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Application and Understanding of Regression

Analysis in the Quality Improvement Activities

H A 2

Sung-woon Choix*

Abstract

The study presents the application strategy and understanding of regression
analysis with GLM(Generalized Linear Model) unifying with other statistical
techniques such as correlation analysis and design of experiment(DOE). The
quidelines proposed in this paper can be used for practioners to implement GLM
and ANOVA(Analysis of Variance) for the DMAIC 5 steps of six sigma
breakthrough.
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2 A E (Project) ¢t #&dEUE FA(Task) F3 Al A#4 dHolHE
sk Al =97 FAIA ZIRelth Al BAA VHoeRE
, 4 (Estimation), ¥ =(Control Chart), 4 #+# 4 (Correlation Analysis), 3]
(Regression Analysis), #2FE2(ANOVA, Analysis of Variance), # x A g
(Orthogonal Design) 5°] Ut} 7|4 7|sEAHY &8 ¥ (Probability Distribution)
= 722 3 AA, =4, WEZYH A Acceptance Sampling), A3, 3 AENS A4
FA#2(SQC, Statistical Quality Control)2} sFal T %, 3458224 (Process Capability
Analysis), S3A28E2(MSA, Measurement System Analysis)S S741% 343 (SPC,
Statistical Process Control)@} 3t} #AHEA 3} k" 291 9 F-5-A 8 (Factorial and Fractional
Factorial Design), WFHs-¥™ -2 (Response Surface Analysis), €% A8 (Mixture Design),
ElA ZH2E Al¥(Taguchi’'s Robust Design)< A% A€ H(DOE, Design of Experiment)
ojg} gt} o] Lof uf 1l o3 73] W Qo] HielHE &40 ® gdse= QC 77HA
E=T(QC 7 Tools), 21 QC 774 Z=7-(New QC 7 Tools)7} 1o FMEA(Failure Mode
Effect Analysis), Why-Why 52 4] 224 (Reliability) 7ol At}

2l 2A v DMAIC 841 Z2Al2~ 3 Define @AM E #Aelx, 45884,
Measure A4 = MSA, #E = AesdEA EAedE IFAEA[, 4-7, 9],
Analyze @AM = HA, F4, EEA5, 8], AHEA, 3JHAEA, Improve A
ME B A EA HuA (3], Control SAAME #El= 5o 44 7H[2]
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A= FAHEA A B A EA 9 Aol HH BeA AA oF AW
W, dEEAn 3R] AL Aol H, TAH (Stepwise) I FAEA T HFH
(Categorical) 3|H &Aoo Hg&uH 5SS AAch. w3 A 2Aanp DMAIC 4l
(Innovation) 5%+

(Improvement) 157
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Analyze, Improve @7, #ZEUdxE QC Story M4
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2.1 24T A9 2ol H
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AHEA (Analysis of Variance)S 7o) Q@ Fst= 23] thak EA X do]E 7}

n
| h
el E AlEU]s 2 A& AR == (Factor Treatment)d JFAHFE HAS L
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Model 552 el Y3y~ 9" Ny~ v NN (- yPola AfE
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ol AFEE 44 (Um—1), Um—2), (2—1=1)°|t}. 97|14 Residual SS = Pure

Error SS + Lack of Fit §5°|1 ZZ(yij—5)2122(%-]-—y_i)2+22(y_i_—ygi‘)20]
T T g T g
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wEkx ol e o g 3&7] Y8l k" &<l vix¥, RSM(Response Surface Method)

59 AEAZ(DOE : Design of Experiment)o| A= AA¢F ¢ ddo] s 2 uA

DOE“I A= ANOVA #AFEA 3 GLM 3 AEA S B fol A FAol A3t
=4 ANOVAE 2#9] &3 GLM2 13 2, o, AF
AM 22 BFAE rz,= Sl FE(Distorted, Twisted Curvature), 23 a7, z3-&
598 (Peak) &S WERT HA QAA4Fo AA Al 229 5324 (Contour Plot) 2}
32k W %= (Surface Plot) 59| 7884 AZb& o] &d 4 Ut

DOE°| A= ANOVAS GLM #4& $3%k 29 Design Matrix2] AdAA 7} o $-
=93l &3¢ XS 93] Low Level, Hight Level®] 2% A38& AAsH 2
2pa ool Aol Aadt 4§ FAH(Center Point : CT) =& % (Axial Point)$
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22 2 WA (Orthogonality)dll ¢]&] GLM 3|71&4 A (2'z)"'e Wztes D, S o]
S3 1, =0,/ o' Dy AAA B2 A 83 29 H5YHES KA AANAS: 5,9
7 2] ¢] BLUE(Best Linear Unbiased Estimator) A4 2& #*3}A 3},

A WAL o] 83 DOESE 28 FD(Factorial Design), 2 ? FFD(Fractional Factorial
Design), RSM<2] CCD(Central Composite Design), BBD(Box-Bhenken Design),
FCD(Face-Centered Design), PBD(Placket-Burman Design), MD(Mixture Design)
o] Aot

B A= HuAEY #FHAAMY Design Matrix®t 71384 #FHEE ANOVA,
GLM®] ti4] &4 i dAAste] A7 A8 7tol=gkls AlA gt

2.2.1 ANOVAS® GLM FAl #4& 9% F 1 Design Matrix

1) 2? FD Design Matrix
MINITAB A Treatment Combinationse] ¢]3F 23 <A (Run, Standard Order,
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Yate’s Order)= <3%1>3 72 Geometrical ViewE 712l ™ Design Matrixe= <3X2>
o} ), <E2>OAM = G, A3 Aoz Axe] % Hit(Grand Average of Factor)

S YelY -= Low Level, += High Levelo]l €7+ A wA & A dt}

31> 2°FD Geometrcal View
b ab

<¥2> 2°FD Design Matrix

. ANOVA | x5 3} I A B AB A | dHE(Replicate
A GLM T By By B B2 )
x Z4 Ty 1Ty tolE y
(1) + - - + 0
a + + - - 0
b + - - 0
ab + + + + 0

2) 2°FD Design Matrix
MINITAB| A Treatment Combination®] 2%t Geometrical View$} Design Matrix
= <HEI>LFE4L> P

<¥3> 2°FD Geometrical View
bc abc

77777 ab

(l) \\‘/7 a
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<3#4> 2°FD Design Matrix

. ANOVA |1x&#%| I A B AB C AC BC ABC SAA | & &
;}: GLM SIAAT| By B B Bio Bz Biz Bos Biog ] o] Ef
T Ly Ty XLy Ty T1T3 TaXy T1Taly Y

(1) - -+ =+ - 0

a + + - - - + + 0

b + - - - - 0

ab + + + + - - - - 0

c + - - + - - + 0

ac + + - - + + - - 0

bc + - + - + - + - 0

abc + + + + + + + + 0

3) 277 FDD Design Matrix

<E4A>¢] 2’FDol A Alias Ao tiu] 7= ABCo 98 27& Blocksl® 2° 'FDD+
Block 1¢] ABCENA H37F &5721 4719 A& x% (1), ab, ac, bc ©]i Block 2%
A=BC, B=AC, C=AB 59 Alias?] #4E ©]F°] Design Matrixt= 1, A(BC),
B(AC), C=AB9 47 92 FA=o 13 Ad Ay Fadvte] A& 23 s
2tge wegHt, 0= ABE Design Matrix A Al A4, B 7|18 92 C= AX BYW
Hoz 48 stk onolth

=
ool WHe 4uyge o §akA

fr 4o o mo ot

o =1 = T
HES F 9o F3ate] Algsof vk wRlo] vk wEld Be AR F A
olztE AWl 2] 2A vl Analyze WAl A= Taguchi W3 2ol nazg&s
Aletal Fo% QAAE HAAste A AHEstd Ea&4olth il waAge] of i
2'FD, RSM 5< DOEE o] &3to] ImprovettAlol A EQlst & HAsE FFsic}

5) RSM
RSM A AH&5+= CCD, BBD, FCD9 Design Matrixt= 5414, 2904, 4 %
S <H5>9F Zo] AMgste] AASY. CCDE zy, x, 9 A5 2249 Y (Circle) 3 )
2 oxy, 1y, 2390 A% 3xY<A T (Spherical) FE]Z Uniform Variance, Rotation,
Block Orthogonality®] A 2d& f%3th FCDE CCDAlA FH 9] Ago] Azt v &
o HAHAA wEEAS] AS 2xde] AF AFEEHW Square®. 3xHe] A
o] 5o 4% Design Matrix®s A A3t BB 9 A
Q1 AS Agste W oltt
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<35> RSM Design Matrix

(a) 2°FDD (bh) A He] & 2°FDD
) s

)

(d) FCD

]

(c) CCD

g
||

6) MD
EEE AS Yo, =1 AYxHoR <E6>T o] 229 A 149 A 33
k

o] Simplex Design Matrix® A A€t {p, m} Lattice Design
= {32} Lattice Design

= AAR T4 H(Centroid)o] ¢

<3£6> MD Design Matrix

(a) 27t2 (b} 37
+3
&2
g, =
—z 1 2
Fitomtagst
x4

ary

Xa

2= 13,2} Latfice Design

v /\\.

e) =43l
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2.2.2 GLM 3AEX 7 ANOVA #2349 23

<3E4>ol A 2°FDDe GLM y=50+51x1+ﬁ2x2+ﬂ3m3+ﬂfl\2x1x2+ﬂ;x2x30]_ﬂ 32k
WEAEE WS FaatA] ghol ebgtel] webwn FA A (et pt)s EFSTH

MINITABoI 4z Design Matrixi= Natural(Uncoded) Variableg z,=(z'; — ('),
2 /2 (@ e — 7 )/2) 9 Coded Variable® W 5¥@std 7, =+1,—19 <
&‘—‘:«E‘r

GLMe| A = Coded Variable 2] ==, x,, zy, 73, %3y, ct pt Eil} A4, Al
FSE, 7, P, VIF(E3t=2 A 1o 7I7h9H b)) E 3t ANOVAO A= T8 7
27 wE g, A, JAreak, A Ao, 42k FAC dig DF, SS, MS, F,
PE T3ttt o ® GLMolAE= Uncoded Variable®] ez yo] Aol 98 344
ow HAgE F gt

22} RSM9] GLM¥ ANOVAYE 20w y= B+ Bz, + Boty + Braty@y + fry2°0 + oyt
o]i B ARAEN L MY AF WEAE Ao HAIAYAA, £t AA 59
£ Eh
MDE Yz, =19 AFxzAoz g9 270 3 Special, Full 22k, 32+ 3724

2.2.3 GLM¥ ANOVA 49 t+34 &4

2227409 a3, pASF, SS, DF 5%, 22149 Design MatrixE &3 T3l
2 AL o2y 2

GLMdI A A4+ LSE(Least Square Estimation)el 93] A= (z'z) 2’y & T3] T
&5 9o 79} A4 SEX 2289 t, =B,/ o Dy VA t,8 2R /o?D,, ol a3
sty gAISE 2925 T el a(Effec) = 7 A2l 23 Blocke HitAE
oln| &t Contrast/(ZAA 7N F/2) = Tkt

ANOVA9 A DF+= 22149 AAE Design Matrixe] &ujx|7} | <lxlo] A=
2 B 1oty §5=Contrast’/ NG = 2beks] Favh <E2>9 <FE4>9 o] F

Aol e 4% FE(Curvature)ol LAY 55w =nm, (yp—y,)/ (np+n)2E npe

29" /M5 (Factorial Runs), n,= 44 74 (Center Runs)® yp—y, 7t AS4=
FEE}E v #AFHH AfFEe 1ot
2228614 GLM, ANOVA®] #2493, A4 Ac], «50aE <u7>9 7158 A}

4% =
$alA TR BRE AFY Ao i FwWAe] P-Valuert a=5%, 1%8T F %
S Hy AR Ao 9lg, H, T 294 fleow BAdT ot 474 A4 2z
o} 2.

f|
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<HET7> 2 22F Design Matrix

e ANOVA Q12 a 7} A A B AB
o 3] A . v .
2] GLM T By By By Bia T Y. Y.
x 1‘1 .’EQ xle
1
2
3
S
Zrl—ZS Z
i=1
<ET>NA AREA =1, 2, 0, sola WHEE =1, 2, -, 1]l FOlHE g0l

Y= Byt Bray +oo+ By, (k=1, 2, -+, p)el GLM mg o]t}
GLM®| Total SS= Residual Frror SS + Regression Model SS|X
YDy =) =20y, ) D ) el AfEE AT (n-1), (n—(p
i i i
+1)),((p+tD)-Deltt. 71X Residual Error SS = Pure Error SS + Lack of Fit
Error S A 303y~ =300y — v )+ D0~y )Pl AR EE 27
T i i

(n—-(p+1)), (n-s), (s—(p+rl))°]t}. Regression MSe| o4& R2:17MSREQ,.EW-O”/
MSppa, 1A HolHE AQsta A2 HolHE s PRESS SS=

S

Yiley/(1—D;))*& o14% Prediction R*=1— PRESS/SSyyq= B33tk

i=1

ANOV A A Total SS=Error SS  + Effects Model S5l A
EZ(@/,J*Q)ZZZE(Z/”—;)“'EZ(Z* g)Qi X]"(I'DFL:——::‘ Z}Z1L (Tl_l), (77,_8)7 (s
T T g T g
Dot

<

3. AHENI AR Aol B £
31 AREAT AALHY FFol A

A 2Aamt 53A F XA AAHE 2% Analyze @AISE o] TAlAA A A
Zbol gk HA S ZAA4SE Impreve WHAIE WE3| FESIA Kol dFEe
AFEA7F FAA 7o A4 Al AFE e "ok ol 2 F/F F dUrt Analyze
GA N = AdBEA (Correlation Analysis)S Improve ©@A A& 3] ##4 (Regression
Analysis)S 2 A gkt
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< adE AgiNE dHm Ay Hesvde Gt 23 np =5
WA AEStook ok Aol E HolE = Aol 50 o] el Wi

Fostul @let selstel AS AieAl 24S wE:A R 48

oz
i T:2=2

4 o o =
2

i

X
oo

n7HA R S| ARA A E 54X ¢yt HEE vEHSd A9 Binary(Y%E, B3
¥#) Regression, Ordinal(l15 %, 255, 3% %) Regression, Nominal(A¥, B&, C&)

Regression &< Ab&@loF g,
5. 4 &

A A1 71wk Analyzeot Improve @AM 485 = 3724 o] AF-Af 7hol =kl

gew 2

AbEAe] dlolE wjdR IARAS AAT B Agtd 5o F
o] doj= 3|74 aRge EAVE 2 ¢ der=E 3
o dolEHZ Aujdsle] AR
2) ¥ AFtel A Ajbd GLM 3]A&A413 ANOVA #FA4HEAN Y] Hebd W&
U= Faslr] 8 AAF=9 Design Matrixe] # A& o]

Ao me 29 dolEe] BAE A34 AuArnc 434 8§74

3) A==
o o HxAAEE 4L 5 de AHx21E A

4) BB L AR QAAFF Design Matrix®] 58S HES 7] A% Hxe
T= &g

5) Analyze @AANA B2 FAAA}

AAFFES ARt
6) HAEA, BARA Y 4 weMsE ARASY dolHE Besorein A
FEO Aol dolHd 35 WFY AANLAS BEH
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(2005) : 69-84
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