} BRI+ FEo|th & A A golle — 9+ 0]
o] At o] = d HlolE| S &3 A Fo}k T stk kg
y, = AA ] ARl 7717 A ek A Al 29 L,
w2 709 AEH Foll 5,7,9, 13 Yok gro] vlad =
Al Yebdth(<Figure 2> %), o] 484 S0l 3522 UEhd
T A A7} = FEolth o] A= A Hlo]E &4 Aol A
UERd BSHF7F B8RS Wt A& W skA] Zaka glot +
7§ o] W 2 Uehe Aol FE A o S-S WA
© AS}BY TRIE= T 818 T}l Hgte of 25 E 2A
B, Uk Aol] 93-S PlX= FE 7% A, B, FE= tHE 89
g3l vlel d58kA ZA= & 2ol ZId L & 4 T

g

AL o
1%
oft

&

rlo

>
oL

—_— mlo
N

¢

O
T O
R

>

o & 2 PN i kI
PR
i )

( >,\I
il

v
B

Table 1. 25,,* Fractional Factorial Paint Data

N Factors Responses
“IalBlc]p[E[Flc[H] w [w
Il | === =1=-1l—-—]1—-1253 6.3
2 0+ | —|—|—-|+|+]+]|—| 60 6.1
3| — |+ | —|—|+]+] -]+ 68 5.5
4 |+ |+ | == -] -]+ ]|+ | 78 2.1
50— — |+ | =+ ] -]+ + | 48 6.9
6 | + | — |+ | —|— |+ ] -]+ 67 5.1
70—+ |+ ]|+ +]—] 55 6.4
8 |+ |+ |+ | — |+ | —|—|—| 78 2.5
U e e e B e e B B 8.2
10|+ | - | - |+ |+ -] -]+ 68 3.1
| e s i i I A s Ml ) 43
2|+ |+ |- +]|—-|+]|-]—-] 8 32
Bl -+ ]|+ ]|+ +|—]—1] 5 7.1
14 | + + |+ |- ||+ -] 70| 34
5| — |+ |+ |+ —]—]—]+]| 65 3.0
6|+ |+ |+ |+ |+ |+ ]+ ]+ 82 2.8
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Figure 1. Normal Plot of Glossiness

Table 2. Factor Levels for the Better Design Points
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Figure 2. Normal Plot of Abrasion Resistance

Table 3. Product Design Variables and Their Levels

Factors . Product Design Variables - +
No. Glossiness -
A|B|C|D|E]|F Paper Supplier(PS) UK USA
4 |+ |+ | == ||+ ]+ 78 Contents of Solids(SC) 28% 30%
S T S A s S e e 78 Cylinder(CY) Fine Coarse
R+ |+ |+ |—|+|—1]- 81 Oven Temperature(OT) 180C 215C
6| + | + | + + |+ |+ |+ 82 Line Speed(LS) Low High
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AT AAR e 5, T E & 5(sealing tem-
perature; ST)9} ™ F-E-A| ZH(dwell time; SD) 270 & 2 3T}, A

Aol A F5-& 3x 2 8RAHIA| & o] &3t §Hg 3} Th. <Table
4>ol] A g o] A Y E 2} 152 FH(defective seal) 5 YERN S
THBox et al., 2005, p. 540). A1 714 2 FA|H 28 71 29
A HolHE 45 4 §itte A< YeRdth 2337 YERA
A= oo AAMS AP 23| A 3 Ho|E & o] &-3}e] 7
AR 39 2] (1) o] 83t BAEAR Y 453454
(Signal-to-Noise ratio; SNH])E -3} S th.

Ao} 722 <Table 3> WERA AT 571 2] EAMESE O 5,
‘ ] i i SN, = —10log| >3 y7/6 (D
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Table 4. Design Matrix and the Number of Defective Seals-Case 1
Product Design Variables Noise Variables
Product .
. ST - 0 + - 0 + SN Ratio
Design PS SC CY OoT LS
SD - - - + + +
1 — — + 8 4 * 0 * 7
2 — — — * % * * * *
3 - - + + 3 2 1 1 0 0 -3.98
4 - — + — — 7 1 1 2 0 4 -10.73
5 + + + + 0 0 0 0 0 | 7.78
6 — + + + 4 0 0 1 1 1 -5.01
7 - + - - 9 1 0 4 5 1 -13.15
8 + + - - 2 1 3 1 0 0 -3.98

“* denotes missing data.
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Figure 3. Normal Plot of Defective Seals(Case 1)
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Figure 4. Normal Plot of Defective Seals(Case 2)
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Table 5. Design Matrix and the Number of Defective Seals-Case 2
Product Design Variables Noise Variables
Prod.uct ST — 0 + — 0 + SN Ratio
Design PS SC CY oT LS
SD | — — - + +
1 + — — + + 8 4 * 0 * 7
2 + + * * * * * *
3 - + — + 0 2 0 1 0 0 0.79
4 - - + - — 7 1 1 2 0 4 -10.73
5 + + + - + 0 0 0 2 0 1 0.79
6 - + + + + 2 0 0 1 0 1 0.00
7 — + + — 9 1 0 4 5 1 -13.15
8 + + — — - 2 1 3 3 0 0 -5.84
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