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A Study on Dual Response Approach Combining Neural Network
and Genetic Algorithm

Tritiya R. Arungpadang - Young Jin Kim

Department of Systems Management and Engineering, Pukyong National University

Prediction of process parameters is very important in parameter design. If predictions are fairly accurate, the
quality improvement process will be useful to save time and reduce cost. The concept of dual response approach
based on response surface methodology has widely been investigated. Dual response approach may take
advantages of optimization modeling for finding optimum setting of input factor by separately modeling mean
and variance responses. This study proposes an alternative dual response approach based on machine learning
techniques instead of statistical analysis tools. A hybrid neural network-genetic algorithm has been proposed for
the purpose of parameter design. A neural network is first constructed to model the relationship between
responses and input factors. Mean and variance responses correspond to output nodes while input factors are
used for input nodes. Using empirical process data, process parameters can be predicted without performing real
experimentations. A genetic algorithm is then applied to find the optimum settings of input factors, where the
neural network is used to evaluate the mean and variance response. A drug formulation example from phar-
maceutical industry has been studied to demonstrate the procedures and applicability of the proposed approach.
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Figure 1. Overall Procedure of Proposed Approach
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Figure 2. Network Architecture of Example
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Table 1. MSE of Candidate Network Architecture

Candidate Architecture MSE
3-1-2 0.26174
3-2-2 0.23868
3-3-2 0.20549
3-4-2 0.13200
3-5-2 0.07623
3-6-2 0.04050
3-7-2 0.01204
3-8-2 0.04250

3-7-1-2 0.12237
3-7-2-2 0.14457
3-7-3-2 0.00150
3-7-4-2 3.327x10-25
3-7-5-2 6.539x10-28
3-7-6-2 4.344x10-25
3-7-7-2 2.022x10-25

" Learning Rate = 0.1.
™ Maximum Number of Iterations = 50,000.

Table 2. Performance of Various Learning Rules

Rules MSE Epoch Time
traingd 1.97x10-4 10,000 448
traingdm 9.99x10-6 6880 293
traingda 9.79x10-6 334 14
traindx 7.78%10-6 126 5
trainbr 5.60x10-6 6 1
trainc 9.60x10-6 147 19
traincgp 9.87x10-6 38 2
traincgb 5.82x10-6 29 1
trainlm 1.89x10-6 1 1
trainoss 9.25x10-6 27 2
trainr 9.95x10-6 83 29
trainrp 1.02x10-5 98 4
trainscg 9.92x10-6 11 2

* Learning Rules from MATLAB Toolbox.
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Figure 3. Screen Capture of MATLAB Implementation

(X1, X2, X3) Mean | SGE.
SYM(2004) (1.00, 0.00, 0.00) 83.5 -

AK(2012) (-1.00, -1.00, 0.85) 83.5 | 157
Proposed (-0.53, 0.16, -0.50) 84.6 | 1.79

" SYM(2004) : Subramanian et al.(2004).
AK(2012) : Arungpadang and Kim(2012).

™ S.E. : Standard Error.

Table 4. Predicted Mean Response with Various Values of

Iteration and Population Size

Iteration | Pop. PDE Xy Xs X3
100 83.3301 | -1.0000 | 0.5000 | 0.4108
200 83.3297 | -0.9998 | 0.4999 | 0.4104
300 83.3238 | -0.9994 | 0.4940 | 0.3967
1300 400 83.2883 | -0.9914 | 0.4711 | 0.3692
500 83.2284 | -0.9841 | 0.4377 | 0.3881
600 83.3235 | -0.9999 | 0.4989 | 0.4236
100 84.3687 | -0.5311 | 0.5000 | -0.0968
200 84.3680 | -0.5337 | 0.4979 | -0.0953
300 84.3675 | -0.5351 | 0.4987 | -0.0924
2000 400 84.2844 | -0.5328 | 0.4292 | -0.0036
500 84.2540 | -0.5329 | 0.4930 | 0.0134
600 84.2708 | -0.5362 | 0.4770 | 0.0079
100 85.0417 | -0.5300 | 0.0245 | -0.5000
200 85.0410 | -0,5300 | 0.0296 | -0.5000
300 85.0417 | -0.5300 | 0.0244 | -0.5000
2500 400 85.0416 | -0.5300 | 0.0226 | -0.5000
500 82.3608 | -0.8328 | 0.5000 | -0.5000
600 84.5788 | -0.5300 | 0.1567 | -0.5000

79 F349 B4 PDE 2 ATh2 e Y%
Z3te Ao|n 2, etn|e| A o B8 w8 PD
Huglel == 31901 PDEY] AFEE 2.0 @Jro}x]
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TR LS o838t B 718l o ¥HE-314, Population
EL7], Generation2] & 2+7} 2,500, 600, 4002 3}al, WA}&
Wo| 8o 717}0 830,052 3to] MATLABO. 2§42 12
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