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Fig. 1. Cutting machine (1) Chassis, (2) Blade, (3) Fixed jaw and Movable jaw
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Fig. 2. Schematic diagram of laboratory scale fluidized bed dryer: (1) Drying chamber (2) Air velocity sensor (3) Fan

and electrical motor, (4) Electrical heater, (5) Invertor and thermostat, (6) Scale, (7) Computer, (8) Thermometer, (9)
Hygrometer and (10) Chassis
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Table 1- Summary of input and output parameters for ANN and fuzzy logic

Parameter Symbol Category Min Max
Air temperature T Input 40 70
Air velocity \% Input 0.5 25
Drying time (garlic) DT Input 0 310
Drying time (shallot) DT Input 0 180
Moisture ratio MR Output 0.0617 1
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Table 2- Input variables accompanied by membership functions to fuzzification of drying process of Garlic and shallot

Range Triangular

Variable Membership function Garlic Shallot
Low 40,45,50 40,45,50
Drving t t Medium 45,50,55 45,50,55
rying temperature High 55,65,70 55,65,70
Low 0.5,0.75,1 0.5,0.75, 1
Air velocity Mec_iium 0.75,1.5,2 0.75,1.5,2
High 15,2,25 15,2,25
Too much low 0,0,20 0,0,30
Very low 0,20,30 0,30,60
Low 20,40,60 30,60,90
Drying time Negative medium 40,60,80 60,90,120
Medium 60, 80, 100 90,150,180
Positive medium 80,100,120 150, 180, 220
High 100,120,140 180, 220, 260
Very high 120,140,160 220,260,290
Very very high 160,180,180 260, 290,310
Too much low (0,0,0.006) (0,0,0.006)
Very low (0.005,0.01,0.03)  (0.005,0.01,0.03)
Low 0.01, 0.04, 0.08 0.01, 0.04, 0.08
Negative medium 0.06,0.1, 0.3 0.06,0.1,0.3
Moisture ratio Medium 0.1,0.3,0.45 0.1,0.3,0.45
Positive medium (0.3,0.5,0.6) (0.3, 0.5, 0.6)
High 0.5, 0.65, 0.7 0.5, 0.65, 0.7
Very high 0.6,0.74,0.8 0.6,0.74,0.8
Very very high 0.7,0.9,1 0.7,09,1
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Fig. 5. Moisture ratio variation of garlic in different air velocities and air temperatures
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Table 3- Mathematical models applied to fit the drying curves
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Table 4- The results of the different arrangements of ANN in estimating moisture ratio of garlic and shallot
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Table 5- The results of the different arrangements of
fuzzy logic in estimating moisture ratio of garlic and

shallot
Product RMSE R? MAE
Garlic 0.0027 0.9997  0.032
Shallot ~ 0.0011  0.9998  0.029
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Table 6- Comparing the different method (mathematical model ANN , Fuzzy) used to predict the moisture ratio

Performance index Garlic — Shallot
Page model ANN  Fuzzy Midillietal model ANN  Fuzzy
RMSE 0.0051 0.0036 0.0027 0.0020 0.0014 0.0011
R? 0.9992 0.9994 0.9997 0.9993 0.9996 0.9998
MAE 0.053 0.044  0.032 0.046 0.038  0.029
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Table 7- Sensitivity analyses of the non-dimensional independent parameters for predication of moisture ratio of garlic

Inputs ANN Fuzzy
RMSE R? MAE RMSE R? MAE
All 0.0036 0.9994 0.044 0.0027 0.9997 0.032
Without air velocity 0.0052 0.9991 0.062 0.0045 0.9994 0.041
Without air temperature 0.0074 0.9988 0.088 0.0069 0.9990 0.078
Without drying time 0.0088 0.9986 0.094 0.0081 0.9988 0.088
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Table 8- Sensitivity analyses of the non-dimensional independent parameters for predication of moisture ratio of shallot

Inputs ANN Fuzzy
RMSE R? MAE RMSE R? MAE
All 0.0011 0.9998 0.029 0.0014 0.9996 0.038
Without air velocity 0.0019 0.9996 0.041 0.0025 0.9993 0.052
Without air temperature 0.0044 0.9992 0.060 0.0052 0.9991 0.066
Without drying time 0.0062 0.9989 0.082 0.0074 0.9990 0.087
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Table 9- Analysis the drying time parameter to predict the moisture content of garlic and shallot in mathematical

models
Inputs Garlic Shallot
RMSE R? MAE RMSE R? MAE
All 0.0051 0.9992 0.053 0.0020 0.9993 0.046
Increased by 10% 0.0061 0.9989 0.075 0.0035 0.9990 0.063
Decreased by 10% 0.0057 0.9990 0.069 0.0028 0.9992 0.057
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Introduction

Garlic (Allium sativum L.) is an important Allium crop in the world. Due to its therapeutic properties, it was
cultivated in many countries. Furthermore, garlic is usually used as a flavoring agent; it may be used in the shape
of powder or granule as a valuable condiment for foods. In addition to its use in food products, it was also widely
used as an anticancer agent. Shallot (Allium hiertifolium Boiss. L) is a perennial and bulbous plant. It is from
Alliaceae family and is an important medicinal plant. The shallot is native of Iran, and grows in the high
pastures. Shallot is consumed in dry areas in most parts of the country. Also shallots have been well known in
Iranian folk medicine and its bulbs have been widely used for treating rheumatic and inflammatory disorders. In
addition, this plant is used in the preparation of significant amounts of potassium, phosphorus, calcium,
magnesium, sodium, pickles and as an additive to yogurt and pickles. ANN as a modern approach has
successfully been used to solve an extensive variety of problems in the science and engineering, exclusively for
some space where the conventional modeling procedure fail. A well-trained ANN can be used as a predictive
model for a special use, which is a data processing system inspired by biological neural system. When
mathematical equations are difficult to extrapolate, and fuzzy logic is better when decisions must be made with
the estimated values below the incomplete information. The fuzzy logic theory effectively addresses the
uncertainty problems that solve the ambiguity.

Materials and Methods

The aim of this study was to predict moisture ratio of garlic and shallot during the drying process with
fluidized bed dryer using mathematical model, artificial neural networks and fuzzy logic methods. Tests were
carried out on three levels of inlet air temperature (40, 55 and 70 °C) and three inlet air velocities (0.5, 1.5 and
2.5 m/s). To estimate the drying kinetic of garlic and shallot, five mathematical models were used to fit the
experimental data of thin layer drying. Three factors (air temperature, air velocity and drying time) to forecast
moisture ratio in fluidized bed dryer as independent variables for artificial neural networks and fuzzy logic was
considered. Cascade forward back propagation (CFBP) and feed forward back propagation (FFBP) with
Levenberg-Marquardt (LM), Bayesian learning (BR) algorithms for ANN and the Mamdani Fuzzy Inference
System using triangular membership function were used for training patterns.

Results and Discussion

Consequently, the Page and Midilli et al. model was selected as the best mathematical model to describe the
drying kinetics of the garlic and shallot slices, respectively. The results of artificial neural networks model for
predicting MR showed that the R? of 0.9994 and 0.9996; and and RMSE of 0.0036 and 0.0014 were obtained for
garlic and shallot, respectively. Also, The fuzzy inference system presented the R® of 0.9997 and 0.9998; and
and RMSE of 0.0027 and 0.0011 for garlic and shallot, respectively. Comparing the results obtained from
mathematical models, artificial neural networks and fuzzy logic, showed that the RMSE in the fuzzy logic was
lower than artificial neural network and mathematical models.

Conclusions
Three factors (air temperature, air velocity and drying time) were considered for forecasting moisture ratio in
fluidized bed dryer as independent variables using mathematical model, artificial neural networks and fuzzy
logic. Cascade forward back propagation (CFBP) and feed forward back propagation (FFBP) with Levenberg-
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Marquardt (LM), Bayesian learning (BR) algorithms and the Mamdani Fuzzy Inference System using triangular
membership function were used for training the patterns. Comparing the results obtained from mathematical
models, artificial neural networks and fuzzy logic, showed that the root mean square error in fuzzy logic was
lower than others.

Keywords: Artificial neural network, Fluidized bed dryer, Fuzzy logic, Garlic and Shallot, Moisture ratio






