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Calculation of Composite Desirability
Function According to the Measurement Unit
and Numerical Pattern of Characteristics in
the Multiple Response Analysis

H A &+
Sungwoon Choi*

Abstract

This paper presents the optimization steps with weight and importance of
estimated characteristic values in the multiresponse surface analysis(MRA). The
research introduces the shape parameter of individual desirability function for
relaxation and tighening of specification bounds. The study also proposes the
combinded desirability function using arithmetic, geometric and harmonic means
considering the measurement unit and numerical pattern.

Keywords : Weight, Importance, MRA, Shape, Individual, Overall Desirability, Arithmetic,
Geometric and Harmonic Means, Measurement Unit, Numerical Pattern
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1. A &

HE-S- 3 -4 (Response Surface Method : RSM)& 13}, 23} 3] g2 AH], A&
T, 78 Ae 219 dJAR JIA(EH, AW, AW, TrdY, 38x)
(A = =1, 2, -, k)9 5HAS A% 74 ¥ (Coded Variable)= &3 2
273 (Orthogonality) 7 2] %173 (Rotatability) &) A D& Aty S (TS, s
M) y.(Replicate®] 4 i=1, 2, -, n)T UA 9 2 uE2(Orthogonal Blocking)

o] 34 (Run)vbr; WSS Adst 4= Qb 13 RSM y; = 8, + 812 + Boxy + o725
2 21920 WXy e AZHx Aoz FAH(Center Point © CP)F 84 & &
I}(Curvature Effect) = FAg T it} 22F RSM
Yi =B, + Brwy + Bywy + Bt + Bopas + Browiwy B 31801 WIS AT 5 glont A
345 dotsly] 9 W o R 2199 wjx|He] A& A (Factorial Point : FP, #FX]
A Corner, Extreme Point)oll $A41%d CP7/l¢ shA 3|dAS zb= %7 (Axial Point :
AP, Star Point) AP7eoll & 543/ A8 (Centeral Composite Design : CCD)S Ab
&3t CCD= AEA FP 2Vl &Y, 44 CP £9, 53 AP &9 & A 82
2 FAFA AP A ] A48 (Sequential Design)o] 7HedtH 3| Al &) &
A BAS AT 31 APE AR EP 279 W(Face)d 4ol o]E3d F3)HA
o] WHAAE FCD(Faced Composite Design)ol2} 3l 233 EPS S+l a1,
o &Il QxS ¥l BIBD(Balanced Incomplete Block Design) Wy o2
Box—Behnken A& A &o]

ol€% AuEYste] Fx7F RunoZ As AL 12), 234 AXAA Aoz S
AE j AT o EAzt y= 29 (Specification)®] 3 USL(Upper Specification
Limit), LSL(Lower Specification Limit)ell w&} FH gt == 42309 34 (Optimal)
A2p FFEEAS 279 y S F=rh 12 RSMQ A9 HAAFY (Method of Steepest
Ascent) 2 AFE3FH 22 RSMSl 79 Spectral Decomposition® Eigen Value T+ F4
EAZE yo FWX(Surface Plot), Si4%(Contour Plot)S A&} Eigen Value7}
BE &5, 339 At mWE Rk 239 7hed HY BAY SR A =

5
i=]

HAghs 7HAH vkl A9 HAagh =3tE 49 oFdH(Saddle, Inflection Point)S

d

RSM<& 17) 23] i3t EAztew 27] o) ae] 98 g3k oy H(p=1, 2,
)Y Bl 1¥Ee AS ths vbS- WA (Multiple Response  Surface
Analysis @ MRSA, MRA)[3,4]¢]2} gttt RSMe] A WA A3 ¥ AXZ 51
A= (Overlaid Contour Plot)e] ¢J3F o Aats el B4 (Compromise
Area)S AlZtH oz zh= Tz wolt), F shupe] 2~ 5%k Al
kxHo® L tE Ay L4 At Wk-3-2 4 3}(Dual

N -
125 (Desirability) 3F #HH
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[7]2= SN¥|(Signal-To—Nose Ratio) =& o©]¢ <421 CV(Coefficient of
Variation) ] 7}& %3}, 7|8 Bate] U= o] A [617F vk = HE W
o EAg g ot tharA] WU, 293} oy o] A HlE a3 FATHA
Foll ojgk Wy, v A fExE ol &3k &% W, Fuzzy, Neural Network,
Data Mining®] A& X*]'s W, th3}2] (Interactive) B 5| 3

ol#13k MRA 7= AT[5.8], 54 Sk 7 wteo gk 7hsA](2],
o] SA% e Ao Fax(l], A55A4, Aot £4H8 FAARE 59 a1y o
ol whel FEstE O’E}[B 4]

==Y
g gkel %X}'TE, CH]TE, ﬁ—iﬁr?%}_ 5o 4 ¥ =
T emSt 2ol 1A A5, 22 SAGYAE v T A1 22 v]E(Ratio)
@G9le] A AR OE T SHIEE Uw S5 k‘m/hr, = k:g/me —?:
(Rate) ©¢1¢] 459 #39 ==
HA s dAE AA ST

2. AY 718 9<% (Individual Desirability)

2.1. STB(Smaller — The — Better)

TrAe] LSL]l ¢ Max Targets 7F4™ i@} Boundi= E317 2t} y< LSLI 45
d=0, 1;2 Maz Target$] A5 d LSL < g;< Maz Target 3] 735
((y— LSL)/ (Max Target— LSL))' o™ t= ﬁéé} *(Shape Parameter)® 0.1~109] %4
(Adjustment) 7Fzxelty. 7FsA7F 1091 A5 /M wES= s ARz 4o
Zerool™ t=1% A% AZAEE, t=0.1%0 45 A4 %Ei Ake] Hj7t o

23 Bound”} Tighta]x] Max Target?7} ZA¢l AL 7}

i, A B 7HEAs

2]
A LSL7EA 9] A8 A 7haA= t = 54
% 3l Penalty = J_E:]HE}

FAE= t=10 Z]T/H%IO]U% Relax
0.1 HAagke]
t=10°] "B} 7} Max Target7} Hold 7-9-9] &2
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d
t=20.1
1 T
t=1
t=10
0 y
LSL Max Target

E=¥1. STBS A5 /8 WHE%

2.2. LTB(Larger — The — Better)

1

Min TargetsS 2t % 29 Bounde =329

Aol USLS! %,
2 d=0, Min Target < y;é UsLel 74

A9
@S Min Target?l 35 d=1, @Z USL?

9 d=((y— USL)/ (Min Target— USL))' 1™ 7} Ad-e 2,149 STB 2},
d
t=20.1
1 P
t=1
t=10
0 Y

Min Target USL

E®2. LTBY 4% 7IE w5k
2.3. NTB(Nominal — The — Better)

Aol 329 (Nominal Size)+3]-82¢] & 2F(Tolerance) =¥ Bounde =333
2oy y< LSL ¥ y> USLY A% d=0, LSL< y< Nominal Targetdl 7%
((y— LSL)/ (Nominal Target— LSL))", Nominal Target < y< USLY  739%  ((y—
USL)/ (Nominal Target— USL))'ol™ w¢t 3= 0.1~109 712 245 = AR
Folth. F ZFE A o) A vk 2,149 STB, 2.249 LTBY F71A 799
gt
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d
w=0.1 t=20.1
1 -
w =10
t=10
O &
LSL  Nominal USL
Target

L33, NTBS! A5 7 w=5=

3.1. SRS FAFYol e BT FTF

w
—
—
z
oﬂ
, M

Ny (Arithmetic Mean : AM)
A EAZE yol Tx5de FXYHHE o|F A9 SxH(Common Difference) =

[e)
Yo— U1 =Yz — Yot WAl A& (Arithmetic)d o2 FAET. gy, v, 39
AM= (y, +y,+y,)/302 BE 543 SAGA7L A5 emst o] T8t ¢

_1

ZAUAE AR A9 A5 AN, ods It A9H obF AAL = S4G
of gl A% /15 BEud 9L JoHon A W

3.1.2. 718}8 #(Geometric Mean : GM)

4 EA yol SHlIFEY FAFHE o= 49 S8 (Common Ratio)7} ¥4 &
ato] 718184 (Geometric) HEES 7Ty, v, v38 GM=(y, - y, ?;3)1/3i
22 =4 EH*]E zb= S 5% vl&(Ratio) & =3Y] 22 F 9] (Dimensionless)
¢l A9 ALH™ GMolA wAle] FH® ofF Akt 2 #tol GMe] Fholl & d3d=
Zth GMeolA FE(Root)E SHIH o2 F7hste 2 ks A7 98-S st

3.1.3. =3} #(Harmonic Mean : HM)

74 5EA% yo A7 SAFE] 28599 FAFHE o8 A —, —,
Y Y2 Y3

o] HM=2y,y;/(y, +yz)olth. o= sxksdel BA 1/y,—1/y, =1/y; — 1/y,°l
2/y, =1/y, +1/y;o1l A FEET HMES M2 o SHAGE 2
E(Rate) &, & kg/m’, % km/hrst 22 EFSHILA 4
HtY A7 E AM > GM > HMo)W oS Aesehd =349 2}
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S e e SECERE
523 ) (Original Unit) (Dimensionless) (Unique Unit)
A AhE At
sHl4E 7]8hg o
x4 Z3t9

3.2, 2AW 9 2o we PFo| =5

MAROA F4 EAGEH(=1, 2, -, r) FXNFH} S & 3,149 4
jui ZL:_ o é]_

HE AL F3 (Composite, Combined, Overall Desirability) D+ t}&3}
=3

fi

3.2.1. =P A4S o8 Fi UF=

AD=(d,+dy+ ... +d,)/r=Y,d/r

p=1

3.2.2. 718H AL o] &% FTH UFE

GD=(dy < dyx ... xd, )" = (TTd)""

p=1

3.2.3. Z3HAE o] &3¢ FTH UFE

HD=r/(1/dy+1/dy+ ... +1/d.) =7/ Z (1/d;)

p=1
FEAEAY FLEE 13 T UEFE
| th3k A w5 F 2% (Importance) w,S 3 7
A A TR SR AbE Wl glvh. MINITABelAM = 0.1~109]
ZQEE Hod £ 9lon} przli A t8H(Normalization) & 4 Qlth =¥ &5
p=1

A T2 EE ISO/TS 1694994 = 5 E XA (Special Characteristics) 2.2 #2] 5
W ZAE MEH AAld A= AQL(Acceptance Quality Limit, Acceptable Quality
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LeveD® AW 2%, 24, 424, n2ie swos ZFdth

3.3.1. AteHF & o] &3 F3]

l:}-
AID=(d"+dy*+ .. +d")/ Y w,
p=1

3.2.2. 7138 < o] &% FH UFx

w w w in”
GID= (d;" xdy*>x ... xd,") "

3.2.3. Z8g < ol 8% FF UF=

HID= iwp/((l/dl)w] +(1/dy)" + . +(1/d)")

p=1

mlo
ot
QL
£
o
o ™
e
=5
i
N

n
1 J-‘l] A ol EH@ A
=3 T 2 Oq:rLOﬂ’H A e FAE AL
2. EAgke]l ~9& m#ste] LTB(LSL)Sl 7% Max Target, UTB(USL)<!
749~ Min Target, NTB(LSL~USL)?! 7% Nominal Target 59| o|&d W& &2
= 749 29 Bound® Relaxation, Tighteninge] W& ZFXNEX AZHEE ALZHE
9] A (Shape Adjustment)ol] 23k EAF2] Penalty® 7F5X5 0.1~102 119
© =L g4E s

3. 24 EAo 2o E 3¥3t 23 v=ErE= Sy %% Z’tZﬂ% a# g Ay
W (AM), 71388+ (GM), 233+ (HM)<S o] -&3f
Gradient &1 glZo 2 H 23 =22 3}

3.1 AF=EE A (AM) = o] &3 T SR 1 4 SA4%] sAxFde FAIHE
olFAY SA%ES 29 SAG

3.2. 718t (GM) S ©]&% T W=k @ 34 "—ET}\E]%)\'O] *H]—’Fo—iﬂ TAGEE o]
—:*74‘/} B sdeh 9 -

3. ZHWFAMDE ol &8 $5 W 2
74»} = sggel AE OE AR Tt delERae) 58 299 B9 4500

5. F 1 & 9
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