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Table 1- Results of the first model to predict the moisture ratio

Number of neuron in hidden

layers s RMSE,‘ . =. R .
‘;'L&n ay 2 0939 oy ""l"’)'“ uf.s’l'ﬁ“ e Eod ) i
First layer Second layer Train Validation Test Train Validation Test
Jol &Y P93 &Y i8] by - o9 b)) —
2 0 0.0728 0.0338 0.0649 0.9752 0.9973 0.9790
3 0 0.0713 0.0337 0.0640 0.9764 0.9973 0.9800
4 0 0.0732 0.0420 0.0684 0.9752 0.9957 0.9772
5 0 0.0719 0.0377 0.0717 0.9764 0.9964 0.9759
6 0 0.0663 0.0446 0.0690 0.9797 0.9952 0.9699
2 2 0.0766 0.0457 0.0725 0.9699 0.9938 0.9719
2 3 0.0717 0.0385 0.0652 0.9759 0.9963 0.9799
2 4 0.0716 0.0402 0.0690 0.9760 0.9942 0.9773
2 5 0.0755 0.0445 0.0733 0.9741 0.9935 0.9782
3 2 0.0725 0.0374 0.0662 0.9758 0.9969 0.9786
4 2 0.0699 0.0399 0.0612 0.9771 0.9959 0.9821
5 2 0.0706 0.0431 0.0675 0.9770 0.9954 0.9803
3 3 0.0706 0.0416 0.0658 0.9770 0.9958 0.9797
3 4 0.0880 0.0493 0.0817 0.9671 0.9947 0.9690
3 5 0.0711 0.0392 0.0713 0.9766 0.9963 0.9760
gk lgome Cond npin ) pd Jie @i -V Joda
Table 2- Results of the second model to predict the moisture ratio
Number of Ir;eytg;zn in hidden N RMSE’. ‘ ) R .
u.il.gnqy)bdg”:'b‘w U”‘—-’U%’J‘u-:s-“@)-‘? (woR o S
Frist layer Second layer Train Validation Test Train Validation Test
Jol &Y P93 &Y i8] by — 390! b)) S
2 0 0.1038 0.1045 0.1084 0.9529 0.9685 0.9586
3 0 0.0890 0.0852 0.0912 0.9635 0.9800 0.9707
4 0 0.0890 0.0932 0.1042 0.9633 0.9775 0.9686
5 0 0.1014 0.0979 0.1123 0.9525 0.9718 0.9498
6 0 0.0887 0.1016 0.1144 0.9646 0.9734 0.9596
7 0 0.0984 0.1157 0.1356 0.9617 0.9629 0.9396
2 3 0.0878 0.0918 0.0890 0.9642 0.9764 0.9743
2 4 0.1000 0.0987 0.0980 0.9577 0.9729 0.9630
2 5 0.0970 0.1036 0.1139 0.9568 0.9708 0.9586
2 6 0.1041 0.1107 0.1190 0.9457 0.9646 0.9506
2 2 0.0908 0.0816 0.0780 0.9598 0.9799 0.9746
3 2 0.0868 0.0854 0.0835 0.9645 0.9782 0.9723
4 2 0.0968 0.0991 0.1030 0.9578 0.9740 0.9604
5 2 0.0885 0.0978 0.0978 0.9536 0.9576 0.9230
3 2 0.0833 0.0836 0.0817 0.9667 0.9799 0.9770
3 3 0.0940 0.0934 0.1003 0.9618 0.9751 0.9589
3 4 0.0965 0.0972 0.1085 0.9610 0.9725 0.9595
3 5 0.0982 0.1188 0.1417 0.9575 0.9620 0.9438




1Fer 090 Jlumous oF o5l ) w55 59LiS Glomiilo 4y pis  YVYY

1
A b
11 1 t
' PRS- EXp, 3 W g_]
e 28 08 ®.-Exp,5 Wgl
= Y Pre,3 Wg-1
2 0.6 1 0.6 4 .
3 g a @ Pre,5 Wg-1
B 04 1 04 Ao
P | 9.
0z4 02 T . -
Moy .
0 T T T T —> 0 , . . >
0 02 0.4 06 0.8 1 0 10 20 30 10
Experimental MR Time (min)
o yialojl pgd sy S8 4 ol Jao (b3, =SS
Fig.9. Validation of first model with second experiment data set
A b
1 4
05 4 v Exp, 3 Wog-1
o -~ Exp, 5 We-1
E o4 UL Tt e & Pre, 3 Wg-1
ﬁ <o @ Pre, 5 We-l
T 04 A
&
0.2 -
0 . . . : —> 0 . . . —>
0 0.2 0.4 0.6 0.8 1 0 10 20 30 40
Time(min)

Experimental MR

Lo ialojl pod (5 S8 4 pgd o b)) =Y ¢SS
Fig.10. Validation of second model with second experiment data set
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Introduction

Microwave drying compared to conventional hot air drying has many benefits to apply in food drying

processes such as volumetric heating, high thermal efficiency, shorter drying time and improved product quality.
In conventional microwave drying method, a fixed microwave power was used during the drying process.
However, the water of the product evaporated and mass of product decreased over the time that resulted in
microwave power density (MPD) increasing during the drying process. Increasing the power density, especially
at the end of the process, sharply increased the product temperature. High temperature of products led to the
deterioration of the product quality. Most research used variable microwave power program for preventing the
risk of overheating and charring of product. The evaporation of the water causes the shrinkage of product.
Therefore, many studies have used machine vision for measuring the shrinkage and this technology has been
used in modeling and predicting the MC.

Materials and Methods

The fresh potato samples (Solanum tuberosum cv. Santana) with 83% (w.b.) of initial MC were sliced into
the chips of 5mm thickness. The developed drying systems consisted of microwave oven, lighting unit and
imaging unit, temperature sensor, microwave power adjusting unit and a data acquisition unit (DAQ). A
LabVIEW (V17.6, 2017) program was developed to integrate all measurements and adjusting the microwave
power during the drying process. In this study, two sets of experiment with different aims have done. The first
set of experiments was used for calculating the shrinkage by developed image processing algorithm and MC by
offline mass measurement and then data sets were used to investigate the artificial neural networks (ANNS). The
second set was used for evaluating the reliability of investigating models. The experiments, in the first set, were
done with 8, 4 and 2.67 W g™. In the variable mode, the power varied in two/three steps with respect to the MC
of samples during the drying process. Second set of experiments was done in two variable and constant power
modes with 5 and 3 W g™. An image processing algorithm was developed to measure the shrinkage of potato
slice during the drying process. In this study the feed forward ANN with back propagation algorithm was used.
Two structures of ANN were used for modeling of MC. In the first model time and power density and the second
model shrinkage and power density were used as input. Also moisture ratio was used as an output parameter in
two models.

Results and Discussion

The obtained results indicated that for the first model the ANN with 2-3-1 structure had better results than
others structures. This structure had 0.0713, 0.0337 and 0.0640 of RMSE and 0.9764, 0.9973 and 0.9800 of R
for train, validation and test, respectively. For the second model, the 2-2-2-1 structure of ANN with 0.0780,
0.0816 and 0.0908 of RMSE and 0.9598, 0.9799 and 0.9746 of R for train, validation and test, respectively had
better results than other structures. The evaluation of these models with a second data set showed that the second
model with shrinkage and power density as input with 0.067 of RMSE and 0.994 of R had better results than the
first model with 0.173 of RMSE and 0.961 of R. These consequences expressed that the second model had
higher reliability for prediction of MC based on shrinkage and power density during drying process.

Conclusions

In this study, a microwave dryer was developed with a real-time image recording system and a microwave
power level program during the drying process. Two ANN models were used for modeling of drying kinetics of
the potato slices. Also image processing algorithm was investigated by measuring the shrinkage of potato slice
during the drying process. The outcomes revealed that shrinkage as input in the ANN had great effect on MC
prediction during the drying process.
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