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H] 1L
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D f
egree’ .O E:OA i:()j i:(),? PAPAPN
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Degree of @—08 6_4_1 %_1 .
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Agury V3 V2 V2
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A 3 & 3ESDE 0|43 AFAFEH

3.1 A5 A

42 43 (Fructose concentration), CSL® &% (CSL concentration),

LEAA 0 3 (dissolved oxygen concentration), Ayt BjFNe] s

(Agar concentration)o] wz} nAEZREE SAHE g ol AE

(Bacterial Cellulose) 8] 28ito] o WA Jakg wowm Zhzh oW 5o A
a

gre| ol AR R 9= Ak HAsE Al7|=A ATeh] s AdE

[3£3.1] Ad2A AHgE 4702 Qs

29l

-1 0 1
X B FF (%, w/v) 3 4 5
X, CSLe % (%, v/v) 2 3 4
X, LENE (D) 25 30 35
X, Al s2 (%, w/v) 0.3 0.4 0.5

—

7k Q919 2 [#3.11 £ F 35315 A 42 A= (uncoded

factor) & #2415 A A5k},
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[3£3.2] 3ESD A€ A&

A4 Ty Lo T3 Ly y
1 0 -1 -1 -1 9.461
2 0 1 -1 -1 8.501
3 0 -1 1 -1 10.058
4 0 1 1 -1 9.288
5 0 -1 -1 1 8.916
6 0 1 -1 1 9.073
7 0 -1 1 1 8.973
B o I S L L 9820,
9 -1 0 -1 -1 8.032
10 1 0 -1 -1 10.210
11 -1 0 1 -1 8.619
12 1 0 1 -1 12.047
13 -1 0 -1 1 7.882
14 1 0 -1 1 13.432
15 -1 0 1 1 9.384
16 | o Lo 0 e L L 13:184
17 -1 -1 0 -1 8.005
18 1 -1 0 -1 12.535
19 -1 1 0 -1 7.317
20 1 1 0 -1 12.447
21 -1 -1 0 1 8.357
22 1 -1 0 1 12.630
23 -1 1 0 1 6.208
24| L S 0 Lo 12:082
25 -1 -1 -1 0 6.878
26 1 -1 -1 0 14.410
27 -1 1 -1 0 3.832
28 1 1 -1 0 11.385
29 -1 -1 1 0 8.027
30 1 -1 1 0 10.857
31 -1 1 1 0 7.747
32 1 1 1 0 11.177
S R G G s
34 0 0 0 0 16.241
35 0 0 0 0 15.111
36 0 0 0 0 12.948
+ ¢ A7+ BBDY ARE ToE WE AR
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[3£3.3] &A24

Response Surface for Variable Y
Response Mean 10.197117
Root MSE 1.164413
R—Square 0.8868
Coefficient of Variation 11.4190
Type I
Regression DF Sum of R—Square | F Value Pr > F
Squares
Linear 4 138.162 0.5491 25.48 <.0001
Quadratic 4 74.622 0.2966 13.76 <.0001
Crossproduct 6 10.339 0.0411 1.27 0.3125
Total Model 14 223.122 0.8868 11.75 <.0001
Residual pp | oumof Mean F Value | Pr>F
Squares Square
Lack of Fit 18 17.229 0.957 0.26 0.9742
Pure Error 3 11.244 3.748
Total Error 21 28.473 1.356

[£3.3]¢] A¥E ®Wl RrR*:= 88.6%°]1L, 22+% (quadratic)o] SAAC R
st Aow v o] A= 24 vbgxW ARl Bdd o &
etk o] ARE 23 By tist A9 A4 (lack of fi g dis X

ofL &= At (p@t= 0.9742).
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[%3.4] BF53%

Parameter DF Estimate Standard t Value Pr > |tl
Error
Intercept 1 -110.548 21.877 -5.05 <.0001
X1 1 12.297 4.009 3.07 0.0058
X2 1 8.605 3.453 2.49 0.0211
X3 1 4.413 1.057 4.17 0.0004
X4 1 78.596 40.091 1.96 0.0633
X1=X1 1 -1.006 0.412 -2.44 0.0235
X2#X1 1 0.176 0.291 0.61 0.5511
X2#X2 1 -2.094 0.412 -5.09 <.0001
X3#X1 1 -0.117 0.058 -2.00 0.0583
X3#X2 1 0.087 0.058 1.50 0.1483
X3#X3 1 -0.068 0.017 -4.11 0.0005
X4#X1 1 2.644 2911 0.91 0.3741
X4xX2 1 0.508 2911 0.17 0.8630
X4#X3 1 -0.219 0.582 -0.38 0.7109
X4#X4 1 -103.385 41.168 -2.51 0.0203
[3£3.4]

y=—110.548 + 12.297, +8.605z, +4.413z, + 78.5962, (3.1)
—1.00622 +0.1762,, — 2.0942% — 0.1172,5 +0.087,
—0.06822 +2.6442,, +0.5082,, — 0.219z,, — 103.3852>

_26_



1.2271
o1 m% A wg=| e | O1Eh o) W y,=15525 olef. o171A
0.2317

A FA04 y & 2 =(g,m)9 FFER ey & A w2E Ha

4y
o,

N71e z9 ghe 27] 95te] y& x2 AWES o] 007 i o] uwE
AN7le A oz, & 43 (stationary point) 2l ok A F A Wt
Sxwo] o HEE zZt=A dotry] g AEEAS AFES S St
o] AxE= [E3.5]94 BE vkt Zvh FH o (maximum), 24 (minimum)

=2 QFEH (saddle point) 9F-5 <doln 7] g3 2(3.1)S dFJo=z 11

y=15.525—0.808w? — 1.124w} — 1.669ws — 2.225uws

TE IF#el 2oyl WEel z=x,9 FAH (stationary point) &

[3%3.5] d=&4
Critical Value
Factor

Coded Uncoded
X1 1.227053 5.227053
X2 -0.061777 2.938223
X3 -0.138558 29.307211
X4 0.231618 0.423162

Predicted value at stationary point:
15.525
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Bigenvalues Eigenvectors
X1 X2 X3 X4
-0.808070 0.792465 0.015598 -0.290481 0.536075
-1.124152 -0.503740 0.017764 0.183992 0.843847
-1.668894 0.299140 0.484384 0.822052 -0.010862
-2.224632 -0.169588 0.874536 -0.453871 -0.020685
Stationary point is a maximum.
O=o® 4.1 39 Ed4e ol&sto] sy whexds 19 4
29l0] ol FEelA ARY HREPYS A sheA ARHoz A

T

x2

0.0
1

*3

0.0
1

5 TRy

T T T T T T
A0 05 00 05 10 A0

1.0
1.0

L
S
\ . .
\ .
] LN R 3 \ . \
T T T T
-05 oo 05 1.0
x1 w1

(a) x3=-0.14, x4=0.23 (b) x2=-0.06, x4=0.23

_28_



x4

x4

0.0 0.5 1.0
——___70.5{
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1
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(c) x2=-0.06, x3=-0.14

(e) x1=1.23, x3=-0.14

[2¥3.1] X1, X29]
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(d) x1=1.23, x4=0.23

(f) x1=1.23, x2=-0.06
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ABSTRACT

3—Level Response Surface Design

by using Expanded Spherical Experimental Region

Ha-yan Kim
Department of Statistics
The Graduate School

Sungshin Women's University

Response surface methodology (RSM) is a very useful statistical
technique for improving and optimizing the product process. It also
could be applied for the design, development and formulation of new
products, as well as for the improvement of the existing product
design. By this reason, RSM has been extensively utilized in the
industrial world, particularly in the circumstances where several
product variables potentially influence some quality characteristics
of a product. It is an essential part of the production process to
identify the optimal condition of product variables which improve
the quality of product. In order to estimate the optimal condition of
product variables, an experiment 1is being conducted defining
appropriate experimental region. However, this experimental region

can vary with the scientific theory, experimental circumstances and



choice of a researcher. Response surface designs can be classified,
according to the shape of the experimental region, into spherical
designs and cuboidal design. In the spherical case, the design is
either rotatable or very near—rotatable. The central composite
design(CCD)s widely used in RSM is an example of 5—level and
spherical design. The cuboidal CCDs(CCDs with a=1) is
appropriate when an experimental region is cuboidal but this design
dose not satisfy the rotatability as it is not spherical. Practically, a
3—level spherical design is often required in the industrial world
where various level of experiments are not available.
Box—Behnken design(BBD)s are most popular 3—level spherical
designs for fitting second—order response surfaces and is based on
the construction of balanced incomplete block designs satisfying the
rotatability. However, the weakness of BBDs lies on the radius of
the experimental region which does not vary with the number of
variables. The new experimental design with expanded experimental
region can be considered if the predicting response at the extremes
are interested. This paper proposes a new 3—level spherical RSM
which is constructed to expand the experimental region together
with number of product variables and illustrate some example. This
paper also shows the experimental design and analysis for new

3—level expanded RSM through the example.
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