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ABSTRACT

Purpose: The purpose of this study is conducting of predictive models that considered multicollinearity of
independent variables in order to carry out more efficient and reliable predictions about differential pressure
in seawater reverse 0SMOSIs.

Methods: The main variables of each RO system are extracted through factor analysis. Common variables
are derived through comparison of RO system # 1 and RO system # 2. In order to carry out the prediction
modeling about the differential pressure, which is the target variable, we constructed the prediction model
reflecting the regression analysis, the artificial neural network, and the support vector machine in R package,
and figured out the superiority of the model by comparing RMSE.

Results: The number of factors extracted from factor analysis of RO system #1 and RO system #2 is same.
And the value of variability(% Var) increased as step proceeds according to the analysis procedure. As a
result of deriving the average RMSE of the models, the overall prediction of the SVM was superior to the
other models.

Conclusion: This study is meaningful in that it has been conducting a demonstration study of considering
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the multicollinearity of independent variables. Before establishing a predictive model for a target variable,

it would be more accurate predictive model if the relevant variables are derived and reflected.

Key Words : Seawater Reverse Osmosis, Factor Analysis, Multicollinearity, Prediction Model
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Figure 2. Research Process
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Table 2. Unrotated Factor Loadings and Communalities of RO System #1

Variable Factor 1 Factor 2 Factor 3 Factor 24 Factor 25 | Communality
DD1 0.177 -0.036 0.567 -0.084 -0.029 1
DD2 -0.431 0.539 0.327 -0.084 -0.024 1
DD3 0.482 -0.444 0.156 -0.169 -0.067 1
DD4 -0.012 0.178 0.453 0.038 0.021 1
CD1 -0.233 0.271 0.132 0.002 0.001 1
CD3 0.092 0.054 0.029 0.011 -0.001 1
CD6 0.041 0.022 -0.301 0.004 0.006 1
CD7 -0.452 0.454 0.096 0.139 0.012 1
CD8 0.663 0.295 0.226 -0.057 -0.023 1
CD11 0.303 -0.234 -0.262 -0.004 -0.001 1
CM2 0.531 0.408 -0.083 -0.151 -0.024 1
CM3 -0.255 0.159 0.122 -0.011 -0.03 1
CMb5 -0.117 -0.162 -0.274 0.010 -0.011 1
CM8 0.522 0.189 0.231 0.033 0.017 1
IM1 -0.134 -0.515 0.244 -0.043 0.034 1
M3 -0.463 -0.429 0.545 -0.080 0.222 1
M4 0.517 -0.085 0.014 0.019 -0.034 1
IM5 -0.263 -0.528 -0.521 -0.083 -0.016 1
M8 0.127 -0.225 0.206 -0.005 0.001 1
BD1 -0.125 -0.179 -0.41 0.006 0.000 1
BM7 0.607 -0.412 0.072 0.188 0.085 1
BMS8 0.642 -0.002 0.161 0.115 0.029 1
AD1 0.011 -0.534 0.086 -0.012 0.026 1
AMbS -0.384 -0.569 0.510 0.099 -0.244 1
AM8 0.136 -0.135 0.138 0.002 -0.003 1

Variance 3.430 2.815 2.201 0.165 0.129 25
% Var 0.137 0.113 0.088 0.007 0.005 1

Seree Plot of DD, .., AMS

Eigenvalue
- ra
n =
[

05

4 B B hie] 12 14 16 13
Component Mumber

Figure 3. Scree Plot of RO System #1
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Table 3. Varimax Rotated Factor Loadings and Communalities of RO System #1

Variable Factor 1 Factor 2 | Factor 3
DD1 0.177 -0.036 0.567
DD2 -0.431 0.539 0.327
DD3 0.482 -0.444 0.156
DD4 -0.012 0.178 0.453
CD1 -0.233 0.271 0.132
CDh3 0.092 0.054 0.029
CD6 0.041 0.022 -0.301
CDh7 -0.452 0.454 0.096
CD8 0.663 0.295 0.226
CDh11 0.303 -0.234 -0.262
CM2 0.531 0.408 -0.083
CM3 -0.255 0.159 0.122
CMb5 -0.117 -0.162 -0.274
CM8 0.522 0.189 0.231
M1 -0.134 -0.515 0.244
IM3 -0.463 -0.429 0.545
M4 0.517 -0.085 0.014
M5 -0.263 -0.528 -0.521
IM8 0.127 -0.225 0.206
BD1 -0.125 -0.179 -0.410
BM7 0.607 -0.412 0.072
BMS 0.642 -0.002 0.161
AD1 0.011 -0.534 0.086
AM5 -0.384 -0.569 0.510
AMS 0.136 -0.135 0.138

Variance 3.431 2.815 2.201
% Var 0.137 0.113 0.088

Factor 7 | Factor 8 | Factor 9 | Communality
0.149 0.128 -0.024 0.694
0.152 0.037 0.016 0.745

-0.495 -0.215 -0.077 0.762

-0.247 0.129 0.314 0.757
0.379 -0.324 -0.164 0.682
0.052 -0.714 0.260 0.602
0.331 -0.265 -0.257 0.690

-0.378 -0.155 0.082 0.728
0.054 -0.137 0.005 0.651

-0.121 -0.274 -0.194 0.524
0.254 0.041 0.139 0.745
0.243 0.176 -0.021 0.588
0.126 -0.147 0.613 0.532
0.073 0.129 0.219 0.542

-0.031 0.042 0.024 0.753
0.137 -0.208 0.004 0.850
0.074 0.047 0.098 0.726
0.084 0.086 0.131 0.734

-0.092 0.018 0.237 0.264
0.220 0.121 0.246 0.479
0.026 0.031 -0.041 0.706
0.287 -0.006 -0.110 0.739
0.220 0.184 -0.099 0.528
0.182 -0.122 -0.033 0.866
0.210 -0.015 0.323 0.254
1.210 1.074 1.026 16.141
0.048 0.043 0.041 0.646
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Table 4. Varimax Rotated Factor Loadings and Communalities of RO System #1 (Variable removal)

Variable Factor 1 Factor 2 Factor 3 Factor 7 | Factor 8 Factor 9 | Communality
DD1 -0.009 0.125 0.132 0.282 -0.114 -0.004 0.737
DD2 0.021 0.767 0.063 0.318 -0.125 -0.031 0.745
DD3 0.049 -0.665 0.012 0.226 -0.217 0.301 0.762
DD4 0.185 -0.153 0.125 0.042 -0.049 0.061 0.767
CD1 -0.075 0.705 -0.037 -0.093 -0.057 0.275 0.667
CD3 0.101 0.035 0.067 -0.103 0.103 0.764 0.622
CD6 -0.007 0.000 -0.072 -0.840 -0.057 0.141 0.741
CD7 -0.153 0.421 -0.159 0.362 -0.192 0.250 0.758
CD8 0.731 -0.086 -0.088 0.118 -0.139 0.183 0.679
CD11 0.148 -0.283 -0.011 0.058 -0.069 0.166 0.531
CM2 0.776 0.002 -0.203 -0.257 0.044 -0.043 0.751
CM3 0.296 0.384 0.315 0.084 0.023 -0.306 0.591
CM5 -0.027 -0.028 0.017 0.056 0.891 0.143 0.825
CM8 0.599 0.004 -0.187 0.095 -0.058 0.017 0.540
IM1 -0.194 -0.002 0.232 0.075 0.001 0.018 0.761
IM3 -0.167 0.063 0.901 0.095 0.007 0.083 0.863
IM4 0.399 0.001 -0.297 0.041 0.049 0.044 0.734
IM5 -0.412 -0.093 -0.016 -0.076 0.529 -0.193 0.775
BM7 0.466 -0.418 0.140 0.111 0.046 -0.092 0.711
BM8 0.279 -0.137 -0.141 -0.091 -0.044 0.059 0.774
AD1 -0.050 -0.191 0.311 -0.348 0.015 -0.226 0.535
AMb5 -0.164 -0.051 0.910 -0.029 0.011 -0.007 0.878

Variance 2.401 2.226 2.175 1.357 1.243 1.123 15.748
% Var 0.109 0.101 0.099 0.062 0.056 0.051 0.716

A 7o A4 BE QlAte] Hul A AAIE Ve R FaEn RO A28 #19] FHE varimax 37112
AR =D FEA AE Table 5o YERNUTE Factor 194 A AAlzte] 718 =2 w47 AeAA M4
A A= o] @t} Factor 19] CM2, CD8, CM8 <ol 2 ko] AAgkS 7F4t} Factor 2914+= DD3 ¥<=
oA &9 ARGk 7HAa DD2, CD1oIA %9l ﬂzﬂg}% 724 7o olFTh RO Al~H #19] Q91%A AT}
Z 9N9] 8]le] FEHAeH 7F 8jlel| Fol= MFES Fobsh 4= itk Table 6 A} A5 Al59] HZ 1A}
Azt B21S vERT
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Table 5. Aligned Varimax Rotated Factor Loadings and Communalities of RO System #1

Variable | Factor 1 |Factor 2|Factor 3|Factor 4 |Factor 5|Factor 6 |Factor 7 |Factor 8 |Factor 9 Communality
CM2 0.776 0 0 0 0 0 0 0 0 0.751
CD8 0.731 0 0 0 0 0 0 0 0 0.679
CM8 0.599 0 0 0 0 0 0 0 0 0.540
DD2 0 0.767 0 0 0 0 0 0 0 0.745
CD1 0 0.705 0 0 0 0 0 0 0 0.667
DD3 0 -0.665 0 0 0 0 0 0 0 0.762
AMb5 0 0 0.910 0 0 0 0 0 0 0.878
IM3 0 0 0.901 0 0 0 0 0 0 0.863
IM1 0 0 0 0.812 0 0 0 0 0 0.761
IM4 0 0 0 0.668 0 0 0 0 0 0.734
BM8 0 0 0 0 0.796 0 0 0 0 0.774
DD1 0 0 0 0 0.752 0 0 0 0 0.737
CD7 0 0 0 0 -0.500 0 0 0 0 0.758
DD4 0 0 0 0 0 -0.826 0 0 0 0.767
CD11 0 0 0 0 0 0.613 0 0 0 0.531
CD6 0 0 0 0 0 0 -0.840 0 0 0.741
CMb 0 0 0 0 0 0 0 0.891 0 0.825
IM5 0 0 0 0 0 0 0 0.529 0 0.775
CD3 0 0 0 0 0 0 0 0 0.764 0.622
CM3 0 0 0 0 0 0 0 0 0 0.591
AD1 0 0 0 0 0 0 0 0 0 0.535
BM7 0 0 0 0 0 0 0 0 0 0.711

Variance | 2.401 2.226 2.175 1.844 1.788 1.591 1.357 1.243 1.123 15.748
% Var | 0.109 0.101 0.099 0.084 0.081 0.072 0.062 0.056 0.051 0.716

Table 6. Factor Score Coefficients of RO System #1
Variable identifier i Variable Factor 1 Factor 2:Factor 3iFactor 4Factor 5 Factor 6:Factor 7:Factor 8iFactor 9
Feed Conductivity DD1 -0.074 0.118 | 0.037 @ 0.037 0.473 -0.079 = 0.166 = 0.009 :-0.054
Feed pressure DD2 0.059 | 0.341 @ 0.044 -0.018 | 0.023 | 0.035 @ 0.166 -0.036 -0.042
Feed Temperature DD3 -0.061 i-0.334 -0.018 | 0.116 :-0.056 : 0.007 | 0.193 :-0.196 : 0.260
Feed Flow DD4 0.111 -0.178 @ 0.032 | 0.060 -0.109 -0.587 | 0.021 : 0.064 : 0.033
Flow Rate CD1 :-0.031 | 0415 -0.006 i 0.180 : 0.141 | 0.144 -0.162 -0.033 | 0.241
Pressure CD3 0.049 : 0.038 | 0.095 -0.027 :-0.029 | 0.045 -0.092 : 0.118 @ 0.702
Turbidity_2 CDh6 -0.008 | 0.059 0 @ 0.035 -0.036 :-0.028 i-0.654 :-0.123 | 0.145
pH CD7 -0.048 | 0.079 i-0.110 = 0.090 :-0.295 :-0.099 @ 0.230 -0.140 i 0.226
ORP CD8 0.303 ¢ 0.001 | 0.068 -0.083 | 0.034 | 0.059 @ 0.081 -0.023 @ 0.125
Cl2 CD11 | 0.051 -0.097 @ 0.053 {-0.069 -0.135 = 0.405 | 0.074 -0.128 | 0.170
SDI CM2  0.376 @ 0.040 | 0.019 -0.071 -0.110 -0.049 :-0.184 | 0.096 :-0.062
Turbidity_1 CM3 0.262 @ 0.190 @ 0.208 i-0.022 -0.202 @ 0.135 | 0.035 | 0.021 :-0.253
Total Iron_1 CM5 | 0.077 : 0.005 @ 0.009 :-0.044 : 0.039 -0.132 @ 0.125 | 0.799 : 0.163
ORP CM8 | 0.254 @ 0.037 -0.054 @ 0.204 -0.019 -0.141 . 0.047 @ 0.036 :-0.028
Turbidity_A IM1 -0.066 i 0.034 | 0.025 @ 0.462 :-0.048 :-0.080 @ 0.008 -0.033 i 0.028
TSS IM3 0.043 @ 0.030 | 0.442 -0.061 . 0.004 = 0.030 : 0.034 : 0.010 : 0.122
Total Iron_2 M4 0.145 | 0.090 {-0.143 = 0.393 -0.005 | 0.023 @ 0.006 | 0.061 @ 0.009
Souble Iron IM5 -0.139 @ 0.002 {-0.070 | 0.134 -0.036 | 0.166 : 0.001 @ 0.341 i-0.124
FeCl3 BM7 | 0.211 :-0.113 | 0.121 @ 0.073 0 0.218  0.112 @ 0.034 :-0.085
H2S04 BM8 | 0.020 : 0.051 i-0.024 -0.067 | 0.463 : 0.064 -0.073 @ 0.034 i 0.002
Turbidity_4 AD1 0.011 -0.026 : 0.111 = 0.263 | 0.005 -0.078 -0.283 -0.047 -0.186
TSS AM5 = 0.039 -0.005 | 0.436 @ 0.001 | 0.018 | 0.003 -0.056 :-0.006 @ 0.041
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Table 8. Aligned Varimax Rotated Factor and Common Extraction Factor of RO System #1 & #2

RO System Variables Analysis code
UF_SDI_M CM2
UF_ORP_1_D CD8
UF_ORP_M CM8
RO_Feed pressure_D DD2
UF_Flow Rate_D CD1
RO_Feed Temperature_D DD3
In_TSS_M AMbH
Auto_TSS_M IM3
Auto_Tirbidity_M IM1

RO System #1 Auto_Total Iron_M IM4
DAF_H2S04_M BMS
RO_Feed Conductivity_D DD1
UF_PH_D CD7
RO_Feed Flow_D DD4
UF_CI2_1_D CD11
UF_Turbidity_2_D CD6
UF_Total Iron_M CMb
Auto_Souble Iron_M IMb5
UF_Pressure_D CD3
RO_Feed pressure_D DD2
DAF_Fecl3_M BM7
UF_PH_D CD7
UF_Flow Rate_D CD1
In_TSS_M AMb
Auto_TSS_M IM3
UF_ORP_1_D CD8
UF_SDI.M CM2
Auto_Souble Iron_M IMb
Auto_Total Iron_M IM4
Auto_Tirbidity_M IM1

RO System #2 UF_ORP_M CM8
DAF_H2S04_M BMS
RO_Feed Conductivity_D DD1
UF_Turbidity_2_D CD6
In_Turbidity_D AD1
UF_CI2_1_D CD11
DAF_Turbidity_1_D BD1
RO_Feed Flow_D DD4
UF_Turbidity_D CM3
RO_Feed Temperature_D DD3
UF_Total Iron_M CMb




Analysis code

CM2
CD8
DD2
Ch1
AMb5
IM3
IM4
IM1
BMS8
DD1
DD4
CD11

y_D

_D

v M
DAF_H2S04_M

pressure
RO_Feed Conductivit

UF_Flow Rate_D

Auto_Total Iron_M

RO_Feed

UF_ORP_1_D
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Auto_TSS_M
Auto_Tirbidit

In_TSS_M
RO_Feed Flow_D
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UF_SDLM

Variables

Common extraction factor
4.3 7oA $48 59 24§
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