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[Abstract] Uniform design is widely used in many fields because it can greatly reduce the number of tests by considering the "uniform
dispersion” of test points. However, the commonly used uniform design software analysis method needs to use SPSS to manually set the multivariate
variables, and then construct the model equation through linear regression; and then use the Solver function of Excel to calculate the optimal solution
of the equation. This paper introduces a method to effectively simplify uniform design analysis through Design Expert software, which is imple-
mented using the Analysis and Optimization modules of the Historical Data program. By comparing the characteristics of SPSS and Design Expert
software in regression model selection, optimal solution determination, and test result prediction, the accuracy and efficiency of Design Expert

software in the analysis of uniform design data are verified.
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PR g5 E 2, X4 MBS SIEN3, TELE L. B
W7 F RS R, BmInER 1L 1Y 5.
R FHEER — CFHZEGE 4 A2 U*10 (108 ) R ITH %K

PSSR SIS
5 X1/mg X2 X3/°C X4/min Y/%
1 1(2.5) 3(4.4) 4(36) 5(62) 9.2
2 2(2.7) 6(5.0) 8 (44) 10(77) 9.32
3 3(2.9) 9(5.6) 1(30) 4(59) 10. 48
4 4(3.1) 1(4.0) 5(38) 9(74) 9.19
5 5(3.3) 4(4.6) 9(46) 3(56) 9.15
6 6(3.5) 7(5.2) 2(32) 8(71) 10. 64
7 7(3.7) | 10(5.8) 6(40) 2(53) 10. 31
8 8(3.9) 2(4.2) 10 (48) 7(68) 9.21
9 9(4.1) 5(4.8) 3(34) 1(50) 9.82
10 10(4.3) | 8(5.4) 7(42) 6(65) 10. 89
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S X FHAE NI SCERNS, N H] SPSS X bk Sl kAT 4y
1o W Regression T Linear Bhfig, it Transformg
ffJCompute Variable B AT B I M ANEAEN KA HA B, 25
RWE L, 2. BAIR = 0.978, J§HER2 = 0.960, FFEILA
A1

Y = 7.19138 + 0.00931 X X1X4 + 0.01245 X X2X4 -

0.00061 X X32-0.00055 X X4 A1
Model Summary
|Moue I [ I Adusted R I 51, Error of
L B | Asguar Square the Etimale
[ esee | 078 | 960 | 13829
. Prediciors, (Constanh, 44, X303, X104, X204
ANOVA*
Surn of
Model Squar df Mean Sguare 3 Sig
1 Regression 4348 1 1.062 54741 000~
Residual 097 5 na
Total 4348 8

3. Predictars. {COnstanD, X4X4, X3K3, X104, KX

b. Dependent Variable: ¥

1 SPSS 15 R {E A1 ANOVA

Coefficients*
Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta t sig

1 (Constanf 719138 re 19.025 .000
X1x4 0.00931 001 546 6.888 001
X2x4 0.01245 001 86T a1 .000
X303 -0.00061 000 -414 -5.491 .003
Xaxa -0.00055 000 -.a21 -9.681 .000
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KM, A3 MRISKAE, BERMZXT = 4.3 OKF10),
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& 1] Factor 1 Factor 2 Factor 3 Factor 4 Respanse 1
2| Run AX1 Bx2 X3 D4 Y
ol |
| 1 25 44 38 62 9.2
2 27 s 44 7 8.32
| 3 29 56 30 59 10.48
| 4 31 4 E T4 8.19
= 5 33 48 48 SE 8.15
g ] 35 52 32 Eal 10.64
[ 37 58 40 52 10.31
| B 3.9 42 48 B8 821
9 41 48 34 50 9.82
10 4.3 54 42 B5 1D.59|
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ik, Model SKIERIA Process order #EJ Linear. ANOVA
THREEE RN 4, F = 19.34, R = 0.9393, PR =
0.8907.
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Use your mouse o right cick on indnvidual ceds for definitions:
Response 1 Y
ANOVA for Response Surface Linear model

Analysis of variance table [Partial sum of squares - Type Il

Sum of Mean F p-value
Source Squares df Square Value Prob > F
Model 408 4 1.02 1934 0.0030 significant
AXT 083 i 083 1576 0.0108
B-x2 1.63 ] 1.63 3082 00028
C-x3 0.36 1 056 1064 oo224
D-x4 028 1 0.29 548 0.0663
Resdual 0.26 5 0053
Cor Total 435 8
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Api, ANOVA RALAE RUWKE 5, F = 49.25, R* = 0.9840, if
MR = 0.9640, PP IIRERAK 2.

Y = 11.43503 - 1.48457 X X1 + 0.79375 X X2 -
0.046648 X X3 - 0.087570 X X4 + 0.032318 X X1X4
~i2

Use your mouse to right click on individual celis for defintions.

Response 1 Y

ANOVA for Response Surface Reduced 2Fl model
Analysis of variance table [Partial sum of squares - Type Iil]

IR RIS E, SR WET7. B8, AP X1, X4 AR,
FE7 R2 = 0.984, H3ER? = 0.964, 5 Design Expert yZE—
], TREARHLS A2 WaTEANE .

Summ of Mean F p-value
Source Squares df Square Value Prob>F
Model 428 5 0.86 4925 00011 significant
A-X1 083 1 o083 4789 0.0023
B2 163 1 163 9366 0.0006
C-x3 0.5 1 0.56 3233 0.0047
D-x4 029 1 029 1665 00151
AD o018 1 o013 11.18 o.0287
Resdual 0.069 4 0.017
Cor Total 438 2
5 ALIE ANOVAZ T4 R
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6 All Factors

Model Summary
Mode Adjusted R Std. Error of
| R R Souare Square the Estimats |
1 992 984 94 13178
a. Predictors: (Constant), X134, X2, X3, X4, X1
7 SPSS BuF A2 RE
Coefficients*
Standardized
Unstandardized Coeflicients Coefficients
Model B Std. Error Beta ! Sig._|
1 (Constanf) 11.435 2122 5146 007
byl -1.485 619 -1.204 -2.399 074
K2 794 082 692 9678 001
] -047 008 -407 | -5687 005
be] -.088 033 1145 | -2630 1058
K1K4 032 010 1.896 1.346 029

a. Dependent Variable: ¥
8 SPSS FiF a2
WX EBRARFE RS, 4RI 9. K10, R* = 0.975,

PR = 0.927, FREREGE, BES5AX2 A5 Ui
W Design Expert MR FEAR gl i) SPSS Bk
Model Summary
Mode Adjusted R Std, Error of
] R R Square Square the Estimate
1 975 951 827 18752

a. Predictors: (Constant), X1X4, 2, X3

K9 SPSS{LibEEmuE AT 2 I RIE

Coefficients”
Standardized
Unstandardized Coeflicients | Coeflicients
| Maodel B Std. Error Bata | Sig. |

1 (Constant) 5752 809 T.113 .000
n 832 110 725 7.586 000
x3 =047 012 =407 -4.016 .007
K14 008 002 497 5.187 .002

a. Dependent Variable: Y
K10 SPSSHRALEIIEL 3211 7
V] Design Expert K FEGIE SPSS A5 i /) 4 A48 bE X1X4.
X2X4. X3X3. X4X4, 4iRIE 11, R? = 0.0572, JHER? =
-0.6970, TRERBIIAEE, BHEAX 2 A8 YW SPSS
MAG BTy FEA BB Design Expert BiF. (UL 11)
it IR G T AR AR R 8, Ui e,

Use your mouse to right cick on individual cells for definions.
Response 1 ¥
ANOVA for

Surface madel

Analysis of variance table [Partial sum of squares - Type Ii]

Sum of Mean F p-value
Source Squares daf Square Value Prob >F
Mode! 02s L) 0.082 0.07€ 0.9BES not significant
AD 3 PO6E-003 1 3706E-003 4523E-003 09490
BD o010 7 a.010 0013 09144
(= 0.026 1 0.026 o031 08662
o 1.948E-003 1 1945E003 2379E-003 0.9630
Resdual 410 5 0.82
Cor Total 435 2
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#2  RIELEH 5 Design Expert (DE ), SPSS THMI4E SR L ¢ on an improved uniform design-—
AR (SPSS) A2 (DE) response surface model
e X1 X2 X3 X4 y .
F &t iRE Fh £ G R methodology [J]. Bulletin of Earth-
1 2.5 | 4.4 36 62 9.2 9. 126 -0.80% | 9.1167 | -0.91% quake Engineering, 2020, 8 (5): 2329-
2 2.7 5 44 77 9.32 | 9.4783 1.70% 9.319 -0.01% 2353,
— 0 0
3 2.9 | 5.6 | 30 59 | 10.48 | 10.4343 0.44% | 10.5383 | 0.56% (3] Zhang Yongping, Vang Zuhua,
4 3.1 4 38 74 9.19 | 9.1197 | -0.77% | 9.1688 | -0.23%
Xu Jian,Yang Fangfang,Dai
5 3.3 | 4.6 | 46 56 9.15 | 9.1034 | -0.51% | 9.1098 | -0.44%
6 | 35 |52 | 32 | 71 | 10.64 | 10.7043 | 0.60% | 10.6874 | 0.45% Chuanyang, Xie Weijie, Liang Zhu,
7 3.7 | 5.8 40 53 10.31 | 10.3233 0.13% 10. 3763 0. 64% Su Songbo.Optimization of the
8 3.9 | 4.2 | 48 68 9.21 | 9.2675 0. 62% 9. 3558 1.58% extraction and purification of
9 4.1 | 4.8 | 34 50 9.82 | 10.0078 | 1.91% 9.819 -0.01% Corydalis yanhusuo V. T.Vang based
10 | 4.3 | 5.4 42 65 | 10.89 | 10.7637 | -1.16% | 10.7192 | -1.57% on the Q-marker uniform design
& ok eIl i AN Tl
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