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Fig 1 Effect of samples distance from heating lamp
on the weight loss (%) of Balangu seeds gum
during infrared drying (1.5 cm thickness).
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6. Levenberg—Marquardt (LM)
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1. Digital balance, LutronGM-300p (Taiwan)

2. Weight loss

3. Neurosolution software (Excel software release 6.0),
NeuroDimension, Inc., USA

4. Sigmoid functions

5. Hyperbolic tangent function
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Fig 2 Effect of samples thickness on the weight
loss (%) of Balangu seeds gum during infrared
drying (7.5 cm distance).
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Table 1 Optimal values of genetic algorithm—artificial neural network parameters

Testing Validating Training Tllllifi:il::lnllz)i el;:f a;l;}i’\?:t?()fn Learning Nlllllil(lil:iee:l()f
data % data % data % Y . rule
neurons function layers
70% 15% 15% 9 Hyperbolic  Levenberg— |
tangent Marquardt
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Fig 4 Experimental data versus predicted values for
weight loss of Balangu seeds gum during drying by
infrared system
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Table 2 The error values in prediction of
testing data by optimal genetic algorithm—
artificial neural network with 9 neurons in

hidden layer
Wel(%zt) loss Error
0.788 Mean squared error
0.001 Normalized Mean squared error
0.629 Mean absolute error
0.999 Correlation coefficient (r)
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Fig 3 Average fitness of mean square error (MSE)
versus generation during training and validation by
genetic algorithm—artificial neural network
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Table 3 The weight and bias values of optimized genetic algorithm—artificial neural network (3-9-1).

Hidden Bias Input neurons Output neurons
neurons Radiation time (min) Distance (cm) Thickness (cm) Weight loss (%)
1 -1.1011 0.8209 1.4032 -1.2914 1.5314
2 -0.9168 1.6687 1.3255 -1.8825 -0.8624
3 -1.3999 1.2413 3.4188 0.5374 -1.1462
4 -0.9190 -0.9454 -0.1921 1.3478 0.5727
5 -0.6383 -0.2313 -0.6319 0.7379 -0.7090
6 2.6722 2.4061 0.0371 0.2200 2.0187
7 0.0995 0.3426 0.6708 0.0982 -0.4673
8 0.3569 -0.7811 0.4154 0.3070 -2.1961
9 0.7194 -0.7569 -1.5610 -0.2363 -1.6056
Bias -0.2728
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Fig S Sensitivity analysis results of Balangu seeds
gum drying modeling using infrared system by
optimized genetic algorithm—artificial neural
network (3-9-1).
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ABSTRACT

ARTICLE INFO

The genetic algorithm (GA) optimization method can be used to overcome
the inherent limitations of artificial neural network (ANN). Genetic
algorithm—artificial neural network (GA-ANN) method has a high
capability to find the optimum value of a complex objective function. In
this study, first, to Balangu seeds gum drying, an infrared dryer was used.
In this infrared dryer, the effect of distance of samples from lamp at three
levels of 5, 7.5 and 10 cm and the effect of height of the gum inside the
container at three levels of 0.5, 1 and 1.5 cm on drying time and weight
loss percentage of Balangu seeds gum during drying time, were
investigated. The results of Balangu seeds gum drying using infrared
method showed that with decreases in sample distance from the heat source
and also with decreases in thickness of the gum in the sample container,
drying time were decreased. With increasing in the lamp distance from 5 to
10 cm, the average drying time of Balangu seeds gum increased from 62.6
minutes to 87.6 minutes. With sample thickness increasing from 0.5 to 1.5
cm, the average drying time of Balangu seeds gum increased from 45.9 to
109.2 minutes. In the next step, this process was modeled by GA-ANN

method with 3 inputs (radiation time, lamp distance from samples surface
and thickness of samples) and 1 output (weight loss percentage). The
results of modeling with GA-ANN method showed that the net

work with structure of 3-9-1 in a hidden layer and using the hyperbolic
tangent activation function could predict the weight loss percentage of
Balangu seeds gum during drying in an infrared dryer with high correlation
coefficient (0.999) and low mean squared error (0.788).
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