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Abstract

In parameter design, Taguchi’s stated objective is to find the setting of product or process design
parameters that minimize average quadratic loss-that is, the average squared deviation of the
response from its target value. Yet, in practice to choose the settings of design parameters he
maximizeds a set of measures called signal-to-noise(SN) ratios. In general, Taguchi gave no
justification for the use the SN ratios and no explanation of why the two-step procedure that he
recommened will minimize average loss. The purpose of this study is comparing and analyzing of
performance statistics by Leon et al(PerMIA), Box(Transformation theory), Vining & Myers(Dual
Response Systems) and Taguchi(Signal-to-Noise ratios).
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2. S/N H|(Signal-to-noise(S/N) ratios)
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<Table 1> S/N ratios for static problems

Problem Range for the Ideal Adjust- S/N Ratio
Type Observations Value ment and Comments
Smaller-the-better IS
“type 0<y<eo 0 None n = -10 log,, l—n—g‘v,]
Nominal-the-best 0<y<e Nonzero, finite Scaling n = 10 log,y —"2-
type . o
R
n & i
PR yh—
n-1 5"
Larger-the-better ||
type 05_\‘ <oo oo None n= -10 |.0gw {;E)—.?—'
Signed-target ~eo <)' <oo Finite, usually 0 | Leveling | n =-10 log, o
o= — ¥ (5, -ur
n-1 /57 7
Fraction defective 0<sp<lt 0 None = ~10 logy {-l—p;]
Ordered categorical Use accumuiation
analysis. Sce Scction 5.5.
Curve or vector Divide the problem into
response several individual prob-
lems of the above
types. See Chapter 6.
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<Table 2> S/N ratios for dynamic problems

—
Problem Input Output 1deal Adjust- S$/N Ratio
Type Range Range Function ment and Comments
Continuous- | 4r | —ca<y<eal =M Scaling n = 10 log B
continuous y=0 when y= o 0'3
(c-Q) M=0
LJ L)
2 XM
B= T —
IPACH)
il g
' -
L . -BM) |
% = iy &  CumBMD
[Commuous- —0<M <o | Binury: . Divide the problem into two
digital ’ ON. OFF scparate problems of C-C or
1C-Dy nominal-the-best type for the
. ON and OFF junctions. See
Chapter 9.
Digital- Binary: 0,1 | ~ee<y <o Divide the problem into two
continuous nominal-the-best type problems.
{D-C)
Digital- Binary: 0, ! { Binary: 0.1 | vy = M Leveling (1=2p"¥"
digital " e ’ n = 10logu, ?fp_';
(D-D} P
-
. - / 1-g 1-¢ ]
= [1+ { —4—-—L =
p l P 9
equalized error probability
p = error probability of output
being | when input is 0
q = error probability of output
being O input is 1
—
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<Table 3> Comprision of Expected loss and each characteristics

y Expected loss( L)
STB B L(»]= E(ky2> = k& +u*)
LTB HLO) = By (20 )
NTB EL(y)]= E(k(y—m) ) = Ko+ (u—m)*)
@ STB: SN= -10lg (L 3 %Y (D
LTB : SN;= —10log (L 3 y{.,ﬂ ) @

-4 ma L3yt ida 28344 BOHS 24313 & & 9em SN, = AAus
£ a3 AE FEH AN ogE WBE AT A

-4 eaa LT e Bp)e 233
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@ NTB (543 ZEA7 712 A%)
— Taguchit EAHESE S/N v g AWz st 454 ¥, y7t BE2 mo] FIsizs
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3 ooj| ARSI 2FA5Y J5e A g3 gk
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@ AF FAEAA yob HAAFTY F5YQ Aol ¥ (HBEE ¢ transfer function)S L1
AT wA ZidEdegsrE ¢ Aok

rr

o] 92 7}A 3ol M LeonFE& AT JTL F2 @ HEIE
2, PerMIA

P(d) = min R(d, a) @, R(d, o)t 71dEdsss Ao

e 2e 2w HASURE RS

A 1. Kd)E Fa8st: {455 '8 AR
@A 2. R(d', 0% A23s= 2’2 =g,

[% 9]
FEAE molm A4S Yut 2o @

, y=p,(d, ae.(d)

A

@, uy(0) = E[y] , Varde (d)]=0.(d) , N& #&Ax

Taguchi®] 224&A%848 n8sd
71 RE4 S
R(d,a) = E [k(y—m)*]
= Ho,%(d, a) +{p,(d, @) — m}?] @

= Hu,(d &) 2(d) +{p,(d a) —m)*]

= Hon,(d ) D) 22880 gy, (d, ) —mp 2240

o, (d,
= _ﬁ:;—ﬁl [u,(d, @)t (d) + p,(d, &) — m]
= [1+052(@ /‘y(d, a) '—‘m]
olmz
—"Ef,‘—j’ﬁl =0 o o3
2RE.Q) _ (1 + (D), (d, a) — m]

da

_ m
#(d.a) = 1+6¢2(d) 4)

oltt. 4714 &, &' (Dt R, a'(d) = minR(d o) 98 =ZALDE a9 FFolmz
u(d, e’ (D)& 4 3 dgstd

R(d,a) = Ho,’(d, @) + {p,(d., &) — m}’]
= i (d, D@D +{ s )]
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m—m—ma,>(d)
1+06.%(d)

]

_ m

= (Tromg )26, (d) +( )%]

m? 6,2 (d) + m® (6.%(d)°
1+ a.2(d)°

m?e,2(d) (1+ 0.2(d)

=H

BE T CT TS .
PerMIA+
' . _ . maX(d) |
- K=k 70 (5)
o] "t}

ey, P(d)E Hasste '8 78 ¥, R, a8 Ha%sE '8 THLEHA AANSTY
F&& A 4+ Ye Rojo
@3, Taguchi®} S/N ul&

2
SN=10log |, %(-‘J%

2
- #,(6)
008 020 0, 7(@

= —10log mogz(d)

w4 (5)e] PerMIA: 6,2(d) Sl Z7%4olm, 7R SN ulE 0,5 (d)9 Zagsolng A
olg%el Fo YElol:, 247 UEAE A ASolE LeonSH OFAY 20 A AAHHAAIL 94X
igs 3
a8y, Aejase Feizk $A A

=
Lk

y=p,(d, a) +e,(d) g, Ee(d)] =0

S 2g Aol 2464 U4 E /1A SN HJb 2FUSFA F&HEE LeonFol ALY PerMIA
g AST f1g BY oheh AR BASHA yo BE Holw4E WA FaAY 2AA4 U@
ARAA fE A$E AHEEIIF oY

Aolf4rt Bolx, 24&ARST 1HE Aol dAAE GTFAS 2@ARARUAE ol g3to]
HAMSS 44482 2RE & AU, HE FuY Bogsy SdUFd dAME dFA A
A7 AgA Fich |

LeonS& B4 4BelM S/N vlel o PeMIAR 2AS Y4454 e AE
Sol $AE H2HP Fol 2AUS2ZA FAUTY FENE HYATLAE Haee Svedy
48 ne)gozd dANSS HAAE FHLA A

AAZ BAMEY 2RSS Felatr) oale 290 wesl, uay old@ FelE PerMIATH
34Gsn, TS BAE EL AT Awedel o EgHoldh

3.3 Box4 s&lule] AAol&
331 Boxel 9% +A¥ PerMIA[4]

(1) PhadkeSt Taguchil5]e) 2eAA M AAE Aolwsst ¢o) Hehel Aol SN uzb =4
o] 2&do|nz ABY & §E ¥ olus EYHY AE SAHRTL Hots
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(2) Leon¥o| Ater Rygx Holgsg m2e Apde AEd & oy A5 dig Albas
ol W
el FAH-& HdstaA Boxe #AH PerMIAE AJ&ch AAWMS 8o e £F X mo]
| EFASAYA yo FRALLAMSE) &, M= E(y-m)’e Azsackd o2& e 24 &4
e Zided-g HAagdate A 2o

u=E»% o2=E(y—p?
o] W4 o E&Aolgtd, M= E(y—m?Z=d2(6) +{1(0) —m)? , M(0)& %oz Fsn
2o 248 24 (d. @)% Fa7] 948 AAD 482 AN, ofse 1AM HAI} By o
SEUL FUTAS oA A8HoA 4¥e AAsE Hojch

F7E PerMIAE

Y ¢)
P = o (®)

2 Aoela, B P4 o8 a9 ¥4 w(f)d SAAlH, dol ¥4 Md)E T

wheb Al
Pldl p} = K(d) 7)

2 ey 4 Aok |

YA Pld)z 23909 4AA7 69 $RAY dt 4TS BEL, at 4 Wil
248 4 AL =AU Welolth wakA wh nyolgdd oedt ol Feg 4 ok

M(6) = {Au()]}? x Kd) + {u(6) — m)?

A7)H, Pld) 7t Hz-old, dol sl M(OE #47 Bt d=d'd d Pd)7 #2489, atrg =
Aol M(O)d AdH2AE 7€ 4 9o ue H2A pEA 249 & Ao
(&, py= m“f(llo)f'(/lo)P(d))

[PerMIA: 9 &3 22 292 HAsAAAz A
g4 1. P(d) 2 Pd)s 99 92848 #2088 48 =3
@A 2 po=m—fug)f () ()& BHEHEE a8 274

3.32 Box® Log Transformation Theory(2 29 8o] &) % Belojg] 4 A[6]

Taguchiol g&d EZ 542 4L ¢ & AAY, & yyHAFEZE BEda 713E Ag=
AAES o] wel Eie] adn Fado & AF4H T2 FEAAAY dE stAe] HHBEA
Srt olglg FAHE HAY 5 e WHeZ Boxy WPl E o] § T

Y= h(y)7t yo ¥4 (transformation function)o]3, ay= h'(p) o, V¥ AAd gdeled
il

M6 =k [u()]) 2ay? (d) ~ {p(8) — m)? (8)
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A, M(OHE ALE 8 peEA pE AT £ A4

o= m+{h (o) Vb (o) 0y,

(9]
B (p) & B198 24T 58 o] &3t AAMsa

BNy =pp+1/2{h (g} h (g day,?

o1& 4 O WYSHD VA FASHA yo MSEE g gol TAAY 4 Yok

A Lo igFe B4 oyE HAZEE & TG
BA 2. pyE pyE ZYAEE 28 WX I

SEER

2
Y= y'0%0) 22 39, #yns.{m[l— %_(17—2_/11 % ]],1 oL,

Y= InyA=0)2 A$NE, py,=lnm—3/26y°2 vEbE 4 alch

[Boxel deivie AAMYE 2]

of B FY FTEAEE A4y & g d9& #Fedh
A 2. 7 ABIHANAN FEG R Fol ¥ e vAE AANSF 84 A
g4 3. E {L(y, f(m)} 8 2338 AANRT $5¢ 24

oA 1. 8438 FIEANV ANEEE B23 At dAEFe 4oz FHHE FA

3.4 Vining & Myers9] st H{7]

(1) Taguchi® S/N ¥l @A ¢ Hvg ARG E AL
(2) Box, Leon§ & S/N #t Algel g EAHA EAZE AH

9

(10

wt2tA Vining & Myerst Myers$}t Carter[8]9] 2% tl#-8-%(Dual Response Systems)® Taguchi<]
metvle dAlolEe HEE ANEsdch X& A FANSE EdHSERE o] F kX Vectorsf
g3z, w3 pd 78 B4HdYY RelA oS3 g2 2714 w22 H A5 X € RS 3= 488 44
ok szt 4714 W, W& Z2 Fu2(primary response)® ¥-u¥&(secondary response)olet &

.

k k &
W,= By + Elﬂixi + igl Bax;t + ‘222, Bixix;t+ &,

i & X
W=7+ igl yix; + EI 7a%i® + ?—EE} Y§xx;+ &

@8, re HAAAFIL, &, e AL

s 2o 2% HEgRYE A
W, W8l 232 W, W& a3 2o,

(11D
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W,= b+ X b+ X BX

W=cy,+X c+XCX 12)
, bo=§o. Cy = :)\'o.b=(l§;. ot ,Bb)'.c=<;1. e .’?;1:)
2By B - B 2?11 A?A’xz' C o Tw
1 Bwﬁzz""?zk 1 Yiz Y2 ' " Vo
B= L+ . . . . C=+1 . . . .
2 . . . . 2 .
Bu Ba - - - 2Bu T Tac o 27w

AR EAE Be W= 09 AgznselA Fug W8 H2dse X'ERE & Aon,
Aq71A 8 AEYrbe e @ Aotk MmN of EAE v AP EIWNLP Mode)Z A4 2}3td,

Max(or Min) L=Ws
Subjet to Ww.=2
X X=p®

9 723 o] BAE E7] Y4 2Ba%= 44 (lagrangian multiplier) Adg, ,& £Y89E, B8PS
L= W,—2( W,— 6) —2,(X X —p%) (13)

2 dAg. ageg
alLlaX =190 14

of 2]3| A A A(stationary point) X ;& G& ZA L &g ol Fic)

(B —2,C—2A,1)X, =

(15)

o] A& Z7 913t Myerss Carter: -n<h<ne] Tzre|A 9] Wzte& B—1,Cd HungAH
o ZAY HaAnsAuog e L3S Agss B3e wEsgc
ol| FFSAAL FEE u, BAL ool T nle APHAN mA(m=22) HHE AYE 2
Astat, 7)1A y, 8 wdA AgPlMe A weXgn d A APH ust 0’9 A
AE zz g 2o
i IR R S I C R AL
yu m j=1yw1 £’ m_l = yw yu
Vining® Myers= 4719 y,¢ s,2& #dugdel 2711 wgo] dfADo 2N drR 374A
E2849 Ayl Bsto] the 2 welv|E AAEAE AA
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(1) EEYA : 4 PV slo] p= o] Az FHE e Ha
() ¥ ¥ FHSAHA
D ofe Bubg oz 3ol sbsd BAZ ¥AE HAYsm 7 RAge Agzdes

3= HAe Fhg pgg 7L 2 FolAM HHe xS A9

Do

4. vju 2
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He

(1) Taguchi®) 71di&de 227 vlg S/N dHle HU3o]l22 Omega WS o] &L FAHID
o] HI ¥ S/N H FALE 2AFY <435 Bdsy, ZAoHE AU HAA Nde
JHREez AT Atk F oW AL syl wet SN Mo Yurt g 4 dde
Aol

(2) Leon et al (29 7ol obd 7diede AFH23 1 SR LT 7H5)e HS
@ FEEYA APl S/N H|9] uitoZ PerMIAY RHEJYAYFAEA Pd)E g3t &
e HAang Fol 2AUFEN BFAYFY ZEAE AGETEAE H23eE Sy Y
g n)go e HAUS AHg Faua sk
@ ZAQRF @ Ao 2EF AYo) deydE A8 dPgE B

AAZ FARSFY 2RASFE £ o8 B9t gon, BetA o2 Aot PerMIA7Y
2R D, Yy S EE2 ASske Adwndel o A&t

(3) Box9 A%

@ Phadke$t Taguchi®l 22 AH 343, LeonFol AU Z¥H EAFES sHdstax +32
PerMIAS A

@ 54 yo W@ 2AE £ 29AWEE AAR 283t TR §/N HE S yE =
2EEF MELE 544 Yo #43 dFsids g 2y

@ Boxd @M@l F()E 2A2 ¢ BANSF) PR £¥ FAPo] Esn Yok
(@) ABGolM 243 HFo) 9P 9N AARSs AEs] e A M gA
HMHE=T} ?
(b) AAAF £E€ AAsE 71EL E(L(y, (m)) ¢ Box7t AH8% 2AR7&Q
EAL(y, f(m))}st 2& 71807 ?
ghep oA e 2gARA R BE AHzAC) ANgow APEA god A¥AE AWUA A
oA S/N ulE HFgsl: RuE o, MSD)E Haste MPez FAAAY £5¢ A9
shojof stu] FuA @AM Boxel 488 BFE u2 Ao} vk

(4) Vining5} Mayerss] 3 ditg-9o] 3%
¢ Box7} A 2§ Taguchid] A& 1 go] B
@ €43 477 sbesA "HAdo
@ nsa4e FL NIT & U= dize A Age] 7hEEiA =AU
@ AgHelnx AYY TAH PP & o) &3
@ S/N H} Al B 2L ol g3t

B9l BAAE FAEHAY F7Y FAE o4 Y oj&Y22H ofE 208 BT X ¥
dol F2 4%e FeA AP 94€ 5 o



TREBEQLL 518% 36K 19954 128 263

54 &
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AYANT S/N 08 o] &% BAPHE B g UH

@ U, BTA PEel uE BNOZ st ¥TL HudE IFL AA FAY AP
o FUYHE A U $88 Yoz Axvn 9o

B Apeae

(D Taguchi S/N H], Leons 2 PerMIA, Box® ®igo]l2 % +AHE PerMIA, Vining® Myers®] *tj
ubg-ygof 9§ sebuly BAYYE v s

@ a3y oW Ao o we] £ o] AHAAINE FHetslr] H3 GFAL Agsn e AT
EA489 S/N vg 2 digEY dig o83, AAH we A7t FAH o} e Eo}

@ zgx § AMEFAA FTEAAN dEHLuY AGHA B AFFol FdHo ok e
o AR
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