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Table 2- Synthetic types of commercial lemon essential oils
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Fig.2. Sensor array changes relative to commercial lemon essential oil
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Fig.3. Score plot of PCA for eight types of commercial lemon essential oil
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Fig.4. Loading plot of sensor array related to two main components
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Table 3- LDA confusion matrix for eight types of lemon essential oils
Nt A B c D E F G H
Sample
A 9 0 0 1 0 0 0 0
B 0 9 0 0 0 0 0 0
C 0 0 9 0 0 0 0 0
D 0 0 0 8 0 0 0 0
E 0 0 0 0 9 1 0 0
F 0 0 0 0 0 8 0 0
G 0 0 0 0 0 0 9 0
H 0 0 0 0 0 0 0 9
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Table 4- The values of the statistical indices associated with the confusion matrix for the eight types of lemon essential
oils with the LDA classifier

o5 e ;b g solaisl Cowlns Coue Siwaib Cdy
Class AUC Specificity Sensitivity Precision Accuracy
A 99.2 98.41 100 90 98.61
B 100 100 100 100 100
C 100 100 100 100 100
D 94.44 100 88.88 100 98.61
E 99.2 98.41 100 90 98.61
F 94.44 100 88.88 100 98.61
G 100 100 100 100 100
H 100 100 100 100 100
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Fig.5. LDA plot for different lemon essential oils
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Table 5- ANN confusion matrix for classification of lemon essential oils
It B c D E F G H
Sample
A 9 0 0 0 0 0 0 0
B 0 8 0 0 0 0 0 0
C 0 0 8 0 0 0 0 0
D 0 1 1 6 0 0 1 0
E 0 0 0 0 8 1 0 0
F 0 0 0 0 1 8 0 0
G 0 0 0 3 0 0 8 0
H 0 0 0 0 0] 0 0 9
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Table 6- The values of the statistical indices associated with the confusion matrix for the eight types of lemon essential
oils with the ANN classifier

oS B ;s g solaisl Comlna Cono Swaib Cdy
Class AUC Specificity Sensitivity Precision Accuracy

A 100 100 100 100 100

B 94.44 100 88.88 100 98.61

Cc 94.44 100 88.88 100 98.61

D 80.94 95.23 66.66 66.66 91.66

E 93.64 98.41 88.88 88.88 97.22

F 93.64 98.41 88.88 88.88 97.22

G 92.05 95.23 88.88 72.72 94.44

H 100 100 100 100 100
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Table 7- Performance of artificial neural network for the classification of lemon essential oils
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D E F G H
Performance/Sample
ks Q|\l7|§ EO:SJL:A 0.0173 0.0249 0.0206 0.3338 0.022 0.0249 0.0107 0
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Introduction
Essences or essential oils are aromatic compounds that are found in different organs of the plants. Essences
can be classified into three groups of natural, synthetic and natural like. Most of the methods that are used to
detect and to distinguish essential oils are based on chromatographic methods. However, these analytical
methods are time consuming and require expert operators to work with required devices. Moreover, it is
necessary to prepare the samples. An electronic nose is known as a tool for mimicking the sense of smell. This
tool usually consists of an array of sensors which are used to identify and to isolate a variety of complex odors at
a low cost. Since there has been no research on the usage of an electronic nose system for detection and
separation of essential oils, the purpose of this study is to develop and to evaluate an electronic nose system for
identification and classification of various types of commercial lemon essential oils (synthetic types).

Materials and Methods

The proposed system consists of a sensor chamber, a sample chamber, an array of MOS sensors, electro
valves, a pump, a data acquisition cart and, a processor. Essential oils used in this study includes eight types of
synthetic commercial lemon essential oils that were prepared by ((Avishan Khane Tabiat Sabz)) Company
located in chemistry and chemical engineering research center of Iran. One gram sample of each essential oil
was prepared to be placed in the sample chamber. Each experiment was carried out in 9 replicates and in three
stages of 1- Baseline correction (250 s) 2- Sample smell injection (400 s) and 3- Sensors chamber cleaning (200
s). Data received from the sensors signals were initially preprocessed and normalized and then three methods of
principal component analyses (PCA), linear discriminant analyses (LDA) and artificial neural network (ANN)
were used to process the data. Both PCA and LDA methods were run using the Unscramble x10.4 software and
the artificial neural network was used with the help of NeuroSolution 5 software. In ANN, the classification was
carried out using a multilayer perceptron (MLP) and Leave-one-out technique. Leave-one-out is an acceptable
method for evaluating the performance of the classification algorithms when the number of samples is low.

Results and Discussion

In order to analyze the data obtained from the sensor array, first, the principal components analysis (PCA)
method was used. In this method, the first two principal components of PC 1 and PC 2 totally covered 99% of
the data variance. Another plot called as loading plot was used to determine the effects of each sensor responses
in pattern recognition analyzes. According to this plot, all sensors had high loading coefficients. In case of
distinguishing the lemon essential oils, the results of the linear discriminant analysis (LDA) method showed that
this method can distinguish eight types of lemon essential oils with an accuracy of %98. The artificial neural
network (ANN) also separated the essential oils with the accuracy of the above %91.

Conclusions
An Electronic nose system based on semiconductor metal oxide sensors is a powerful tool that can be used as
a substitute for traditional methods. In general, this study showed that the electronic nose system based on MOS
sensors has the ability to detect and to distinguish commercial lemon essential oils. Considering the wide ranges
and economical nature of the essential oils, it is suggested that applications of the electronic nose can be more
expanded in the subject of the essential oils of different products.

Keywords: ANN, Electronic nose, Essential oil, LDA, PCA
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a

Gaussian 2
General model Gauss2:

f(x) = al*exp(-((x-bl)/c1)"2) + a2*exp(-((x-b2)/c2)"2
Coefficients (with 95% confidence bounds):

a
Gaussian 3
General model Gauss3:
fix) = al*exp(-((x-bl)c1)"2) + a2*exp(-((x-b2)/c2)"2) +
a3*exp(-((x-b3)/c3)"2)
Coefficients (with 95% confidence bounds):
al = 6.595¢+16 (-3.867¢+20, 3.868¢+20)
bl = -1029 (-1.794e+05, 1.774e+05)
cl= 177.5 (-1.512¢+04, 1.547¢+04)
a2 = 7.745e+07 (-1.993e+10, 2.008¢+10)
b2 = 1732 (-2.545e+04, 2.891e+04)
2= 382.5 (-3360, 4125)
a3=  674.1 (-1.39e+04, 1.525¢+04)
b3 = -329.1 (-4530, 3872) (]
3= 295.2 (-1098, 1689)
i 0 L
a
T =
E
> w { b
X (mm) d

al=  194.1 (148.1,240.1)
bl= 352 (295.2,408.8)
cl= 2159 (175.6,256.2)
a2= 1113 (39.57, 183.1)
b2=  113.1 (55.38,170.8)
2= 1804 (135.1,225.7) ¢
¥
b
-
€
2 a
V(n;m) d

f

o Mio Consj i calo Jolye =V SIS
Fig. 2. Construction process of the grasshopper
.biomimetic blade

S50] e Gy and ol ol =Y IS
Fig. 1. Construction process of the mole cricket
biomimetic blade
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Fig. 3. The evaluated blades in this study; (a) the grasshopper biomimetic blade, (b) the mole cricket biomimetic
blade, (c) the conventional bent blade, (d) the conventional flat blade
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Fig. 4. The maximum sharpening length of the examined blades
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Table 1- Some of the important physical properties of plant stem

ols & o big! s o9 &b aolo b S pLws
Plant Poaceae Nutsedge Alfalfa ~ Amaranthus Orach  Purslane Paddy Clover
Sges Sl 42 42 22 37 18 48 49 36
Number of samples

S 177 1.88 1.98 1.68 5.18 6.81 4.67 1.92
Large diameter (mm)

S8 ’Jﬁs 1.38 1.55 1.88 1.55 5.67 6.46 4.25 1.73
Small diameter (mm)

Orile b8 . 1.57 171 1.93 1.62 5.74 6.63 4.46 1.82
The mean diameter (mm)

s ‘_"jlﬁ’l’ i 0.24 0.3 0.22 0.18 0.55 0.69 0.76 0.24
Variance diameter

§2)5 ard L. 0.78 0.83 0.94 0.92 0.97 0.95 0.91 0.9
Round coefficient

Uiy dlwd yp ) dged dlia

Number of stems per 6 6 4 5 4 4 4 5

category
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MC=[(Wn-Wg)/W,,]x100 (1)
o1 ods (L3 Y Jga 1o (pge3l 3)90 obS y gl e

Ll
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Table 2- The amount of moisture content of the examined plants

1Y & bl g e gl 4ol 85 S e
Plant Poaceae Nutsedge  Alfalfa  Amaranthus  Orach Purslane Paddy Clover
w"b’ 73.71 76.49 76.48 63.21 75.45 85.14 82.60 74.13
Moisture content
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Fig. 5. the pendulum cutting machine

ol bans Wb g cud 6y ppkd bawgi (02) cuiSy agly >
Ol wip bbb peas 4 has VideoMatch lssley )
ol Condsdy cuiS gy Shis

oSy SShas] lils oy Joly olSiws cilo )
g odd by Al sblys 5l Job polate s A (5503l
& Oypo cph F USD) Wb pSejlul cuslie ciS bl
by Josl g 5 mal (s Sygon (01) <) 4y L



vy uﬁ\.ﬁslf &y Mo G j A 90 ‘sglg.}) 9 eslw “fb.lo

Mass center

Arm

Blade

CuiS g by sblss 5 i Siles -1 S
Fig. 6. Schematic of sweep cutting angles
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Fig. 7. Schematic of the blade length and geometry in proportion to the stem diameter
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Fig. 9. The total energy required for cutting different plants; "m.c" and "gr" stand for mole cricket and grasshopper

biomimetic blades, respectively.
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Table 3- The shear energy required for the examined batches for different types of stems and blade

The shear energy of stem (mJ)

ols oy dade gl Slo diy [ XWESPER] o ary Sojul asy
Plant The cross section Grasshopper Mole cricket CV
of stem (mm? Flat blade Bent blade biomimetic blade  biomimetic blade
Alfalfa 2.97+0.69 664.60+91.60 614.56+91.46 503.62+66.64 447.90+70.96 19.35
Purslane 33.96+7.93 844.74+79.97 723.79+91.56 711.37+£112.71 647.30+64.76 14.29
Poaceae 1.97+0.63 727.71+138.71 460.71+182.63 336.4+31.99 345.89+124.65 43.75
Nutsedge 2.35+0.84 714.41+233.95 953.34+225.68 511.81+156.06 486.57+34.94 38.68
Orach 26.13+5.10 2410+£517.74 1700+612.387 1013.91+316.68 1002.21+276.28 53.51
Clover 2.65+0.68 733.95+149.96 667.35+56.77 524.81+53.32 473.69+115.97 20.25
Paddy 16.05+5.56 1784+533.33 1880.81+176.43 1277.44+171.15 893.73+110.32 3143
Amaranthus 2.08+0.48 586.28+84.50 575.65+100.58 371.574+53.50 416.34+35 25.18
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Table 4- The performance of the blades, the decreased energy percentage of the mole cricket and grasshopper
biomimetic blades in compare to the flat blade

oS g e @p byl gl S < S

Plant Alfalfa Clover Purslane Nutsedge Amaranthus Orach Poaceae Paddy
(1) Blo a5 & s Sl a3 2 (31 ptlS

The decreased energy percentage of the mole cricket 32.68 35.46 23.37 31.89 29.08 58.14 52.51 49.90

biomimetic blades in compare to the flat blade (%)

() Slo e & cond o i3 S 5351 2

The decreased energy percentage of the grasshopper 24.24 28.49 15.78 28.35 36.74 52.92 53.82 28.39
biomimetic blades in compare to the flat blade (%)

() 03003 4 & Comd 23] 4i3 G (551 2ol

The decreased energy percentage of the mole cricket 27.05 30.03 10.47 48.96 27.59 41.05 2481 52.46
biomimetic blades in compare to the bent blade (/)

(7) oot 425 &) o o i3 by (5551 ShalS

The decreased energy percentage of the grasshopper 17.98 22.48 1.61 46.29 35.38 40.30 26.87 32.05
biomimetic blades in compare to the bent blade (%)
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Introduction

Optimizing the energy consumption in mechanized agriculture is becoming more important due to the limited
energy sources in the world. In this regard, optimization of the cutting blades is presented in this study by
modifying the geometric form of the blade to reduce the forage cutting energy. Hence, two new blades, inspired
by the geometric profiles of front claws of mole crickets and teeth of grasshoppers were designed and built using
the biomimetic method (the method for transferring biological solutions to the engineering ones). Finally, the
new biomimetic blades were tested and compared with two other conventional blades (flat and bent blades) by
cutting 8 different types of crops and weeds.

Materials and Methods

The main idea of building one of the blades was inspired by the geometric forms of mole crickets' scissors-
like front legs and lower teeth of grasshoppers. Therefore, five adult mole crickets and five grasshoppers were
collected from a farm in Kalat-e Naderi, Khorasan Razavi Province. In the next step, different images were
captured from the front leg of mole cricket and tooth of grasshopper using the stereomicroscope (Nikon, SMZ-U,
Japan). In the next step, the images were transferred to the image analysis software (Image J) and the boundary
lines of images were selected. Then, the selected boundary lines were imported to SolidWorks software and the
points on the selected curve were extracted. The obtained points were drawn in Matlab software and several
fitting curves for the points were examined, e.g., Fourier function, Gaussian function, and polynomial function.
According to the obtained results, the Gaussian profile was selected to design the blade with the highest
correlation coefficient (R?=0.99), see Fig. 1d. To design the desired blade, a section of the Gaussian curve
between points A and B were used. Finally, the biomimetic blade of the mole cricket and grasshopper were
drawn in SolidWorks software (Fig. 1e). After designing the blades in the SolidWorks software, the biomimetic
blades were built by a CNC machine.

Results and Discussion

In all the treatments, a significant difference was observed between the biomimetic blades and the
conventional flat and bent blades according to the results of Tukey's test at the level of 5%. The obtained results
showed that there was no significant difference between the mole cricket and grasshopper blades at the level of
5% for cutting. According to the results obtained in this study, there was a significant difference at the level of
5% between the grasshopper and flat blades for cutting alfalfa, clover, amaranth, orach, and poaceae; as well as
between the grasshopper and bent blades for cutting alfalfa, clover, nutsedge, and amaranth, also between mole
cricket and flat blades for cutting alfalfa, clover, purslane, amaranth, orach, paddy, and poaceae and finally
between mole cricket and flat blades in cutting alfalfa, clover, nutsedge, amaranthus, and paddy. In this regard,
no significant difference at the level of 5% was observed between the flat and bent blades for all cutting
treatment. The batches containing 6 stems were used for cutting the soft stems with low shear stress and the
batches containing 4 stems were used for cutting thick stems with high shear stress.

Conclusions
The results obtained in this study indicated that the geometrical form of the blade has a significant influence
on the amount of required shear energy. The mole cricket biomimetic blade reduced the cutting energy compared
to the flat blade by 23.37% to 52.51% (with the mean of 39.11%) and compared to the bent blade by 10.46% to
52.46% (with the mean of 32.8%). The grasshopper biomimetic blade also reduced the cutting energy compared
to the flat blade by 15.78% to 53.82% (with the mean of 33.59%) and compared to the bent blade by 2% to
46.29% (with the mean of 27.87%). According to the results of this study, the mole cricket biomimetic blade

1 and 2- MSc Graduate and Associate Professor, Respectively, Dep. of Mechanics of Biosystems Engineering, Sari
Agricultural Sciences and Natural Resources University (SANRU)
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showed better performance in comparison with the grasshopper biomimetic blade for cutting the plants and as a
final result could be recommended to build the plant cutting blades.

Keywords: Biomimetic, Energy, Grasshopper, Mole cricket, Mower blade
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Fig. 1. Anexample of the leaf of different plants examined in this research a) Shoeblackplant b) Spiderwort ¢) Sacred
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Table 1- The correlation between destructive and non-destructive parameters and the amount of chlorophyll measured

by the SPAD device
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Fig. 6. Minimum number of leaves needed to achieve the lowest regression error: (a) for the chlorophyll parameter and
(b) for the carotenoid parameter
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Introduction
Leaf color is usually used as a guide for assessments of nutrient status and plant health. Most of the existing
methods that examined relationships between chlorophyll status and carotenoid of leaf color were developed for
particular species. Different methods have been developed to measure chlorophyll status and carotenoid.
However, the high cost and difficulty to use have restricted their application, whereas the handheld chlorophyll
meters such as the SPAD has become popular in the last decade for non-destructive measurement of chlorophyll
content. SPAD meter readings have found to be related to the plant’s nutrition status, seed protein content, types
of nodulation, and photosynthetic rates of leaves. Digital color (RGB) image analysis, another nondestructive
technique is becoming increasingly popular with its potential in phenotyping various parameters of plant health
status. The development of low-cost digital cameras that use charged-couple device (CCD) arrays to capture
images offers an advantage of low-cost real-time monitoring process over optical sensor based SPAD meter.
Gupta et al. (2012) estimated chlorophyll content, using simple leaf digital analysis procedure in parallel to a
SPAD chlorophyll content meter. The chlorophyll content as determined by the SPAD meter was significantly
correlated to the RGB values of leaf image analysis (RMSE = 3.97).
The aim of this research is developing a new inexpensive, hand-held and easy-to-use technique for detection
of chlorophyll and carotenoid content in plants based on leaf color. This method provides rapid analysis and data
storage at minimal cost and does not require any technical or laboratory skills.

Materials and Methods
Sample collection
In this research, 15 leaves were randomly selected from six types of plants (Shoeblackplant, Vitex,
Spiderwort, Sacred fig, Vine and Lotus). Afterwards, the chlorophyll content of the leaf was measured in 3
different ways: 1) using a SPAD instrument; 2) using machine vision system (non-destructive method), and 3)
laboratory test using a spectrophotometer.

Chlorophyll and carotenoid content

The chlorophyll content of the leaf was measured and recorded using SPAD chlorophyll meter (Hansatech,
model CL-01, Japan) and spectrometer as explained by Dey et al. (2016). Furthermore, to measure the
carotenoid content method described by Gitelson et al. (2006) was utilized.

Image processing

For estimation of chlorophyll using the image processing algorithm, sample images were taken using CCD
(CASIO, model Exilim EX-ZR700, Japan) and transferred to the computer. The camera was mounted
perpendicular to the horizontal plane at a fixed distance of 25 cm from the samples. In a consequence histogram
of leaf, images were equalized and the average of each color channels from RGB, Lab, HSV, and 111213 were
extracted using Matlab 2016.
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Decision tree regression (DTR) algorithm

To develop a regression model to predict chlorophyll and carotenoid content, two decision tree were
constructed. The average of each color channels from RGB, Lab, HSV, and 111213 become the predictor
variables or feature vector and the real known chlorophyll and carotenoid content become the target variable or
the target vector of each regression tree. To develop the regression models, dataset (90 observations) was split
into training (60 observations) and test (30 observations) data.

Results and Discussion

According to the obtained results, a high correlation of 0.92 for chlorophyll and 0.85 for carotenoid was
achieved, respectively, between the image processing method and the values measured by the spectrometer.
Therefore, it can be said that the proposed image processing method has a desirable and acceptable performance
for prediction of both chlorophyll content and carotenoid. The review points out a need for fast and precise leaf
chlorophyll measurement technique. With this in mind, Dey et al. (2016) used image processing techniques to
measure chlorophyll content. For the purpose of analysis of the proposed model, the model outcome was
compared with the LEAF+ chlorophyll meter reading. Regression analysis proofed that there was a strong
correlation between the proposed image processing technique and chlorophyll meter reading. Thus, it appears
that the proposed image processing technique of leaf chlorophyll measurement will be a good alternative for
measuring leaf chlorophyll rapidly and with ease.

Conclusions
In this research, collections of images from six divers plants (Shoeblackplant, Vitex, Spiderwort, Sacred fig,
Vine and Lotus) were analyzed to predict chlorophyll and carotenoid content at different color spaces (RGB,
Lab, HSV, and 111213). Based on the results, it was shown that there were high correlations of 0.92 for
chlorophyll content as well as 0.85 for carotenoid between the image processing method and the values
measured by the spectrometer. Therefore, in general, it can be concluded that the proposed image processing
method has a desirable and acceptable performance for prediction of chlorophyll content as well carotenoid.

Keywords: Carotenoid, Chlorophyll, Color space, Image processing
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Introduction

Carrot is one of the most important agricultural products used by millions of people all over the world.
Quality assessment of agricultural products is one of the most important factors in improving the marketability
of agricultural products. In the market, carrots with irregular shapes are not commonly picked by customers due
to their appearance. This causes to remain those carrots in the market for a long time and then decay. Therefore,
adopting an appropriate method for sorting and packaging this product can increase its desirability in the market.
Packaging and sorting of carrots by workers bring about many problems such as high cost, product waste, etc.
Image processing systems are modern methods which have different applications in agriculture including sorting
of different products. The aim of this study was to implement a machine vision system to classify carrot based on
their shape using image processing.

Materials and Methods

In this study, 135 carrot samples with different shapes (56 regulars and 79 irregulars) were selected and their
images were obtained through an imaging system. First, an expert divided the carrots into, two categories
according to their shapes. The carrots which had irregular shape were those with double or triple roots, cracked
carrots, curved carrots, damaged carrots, and broken ones and those with upright shapes were considered as
regular shape carrot. After imaging, image processing was started by an algorithm programmed in Matlab
R2012a medium. Then some shape features such as length, width, breadth, perimeter, elongation, compactness,
roundness, area, eccentricity, centroid, centroid non-homogeneity, and width non-homogeneity were extracted.
After the selection of efficient features, artificial neural networks and support vector machine were used to
classify the efficient features.

Results and Discussion

The number of neurons in the hidden layers of artificial neural network models were varied to find the
optimal model. The highest percentage of the correct classification rate (98.50%) belonged to the structure of 2-
10-16, which in fact has 16 neurons in the input layer, 10 neurons in the hidden layer and 2 neurons in the output
layer. This model has also the lowest mean squared error and the highest correlation coefficient of the test data,
0.90 and 2.52, respectively. This network was a feed forward back propagation error type and the activation
functions in hidden and output layers were Tansig and Perlin, respectively. The correct classification rate of the
support vector machine method was 89.62%. The confusion matrix of support vector machine method showed
that out of 56 usual samples, 42 specimens were correctly identified but 14 samples were mistakenly classified
as unusual carrots. All 79 carrots with unusual shapes were correctly classified. The results obtained from the
comparison of the performance of the two methods, the neural network method has a good superiority than the
support vector machine for classification.

Conclusions
In this research, the classification of carrots was based on its appearance. At first the physical characteristics
and appearance attributes of the carrot samples were extracted and processed using image processing. Image
analysis was included the classification of samples into two usual and unusual shapes, which to classify the
extracted properties two methods were used: the artificial neural network (ANN) and support vector machine
(SVM). The classification accuracy of the ANN method was higher than SVM. It can be said that the image

1- Ph.D. Student, Department of Biosystems Engineering, Faculty of Agriculture and Natural Resources, University
of Mohaghegh Ardabili, Ardabil, Iran

2- Assistant Professor, Mechanical Engineering of Biosystems Department, Faculty of Agriculture, llam University,
Ilam, Iran

(*- Corresponding Author Email: k.kheiralipour@ilam.ac.ir)



Y.y wepgai 0310y 3l eslaiwl b S wlel p o gd (gudvaind

processing method can be used to improve the traditional method for grading the carrot product in new ways. So,
the marketability of the product will be increased, and thus its losses will be reduced. Also, the image processing
technique can be used as a simple, fast and non-destructive alternative to other methods of extracting geometric
properties of agricultural products. Finally, it can be stated that image processing method and machine vision are
effective ways for improving the traditional sorting techniques for carrots.

Keywords: Artificial intelligent, Carrot, Grading, Machine vision, Shape
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Fig. 1. Yellow sticky traps in greenhouse
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Fig.2. A part of the yellow card that displays the three types of trapped insects
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Fig. 3. Color transformation (a - Original image, b - Gray level)
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Table 1- Relative accuracy of whitefly Counting
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Image Real (ocular) Estimated (image processing) Accuracy of detection
1 448 459 97.6%
2 201 219 91.1%
3 175 169 96.6%
4 202 211 95.6%
5 158 164 96.2%
6 169 187 89.4%
7 411 427 96.2%
8 278 259 93.2%
9 511 482 94.3%
10 235 254 92%
11 194 179 92.3%
12 321 342 93.5%
13 289 299 96.6%
14 162 171 94.5%
15 254 243 95.7%
16 487 469 96.2%
17 311 299 96.2%
18 216 232 92.6%
19 198 186 94%
20 328 342 95.8%

ke 94.5%
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Table 2- Analysis of variance of manual and automatic counting of pests by T test
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Conclusion: The difference between treatments is not significant at 5% probability level
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Table 3- Relative accuracy of thrips Counting
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Ry (otr) (281 Ctimated (im il B>
Image Real (ocular) S br c?cgssi(n g)age Accuracy of detection
1 192 185 96.4%
2 92 115 75%
3 135 178 68.2%
4 98 121 76.6%
5 231 212 91.8%
6 93 101 91.4%
7 111 135 78.4%
8 94 82 87.3%
9 124 145 83.1%
10 184 165 77.7%
11 143 159 89.7%
12 135 119 88.2%
13 95 101 93.7%
14 278 255 91.7%
15 198 187 94.4%
16 143 146 97.9%
17 134 151 87.3%
18 215 206 95.8%
19 112 123 90.2%
20 194 207 93.3%
nSile 87.4%
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Introduction

Lack of water resources, increasing demands for food, the optimal use of water and land, and food security
are of the most important reasons for the development of greenhouses in the country. The benefits of greenhouse
cultivation consisted of the possibility to produce off-season, increase harvest period, reduce the production
costs, increase economic efficiency and etc. Regarding the conditions of the greenhouse, in terms of temperature
and humidity, a site is susceptible to contamination with various pests and diseases, which can cause a lot of
damages to the products. So, for a high-quality product, identification and timely control of pests are necessary.
The need for spraying in a timely manner, with a sufficient number of times, is to have accurate information on
the population of pests in a greenhouse environment at different times. Whiteflies, thrips, and aphids are among
the most commonly known harmful insects in the world, causing severe damages to greenhouse plants.

Materials and Methods
Twenty yellow sticky cards were randomly selected in different parts of the greenhouse of cucumbers in the
Amzajerd district of Hamadan. From each card, 45 photos were taken with Canon IXUS 230HS digital camera
with a resolution of 12.1 Megapixels at a distance of 20 centimeters. Before each image processing, trapped
insects were initially identified and counted by three entomologists. At this stage, three types of insects (two
harmful insects, whitefly and thrips and non-harmful insect) were identified. Then the images were transferred to
Matlab software.
The algorithm of identifying and counting the whitefly was the following six steps:
Step 1: Convert the original image to the gray level image
Step 2: Correcting the effects of non-uniform lighting
Step 3: Determine the optimal threshold and convert the gray level image to the binary image
Step 4: Remove objects smaller than Whitefly
Step 5: Fill the holes in the image
Step 6: Counting broken segments
The algorithm of identifying and counting the thrips was the following eight steps:
Step 1: Convert the original image to the gray level image
Step 2: Correcting the effects of non-uniform lighting
Step 3: Determine the optimal threshold and convert the gray level image to the binary image
Step 4: Prepare image negatives
Step 5: Remove objects smaller than the thrips
Step 6: Remove the thrips and isolate the rest of the objects
Step 7: Split the thrips
Step 8: Count the thrips
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Iran

2- Assistant Professor, Biosystems Engineering Department, Faculty of Agriculture, Bu-Ali Sina University,
Hamedan, Iran
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Results and Discussion

Relative accuracy, root mean square error (RMSE) and Coefficient of variation of the RMSE of Whitefly
counting in image processing system were 94.4%, 15.3 and 5.5% respectively. The results of the T-test between
two methods indicated that there was no significant difference between them.
The mean relative accuracy, root mean square error (RMSE) and Coefficient of variation of the RMSE of the
thrips count in the image processing system were 87.4%, 18 and 5.9% respectively. There was no significant
difference between the two methods.

Conclusions

The proposed image processing algorithm was able to detect whiteflies and thrips with a relative accuracy of
94.5% and 87.4%, respectively. In addition to simplicity, this method has the ability to adapt to different
conditions. Also, with some changes in the proposed algorithm, the system will also be able to identify other
pests. In order to design an intelligent spray system in the greenhouse, the population of pests needs to be
monitored frequently, so the identification and counting of pests will be necessary for the intelligent spray
system.

Keywords: Auto counting, Insect, Intelligent spraying, Yellow sticky card
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Fig. 3. The results of diagnosed date palm orchard and two other classes using supervised classifications a) NN, b)

MLC, c) SVM and d) MDC in the studied area. Red, green and blue points show date palm, alfalfa fields and soil,
respectively.

Legend

k_means
Class_Name
- palm
- soil

| vegetation

yasuis 5| diges 93D g adlllaedjge (sadlaie ;> K-Means suiics)ls (canvdib jl odlitul b loyd s yasuis gl —€ JSd
K-Means suisc,llas gandib bwg bys ludss cu )l
Fig. 4. The results of diagnosed date palm orchard using unsupervised classification in studied area (K-Means). (a
and b) two examples of incorrect palm date recognition by unsupervised classification (K-Means)
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Table 2- Confusion matrix error in all supervised classification and unsupervised classification methods
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Fig. 7. Charts the relation between the area of palm groves of unsupervised classification and measurement field
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Introduction
Date palm is one of the most valuable horticultural products in Iran, which includes 16% of non-oil exports
to the world. Kerman province has the second rank for the cultivation area of date palm in Iran. Having
information about the exact cultivated area has gained importance for further decision makings. To determine the
cultivated area, organizations usually use census which has the disadvantages of high cost, wasting time and
labor intensive. The aim of this research was to study the feasibility of using Landsat 8 OLI images to identify
and classify the area under date palm cultivation. To accomplish this purpose, four supervised classification
methods (Maximum Likelihood Classifier (MLC), Support Vector Machines (SVM), Neural Network (NN), and
Mahalanobis Distance Classifier (MDC)) and one unsupervised classification method (K-Means) were
evaluated.

Materials and Methods

The study area was in Bam region located at 200 km southeast of Kerman province. In this research, a total
of 14 images of Landsat8 OLI satellite from the study area during fall and winter were downloaded from Landsat
official web page. After preliminary inspections for interested classes (Date palm gardens, Lands covered with
bare soil and forage crop fields), one of the images that was taken on Jan 14, 2017, was selected for further
analysis. After initial corrections and processing, 32 images of alfalfa farms, 32 images of date palm gardens and
32 images of lands covered with bare soil, were selected using GPS data points collected in study area scouting.
Shape files of all selected fields were created and utilized for supervised classification training set. The same
process was also done for the unsupervised classification method. To evaluate the classification methods
confusion matrix and Kappa coefficient were used to determine the true and miss-classified area under date palm
cultivation. It is worth mentioning that these factors alone cannot identify the most powerful method for
classification and they just give us a general overview to choose acceptable methods among all available
methods. To identify the most powerful method among selected methods, confusion matrix and investigating the
pixel transfers between classes is the crucial method.

Results and Discussion

Results of classifications revealed that the overall classification accuracy by using NN, MLC, SVM, MDC,
and K-Means were 99.10% (kappa 0.973), 98.77% (kappa 0.975), 98.66% (kappa 0.973), 98.52% (kappa 0.97),
and 52.66% (kappa 0.31) respectively. Concerning the confusion matrix in the NN method, the percentage of
producer accuracy error in date palm class was 0% and in user, accuracy error was 1.44%. In the review of other
methods, the lowest producer accuracy error value in date palm class obtained by NN and SVM methods was 0%
and the highest producer accuracy error belonged to MLC method which was 1.35%. Checking the recognition
power of other classes showed that in the soil class, the highest producer accuracy error was 2.32% by MDC
method and the least one was 0.64% by MLC. For forage class, the highest producer accuracy error was
calculated 37.07% by SVM and the least accurate one was 4.92% by MDC. Although the K-Means method with
Kappa Coefficient of 0.31 did not have a good classification quality, concerning classes and samples, it
successfully could identify date palm according to selective samples with 100% accuracy. Results of calculated
date palm area using supervised classification methods versus actual area measurements showed that NN and
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SVM methods with the coefficient of determination (R?) of 0.9995% and 0.9986% had the highest coefficients.
K-Means method with R-square of 0.9228% had a good correlation.

In general, all supervised classification methods obtained acceptable results for distinguishing between date
palm classes and two other classes. NN and SVM methods could successfully recognize date palm class. K-
Means method also could recognize date palm class but the recognition included some errors such as dark clay
soil textures which were classified as the date palm.

Conclusions
In general, overall accuracy and kappa Coefficient alone cannot identify the most powerful method for
classifying and these methods just give us a general overview to choose an acceptable percentage of accuracy
coefficients among available methods. After the initial selection, to identify the most powerful method of
classification the pixel transfer calculations in a confusion matrix would be an acceptable technique.

Keywords: Date palm, Neural networks, Support vector machines, Supervised classification, Unsupervised
classification
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Table 1- ANN results for Ymax and CF features extracted in time domain
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(neurons (error (training data (evaluating data (testing data

1 0.16508 57.83 56.53 50.00

2 0.14062 75.30 71.96 60.63

3 0.11523 81.34 77.16 73.52

4 0.14685 84.84 69.56 71.28

5 0.06511 91.54 83.48 79.16

6 0.12445 81.54 71.34 71.30

7 0.10759 89.30 76.97 74.77
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Fig.3. Confusion matrix for features extracted in time domain
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Table 2- ANN results developed based on features extracted in frequency domain
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Number of ) Mean square ) Success percent of ) Success percent of ) Success percent of )
(neurons (error (training data (evaluating data (testing data
1 0.17349 57.7 60.9 56.5
2 0.13678 76.0 73.9 60.9
3 0.08813 86.5 82.6 69.6
4 0.08906 82.7 87.0 73.9
5 0.01478 93.3 91.3 78.3
6 0.07558 92.3 87.0 69.5
7 0.09980 95.2 78.3 82.6
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Fig.4. Confusion matrix for features extracted in frequency domain
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Table 3- ANN results developed based on a combination of features extracted in both time and frequency domains
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4 0.19984 75.0 57.1 66.7
5 0.02700 73.9 75.0 83.9
6 0.01400 85 88.3 87.0
7 0.01990 91.7 83.3 73.9
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Table 4- ANN results developed based on acoustic data acquired in free fall test
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Introduction
Fruits and vegetables play an important role in food supply and public health. This group of agricultural
products due to high humidity are perishable and most of them (5 to 50 percent) waste during post-harvest
operation. Decreasing and minimizing such waste as "hidden harvest” could be an effective way to save food and
increase profitability. Despite the surplus of the fruit production in the country, our position in terms of
exportation is not commensurate with production, so measurements and grading on the basis of qualitative
parameters such as firmness, taste, color, and shape can influence the marketing and export of fruit. In this
research, application of an acoustic test is considered to achieve an effective and economic technology in the
field to determine the stiffness of Kiwifruit in post-harvest step. The aim of this study is to investigate the
stiffness index of kiwifruit and provide a classification algorithm in the post-harvest step by using the non-
destructive method of processing impact acoustic signals.
Materials and Method
In this research, an acoustic-based intelligent system was developed and the possibility of using the acoustic
response to classify Kiwifruit into soft, semi-soft and stiff categories was studied. 150 samples of Hayward
variety of Kiwifruit was used during the 18 days shelf life in controlled conditions of temperature and humidity.
Analyses were done in 9 sets per two days. In each analysis, an acoustic test was done by 48 samples in both free
fall condition and fall from a conveyor belt. The feature extraction of acoustic signals in both the time domain
and frequency domain has done, then the classification of samples was done by using the Artificial Neural
Network. After getting the impact signals of stiff, semi-soft and soft samples, stiffness of kiwifruits identification
has done by using acoustic features. The stiffness of kiwifruit samples in this study was measured to be 15.9+4.9
(N) by using the Magnes- Taylor test. Finally, samples were classified into stiff, semi-soft and soft by
comparison of maximum force and flux of signals amplitude.
Results and Discussion
The results showed that the features of CF and maximum amplitude in the time domain have high accuracy
in kiwifruit classification. The frequency resonances as environmental noises or impact position are out of
control in the time domain which causes a decrease in accuracy. So, the ANN by features of time domain has not
the acceptable capability to identify the semi-soft samples. The identification of semi-soft samples is not easy
because of having same properties of stiff and soft samples. Extracted features of frequency domain have the
most capability of correct detection. The optimal network has five neurons in the hidden layer and 0.014782 of
mean square error. The accuracy of correct detection of the optimal network was 93.3, 91.3 and 78.3 percent for
stiff, semi-soft and soft samples, respectively. Because of using more features in the frequency domain, the
classification of all categories was acceptable and identification of semi-soft samples was as good as stiff and
soft samples. The results of combined features of time and frequency domain showed that the artificial neural
network has less efficiency in comparison with the other two attitudes. The accuracy of identification and
classification was decreased by adding the extracted features of the time domain. So achieving the most accuracy
in classification is accomplishable just by using the features of the frequency domain. By comparing the results
of both free fall and online tests, it is claimed that this research can be industrialized.
Conclusions
Comparison of all results shows that there was no significant difference in the capability of ANN for
identification and classification of the sample in three categories. After all, we can use this method in online
sorting of kiwifruits by controlling the vector and position of impaction.

Keywords: Kiwifruit stiffness, Neural network, Nondestructive acoustic test, Shelf life, Signal processing
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Table 1- Analysis of Variance (ANOWVA) effect of chitosan coating, temperature and storage time on physical, chemical and mechanical properties of Falhri
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Table 2- Comparison of the mean interactions of the period x temperature x coating on the physical and chemical

properties
)L@.} pH TSS AE b L C«.g,]o)-.\.:o)b 039 "“3, 250
Treatment Humidity Weight loss
dicity 3.47 14.92' 0.00" 3.49" 45,59 0.4767° 0.00'
dycyty 3.47 15.45' 0.00" 4.21% 42.53' 0.4567° 0.00'
dycsty 3.47 25.66" 0.00" 3.55%" 45.41°%¢ 0.4467% 0.00'
dyicaty 3.47 20.64%" 0.00" 3.31 43.27" 0.4833¢ 0.00'
dyicit, 3.47 18.32 0.00" 3.65%" 44.94% 0.5133* 0.00'
dicyt, 347 18.46’ 0.00" 2.06' 46.24% 0.4767° 0.00'
dicst, 3.5 19.17' 0.00" 3.6 44.54" 0.5233" 0.00'
dicuty 3.5 19.43' 0.00" 3.589" 46.66° 0.5133* 0.00'
dycity 3.61% 21.28" 1.8 3.57% 449 0.4033¢ 5.04°
dycyty 3.53" 20.33" 16" 4.7° 41.11™ 0.4067¢ 5.08°
dycsty 3.559" 23.23¢ 2.44° 4.62° 43.33" 0.3867" 4.99°
dycaty 3.7° 26.93° 0.79¢ 3.63%" 43" 0.4433° 4.81°
d,ycit, 3.5" 18.3' 0.84¢ 4.28° 44,83 0.5033° 1.61°
d,c,t, 3.64° 21.44' 0.53%" 251" 45,98™ 0.4567¢ 2.15'
dycst, 3.49 19.23' 0.82¢ 3.91° 43.979 0.5167° 1.05"
dycyt, 3.76° 21.77" 1.56" 3.71% 45.33% 0.5033" 0.94"
dycity 3.72° 26.26° 5.53a 473 40.67™ 0.3567' 9.2¢
dscyty 3.59° 18.13' 5.27° 5.28° 37.83° 0.3067! 10.66°
dscsty 3.57 17.4% 4.64° 5.32? 41.29 0.3433% 9.89"
dscaty 3.72™ 20.63%" 3.18“ 3.87° 40.45" 0.4167" 10.39°
dscqt; 3.55%" 17.91% 2.89°¢ 4,13% 42.48' 0.4767° 2.99°
dscyt, 3.82° 25.43° 3.33¢ 2.7 43.02" 0.4567¢ 2.92¢
dscst, 3.549" 17.82% 2.6% 4.1° 41.85% 0.44° 2.23'
dscyt, 3.82° 24.61° 3.43° 417 42.42" 0.4833° 217"
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Mean with the same letters are not significantly different (P<0.05)
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Fig. 4. Changes in sample weight during the storage
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Table 3- Comparison of the mean effect of chitosan coating on mechanical properties
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Mean with the same letters are not significantly different (P<0.05)
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Table 4- Comparison of the mean interactions of the period x temperature on the modulus of elasticity in 10 days
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Table 5- Comparison of the mean interactions of the temperature-coating on mechanical properties in 10 days
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Fig. 10. Experimental data and results obtained from the Maxwell three-element model
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Table 6- Stress and relaxation time values in the three-component viscoelastic elements of the Maxwell model

bl oo o
Relaxation time (s) Stress (kpa)

Treatment Day Temperature [ 03 (A o T T, T
1 25 1375 1069 1483 2.838 15.057 89.118  229.152
3 1 4 1.393 1353 1.853 2.633 13.567 78211  209.456
N;“f; f)autj:g 25 1.063 0939 1.043 2553 8.749 87.745  225.259
5 4 1498 1005 177  2.434 10.427 83.866  201.705
10 25 0.765 0576 1054 2.324 8.166 92.898  216.164
10 4 1.081 0815 1516 2.374 10.303 76.712  200.907
1 25 1135 1.033 145 2.494 16.416 76.915 245972
1 4 1.235 1139 1554  2.405 13.679 71.233  240.265
O'”*»g 5";” /o 5 25 1.815  1.73 2.02 2.82 11.885 84.381  246.234
7 5 4 1.871 1701 2.023 2.868 10.363 84.319  342.405
10 25 1.775 1607 1.803 2.414 9.541 79.978  235.142
10 4 1.818 1077 2.096 2.7 9.788 60.388  239.707
1 25 1536  1.02 1.778 2.892 14.819 71.001  300.132
oy 1 4 1.226 1037 1424  2.467 13.876 75.891  225.891
oo e 5 25 1.761 1658 2174  2.93 13.704 72531  304.17
1% 5 4 1.839 1752 2036 3.198 11.864 91.128  297.423
10 25 1.721 1627 2029  2.499 8.339 85384  285.142
10 4 1.839 1739 2.093 2.795 9.369 71363  229.568
1 25 1337 1281 1678 249 15.063 85.77  253.496
e sy 1 4 1.344 1187 1576  2.483 14.002 82487  257.329
g e 5 25 1731 1649 1943 2636 14.428 9149  258.039
2% 5 4 1.708 1613 1912 2.856 12.663 94935  257.504
10 25 1.033 116 2157 2.374 9.945 80.315  261.04
10 4 1.492 1334 2067 2.664 12.244 89.709 271676
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Introduction

Grape fruit set its fruits and shortly after planting and due to high nutritious value and excellent food quality
has been welcomed by many people in the world, but considering its soft tissue and high softening velocity and
sensitivity to fungi attack it is known as an extensively vulnerable fruit. One of the most important ways to
maintain fruit quality, decrease vulnerably and assist more appropriate storage, is the use of coating method and
proper packing of agricultural products and combining these procedures to decrease damages in storage. Edible
coatings provide a replacement and fortification of the natural layers at the product surface to prevent moisture
losses, gas aromas, and solute movements out of the food, while selectively allowing for controlled exchange of
important gases, such as oxygen, carbon dioxide, and ethylene, which are involved in fruit respiration. Chitosan
is the most common polysaccharide-based coatings. Chitosan films have been successfully applied as edible
material in films and coatings for the quality preservation of different fruit. In this study, the effects of the
application of chitosan edible coatings and storage time on some physical, chemical, mechanical and rheological
properties of grape were investigated during storage.

Materials and Methods

Grape fruits were screened for physical damages, fungal infections, and size homogeneity after harvesting
from the farm. Then fruits were divided into without coating and fruits with coating. Fruits being coated,
prepared in chitosan emulsion and submerged for two minutes and kept at 20°C for one hour for drying the
surface coating via airflow. In order to calculate the weight loss, three containers of each grape fruits (treatment
and control) collected and after weighing and averaging weight loss were compared to initial weight during
storage expressed as a percent. Color intensities were determined using colorimeter samples. In order to
determine soluble solids from each sample, refract meter was used and pH amount of each sample was
determined. Mechanical traits and fruit stiffness were measured through penetration test using materials test
machine Zowick/ Roell having 500 N loadcell in line with the small diameter with concave probe (5 mm
diameter), the penetration depth of 2 mm and loading rate of 10 mm s™. Mechanical traits including stiffness and
elasticity module calculated from the force-deformation curve. Viscoelastic materials have the properties of both
viscous and elastic materials and can be modeled by combining elements that represent these characteristics. A
viscoelastic model, called the Maxwell model which can predict behavior was evaluated.

Results and Discussion

In this current study, the application of chitosan coating significantly reduced the fresh grape decay. Fruit
decay of grape increased with storage time, but the coating reduced the rate of decay with the length of storage.
According to the results, the application of these coatings has a positive impact on yield stress and energy of
rupture product texture during the storage. Results of variance analysis showed that temperature, coating and
storage time has a significant effect (1% level) on some of the engineering properties of the grape. Storage time
has a significant effect on elasticity, while the coating does not have a significant effect on this parameter.
Finally, results showed that the application of chitosan coating has an effect on relaxation time and stress. So
during storage of coated samples these parameters decreased compared to uncoated.

Conclusions
Edible films and coatings may reduce the moisture transfer, the rate of oxidation and respiration which are
considered important to prolong the shelf-life of these products. This investigation showed that the chitosan
coatings are effective for grape shelf life extension and retarded the senescence process compared with control.
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The coat has been as a physical barrier for the gas exchange between the fruit and the environment. It was
demonstrated that the coating reduced the loss of firmness and delayed the softening of fruit and texture change.
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Introduction
High energy consumption and non-uniformity drying in conventional batch type dryer are the common
problems in paddy dying industry. Non-uniformity drying causes to kernel breaking chance in the milling
process. Using new dryers with better performance can solve the drying problem and energy saving. In this
research, the operation of a re-circulating batch dryer was compared with a fixed bed batch dryer (conventional
dryer) for paddy drying.

Materials and Methods

This research was done in a paddy milling factory in Ferydonkenar and deputy of Rice Research Institute of
Iran, in Amol, Mazandaran province. Both re-circulating dryer and conventional batch type dryer were made by
Khazar Electric Company in Amol- Iran and they had 5 tonnes capacity. In the re-circulating dryer, ambient air
was warmed in the furnace and blown to drying zone inside of grain bin. Natural Gas (NG) was used for air
warming in dryers. Warm air absorbed paddy moisture and pushed away from the dryer. Drying temperature
ranges for re-circulating dryer and conventional dryer was 48-50 °C and 38-52°C, respectively. The paddy
variety was one of the Iranian rice varieties as Tarom and initial moisture content of grains was 21% (w.b), it
was decreased using drying to 8-9% (w.b) for milling process. Paddy moisture content was measured each 60-
120 min by SUNCUE TD-6 portable moisture tester-Taiwan. Energy consumption calculated by fuel and
electrical energy summation in each experiment. Natural Gas and electrical power consumption were measured
by Gas and electric counters respectively.
Drying time, paddy moisture change trend and energy consumption were investigated for paddy drying in each
dryers. Also, milling ratio, breaking percent, whitening degree, and elongation rate after cooking were studied
after the milling process for rice dried using national standard methods and deputy of Rice Research Institute
facilities in Amol. Experimental samples were 150 g and husker (SATAKE THU35B), a whitener (SATAKE
TMUO5) and KETT C-100 were used for husking, whitening and whiteness degree, respectively. All
Experiments were done with three replication and data analyzed using T- student method in 5% probability.

Results and Discussion

Results showed that re-circulating dryer caused to reduce 54.12 percent in drying time and energy saving in
paddy drying in compare with conventional paddy dryers. The trend of moisture content changes was longer and
over-drying occurred in lower layers in conventional batch type dryer compared to re-circulating dryer. Paddy
drying was 20 hours more in batch type than the re-circulating dryer. It caused wasting time and energy
consumption. Specific energy consumption for water evaporating in the re-circulating batch dryer was 3.9 MJ/kg
water and it was 76.25 percent less than fixed bed batch dryer. After the drying process in both dryers, paddy
moisture content was in range 8-9 percent (% w.b). Using re-circulating dryer did not have a significant effect on
milling yield but it had a significant effect on broken rice. Broken rice decreased by 5 percent after the milling
process when paddy dried by re-circulating. Uniformity of layers drying and normal heat stress in rice kernels in
re-circulating dryer reduced broken rice in the milling process. Whiteness degree of rice dried using fixed bed
dryer was 2.4 percent more than the re-circulating batch dryer. Also, rice dried had more elongation rate about
6.2 percent after cooking when paddy dried by conventional dryer.

Conclusions
Results of this paper showed that using of re-circulating dryer would decrease time and modify energy
consumption in paddy drying. The costs of installation for the re-circulating batch dryer was about 5.3 times
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more than fixed bed batch dryer. It seems too expensive at first but considering energy and time-saving in the
drying process and suitable effect on decreasing grain breakage in paddy milling, using of the re-circulating
batch dryer is recommendable in rice milling factories.

Keywords: Drying, Energy, Paddy, Re-circulating dryer, Rice milling
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Breakage Milling length to Loss of solid absorption degree
Percentage efficiency width material
Ol sl 29.85™ 55" 877" 62.76" 0.08" 20.9"
Soaking temperature
(2% oloj s 31.88" 115" 0.14™ 0.97™ 1.02° 15"

Steaming time
3 ol slo> Jliza 51

@2 oloj 6.03" 1.95™ 1.92" 2.36™ 1.59™ 0.42"
Interaction of soaking

and steaming time

ooyl g LN D paws (3 I3 dme S A NS g s
*** and ns means significant at 5%, 1% and not significant
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Table 2- Average of measured parameters in test treatments
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5> 9.68 66.3 2.436 2.65 1.09 67.33

Soaking temperature of 35° C and
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Soaking temperature of 75° C and
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YO 23,50 o) g 450 VO yiiluus slod
ddghs 225 64.43 2.386 1.74 1.12 62.14

Soaking temperature of 75° C and
steaming time of 25 minutes
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Introduction

Rice is one of the most important cereal grains in the world. Milling is one of the most important phases of
the paddy processing that affects the quality and quantity of the product. Postharvest losses include threshing,
drying, transportation and milling contains about 30-40% of total produced rice in developing country.
Parboiling increases the mailing efficiency of rice from 51% to 80%, protein, fat and ash content. Champa
variety is one of the most important varieties of rice in the southwest of Iran and has low milling quality in spite
of its flavor and aroma. This study was conducted to assess increasing the quality of Champa rice milling phase
by parboiling method.

Materials and Methods

This study was conducted to assess the increasing quality of Champa rice milling phase by parboiling method

in the growing season of 2016 in Lordegan city. Paddies were prepared from a rice farm in Lordegan city.
Parboiling treatments consisted of three soaking temperatures (35, 55 and 75 °C) and two steaming times (15 and
25 minutes) at a steam temperature of 110 °C. This study was performed in a factorial experiment based on a
completely randomized design in three replications. Parboiling process included soaking, steaming, drying and
whitening. Bain Marie was used to keep the water temperature constant in two phases of soaking and steaming.
Samples were placed in a oven to decrease the humidity in the drying phase. Breakage percentage, loss of solid
material, milling efficiency, whiteness degree and the ratio of length to width were measured in raw and baked
rice in all samples.

Results and Discussion

Breakage in control treatment (non-parboiling) was 19.38%. The lowest breakage percentage (4.03%) was
obtained in parboiling treatment (soaking temperature of 55 °C and a steaming time of 15 minutes). Parboiling
improved milling efficiency and reduced loss of solid materials. Highest milling efficiency (67.11%) was
obtained in a soaking temperature of 55 °C and steaming time of 25 minutes. The lowest amount of loss of solid
materials (1.74%) was obtained in a soaking temperature of 75 °C and steaming time of 25 minutes. The highest
ratio of length to width (2.46) and the highest whiteness degree (76.54%) was obtained in no parboiling
treatment. There was no significant difference in water absorption parameter between parboiling treatment and
non-parboiling treatment.

Conclusions

Champa rice variety has a very good flavor and aroma but did not have good appearance and its breakage
percentage is not good. Parboiling reduces the breakage and improves the appearance in raw and baked rice.
Parboiling had a lot of positive effects on the milling quality of this rice cultivar. The best treatment (soaking
temperature of 55 °C and steaming time of 25 minutes) reduced breakage percentage (by 79%) and loss of solid
materials (by 37%) and increased milling efficiency (by 2%) in comparison with control treatment (non-
parboiling). Overall, parboiling reduced rice streaking during baking by improving the quality attributes of
paddies and finally improved the rice shape.
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Fig. 1. Tested engine OM 924

Table 1- Main characteristics of the diesel engine

daSuind Slado
Specification Value
LY

OMO924LA
(Model)
)..\l.l,‘.w sy 4
(Number of cylinders)
(Cooling system) (Water pump)
)99 99* O e 160kW
(Maximum power)
03 R 810 N.m
(Maximum torque)
TE o 2800 rpm
(Maximum  rotational speed)
g il ailobs ) 48 Bl
(Injection pump type) (Row type)
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Fig. 2. Fuel consumption measuring system (a), Fuel consumption in mass basis and the amount of fuel in the tank (b)
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Table 2- Coded levels of the independent variables in the study method

iz ko W o B A5 c"’*"
Independent variables Variable levels

-1 -05 0 0.5 1
() o & Jjwoger ol 0:1 0.2:1 0.4:1 0.6:1 0.8:1
Biodiesel/diesel ratio (L)
() Jizo 2 Jgblye onn 0:1 0.1:1 0.2:1 0.3:1 0.4:1

Ethanol/diesel ratio (L)

(4853 32 593) s5ige oo 1000 1450 1900 2350 2800
Engine speed (rpm)

(+22) s553e 20 40 60 80 100
Engine load (%)

St (glo o ((8l5) 0023 S8 g 05 05 rshaws )3 (53550 S y0 )b ol 2 a3 3590 slaialojl Cusyed =T Jgu
Table 3- The considered tests based on central design at coded and not coded levels of variables

S ga ke 53 J 32090 a2y Chga ko 53 Joililgn duoy> 2990 ly93 s 2900k
. ) Percentage of biodiesel Percentage of bioethanol in Engine speed (rpm) Engine load ()
owbojl o )lows in fuel mixture (%) fuel mixture (%)
Experiment _ x;, _ _ _ _ _ _
number NEEY L Y SIS A s SIS as &8 A e SIS as (5,150 e
Coded e Coded Not coded Coded Not coded Coded Not coded
Not coded

1 -0.5 154 -0.5 7.7 -0.5 1450 -0.5 40
2 -0.5 154 -0.5 7.7 -0.5 1450 0.5 80
3 -0.5 154 -0.5 1.7 0.5 2350 -0.5 40
4 -0.5 154 -0.5 7.7 0.5 2350 0.5 80
5 -0.5 133 0.5 20 -0.5 1450 -0.5 40
6 -0.5 13.3 0.5 20 -0.5 1450 0.5 80
7 -0.5 13.3 0.5 20 0.5 2350 -0.5 40
8 -0.5 13.3 0.5 20 0.5 2350 0.5 80
9 0.5 35.3 -0.5 5.9 -0.5 1450 -0.5 40
10 0.5 35.3 -0.5 5.9 -0.5 1450 0.5 80
11 0.5 35.3 -0.5 5.9 0.5 2350 -0.5 40
12 0.5 35.3 -0.5 5.9 0.5 2350 0.5 80
13 0.5 316 0.5 15.8 -0.5 1450 -0.5 40
14 0.5 316 0.5 15.8 -0.5 1450 0.5 80
15 0.5 31.6 0.5 15.8 0.5 2350 -0.5 40
16 0.5 31.6 0.5 15.8 0.5 2350 0.5 80
17 -1 0 0 16.6 0 1900 0 60
18 1 40 0 10 0 1900 0 60
19 0 28.6 -1 0 0 1900 0 60
20 0 22.2 1 22.2 0 1900 0 60
21 0 25 0 125 -1 1000 0 60
22 0 25 0 125 1 2800 0 60
23 0 25 0 125 0 1900 -1 20
24 0 25 0 125 0 1900 1 100
25 0 25 0 125 0 1900 0 60
26 0 25 0 125 0 1900 0 60
27 0 25 0 125 0 1900 0 60
28 0 25 0 125 0 1900 0 60
29 0 25 0 125 0 1900 0 60
30 0 25 0 125 0 1900 0 60
31 0 25 0 12.5 0 1900 0 60
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Table 4- Analysis of variance the total and

predictive models of specific fuel costs

asio @33l p ©lasyo ggone Slagyo il . Povalle
(Sourse) (DF) (SS) (MS)

(Master model) & Jao

(Model) Jso 14 40132629 2866616 166.1508 0.0001
(Linear) s o)le 4 37344107 9336027 541.1218 0.0001
(Square) ¢ 4»y> ©)le 4 1938019 484504.7 28.08218 0.0001
(Cross product) Jlie < le 6 850503 141750.5 8.215944 0.0004
(Error) oLl 16 276049.6 17253.1

(Lack of fit) culs pue 10 236889.7 23688.97 3.629578 0.0641
(Pure Error) ,alls ol 6 39159.88 6526.646

(Totaly Js 30 40408679

(Predictive model) o i Jso

(Model) Jso 10 40028158 4002816 210.3864 0.0001
(Error) oLl 20 380520.5 19026.02

(Lack of fit) culs pas 14 341360.6 24382.9 3.7359 0.1206
(Pure Error) a5 oLl 6 39159.88 6526.646

(Total) Js 30 40408679

S0 » (Mo S gaw ) b dre 83U e Jb 5 Co g
P Nediee Gmobe Jhe 2l cnlply Wl CEgw ohg alia
ofg diyr b e dal) &5 jgige Jb jpay i Clle e
Loy 5)b dasuie pl b puitme daly CMen iy 3 Ci g
Soy 2 b U rde Jpoge (b Ohle colys 4 g

RGN CSgw 0319 4y i

Jo calpd 5 ofy Chgw anje Jao Chle Luibjly aped

Gl P-value polis .cusl o oy lis & Jodo 0 ol A5
5 Co o o Jllon cJpdon layiehly SS& 4 Joo lac)le
P- Jde &5 slacle Cuol oud &)l Joso ol 10 y9550 ,b
2 &S jebolen g o Jhe 3ylg Ml +/+0 ;I xS Ll value
Joblon (Jpdge Jol 42> (sboygiSh 390 oamldia Joso (i



YAV dposm—dio e g S 5 05 o gu of1g 438 o)

05 3 Jho calyd 5 03y S g dinpp Js il by 455 =0 Jga
Table 5- Variance analysis of specific fuel costs and coefficients of the coded model

©,ke T ETIY) b EM
. Slry o F P-value
(Sourse) (DF) Estimate
(SS)
Biodiesel) Json 1 2148.918 27707082 1605919  0.0001
Ethanol) il 1 924.281 5125772 297.0929  0.0001
(Spead) > co e 1 411.0962 1014001  58.7721  0.0001
)
(Load) 1 -763.463 3497252  202.7029  0.0001
P
J3dgm % Jpdgn 1 -679.122 8242835 4777597  0.0001
(Biodiesel x Biodiesel)
Jobles x Jpogm 1 -484.381 234625 1359901  0.0021
(Biodieselx Ethanol)
ey X 09 1 82.81086 6857.639 (397473  0.5373
(Biodieselx Spead)
(Biodiesel Load) Jux _J30 1 -154.38 23833.06  1.381378  0.2571
x P 239
Joblan x Jgiblae 1 -242.273 1049039 6080292  0.0254
(Ethanolx Ethanol)
ey x Jgibly 1 -26.2511 689.1222 (039942  0.8441
(Ethanolx Spead)
(Ethanol Load)  x Jsiblss 1 -270.354 73091.08  4.236403  0.0562
x P
(Speach Spead) ce o x cope 1 527.4172 497152.9  28.81528  0.0001
(Spead Load) j x e 1 -715.127 511407.1  29.64146  0.0001
P
1 413.4836 305561 17.7105  0.0007

(Loadx Load) ,L x ,b

3 elmodly ol odel Cawdty Jdo il ooy BB (H5590

3 Canl &yle o
EFC = 2267.556 + 9978.855B + 9466.04E —
0.825658 — 12.35501L — 4244.51B* —

6054.763BE — 6056.826E2 + 0.000651S5? —
0.019865SL + 0.258427L? (¥)

opg 4 Sl SFC (Specific fuel cost) ] ,» «
oo Cand skimdlis B (R KW' Y s cogu
2 ol oo o Sy B g bgba 5 Jiposm
2F90 b Lo AlBd 1 593 e  ygige Copw S (g bgle
boplp 0adsS Joo cl qupo jlde il do)d s
2l_e OFOV/AD

g Milge +/+0 il jieS ped ax > sl le plos P -value

Jae 4 2959 slp ool Bld 11y o5 el il ol plos
oSe daly Jpblan 5 Jidge Shle ool gle j1)l (moin
gl Cogw ohg aija b paltae dlasly 5790 )b g Sy
blie sbojle (e 93 m upd) Jlite sbojle Gle
2 503yl giae (g)lel blod Sl L x e pus g Jgiblgm X 090
b i o Juo 3)ly iy joiito b ogSae dlasly o L 9
P e G Chge ohy anje (e Shle ol SRl
5 g 0k dizsh b (oo ine dbaly ol 4 a5 Jls
WA oy ond s R® g R® polie g c00 Jto 39
ot opl el Canddy i Jde glp doyd AVIEY 5 so)d
ohg k) diwsly e Slpuss I ZAA A dgds &S Cuwline
Ceyo g3k Joblan (Jpogw) Jitwe slayiie bwg (g



WA 90 Jluous F o lods & ade (6559l (gl pniilo &y it A

(OlF & s Cogw Bpao (Rl J @) Cogw ohrg Spas
s 381 Ggy cpl o o YU (glayl 55 9 5l (suad (g35m0 Mg,
ohg Aujh Hgige Sy il L YL lasl 3 5 0l SmMe
g bwgie o)l > b GBI e g B bl Cégw
4 Cdgw ofg Spas (e omb glacew » Vb jogada
bocalite 5 bbioe Rl doa 4 Cogw Cuns Gl
ohg Byas lgp & Cogw Cund (AL Al 3 9 Sy a8l
b GRS 3> Cogw 0hrg duia b maitene dlaly &5 CE g
03l (Bl J> ) Cogw ofag Bpan YU a5 5k o L
Ol b it 33 8 gus 02 dly3 4 50 oo SIS o>

b Gl

(b) (<)

, , ,
= EFE(R/KW._h)
2700 gpo0
2400 7900 p y
7000
= 2100
o
£
5 o
2
2 1800 6500
3
1500 > .
1200
6000 5586 5586
: T

: : T : : T
20 3 40 50 60 70 80 90
load(%)

T
100

99 Cdgua 0539 a3 S35 2 95890 Hb 9 ey il
8L LMEAS &5 go
Oygo 4V JSS 5d Chgw ofag Alja 59y 2 Hige sk U
ol odld UL") D62.5825E12.5 LM d‘)’ 9y 9 )a.ulf )‘.)9@.3
29590 4 Jlesl )b (il b g e ssalio & jobilon
Onb ey )3 & sk 4 bboe B g oy Ause
OBl (65 cad b lges ey Gl L g @Yo (b L
5l Cogw 0329 O pan b oaiime dlayl, 0329 Cdgu 4 in .\:b@
Olpl b Al g ohrg Brae jeige sk I L 4
S GBI L pionen S (o0 Iy (BB 55 039 CEgw dsa
oRlB U @ oml bl )3 Cdgw ohg dje Gl 9ige

(@) (<)

\

100
load(y,

SlgolS Jby Gans g Ch g 0319 4ija (595 » 590 Ca g 95k Sl jiio 13l (o JSU3) 15 asis o (W JSU8) g, i - T JS
De25BasEi2s cégw sl p ccls

Fig. 3. (a) Surface and (b) Contour plots of the effects of engine load and speed on the specific fuel costs for the fuel of
Dé25B2sE125

Dl oo ol S 4 aBLbMB] ch g > Jpdgn o)
3 Cogw ohg Gpas Jpd Cogw & Cund Jrndsm 2l
..\JLO‘_;O wlp\ .))‘b L.A>9.»J 039 d)m

O OA g 059 A 1A (S 9 = J 3 gt A gyl
AL LA & geu

cble Ol}ﬁ,a L/w.‘l)sl b 29 o omlie ¥ JE s 45)519“)1«5

ORIl L S e Iy el Ch g ohg Abje (i J5dee



YAV dposm—dio Lo g oS 5 05 o gu o1 438 (o)

= EFE(R/KW.h)
0.361
0.3 ) )
3000
= 0241
3
= 4
£ 0181
<
w
2000
0.12
.
0.061
1000
o4 |
1000 2000 3000 4000 5000 6000
‘ : ‘ ‘ T ‘

T T T
0 01 0.2 03 0.4 0.5 0.6 0.7 0.8
Biodiesel(lit)

() ()

se‘k\ﬂ

Ethanor(m) 0

sy C g 0329 4 (£ 3 Jollon 5 3den (oo Coms o yite (b (o JS3) 515 adis o (A JS3) gy adis —& JSS

Fig. 4. (a) Surface and (b) contour plots of the effects of volumetric ratio of biodiesel and ethanol on specific fuel costs
in full load and 2800 rpm

Cad (5 Omly 9diee W A aze o) Yl cely aio
5 yoS s gw doS pl 5l &S Cunl oads el Jud oS g
& oY gl 5 by slajsiS 5 Jg 2935 eslial Mol b
O onb Grzen g (e acdsw G (39 Yo S
@ @bj g pd ol (b bedgw 650l Wy ansa
ol &8)5 Cijoo g ydgn 10 S g 456555] 1 oolaul
3250 Lo yaide (515 Cid guu 053 A i o ludiings
28550 )b 9 &ae yua o J 9301 g2

bl (38 1o lp ) Gl waw (ho) 4 sludinge & JS5
ohg Aujd () dindr g AleS jolate 4 Sl (sl jiie Al
29 o odbline Al IS5 0 a5 jobylen md o lis i gw
Slogks po Gl & Jby BA+ Cogw ofg dia (e (p oS
3 (D100BoEo) (alls Jjd e g (sl &5 390 oy ol sl
ksl Bl (aoyd Ver) JolS )b g adds jy 590 VIVA Gy o
bWS) cdgw )3 Cgw ohg dije Ol (bl (piones
g g o> Joblen il /¥ g Jidge s <IN oadly
Vo Jloel Jbg addd p 590 YA++ e p (Das2BaseEis2) Jo
oly celo Slyshs o il Jby BY Gl 4 9 59550 2oy
Cogw Cul asuie O S5 0 a5 job ylen Dol Conday $My
ohy Axip So) » St U ol Vb Cuadd By S35
D1 1500 (sl i 4 o CSgu

PO oy At (59 - J g Cid g 3G
LIS A g
o Chgw ohg A (e 5 Jollen dep (LIENL
Ui 4 el ol sy Il ol s S e Ty el
Wb Jps Shgw 5l Foml sl Joblan cogw ol
Ll pasudie (loj e Sy 3 9 Sl ply S Mg Gl el e
x> gd 4 Jellan Chgw I pide Glie b s
odalia ¥ JS5 53 a5 jobilen b plall Cogu ofag asa
cble JulEl b Joblen oVl 4 abe glaro) 5l s5d e
YL ooy )3 g oad Sedle Jpdgn (a3l 9y Jpdge
4 SPmMe cud S g ohrg dinja LIBT3 Cogw 58 93 (]
S Jid9m (2le)S B3 (g2 $YL > 4 1pj 0pS e 395
Cogr & Comd J3239 CEg Clale (1531 (Jgillon Cogu &
el a5 9 LMST oS il Gl coge Jiblan
solgs Co g g ae SalS ol JUid 4 g Cog 05y B e
Jag05 otall gy Casl Lasede ¥ S 3 45 jsbislen A3
Gl PN b Jpdge clale (Ll daslye anje
3osm Cogw Cuadd (39 Vb clde 4y ol 9 0) Joiblsn cgu
b plai Cuwd glpl o il Jollsy Cogw 4 s
hed glacdgw | e Jpblen 5 Jogm (e gl g
g odes Oygods S 9w (pl g pis (imes 3l e S g



WAA g5 Jluos oF ooy & o> o(53,9LiS glagmilo 4 pis  YAF

EFE(RIKW.h)

0.00 0.00

Biodiesel(lit) Ethanol(lit)

EFE(RIW.h)

Biodiesel(lit)

Ethanol(lit)

(@) ()

2139 100
speed(rpm)

20 100

1000 2800
2800

speed(rpm) load(%)

(& JS5) aasetio ol 03,5 didey 5 (A JS2) C8 g0 0fg dizs ()5 e jglaio &y Siuwo (Lo poite alpgy bl -0 JSUS
Fig. 5. The optimum points of experimental variables to (a) maximize the specific fuel costs and (b) minimize the
specific fuel costs of engine

bl (b GRlB L) Yh g abe la)l 55 5 Rl ml sl
8l Al g 9 S

Sl > Cogw ohy Aup Glie pige Copw I L
Spae il J> @) Chgw ofy Spae Gl Wb 4 (b
5 Vb sl 3 9 351 (sl (3gre By (Ol & Cus CE g
GBI L YL lajl p3 g oad Semde (il 8l K9y ol e
b GBI w9 (BRIl CE 9w 09 A ja yige Cu puo

LIS slacdgw 3 Jolblsn 5 Jpogm 2oy GRIFE1 L
9305 I SRl o Coge dr Camd g o Aje ably
5 cubly (gytiy b Joblay 3,5 adlsl b Lilibl 64, oyl
» 5 oAl o Cogw lp Chgw ohg auie Olie (S
Roglie g (20> Ver) Jol )l 5 4dBd 0 y90 VIV o p
Sl 3l 0A-kW ™ R

References

8 5 4o

cailisee bW 51 oolatwl Sl oy 4 Gudiss pl g
98 by S5 y959e > Jeblan —Jpden —J5nd socsgw
liste (oo SbCund Geed g e Sy g b 6
aasde 69y p Joller 9 Jpogw (Jpd clacégw LIS
ol Cadey > lis 9 CEF 8 ) 3y90 s590 (s3La

A oladl ansie ly (dnpin psd 2 ]l
S pbar b aBld Jbime dop S g p gl
dilizes oo e 5 )5se oy Ol Sl lapsie
Sl pgidr aBLLMS] sbedsw > Jgblon 5 Jndge
WS e 1) (Gl golaw) dtunly (sl pite Sl ynss

plod 3 Chgw ohg auip yeise & Jleel Jb Rl L
Lol sl o alS ol alS g b
2 dascino 93 (pl jeise oy il b Ll Dgy (g codd

1. Andreoli, C., and S. P. De souza. 2007. a melhor alternativa para conversao da energia solar e féssil em etanol.

Econ Energy 59: 27-33.



Y40

309w —J 50 (BCS g S 5 5 ) S g 059 &y B oy

10.

11.

12.

13.

14,

15.

16.

17.

Anonymous. 2007. International Energy Agency (IEA). Biodiesel statistics. IEA energy technology essentials.
Paris: OECD/IEA; January 2007.

Armas, O., K. Yehliu, and A. L. Boehman. 2010. Effect of alternative fuels on exhaust emis- sions during diesel
engine operation with matched combustion phasing. Fuel 89: 438-56.

Bavafa, M., M. Tabasizadeh, A. Farzad, B. Ghobadian, and H. Eshghi. 2014. Effect of poultry fat oil biodiesel on
tractor engine performance. Journal of Agricultural Machinery 6 (1): 14-24.

Biofuels Platform. 2010. ENERS Energy Concept. Production of biofuels in the world; 2010 (available online
bhttp://www.biofuels-platform.ch/en/infos/production.php? id=bio-ethanolN last visited: 26 Feb 2010).

Carraretto, C., A. Macor, A. Mirandola, A. Stoppato, and S. Tonon.2004. Biodiesel as alternative fuel:
experimental analysis and energetic evaluations. Energy 29: 2195-211.

Castillo, E. D. 2007. PROCESS OPTIMIZATION: A Statistical Approach. New York: Springer.

Ghobadian, B., H. Rahimi, A. M. Nikbakht, Gh. Najafi, and T. F. Yusaf. 2009. Diesel engine performance and
exhaust emission analysis using waste cooking biodiesel fuel with an artificial neural network. Renew Energy 34:
976-82.

Karabektas, M. 2009. The effects of turbocharger on the performance and exhaust emissions of a diesel engine
fuelled with biodiesel. Renew Energy 34: 989-93.

Kim, S., and B. E. Dale. 2005. Environmental aspects of ethanol derived from no-tilled corn grain: nonrenewable
energy consumption and greenhouse gas emissions. Biomass Bioenergy 28: 475-89.

Lin, B. F., J. H. Huang, and D. Y. Huang. 2009. Experimental study of the effects of vegetable oil methyl ester on
DI diesel engine performance characteristics and pollutant emissions. Fuel 88: 1779-85.

Lujan, J. M., V. Bermudez, B. Tormos, and B. Pla. 2009. Comparative analysis of a DI diesel engine fuelled with
biodiesel blends during the European MVEG-A cycle: Performance and emissions (I1). Biomass Bioenergy 33:
948-56.

Myers, R. H., and D. C. Montgomery. 2002. Response Surface Methodology. Process and Product Optimization
Using Designed Experiments, 2nd ed.; John Wiley & Sons: New York.

Solomon, B. D., J. R. Barnes, and K. E. Halvorsen. 2007. Grain and cellulosic ethanol: history, economics, and
energy policy. Biomass Bioenergy 31:416-25.

Subbaiah, G. V., K. R. Gopal, and S. A. Hussain. 2010. The Effect of Biodiesel and Bioethanol Blended Diesel
Fuel on the Performance and Emission Characteristics of a Direct Injection Diesel Engine. Iranica Journal of
Energy and Environment 3: 211-221.

Von Sivers, M., G. Zacchi, L. Olsson, and B. Hahn-Hagerdal. 1994. Cost analysis of ethanol from willow using
recombinant Escherichia coli. Biotechnol Prog 10: 555-60.

Xue, J., T. E. Grifta, and A. C. Hansen. 2011. Effect of biodiesel on engine performances and emissions.
Renewable and Sustainable Energy Reviews 15: 1098-1116.



&
Journal of Agricultural Machinery @ d Giglis s piilo 4 yld
Vol. 9, No. 2, Fall - Winter 2019, p. 385-397 it WAL FAB-FAY L ATAA pgo Jlumosi ¥ o las & al>

Evaluation of the Specific Fuel Costs for Combination of Diesel Fuel- Biodiesel -
Bioethanol in a Diesel Engine

G. Khoobbakht""

Received: 28-05-2017
Accepted: 02-12-2017
Introduction

The researchers have been currently focused on replacing fossil fuels by biofuels to reduce dependence on
fossil fuels. Biofuels provide low greenhouse emissions with the reduction of oil import. The biofuels can play
an important role economically becomes more clear when their relatively developed agricultural sector is taken
into account. Bioethanol, biodiesel and to a lesser extent pure vegetable oils are recently considered as most
promising biofuels. Since 19 century, ethanol has been used as a fuel for the diesel engines. The cost of bio-
diesel for IC engine is slightly greater than that of diesel oil. The specific fuel consumption, a function of the
engine speed, is higher in bio-diesel than in diesel oil. The results previously of Bench-test indicated that the
average value of SFC for bio-diesel was 17% greater than that of diesel oil. As for the properties of biodiesel, the
lower heating value, higher density and higher viscosity play a primary role in engine fuel consumption for
biodiesel. Most of the authors, who agreed that fuel consumption increased for biodiesel compared to diesel,
contributed to the loss in the heating value of biodiesel. Of course, some authors only explained the increased
fuel consumption as the result of the higher density of biodiesel, which causes a higher mass injection for the
same volume at the same injection pressure.

Materials and Methods

The equipment and instruments used in the present research were a diesel engine (OM 314), a dynamometer,
a dynamometer control panel and a fuel tank. A four-cylinder direct injection diesel engine, model OM 314,
made by Idem Company, Tabriz, Iran, was used to conduct the experiments. The fuel used in the present
research was from waste oil. Ethanol was also used to feed the engine. The blends of diesel-ethanol-biodiesel
were prepared on a volumetric basis. The experiments were conducted based on the response surface
methodology and using Central Composite Rotatable Designs (CCRD). The response surface methodology, as
one of the best methods to optimize processes and determine the effect of different variables on the responses,
has special popularity among researchers. Applied research design in this study was CCRD that has the most
application among other designs of the method. Independent variables were different ratios of ethanol, biodiesel,
and diesel, engine load, and engine rotational speed and responses were included engine brake specific fuel
consumption.

Results and Discussion

The P-values for both total and prediction models of specific fuel costs were less than 0.01. This result
showed that the models statistically have high abilities to predict the impacts of independent variables on
specific fuel costs at 1% probability level. The linear, quadratic and interaction of the overall model had a P-
value less than 0.05 that indicated their statistical validity. The specific fuel costs decreased for all blends by
increasing the engine load. The reduction of specific fuel costs was more aggressively observed in low loads.
With increasing engine rotational speed, the specific fuel costs were increased at low loads and at middle and
high loads it was decreased and then increased. The increasing of volume ratio of biodiesel in the blended fuels,
specific fuel costs were increased. By increasing the volumetric ratio of ethanol and biodiesel, specific fuel costs
were increased due to lower calorific value and the direct relationship of this variable with brake power
compared to that of diesel fuel in all test conditions and all fuel blends. By increasing of biodiesel ratio in the
blended fuels, the specific fuel costs were increased at the low percentage of ethanol ratio. But by the increase of
ethanol ratio the specific fuel consumption firstly was increased and then slightly decreased at high levels of
biodiesel.
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(*- Corresponding Author Email: gol.m1360@yahoo.com)
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Conclusions
The minimum of the specific fuel costs (580 R kW™h™) occurred at full load and engine rotational speed of
2139 rpm for pure diesel (BoEqD1qg). Also, the maximum of specific fuel consumption was obtained by 9951 R
kW™h™ at 20% engine load and rotational speed of 2800 rpm and for a fuel blend containing 0.8 | biodiesel, 0.4 |
ethanol and 1l diesel (B45_2E36_6D18_2).

Keywords: Biodiesel, Cost, Ethanol, Response surface
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Fig. 2. Mechanical parts inside the CNC lathe machine: (1) Coolant system, (2) Turret, (3) LM Guide, (4) Tailstock, (5)
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Table 3- Different blends of membership function for S, O and D parameters and FRPN output values

Severity  Occurrence Detection FRPN Number of cluster
Trimf Trimf Trimf Trimf 18
Gbellmf Trimf Trimf Trimf 28
Trimf Gbellmf Trimf Trimf 24
Trimf Trimf Gbellmf Trimf 29
Trimf Trimf Trimf Gbellmf 18
Gaussmf Trimf Trimf Trimf 28
Trimf Gaussmf Trimf Trimf 25
Trimf Trimf Gaussmf Trimf 27
Trimf Trimf Trimf Gaussmf 18
Gaussmf Gaussmf Gaussmf Gaussmf 30
Gbellmf Gbellmf Gbellmf Gbellmf 26
Gauss2mf  Gauss2mf Gauss2mf  Gauss2mf 28
Pimf Pimf Pimf Pimf 16
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Introduction

In recent years, with development of industrial products with complex and precise systems, the demand for
CNC machines has been increasing, and as its technology has been progressed, more failure modes have been
developed with complex and multi-purpose structures. The necessity of CNC machines’ reliability is also more
evident than ever due to its impact on production and its implementation costs. Aiming at reducing the risks and
managing the performance of the CNC machine parts in order to increase the reliability and reduce the stop time,
it is important to identify all of the failure modes and prioritize them to determine the critical modes and take the
proper cautionary maintenance actions approach.
Materials and Methods

In this study, conventional and fuzzy FMEA, which is a method in the field of reliability applications, was

used to determine the risks in mechanical components of CNC lathe machine and all its potential failure modes.
The extracted information was mainly obtained by asking from CNC machine experts and analysts, who
provided detailed information about the CNC machining process. These experts used linguistic terms to
prioritize the S, O and D parameters. In the conventional method, the RPN numbers were calculated and
prioritized for different subsystems. Then in the fuzzy method, first the working process of the CNC machine
and the mechanism of its components were studied. Also, in this step, all failure modes of mechanical
components of the CNC and their effects were determined. Subsequently, each of the three parameters S, O, and
D were evaluated for each of the failure modes and their rankings. For ranking using the crisp data, usually, the
numbers in 1-10 scale are used, then using linguistic variables, the crisp values are converted into fuzzy values
(fuzzification). 125 rules were used to control the output values for correcting the input parameters (Inference).
For converting input parameters to fuzzy values and transferring qualitative rules into quantitative results, Fuzzy
Mamdani Inference Algorithm was used (Inference). In the following, the inference output values are converted
into non-fuzzy values (defuzzification). In the end, the fuzzy RPNs calculated by the fuzzy algorithm and
defuzzified are ranked.
Results and Discussion

In conventional FMEA method, after calculating the RPNs and prioritizing them, the results showed that this
method grouped 30 subsystems into 30 risk groups due to the RPN equalization of some subsystems, while it is
evident that by changing the subsystem, the nature of its failure and its severity would vary. Therefore, this result
is not consistent with reality. According to the weaknesses of this method, fuzzy logic was used for better
prioritization. In the fuzzy method, the results showed that, in the 5-point scale, with the Gaussian membership
function and the Centroid defuzzification method, it was able to prioritize subsystems in 30 risk groups. In this
method, gearboxes, linear guideway, and fittings had the highest priority in terms of the criticality of failure,
respectively.
Conclusions

The results of the fuzzy FMEA method showed that, among the mechanical systems of CNC lathe machine,
the axes components and the lubrication system have the highest FRPNs and degree of criticality, respectively.
Using the fuzzy FMEA method, the experts' problems in prioritizing critical modes were solved. In fact, using
the linguistic variables enabled experts to have a more realistic judgment of CNC machine components, and
thus, compared to the conventional method, the results of the prioritization of failure modes are more accurate,
realistic and sensible. Also, using this method, the limitations of the conventional method were reduced, and
failure modes were prioritized more effectively and efficiently. Fuzzy FMEA is found to be an effective tool for
prioritizing critical failure modes of mechanical components in CNC lathe machines. The results can also be

used in arranging maintenance schedule to take corrective measures, and thereby, it can increase the reliability of
the machining process.

Keywords: CNC lathe machine, Fuzzy FMEA, Mechanical parts, Prioritizing, Risk management
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4 Ay o Cad (5 1)L G 9,8 a5 5l e Ll
o b Jie deo gloog)S plyicdy juy J5I5S g gl jlas
slgo N5l 1STyie sladilols Shb 13 ole o osel Cawdey Laslg,
Jafari, 1976; Jafari et al., 1981; Jones and ) 5,5 sslitwl ;5
Williams, 2003; Karparvarfard and Vakili Farahani,
dulio 390 (1) oo (selasly b logas ool cuwday Lailg, (2010
(Wen and Simons, 1959) xla3,5 51,5 Jbj,l
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Sas S oy g dlgs (g0355 (gt (il Ol g
A g dlge o (5 M (2) salally o il oo ((2) (slal)
Raheman and Jindal, 2001; Wypych ) cul dly) glais plaw

(and Yi, 2003

v, = s )
Ap,

w5 Il dlgo py SKWlawl ialS jolaio 4y (gladdllae )

B alaw 3,8 )bl b a8l Solegs Jlasl sladlg) Jsb
(Solus CundVl Lid Cjao g hbatue cbaylis L ladly
2ok ey glel 4 cans Hlayls sladlg) 3 p slge Jlam!
s 1 (Karparvarfard, 1997) 458 plosl (g5 SYsb e
W8S B gy 5o B jed & ihates Sl )L phae pdaw
90 5 ppS doyd 40 slge SKlawl Coys o b ol @mbs

1- Solid friction factor
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Fig. 1. a. Schematic view of broaching machine, 1. Chassis, 2. Broach, 3. Pipe fixer, 4. Spiral machinig shaft, 5.

Machining shaft guide, 6. Fixed support, 7 and 8. Rail, 9. Wagon, 10.Ball screw, 11. Gearbox, 12. Electromotor
b. A view of broaching machine
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sy i odlimul yio Lo 40 31 Jhad ¢ yie Lo 250 o3 gla
25 QB Sy gl iz Jpae by sesalie
piuw > (Karparvarfard and Vakili Farahani, 2010)
b gl 3 Bl gl A Bb lE Solegs sl
SlS )l dgf (9,0 dlge B Al akigd Jitie sodle (p 5 S) 5
shd )8 i b eplply (Klinzing et al., 2010) x4
oo 40 laddy) (el caslio 131 b 3l (sladil Sl
P Sl dog by o oD ladg) cuolsus i ad)S i
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Setadliga s yorh Sl 35 g iz g )5 de Jpaze by

6- Arching
7- Conical pressure breaker
8- Bend
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w2 b 12 g las pShe 5 aids ) 405 g
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355 o3lisl jgwyeeS (293 3 xS Cagby 4 e Lt lals
sladlgh J5b 53 dlge g g bglses Sl agy by )80 Gl
5 oot 1) 210 oo & lga b Cow e K 5 i)
sl T0 Yl Cuand 3 5 b o ied &y904 ()50 S
O oY b gagly g yetle 10 o (298 0
yioidhe 4 cualss 4 (o5Vod 5y9 5l 3 b olsusl asys 58

1- Positive pressure system

2- Blow tank

3- Solid discharge control valve (SDCV)
4- Orifice plate flow meter

5- Single point load cell
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Fig. 2. b. A view of test rig
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Fig. 3. Layout of solid discharge control valve
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Ol 3 eolitwl 3)s o sl _apiw)lié (Farahani, 2010
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o GV a6 s i) gl Il bl 53 g Lé
stls g Laadgd ay oaily Jlall Jow j0 ose S o)lid cow
13 K8 5 e S§ gdlolb @ g 3lge e bad > baguiw)lid

2- D and D/2 tapping
3- Tapping

sl ool o o) Ll 4 & T plid by o jtish S
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oo Sy b 4y g sae 10 5l o S Jolgh @) dadly)
S g lygw aod cpl 5l plS 2 (g9, p . Dbl adg) bz
bobs ol @Vl Cand  bgwlis e85 15 B oy
Syl bbgr cnl Byl 93 )3 lgn (0305)5 jolaie & K4S o))
J8 53 3le gl S8 (sl dlge sadss J S e Sl ad s
OB bl Cuiles g (29 S dlge (03 SRS gy g oSk
Ol yud ol 5l eolawl 3,8 eolawl by b lowl jo slge

05 S5294: 1y lgm 2 & Slge prr Cad Sl (xpuy il Slox]
ez e el 39wl g b U8 plate 4 g
ad o i |y s ol 5l ole 3 JSKE s ealil 4d,bSy
Raoufat and Clarke, 1998; Karparvarfard and Vakili )
YU glade sl ¢ JS5 (gladijed bl 5 (Farahani, 2010
29 40 em o elis)l 9 30X30 cm ol dais kel 60X60 cm

WaB e o5 ol Sy 455 S 5 g 5l e e

inlejl aaly 5l Soles oles =il =2 JSWS

adss d)l)la..o"l i -6 4.)‘95 £59)9 -5 olid cou ) -4
J)A-S )».MJ _13 célw)l.«::\é _12 9 11 410 sg 48 cu’)yl) _7 <|9h
JEsl calg =15 olge il )y 35t =14 wlge alss
Fig. 2. a. Schematic view of test rig
1. Air compressor, 2. Regulator, 3. Orifice plate flow
meter, 4. Blow tank, 5. Grain input, 6. Emergency air
discharge valve, 7. Bend, 8, 9, 10, 11 and 12. Pressure

transducer, 13. Solid discharge control valve, 14.
Receiving hopper, 15. Pipe

1- Acrylonitrile Butadiene Styrene (ABS)
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Table 1- Analysis of variance of mung bean mass flow
rate affected by treatments

. "LA
i be S0 &t:w u*i
Sourcesof ~ (galjl  TRF S F
variation DE Sumof Mean of
squares sguares
2 s 3 0.142 0.047 182.819™
Depth
4y g 2 0602 0301 1160.815™
Length
)L“é Kk
2 1.364 0.682 2631.659
Pressure
b Bee X Jobo
49 6 0.033  0.006 21.486™
Depth x
Length
b Goe X L8
Depth x 6 0.009 0.001 5.785"
Pressure
gl Jobo X JLis "
Length 4 0.210  0.052  202.394
x Pressure
Sld Bas X Jobo
gl Lz .
Depth 12 0007  0.001 2.200
x Length x
Pressure
L 72 0019  0.000
Error
S 107 2.386
Total

2oy 1 95 Jlaas! paw 53 )b dxe gl i gy s g
* **: Significant difference at 5 and 1 percent level of
probability, respectively

10U jao Lo )lid Lawgs o (6 puSojluil ,Lid canals il
Syt 290 i <ty 10U jao Lol (o295 9 (ooms L
Tyl e S5 (Bl (5 00 3l dlge > (455l
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e 9 130°C (slos (o 9l (39 5 odliiul b &S 03,5 o))5S
(ASABE Standards, 2008) 1s (¢ nSojlxsl el 20 lbo;
b ko udsS SOl ooliul b ole (caib 200 a5 aw skl
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Gty & lei] 5 U 03 (sdtpmils 03 yliS 490 mm
xS0 35 56 3035 5 obly (satads ' S > 035
894/2Tkgm™ 886/27 kgm=L il iy & La,8
Mohsenin, 1980; Raoufat and ) s, 7 40 4 1500 kgm™
ow 4w 2 (93959 slop Jlid Jolis lajles (Clarke, 1998
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Sl poaly oy e .8 5 o plodil lacusBge (pl 40 (gl 00l
& (6399 9o py> 4l 10 1o UL 3 g st 10 Libejl y»
(kg ) dlgo (o2 (22 5 Lion b gl Loy s (5%

1- Data acquisition system

2- Graphical User Interface (GUI)
3- Bulk density at rest

4- Flowing bulk density
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(Mills et al., 2004
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Fig. 6. Effect of pipe length on
mung bean mass flow rate based
on Duncan results
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Fig. 5. Effect of groove depth on
mung bean mass flow rate based on
Duncan results
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Fig. 4. Effect of air pressure on
mung bean mass flow rate based on
Duncan results
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Different small letters show significant difference between means at 1 percent level of significance
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1- Frontal drag
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Fig. 7. Interactions between groove depth and pipe length on mung bean mass flow rate based on Duncan results
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Different small letters show significant difference between means at 1 percent level of significance
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(Farahani, 2010

Mung bean mass
flow rate (kg s)
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Fig. 8. Interactions between air pressure and pipe length on mung bean mass flow rate based on Duncan results
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Different small letters show significant difference between means at 1 percent level of significance
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Fig. 9. Interactions between groove depth and air pressure on mung bean mass flow rate based on Duncan results
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Table 2- Analysis of variance of friction factor affected by treatments
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i gle Degree of Olay po £g00m0 Olr o (1ike =
Sources of variation Sum of squares  Mean of squares
freedom
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Depth
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Pressure
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Depthx Length
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Error
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**: Significant difference at 1 percent level of probability
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Fig. 11. Effect of groove depth on Fig. 10. Effect of air pressure on
friction factor based on Duncan results friction factor based on Duncan results
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Fig. 12. Effect of pipe length on friction
factor based on Duncan results
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. 13. Interactions between groove depth and air pressure on friction factor based on Duncan results
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Introduction

Pneumatic conveying is a continuous and flexible material handling method which uses positive or negative
air pressure to convey materials in pipe. This conveying system is generally divided into two groups of dilute
and dense phase.

The purpose of this research was to create spiral grooves inside horizontal pipes which transfer granular
materials under dense phase. Also, the performance of these pipes was compared with control pipes. Finally,
friction factors obtained in this research were compared to the previous study.

Materials and Methods

To create spiral grooves inside the pipes, a broaching machine was designed and developed. Then, by
connecting the broached pipes to a pneumatic conveying test- rig of granular materials, the performance of these
pipes was compared with control pipes. The specifications of the broaching machine and test-rig were as follow.
Broaching machine: The machine included chassis, an electromotor with one hp power, a reduction gearbox, a
ball screw for converting rotational motion to linear motion, a spiral shaft, a guide with three bolls, broaches and
inverter. Cutting operations and creating grooves inside the pipes were done using broaches. These broaches had
two angles, attack angle of 15 degrees and a clearance angle of 10 degrees. The spiral angle of broaches was 30
degrees, the spiral pitch was 260 mm, the width of each groove was 1.5 mm, and a number of teeth were 20.
Test- rig: The main components of the test- rig were the air compressor, blow tank, conveying pipes, solid
discharge control valve (SDCV), receiving hopper, orifice plate flow meter, pressure transducers, and single
point load cell. The compressor was a piston- type, the air flow rate was 405 L min™ and maximum pressure was
12 bar. For a continuous flow of air and material mixture into conveying pipes, a blow tank was used. To transfer
material from blow tank to pipes, a 90-degree bend with a radius of 250 mm and an inner diameter of 40 mm
was used. The inner diameter of pips was 40 mm, the thickness was 5 mm and was selected from ABS. In order
to measure static pressure of air along the pipes, 10 holes of one mm diameter were drilled on the surroundings
of the pipes at intervals of one meter. Then, on each of these holes, a polyethylene bushing was placed. Pressure
transducers were threaded on the top of these bushings. A solid discharge control valve was placed at the end of
the flow line to control the flow of materials in a dense and continuous phase and to prevent material
acceleration. The materials were introduced into the receiving hopper after leaving the valve. To measure the
volume flow rate of air, an orifice plate with D and D/2 tapping was used. The pressure transducers were
Hogller. For measuring the mass of the materials entering the receiving hopper, a single point load cell (Zemic
L6G) was installed under the hopper. A data acquisition system based on ARM microcontroller was used to
record output signals from transducers.

The treatments were four levels of groove depth (0, 0.35, 0.55 and 0.9 mm), three levels of air pressure (1, 2
and 3 bar) and three levels of pipe length (3, 6 and 9 m). The transferred material was considered as mung bean.

Results and Discussion

The results of ANOVA showed that the main effects of groove depth, pipe length, and air pressure were
significant on the mass flow rate of transmitted mung bean and solid friction factor at 1% probability level. The
results indicated that the maximum mass flow rate and minimum friction factor were observed at a pipe length of
3 m, the groove depth of 0.90 mm and air pressure of 3 bar. Minimum mass flow rate and maximum friction
factor were observed at pipe length of 9 m, the groove depth of 0 mm (smooth pipe) and air pressure of 1 bar.

Conclusions

The results showed that the existence of spiral grooves within horizontal conveying pipes would increase the

mass flow rate of the mung bean and reduce the solid friction factor of the mung bean and inner wall of pipes.

Keywords: Dense phase, Friction factor, Inner groove of pipe, Pneumatic conveying of material
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Table 2- Analysis of variance of Pollination and fruit-set efficiencies
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Table 3- Pollination and fruit-set efficiencies and pollen consumption index of treatments
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Introduction
Pollinating elevated date palms has been a challenging problem for many years. A few types of equipment
have been designed and manufactured in the last fifty years, using either low pressure or compressed air to
overcome this problem. However traditional pollination is still the most popular method in none-mechanized and
small date farms. In the present research, a light portable electrical pollen-duster has been developed and tested.

Materials and Methods

A powerful ducted fan, equipped with a speed controller and a servo tester was made and installed on the top
of a 6 -7.7m long carbon fiber boom, to provide a high volume rate of air flow for pollination. A small part of air
flow is conducted through a by-pass tube to hit the pollen/pollen-flour blend in the pollen bin and suspend it. The
rest of air flow, passing through a venturi, is responsible to provide a relative vacuum at the opening of pollen
bin to pull up the suspended pollen and throw it toward the date palm crown. Although plain flour is traditionally
used as filler in mechanical pollinators, however, SEM imaging showed that pasta flour particles are bigger than
plain flour particles and are closer in size to pollen particles. Also, Repose angle of date pollen was measured as
38° where plain flour and pasta flour showed 44.9° and 40.7° respectively (figures 6 and 7). So, Pasta flour was
used instead of plain flour to make a blend.

To provide a low-weight pollen-duster, wires extending from ducted fan to its actuating equipment (battery,
servo tester, and speed controller) were selected to be a combination of 2.5mm? (3 meters) and 1.5mm? (3
meters) types in the standard boom. This lowered the applied force on the operator’s hand by 33% (Figure 5 and
equations 4 and 5).

Evaluation of the pollen-duster has been performed in Khoor town in Isfahan province of Iran. Eighteen trees
of Kabkab variety were pollinated in a completely random test with 6 treatments (five mechanical treatments
compared with traditional treatment). Mechanical treatments were using 0.5, 1.5 and 2.5g pure pollen and 2 and
69 pollen-flour blend (in 1:3 ratio) in each of the three weekly repetitions. After 8 weeks, in kimri stage, normal,
abnormal (non- pollinated), and dropped fruits on some randomly selected strands were counted to determine
pollination as well as fruit setting efficiencies. Fruits weight in each treatment was measured on some random
fruits in the Tamar stage. A new index; called "pollen consumption index", was introduced to provide a measure
of pollen consumption rate in order to prevent redundant pollen consumption which has no sensible effect on the
yield.

Results and Discussion

Calculated pollination and fruit setting efficiencies did not show a significant difference in all treatments,
convincing that the traditional method could be replaced by pollen-duster without any yield difference. It offers
benefits of lower pollen consumption; more trees pollinated in a day and also safer pollination due to reducing
number of trees climbing. It was also shown that a tree could be pollinated properly with 0.5g pollen, so each
hectare of date farm (120 trees) needs almost 180g pollen for all three replications, almost 1/4 of Perkins
consumption report and 1/3 of Mostaan for three replications. Fruits weights of two pollen-flour treatments were
significantly lower than others. As there is not any report available on the effect of the presence of flour or
concentration of pollen on date fruits weights, so with the available data no definite reasoning can be made.
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Conclusions
The developed pollen-duster could be used instead of the traditional date palm pollination method with the
same fruit set and lower pollen consumption. The weight of the fruits in pollen-flour treatments “was lower than
pure pollen and traditional treatments.

Keywords: Date palm, Fruit set, Pollen-duster
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Introduction

Greenhouse cultivation has been increased in response to population growth, reduction in available supplies
and arable lands and raising the standards of living. The quality and quantity of the products are profoundly
affected by the greenhouse temperature. Therefore, providing an appropriate heating system is an elementary
requirement for greenhouse cultivation. A number of factors such as glazing material, greenhouse configuration,
product type, and climate conditions should be considered to design a greenhouse heating system.

Due to the environmental concerns associated with the fossil fuels, renewable energy-powered heating
systems such as geothermal, solar and biomass- are increasingly considered as the alternative or supplementary
to the traditional fossil fuel heating equipment in greenhouses. In this way, a number of researchers have
developed different greenhouse heating systems to reduce fossil fuel consumption. In lIran, because of
appropriate available solar irradiance, the solar heating systems can be efficiently employed for greenhouse
cultivation.

A compound solar greenhouse heating system was experimentally and analytically investigated in the present
study. To verify the obtained heat transfer equations, a set of experiments were carried out at Biosystems
Engineering Campus of the Shahid Bahonar University of Kerman.

Material and Methods
The designed system was comprised of a Parabolic Trough solar Collector (PTC), a dual-purpose modified

Flat Plate solar Collector (FPC) and a heat storage tank. The modified FPC was located inside the greenhouse to
act as a heat exchanger to transfer the stored heat to the greenhouse atmosphere during the night. The FPC also
collects the solar radiations during the sunshine hours to enhance the thermal energy generation. Heat transfer
equations of the PTC and the FPC were written and the useful energy gain of the heating system was determined
at the quasi-static condition during the day. Experimental verification of the analytical models was conducted
using regression coefficient (r) and root mean square percent deviation (e) criteria as follows:

nYXYi—(X X)X Yi) 1)

jnZX$—(2xi)2 /nZY?—(ZYi)Z
_[Z(en?
e = [H 2

where
o=t 3)
where X; and Y; are respectively the ith analytical and experimental data and n shows the number of
observations.
Exergy analysis of the PTC and the FPC were carried out and the effect of the different fluid flow rates
through the PTC on the exergy efficiency of the different components was investigated using the experimental
data.
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Results and Discussion

Increasing the fluid flow rate increased outlet temperature of the PTC due to the increase in heat removal
factor and inlet temperature; whereas, caused a reduction in outlet temperature of the FPC. Since the thermal
efficiency of the PTC improved with the fluid flow rate, the PTC fraction enhanced when the flow rate increased
from 0.5 to 1.5 kg min™. However, the PTC fraction values were less than 50% and sometimes have dropped
below zero.

The exergy efficiency of the PTC improved with increasing the flow rate. The reason was that the difference
between the inlet and outlet temperatures of the PTC increased with the flow rate at the similar conditions of

solar irradiancle and ambient temperature. The highest exergy efficiency of the FPC was observed at the flow rate
of 0.5 kg min™.

Conclusions
The results of the study revealed that:
- There was a suitable agreement between the obtained analytical expressions and the experimental data
based on root mean square percent deviation and regression coefficient criteria.
- The highest stored energy in the tank was around 40.02 MJ at the flow rate of 0.5 kg min™.
- Increasing the flow rate improved the PTC exergy efficiency.

Keywords: Exergy efficiency, Experimental verification, Heat transfer, Parabolic trough solar collector,
Stored energy






Journal of Agricultural Machinery
Vol. 9, No. 2, Fall - Winter 2019, p. 455-467

O]

IS A ool

S 339LS L piilo &gyl

A it FOO-FSY (o ATAA 93 Jluasi oY 6locs 4 alo>

b S J gz Jl Ol 3l Sgy g huca Iyl 53 FMEA-ANP il 5 g, 5,08
RSN

Y, APRARRET 3
otf).j‘.-&|_ b)w‘wb
WAS/AUYE sl g
WA/ NVA 1l Fo,ls

LXVLCES

Sl lg e bl ol sbige 38 ol 3 esal dgga sl S Jpamme Jil Glles 2 29250 (SacSin; e S

Sy sysSlh Glo 5 Sy Cupte ST I ool b @lydl ol cyppte sl atily Jpame S 5 (o5 <8l e
Sl g St catloy o oloj e (il Blus b 51 GBI 4 St e JUiml sl 8 59000 G150 S50 (5 Wl
25 g il (5955ly 5 ol o > oy (s Wl S s Jold p3 b Jelge oy ) g cnl 3 Bl (spol sy
Gl 4 St Jisl Glles o 3 Jole 5,138,805 et 9B )3 &S 155 Jaseie FMEA-ANP g, 5l oolil b cas
ool (s e o8 13,8 o oy uli S Sl ool b 05wl £S5 lbile 555 syt 4 e SBlo
b ol g Jgl ool &1 (6399 Al & Lgye (o3 iyt 365 bl o 5l ddboe 336 e cp pote Al )l o 51 oy 5 €518
iy 5l gt e b s b o el sl g Cll iz 3 pogasay 5 S 0 Sy Sliad 5 (1SS plue jloodly
St ety g gloj GRS ) Wilgs e SIS hgow cud )b g St cutlyyy cud il Billad Cax Il 2 0gMe )8 (6N e

Blio 5 S sy S50 g St Sl iS4 byyye
2948 o g dlaidl dw ) Sl S U 5 Wb e (Sl
P S 3Sles Ay il oS @ly i Gl 5
Wl 3 g Cawl 0392 J10y05 0 (wlie Culidge Sl lnl 3 3 LS
I Sis Wy daw soly ) Sl 3Sles g S g Gl
Jbo 0 o ades OA dgas 0 VAL Lo g3 o yadee VTSV
Sy 0y93 Jsb S sy glassly ) sl oy 55l>
oo £ B Y (o g9r Candg 4 ey pliwjes bulyd o S
(Oliwes 5 jl) cuily Jabd (48 Bolao el & Gl ail s
Bye 4 cby Slles we)ie Cogby canlial balys 5 (S50 L
9 ool 42> (e il 3 Bl Bagw A g 35 o plol
S by 3 b ol 3 b e Rl Jpasme A5 oy
Yo¥e lise 4 Slgs o olo Cudipud)l U cudlyy il oapiS 4
(Monjezi et al., 2017) o> jials' 1, S Jlasdwl do)d
@b OMSie g2y (olS Ao ol 352940 13 ) 0gMle
@ odd Cully S hg g JB g Jeo pln 4 &5
I Yk abcao Sgpba o)l sy SIS Ay B
Sel o S gt S GBI (9399 50 S Jease Joo (sloses
who  slayesly Ul WS wldy (Lamsal, 2014)
oo hY> alex l Cand yusd g baygisTy pladjl 51,0 Caolas

doddo

5 S5 uly e Glols SRl e oS el

s Soplmal GV o 4 Jpbl g 0 ol 38 imen
sty 53 ol el o (6550l Dl @ylig sl o
My QU Coppme by )9S lamwg (M Sl
clals pials 5 g Glil 4 ol arg ulsl @Y game
ol S hcaio 5 cuiS sl auil Jsie Jpase oyl
ot A )9S (s odas plio I (S plgiear (s
5 S g)l3e S o ) o byl (ials g S adg (sl o
b olijss ol S S f5a Ve @b il S5 Eunto
;) @il 5 (Minaeemoghadam et al., 2009) 55 0  Jolis
CulS pj S Hlia VY olee (a9 (3] S ggerne
4 5) N9y 09U Mee VW sla o (b oS ol 035 St
23] b lo 55 e gy Lill Baas a5 039 1 1) g,

oSl (ygmslilSe 9 (65)9liS slamile (podis 09,5 (6553 (ggordily )

ol lgal (i (el wlie 5 (55ysliS pole

pole oRE (Ggliille 5 55)sliS samile udige 09)5 kil =¥

Olrl Glsal liwjb (ol @lie 5 (5jslas

(Email: phd.afsharnia@asnrukh.ac.ir e Ok g — )
DOI: 10.22067/jam.v9i2.69447



AN 095 Jlaous ¥ 0 ko A ol (65slisS cloprmitle 4y pis  ¥OF

3,559y 3 odlitl b St Jpame J& g Jo> sl Sy,
575250 FMEA-ANP 2.3l

L g 9 dlge
dalllas 3 ) go dilaita Cuad go (I

Bl @l g s Caio g CulS C8 50 gk
CS b ol S Cyge A el S o b ol
plol) jibod duusd ;0 daly G Jols allis asly can (o)l
a6y el dus (lusw) sleal Jlad 53 aaly Sy (o) (e
((hl o) lodoo el hied) Jlaal gz )3 09,8 4l
Lo 9 308 l) Slonl iz 3 ()8 Wlbag) (3,5 )5 saly 93 4
2 &l plujs Sl S e AY 5 cul (0B Sess
.(Bigdeli and Yousef Aghli, 2005) cuul 03 )i cuis
Gad (5,53 (2

g bl Gy (295 9 Soletuns o3y, FMEA
Doy ol il ol al® g Jgasme > JSite 8 5l 6y
Cald) Gl el Gl a9 cus o plels p
oo b FMEA Lol clacslis 1 S )l 55,ei (gpida
6 sl S Bl Sy FMEA o cal ) LS (cla S
g 085 el s |l xBgeds 9 cuwyd S FMEA | LSl
e yolme dgupp a3y ;3 &S Conl by gyl ] Siwer
&S Col ()50 plad (gomima FMEA (slal 51 CGun gy 0
Jafarnezhad, ) Lgs 0 3015 L Joame K cuss el
o), FMEA-ANP 5, ,» .(2015; Motaghi, 2016
B 5> plolid g gody cord (m FMEA 1> és (slayialil
Sl 5 FMEA-ANP i, (clapls 05 a5 s 55 aSud
S5 5 sl ANP o FMEA s, 63 @l Uolpe 5 oSy
oaiSobey] ol lolid 1 e ANP gy (clapls was
Sy Coglgl oyed p3 gl (g e Baa 4 g CuS
Egedme ) e JSB |y ooleiing gy Jole g 0B 03938l
oty 39 sbogbyy sbuusly o bl gexd Sua 4
©ppods FMEA-ANP g, slopls o] sladgeeS 5 lozls
(Dorietal., 2011) Kod o gu i
Sledbol (549108

i o (V JS) ySuis Jpame 8 9 Joo Sllos Lt
9 ol e Glid)8 L anlas gk 5l ol s eslil 3)
Oliwjgs Gl (Sl @lio g Sl dawgi C8 3 (pdines 9 (52
5 028 SVl ol |y A gy gy sl 5 S adlllas
JBal g (58 e jop 4 e & Cliges I S pe s

bl St Jpaza JB g Je 0 okl dg2ga Sl
9 b sloylne 4 dog Wojls (g phiSun; Jlod g Cu e
O =k slaylpl (S 4l ple Jals g, bl
g S (2 OB Mg ) iige ¢ ols S o pe
Ol Ml zals jelatady Tl iy canks oYl L
o3l 3y90 (g Cilizo (slaan] b ) CudsS dgm0 g (S)90 5
2 0dymS jebods 0jgyel &S cuwl (g)lpl FMEA slas 3 )8
5 b g GBSl Ladle (ilug s mlie
&) 5 23yl alolis jslaied (ady plio )03 clagise
M claanl b 5 ool CMSte § Sluls dacasls da ol
Namdari et al., ) 5,5 o ),5 olizwl 390 aul)d (clpal 5 L3
looges alox ;)7 (e Juboos 4] 8 S5 (iomen (2011
AHP b5y dlsass 5 'ojlbmntia ¢ pSpamal Eome )3 (5
b golaw &5 p5b adllae (ypmen (63)l90 3 g)00 slade
I8 e Ko 3 85 gpolis b g e LSS VL Zobaw ()
odlaswl AHP g, 5l e cod 1500 il o oo 31 Jaume S5l
s 4y J(Jafari Eskandari and Alibeigi, 2016) 5,5
B9y > Say 0utiSobl Jelge Jlite Laly) 4 4295 3955 5 gwg
5 2lolid > (glaSd Jlow gaal 7 ol US55 9 FMEA oy
s 3,555) 395 0 Eeli £yS pronad gloire Mol Ll
S Jos phe Swwy F383 9 e Jb 3 by 9 vl
&) J jl s Jainass JSs adly ;> FMEA-ANP
S5 ol el FMEA & (LSS g8 cas Sy b ANP
Jolgs e Lls, Ll pas )5 FMEA g, (sla zls
ligyae jl ol b byl (ol cglite slagjy 5 cnsis
apej d Slllle ax )3 Mg o 03 Lidey ANP wlul
Y gas (655l 9 155 wlp 0 Sy L)l caar FMEA
slSug) 59y 2 Slllae cpl J9 505 Ll S )50 (6j)eliS
Slodl )0 2990 Aol e ol 0295 FMEA-ANP wlo 4.4l
o3lisol b (65,9L8 Jguazmo S5 (s 0520055 Sy o 4, oS
Slamet et al. dlie ojb,y o FMEA-ANP &4l o,
Ly LLL el opo0j 5o cilise (clacSun, o8 w3l o (2017)
B s )90 1 BT el g Sy gaaaglyl g s
o5 Lol 4 ,b ol (sl alllas ol cqycpl 51 ol 03l

1- Total Quality Management

2- Value Engineering

3- Lean Production

4- Six Sigma

5- Failure Mode and Effects Analysis (FMEA)
6- Analytic Network Process (ANP)

7- Multiple-Criteria Decision-Making (MCDM)
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Fig. 1. The transportation process of sugarcane crop from farm to factory
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Table 1- List of potential delay patterns and potential causes of each delay pattern for the transportation process of
sugarcane crop
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Table 2- Score of occurrence, severity and detection of delay patterns
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Fig. 3. The structure of the decision-making options model for sugarcane transportation operations to factory
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X A S N e K NP i
g Parameter Delay factors Factory failure Tractor failure in Accident and overturn Shift change
[ quening system of tractors
D § 0 FC FT RT sC FCO FF FM FPH FSF UM USO WI HO MTI UCO LS ot UTT
5 D 00 0 0 0 0 0 02 044 025 0327 0 04 028 025 05 0259 0330 048 0466 0481
i: E S 0 0 0 0 0 0 0 04 0169 05 0412 033 02 0135 025 025 0412 0163 005 01 0.05
= 0 0 0 0 0 0 0 0 04 0387 025 0259 066 04 0.584 05 025 0327 0296 046 043 046
. FC 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 é T 0o 0 0 o 0 0 0 0 I R 0 o 0 0 0 0 0 0
'IT;h %‘ RT 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
a SC 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FCo 0 0 0 0316 0 0 0 0 1 036 05 0458 0316 0316 0316 0316 0316 0316 0316 0316 0316
EY % FF 00 0 0061 0 0 0 0.008 0 0.084 0 0073 0061 0061 0061 0061 0061 0061 0061 0061 0061
gEE. ™ 00 0 0138 0 0 0 0.26 0 0 0 0215 0158 0158 0158 0158 0158 0158 0158 0158 0138
3 E FPH 00 0 0264 0 0 0 0.36 0 034 0 0252 0264 0264 0264 0264 0264 0264 0264 0264 0264
FSF 00 0 019 0 0 0 0.27 0 0213 03 0 0.199 0199 0199 0199 0199 0199 019 0199 0199
2 L Euw. UM 00 0 0 033 0 0 033 033 033 03 033 0 0 066 033 033 033 033 033 033
—‘ﬁk_,‘ }‘; ; %5 éng' uso 00 0 0 0379 0 0 0379 0379 0379 0379 0370 0 0 033 0379 0379 0379 0379 0379 0370
a F E = WT 00 0 0 0.289 0 0 0289 0289 0289 0289 0.289 1 1 0 0.289 0280 0289 0289 0289 0289
- B Ho 00 0 0 0 0.530 0 0530 03539 0330 0530 03527 0530 0 0.530 0 0 0 0530 03530 0530
.3; ;-\:\I(_;.'EE EE MT 0 0 0 0 0 0.163 0 0163 0163 0163 0163 0139 0163 0 0.163 0 0 0 0163 0163 0163
PRREREE | e e e e o | |
g uco 00 0 0 0 0.296 0 0206 0206 0206 0206 0332 0206 0 0.296 0 0 0 0206 0296 029
! LS 0 0 0 0 0 0 0625 0625 0625 0625 0625 0625 0625 0625 0625 0625 0625 0623 0 033 08
% g Ej uoT 00 0 0 0 0 0136 0136 0136 0136 0136 0136 0136 0136 0136 0136 0136 0136 033 0 02
I ’ UTT 0 0 0 0 0 0 0238 0238 0238 0238 0238 0238 0238 0238 0238 0238 0238 0238 066 0.66 0
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Table 4- Weighted super matrix

el AU oy S )5 o )3 gyl A Uyl Sl g ol Cedged ek
8 5 adsh oty Parameter Delay factors Factory failure Tractor fngg::m in quening Auid(r:]a]fr ::'serrurn of Shift change
D s 0 FC T RT sC FCO FF M FPH FSF UM uso WT HO MI uco Ls uoT UTT
5 D 0 0 0 0 0 0 0 004 0088 005 0063 0 0.08 0.07 0.05 0125 0064 0134  0.0962 0.0932  0.096
%‘: % S U 0 0 0 0 0.08 0.033 0.1 0082  0.066 0.04 0.033 0.05 00625  0.103 0.04 0.011 0.02 0.011
A o 0 0 0 0 0 0 0 0.08 0.077 0.05 0.051 0.133 0.08 0.146 0.1 0.0625  0.081 0.074 0.0025 0086  0.0025
" FC U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
% § FT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
i é‘ RT U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
= sC U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FCO 0 0 0 0316 0 0 0 0 02 0.072 0.1 0.091 0.063 0.079 0.063 0.079 0.079 0.079 0.063 0.063 0.063
4, E FF 0 0 0 0061 0 0 0 0.019 0 0.0168 0 0.0146 0.0122 0.0153 0.0122 0.0153 0.0153 00153 00122 00122 0.0122
; t::. M 0 0 0 018 0 0 0 0.052 0 0 0 0.043 00316 00395 0031 00395 00395 0039 00316 00316 00316
E] E FPFH 0 0 0 0264 0 0 0 0.073 0 0.068 0 0.05 00328 0066 00528 0.066 0066 0066 0.0528 0.0528 0.0328
FSF 0 0 0 019 0 0 0 0.034 0 0.042 0.1 0 0038 0040 0039 004 0040 0040 0039 0039 0039
2 LB UM U 0 0.33 0 0 0.066 0.066 0066  0.006 0.06 0 0 0.133 0.082 0.082 0.082 0.066 0.066 0.066
% };‘ ] é Eg g] uso 0 0 0 0 0379 0 0 0.075 0075 0075 0075 0075 0 0 0.066 0.004 0.004 0.004 0075 00758  0.075
s FEET WT U 0 0.289 0 0 0.057 0037 0057 0037 0.057 0.2 0.25 0 0.072 0.072 0.072 0.057 0.057 0.057
FR - E HO U 0 0 053 0625 0107 0107 0107 0107  0.105 0.107 ] 0.107 ] 0 0 0.107 0.107 0.107
3 ’9,; }\ % E g E MI 0 0 0 0 0 0.163 0136 0.032 0.032 0032 0032 0027 0032 0 0.032 0 0 0 0032 0032 0032
" < 2 T U0 0 0 0 0 0 0206 0238 0.05¢ 0058 0050 0059 0.066 0.059 0 0.059 0 0 0 0.059 0.059 0.058
\ Ls U 0 0 0 0 0125 0125 0125 0125 0125 0.125 0.156 0.125 0.156 0.156 0.156 0 0.066 0.16
i E %‘ vor 0 0 0 0 0 0 0 0.027  0.027  0.027 0027 0.027 0.027 0.034 0027 0.034 0034 0034 0066 0 0.04
% w3 urTr o0 0 o0 0 0 0 0 0.047 0047 0047 0047 0.047 0.047  0.0296  0.047 0.059 0.050 0.059 0.133 0.133 0
X% dgdoxo u,w).sl.a -0 Js.\?
Table 5- Limit matrix
ALb S A e B o
Lse 8 g ddgd ety Parameter Delay factors Factory failure cystemt tractors Shift change
D § O FC FT RT 8C FCO FF ™ FPH FSF UM Uso WT HO MT uco LS uoT UTT
E D 00 0 0077 0077 0077 0077 0077 0077 0077 0077 0077 0077 0077 0077 0077 0077 0077 0077 0077 0077
:‘i E 8 0 0 0 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047
& 0 0 0 0 0038 0088 0088 0038 0.088 0088 0088 0038 0,088 0088 0038 0.088 0088 0.088 0.088 0.088 0088 0088
z FC 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
—3‘ “; FT 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
O
"'i %’ RT 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
s SC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FCO 0 0 0 00687 00687 00687 00687 00687 00687 00687 00687 00687 00687 00687 00687 00687 00687 00687 00687 00687 00687
_’L:E FF 0 0 0 0013 0013 0.013 0013 0013 0.013 0.013 0013 0013 0.013 0013 0013 0013 0013 0013 0013 0.013 0.013
\_':j‘é, M 0 0 0 0032 0032 0032 0032 0032 0032 0032 0032 0032 0032 0032 0032 0032 0032 0032 0032 0032 0032
3 E FFH 0 0 0 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034
FSF 0 0 0 0.045 0.045 0.045 0045 0.045 0.045 0.045 0.045 0.045 0.045 0045 0.045 0.045 0.043 0.045 0.045 0.045 0.045
s LB UM 0 0 0 0.065 0.063 0.063 0.063 0.063 0.063 0.063 0.065 0.063 0.063 0.063 0.0635 0.063 0.063 0.065 0.063 0.063 0.063
% } a ?::EE% USO 0 0 0 00657 00657 00657 00657 00657 00657 00657 00657 00657 00657 00657 00657 00657 00657 00657 00657 00657 00657
': L Wr 0 0 0 0082 0082 0082 0082 0082 0082 0082 0082 0082 0082 0082 0082 0082 0082 0082 0082 0082 0082
Jan z E HO 0 0 0 0078 0078 0078 0078 0078 0078 0078 0078 0078 0078 0078 0078 0078 0078 0078 0078 0078 0078
:i ‘% } E E E 2 MT 0 0 0 0023 0023 0.023 0023 0023 0.023 0.023 0023 0023 0.023 0023 0023 0023 0023 0023 0023 0.023 0.023
T wo 0 o0 0 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043
Ls 0 0 0 0115 0113 0113 0113 0113 0113 0113 0115 0113 0113 0.113 0113 0113 0115 0.1135 0113 0113 0113
UOT 0 0 0 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034 0034
UTT 0 0 0 0063 0063 0063 0063 0063 0.063 0063 0063 0063 0.063 0.063  0.063 0063 0063  0.063 0.063 0.063 0.063
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Table 6- Clusters weighted matrix

Layss  eU Wb, e 2 eSS S LSl Sl g ol il i
Options  Delay Factory Tractor failure in Accident and overturn of  Shift change
failure gueuing system tractors
Options a4 3 0 0 0.2 0.2 0.25 0.2
Delay b 0 0 0 0 0 0
Factory failure «ls,5 ls 0 0.724 0.2 0.2 0.25 0.2
o 2 sleygSli sl 0 0135 0.2 0.2 0.25 0.2
Tractor failure in queuing system
515 Sl 5 ol 0 0054 0.2 0.2 0 0.2
Accident and overturn of tractors
Shift change cauws yus 0 0.085 0.2 0.2 0.25 0.2
ool 039 =¥ Jgaer
Table 7- The weight of parameters
2l ol 034dlo 5 39 >Nl 59
Parameter Not normalized weight Corrected weight
Detection ,Luls 0.0775 1.088
Severity . 0.0475 0.667
Occurrence g8, 0.0885 1.243
FMEA-ANP 4 FMEA g, 9 ) Pb 05dls (sla Jole Coglgl g RPN yslae —A Jg»
Table 8- The RPN values and priority of potential delay factors for FMEA and FMEA-ANP methods
50 05y oS! 30 osilly Jie RPN Cagly!
Potential delay pattern Potential delay causes FMEA-ANP FMEA FMEA-ANP FMEA
B el 5 620.428 630 2 2
Factory failure Conveyors failure
el o> 887.59 900 1 1
Mill failure
ey 177.8 192 10 9
Steam furnace failure
5 oo > 440.928 448 3 3
Production hall failure
eelie )l pas 323.14 360 5 5
Inappropriate maintenance
o ) b yeSly il (5SS 297.057 360 6 5
Tractor failure in Inappropriate maintenance
queuing system 25 ol pae 47.281 81 13 12
Lack of driver skills
29515 23 0398 224.86 270 7 6
Worn tractor
o )gSTy5 S653ls o Bolay 0]y By pac 192.053 240 9 7
Accident and overturn of Carelessness of the driver
tractors ouid elbre 195.61 210 8 8
Driver rush '
e 2 Sl 09 2L 373.49 392 4 4
Lots of tractors in the queue
b s S om0 95 pie 125.504 180 11 10
Shift change Lack of on time presence personnel
35> Shytal 392 pas 53.024 90 12 11
Lack of precise planning
Wligy 58 Cupw b Jiwyy o5 (Sinlon
43.709 72 14 13

Low staff coordination with the speed
of daily work
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Introduction
Given the risk management and improving the process, reliability is important in operations and production
management, especially agricultural process. Failure modes and effects analysis (FMEA) is regarded as one of
the most powerful methods in this area. High applicability and proper analyzability of FMEA have caused to be
among the most important techniques of systems for risk analysis and safety improvement. Risk management in
all sectors is important, especially in agricultural sector. Sugarcane is one of the industrial crops used as raw
material for several major and minor industries. In Iran, this crop is cultivated by sugarcane agro-industry
companies. The sugarcane trailers were used to transport harvested sugarcane from farm to mill in these
companies. There are many problems to milling it on time. One of the most important risks involved in
sugarcane transportation is the delays encountered in this process which can affect the quality and quantity of the
product. Delay in milling of the harvested sugarcane is caused by various reasons in agro-industry units
including factory downtime, breakdowns of tractors at factory gate, tractor accident in factory yard and staff shift
changes creating long queues. So, considering and using risk management techniques and eliminating risk
factors can be an effective step to increase the efficiency of this process.

Materials and Methods

This research was carried out on Sugarcane and By-Products Development Company of Khuzestan. At first,
the sugarcane transport operations and used equipment were investigated through an interview with experts in
the safety and technical sectors and engineers of the Sugarcane and By-Products Development Company of
Khuzestan and the study of related books in 2017. After that, the defects and errors of each equipment that
caused technical problems and problems in other equipment, as well as the occurrence of injuries and human
casualties were identified. Finally, the risks were written for valuation in the FMEA method paper. In this
research, risk pricing was based on the Brainstorming method. Risk evaluation is based on the ranking of the
effect severity, the risk occurrence probability and the degree of risk detection available in the FMEA method. In
this research, analytical network process (ANP), a modern and powerful method in the decision-making field,
has been used in combination with FMEA (FMEA-ANP) for defeating the shortcomings. FMEA-ANP considers
mutual relationships of hazardous factors, and by offering a certain structure, develops a systematic and flexible
view in risk management scope. The suggested method deploys a simple concept of risk priority number and
assigns different importance in the form of power for each factor. The resulted RPN will cope better with the
system, in which it is applied. This method provides a more accurate analysis of risk and, consequently, more
efficient and effective actions, causing attainment and maintenance of more desirable reliability.

Results and Discussion

The results of FMEA-ANP model indicated that the mill equipment in the sugar factory is the most important
delayed factor (failure) in the sugarcane transformation. For this reason, the basis failure causes in the sugar
factory has been carefully investigated and it has been concluded by experts' opinions that factory mill and the
conveyers failures are important causes of the delay in this process, respectively. Based on statistical analysis,
73.15% of the factory downtimes were related to mill and ranked as first compared with the other risk factors.
Among the conveyors, the most damage was related to the inlet conveyor to the first mill and 49% of conveyors
failures occurred in this conveyor.

1- PhD candidate of Agricultural Machinery Engineering Department, Agricultural Sciences and Natural Resources
University of Khuzestan, Ahvaz, Iran

2- Associate Professor of Agricultural Machinery Engineering Department, Agricultural Sciences and Natural
Resources University of Khuzestan, Ahvaz, Iran
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Conclusions
This research validated the application of FMEA-ANP for the rational organization of the harvest-transport

complex. According to this investigation, the probable downtimes and delays can be prevented by implementing
the optimal preventive repair and maintenance planning in the sugar factory, and in particular on the factory mill
equipment. In addition, efforts to adapt the speed of harvesting and the speed of delivery by the factory can be

effective in reducing the delivery delay time by the factory.

Keywords: ANP, FMEA, Mill Failures, Risk, Sugarcane, Transportation
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Table 1- Descriptive statistics on the performance of sugar cane fields in 2014-2017

Jlw ;5 (2330 5 3 ,Shos (41300 S oS o e (300 )3) (oo (g5
The yield and efficiency in Qualitative Quantitative Area (ha) Relative frequency
year (ton ha!) (percent)
o ke 452-275 544.8 4.09
very little
~ 62.8-45.3 5705.4 42.84
Low
1393 bsgte 80.5-62.9 50113 4438
Medium
L 98.1-80.6 1543.8 1159
High
3 b 115.8-98.2 158.7 1.19
too much
o ke 385-19.2 99254 7.16
very little
i 57.7-38.6 5498.67 39.66
Low
1394 IMW 77.1-57.8 6439.62 46.45
Medium
).L'). 96.3-77.2 876.20 6.32
High
b ok 115.5-96.4 57.04 0.41
too much
~ “b 53.1-32.9 533.76 3.85
very little
o 73.1-53.2 8211.61 59.23
Low
1395 IMP 93.2-73.2 4435.54 31.99
Medium
b.L"). 113.4-93.3 630.28 455
High
3L ke 133.5-113.5 52.88 0.38
too much
~ ‘_;L> 49.8-27.7 241.36 1.74
very little
w 71.8-49.9 5303.25 38.25
Low
1396 k‘”’“ 93.8-71.9 6879.89 49.62
Medium
D.L"j 116.1-93.9 1365.84 9.85
High
3L ke 138.1-116.2 73.72 0.53
too much
g 0alS 268 i slapio diwd g 4 odlatwl 3js0 (gla o Lyouls dus ¢i
B il lyear gilie 3Nes e NAD el B0 e e pal VD Jald 5dos ) 50 e ealizl (glaedld

e oS (@55 ey it Olsisay Layite plu g (&ly yeite) losal Cuoddy WAY-RF cla Jlo b > Sl 4e )30 \Wo
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Table 2- Description of continuous sugarcane variables used for this study

P Buwo o
Description
oo o ) ye¥io £ oA O S ol i) olbe Hlre Blodl 0 gl ygS,
Variz;bl e name Unit Variable’s JUEH Jlado Jlado Average  Standard O Fwsd
Type Usage  Minimum  Maximum deviation Number of
(role) amount amount valid
records
5] mha e 2929 8211.91 2955450  16893.62  3697.66 1201
Drain Continuous Input
colus ha gy 295 5 35 23.36 5.18 1201
Area Continuous Input
(0395%) loos 355 .
Chemical fertilizer kg ha™ st 299 160 553 340.76 46.88 1201
(Nitrogen) Continuous Input
(Hd) (loosd 355 .
Chemical fertilizer kg ha™ g 2909 0 250 64.55 99.86 1201
(Phosphate) Continuous Input
Tl . . &299
el b ol . g Input 12 34 21.29 3.95 1201
Times irrigation Continuous
SB Sl ol .
Soil electrical ds m? st <299 2 16 5.73 2.13 1201
S Continuous Input
conductivity (EC)
rae o lade .
Water consumption ~ m°ha’® c g f’”’ 1005 1900 1395.55 133.58 1201
per hectare ontinuous nput
oehi Jat S day g <399 389 567 443.37 32.32 1201
Crop duration Continuous Input
pas ool by 1 See Jilas 4y oo )S 1) (Bun (S sl psaal &iA ya

DB og 8 pae clajbne jlodliiul U Lao, S 55 by
T 0l o Sy g et o Sl (S0l
(Yoneyama et al., 2002) 1l .

cip gboS (35 o g s ogd s pie
A5 odlazwl QUEST

1- Impurity measure
2- Gini
3- Splitting
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Cd wiye-S s &3l Breman et al. (1984) lawgs jb sl
N g5k g So5UsS 215 (&5 S (0 Joo 1S 4 ppevas



FYY sl 5ol 5l ooliiw! b ySins o yShos g ygo (gl yutiio (g 5w Juo

b Jso (639)9 diunS (glopuiio Civogs =V Joaa

Table 3- Description of categorical sugarcane variables used for this study

e o o £55 e i o o g3 39290 £yl30 0l Coluw
Variable name  Variable’s Type  Usage (role) Description N®eg,5 oml ;o  Area(%)
L. ()":S"" S ') J?l -*‘-I93 508 49.79
8050 e Fr 4 ©39)9 First Production Manager (6000 ha '
F g
manazgpnent Categorical Input (LS £ee ) pgd algs 603 50.21
Second Production Manager (6000 ha)
SP70-1143 234 19.48
. e IRC99-02 22 1.83
Jrae ), - <909 CP69-1062 619 51.54
Crop cultivar Categorical Input CP57-614 153 12.74
CP48-103 173 14.40
Sandy loam 54 s 76 6.33
Sandy clay loam p¢ ) i 36 3.00
Silt loam pg il 24 2.00
S cél S 3529 Silt cla :
- . Y o) e 74 6.16
Soil texture Categorical Input .
Silt clay loam g IS sl 255 21.23
Loam ¢4 414 34.47
Clay loam g IS 322 26.81
gl i 359 29.89
Plant
sl o) 358 29.81
ol LS 83959 First ratoon
Age Categorical Input £9d ool 203 24.40
Second ratoon
P o) 191 15.90
Third ratoon
. 1 271 22.56
5lows S -
bl gl S G $399 2 371 30.89
ratio of surface -
- b Categorical Input 3 296 24.65
spraying 4 263 21.90
(=) coplee 90 7.49
High (>100)
3,Ses LS (Gun) 95 (Y +>X=50) lawgio 541 4505
Yield (ton ha™) Categorical Target Medium (65<x<100)
(F07) sl 570 47.46
Low (<65)
' (51 ) 81 6.74
10 (October)
N (el o) 190 15.82
11 (November)
WY (el )30) 308 2731
12 (December)
(55 52) 128 10.66
cusly ol LS $39)9 1 (January)
Month of harvest Categorical Input Y (40599 ccyone) 262 21.82
2 (February) '
¥ (ool atiol) 172 14,32
3 (March)
¥ (Ji)9l ‘O’ua)ﬁ)é) 20 1.67
4 (April)
8 (40 uleesd)) 20 1.67

5 (May)
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Yield-category

1% High
1™ Low
™ Med
Tatal

7.055 40
48.854 277
44.092 250

100.000 567

Cr

= =

op cultivar

Adj. P-value=0.000, Chi-square=216.254, df=8

IRC99-02 CP48-103; CP57-614, CP69-1062; SP70-1143
Mode 1 Mode 2
Category % n Category % n
= High g0.000 9 ¥ High 5566 3
B Low 0000 0 B Low 49731 277
B Med 10000 1 B Med 44.704 249
Total 1.764 10 Total 98.236 557
=
Crop cultivar
Adj. P-value=0.000, Chi-square=111.732, df=6
CPB69-1062 CP48-103; CP57-614, SPT0-1143
MNode 3 MNode 4
Category % n Category % n
" High 9.556 28 % High 1136 3
N Low 31.058 81 N Low 70.455 186
B Med 59.386 174 B ped 28.408 75
Total 51.675 293 Total 46.561 264
=

s

Crop cultivar
Adj. P-value=0.000, Chi-square=26.719, di=4

P70-1143

¥ High
B Low
B hed

Total

Category % n

Mode 7

2778 3
53.704 58
43519 47
19.048 108

| =
Ane

CP48-103; CP57-614

Mode 8
Category % n
= High 0000 0
B Low 82.051 128
B Med 17.949 28
Total 27513156

Adj. P-value=0.004, F=8.700, df1=2, df2=105

==1.219 =1.219

MNode 13 MNode 14
Category % n Category % n
“ High 5000 3 © High 0000 0
B Low 38.333 23| (™ Low 72917 35
B Med 56.667 34 B Med 27.083 13
Total 10582 60 Total 8.466 48
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Fig. 2. QUEST maodel predicting yield of sugarcane
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¢~ Crop cultivarin [IRC99-02"] [Mode: High ] => High
B Crop cultivar in [ "CP48-103" "CP57-614" "CPB9-1062" "SP70-1143"] [ Mode: Low ]
Crop cultivar in [ "CPE9-1062"] [ Mode: Med] => Med
B- Crop cultivar in [ "CP48-103" "CP57-614" "SP70-1143"] [ Mode: Low ]
E| Crop cultivar in [ “SP70-1143"] [ Mode: Low ]
i i~ Age==1219 [Mode: Med] = Med

i - Age>1.219 [Mode: Low] => Low
L Crop cultivar in [ "CP48-103" "CP57-614"] [Mode: Low] =» Low

QUEST puouai 5> i yg30 51 a5l pilgs =¥ S8
Fig. 3. Rules obtained from the application of QUEST decision tree algorithm
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Table 4- The result of C5.0 decision tree rule

Rule set generated by C5.0 algorithm (decision making support®)

Rules for High - contains 4 rule(s)

Rule 1 for High (9; 0.909)
if Chemical fertilizer (Phosphate) > 215
and Times irrigation <= 20
and Water consumption per hectare <= 1,444
then High

Rule 2 for High (19; 0.81)
if Crop cultivar = IRC99-02
then High

Rule 3 for High (3; 0.8)
if Crop cultivar = SP70-1143
and Age<=1
and Chemical fertilizer (Phosphate) <= 215
and Chemical fertilizer (Nitrogen) > 368
and ratio of surface spraying = 2.000
then High

Rule 4 for High (5; 0.714)
if Crop cultivar = CP69-1062
and Soil electrical conductivity (EC) <=4
and Chemical fertilizer (Nitrogen) > 425
and Times irrigation <= 19
then High

Rules for Low - contains 8 rule(s)

Rule 1 for Low (51; 0.906)
if Area > 19
and Crop cultivar = SP70-1143
and Age>1
and Month of harvest in [ 1.000 8.000 9.000 10.000 11.000 12.000 ]
then Low

Rule 2 for Low (183; 0.886)
if Area> 20
and Crop cultivar in [ "CP48-103" "CP57-614" ]
then Low

Rule 3 for Low (157; 0.855)
if Crop cultivar in [ "CP48-103" "CP57-614" ]
and Soil electrical conductivity (EC) > 4
then Low

Rule 4 for Low (4; 0.833)
if Area> 29
and Soil electrical conductivity (EC) > 5
and Chemical fertilizer (Phosphate) <= 215
then Low

Rule 5 for Low (4; 0.833)
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if Crop cultivar = SP70-1143
and Drain <= 10565.200
then Low
Rule 6 for Low (26; 0.786)
if Farm management = First Production Manager
and Chemical fertilizer (Nitrogen) <= 425
and Times irrigation <= 16
and ratio of surface spraying in [ 2.000 3.000 4.000 ]
then Low
Rule 7 for Low (81; 0.687)
if Area <=24
and Soil electrical conductivity (EC) > 5
and Chemical fertilizer (Phosphate) <= 215
then Low
Rule 8 for Low (119; 0.645)
if Crop cultivar = SP70-1143
and Chemical fertilizer (Phosphate) <= 195
and Chemical fertilizer (Nitrogen) <= 368
then Low

Rules for Med - contains 12 rule(s)

Rule 1 for Med (10; 0.917)
if Age<=1
and Soil texture = Silt loam
then Med

Rule 2 for Med (10; 0.917)
if Crop cultivar = SP70-1143
and Age<=1
and Chemical fertilizer (Phosphate) <= 215
and Chemical fertilizer (Nitrogen) > 368
and ratio of surface spraying in [ 1.000 3.000 4.000 ]
then Med

Rule 3 for Med (8; 0.9)
if Crop cultivar = SP70-1143
and Chemical fertilizer (Phosphate) > 195
and Chemical fertilizer (Phosphate) <= 215
then Med

Rule 4 for Med (7; 0.889)
if Crop cultivar = CP69-1062
and Soil electrical conductivity (EC) > 4
and Chemical fertilizer (Nitrogen) > 425
then Med

Rule 5 for Med (7; 0.889)
if Crop cultivar = SP70-1143
and Age<=1
and Soil texture = Loam
and Water consumption per hectare > 1481.100
then Med

Rule 6 for Med (7; 0.889)
if Crop cultivar = SP70-1143
and Age>1
and Soil electrical conductivity (EC) <=7
and Month of harvest in [ 2.000 7.000 ]
then Med

Rule 7 for Med (5; 0.857)
if Age<=1
and Farm management = First Production Manager
and Soil texture = Sandy loam
and Chemical fertilizer (Phosphate) <= 215
and ratio of surface spraying in [ 1.000 2.000 ]
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Rule 8 for Med (156; 0.772)

Rule 9 for Med (54; 0.679)

Rule 10 for Med (43; 0.667)

Rule 11 for Med (241; 0.658)

Rule 12 for Med (96; 0.612)

then Med

if Crop cultivar = CP69-1062

and Soil electrical conductivity (EC) <=5
and Chemical fertilizer (Phosphate) <= 215
and Chemical fertilizer (Nitrogen) <= 425
and Times irrigation > 16

then Med

if Area<=20
and Soil electrical conductivity (EC) <=4
then Med

if Area > 21

and Crop cultivar in [ "CP69-1062" "SP70-1143" ]
and Age <=1

and Soil texture = Silt clay loam

and Chemical fertilizer (Phosphate) <= 195

then Med

if Area > 24

and Area <= 29

and Crop cultivar = CP69-1062

and Chemical fertilizer (Phosphate) <= 215
then Med

if Crop cultivar in [ "CP69-1062" "SP70-1143" ]
and Chemical fertilizer (Phosphate) > 215

and Times irrigation > 20

then Med

*Instance and confidence figures

o it 005 Jlogi colpd 0lio —0 Jou
Table 5- The normalized importance of variables in classification
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Introduction
The sugar industry usually gathers huge amounts of information during normal production operations, which
is rarely used to study the relative importance of both management and environment on sugarcane yield
performance. Yield prediction is a very significant problem of agricultural organizations. Each agronomist wants
to know how much yield to expect as soon as possible. The aim of this study was to determine the performance
of C5.0 and QUEST algorithms to predict the yield of sugarcane production in Amir-Kabir agro-industry
Company of Khuzestan province, Iran. However, the working method described in this paper is applicable to
other geographical areas and other kinds of crops.

Materials and Methods

The data for the study were collected from Amir-Kabir agro-industry Company. The data is obtained from
2012 to 2016 years. The study area is located in Khuzestan Province which is a major agricultural region in Iran.
The geographical location of the study area is between latitudes 31° 15’ to 31° 40’ north and longitudes 48° 12’ to
48° 30 east. It covers an area of about 12000 ha. The average elevation of the study area is 8m above sea level.
Mean annual rainfall within the study area is 147.1mm, the mean annual temperature is approximately 25°C and
the mean soil temperature at 50cm depth is 21.2°C. The used data were obtained from a survey with 15 variables
carried out on 1201 sugarcane farms. Variables used in the study of data mining can be divided into two
categories: target variable and predictor variables. The variable of yield was used as the target variable
(dependent) and other variables as predictor variables (independent). In two models, the input data included crop
cultivar, month of harvest, chemical fertilizer (Nitrogen), chemical fertilizer (Phosphate), age (plant or ratoon),
times irrigation, ratio of surface spraying, soil texture, soil electrical conductivity (EC), water consumption per
hectare, drain, farm management, crop duration, area, and yield-category. The study was included in 1201 farms.
The necessary data were collected and pre-processing was performed. We propose to analyze different decision
tree methods (C5.0 and QUEST).

Results and Discussion

First, decision tree methods were analyzed for variables. Then, according to C5.0 method (error rate 0.2319
for the training set and 0.3306 for test set) performed slightly better than another method in predicting yield.
Crop cultivar is found that an important variable for the yield prediction. 24 rules were found in this study, C4.5
showed a better degree of separation. The measured prediction rate of C5.0 was correct: 76.81% and wrong:
23.19% in the training data, and correct: 66.94% and wrong: 33.06% in the test data. The prediction rate of
QUEST was correct: 68.25% and wrong: 31.75% in the training data, and correct: 70.83% and wrong: 29.17% in
the test data. Using the training data comparison between the model types showed that the C5.0 model produces
a more accurate prediction model and was, therefore, the model to use. Using the testing data in comparison with
the model types showed that the QUEST model produced a more accurate prediction model. The results of our
assessment showed that C5.0 and QUEST algorithms were capable to produce rules for sugarcane yield.
Therefore, our proposed methods as an expert and intelligent system had an impressive impact on sugarcane
yield prediction.

Conclusions
In today's conditions, agricultural enterprises are capable of generating and collect large amounts of data.
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Growth of data size requires an automated method to extract necessary data. By applying data mining technique
it is possible to extract useful knowledge and trends. Knowledge gained in this manner may be applied to
increase work efficiency and improve decision making quality. Data mining techniques are directed towards
finding those schemes of work in data which are valuable and interesting for crop management. In this research,
decision tree algorithms (C5.0 and QUEST) were used. This classification algorithm was selected because it has
the potential to yield good results in prediction and classification applications. This study was performed to
present a model-based data mining to predict sugarcane yield in 2012-2016. The 24 classification rules generated
from the C5.0 decision tree algorithm have great practical value in agricultural applications. The results showed
the QUEST and C5.0 decision tree algorithms produced the best prediction accuracy. Sensitivity analysis results
indicated that crop cultivar was the most important variables. It was observed that efficient technique can be
developed and analyzed using the appropriate data, which was collected from Khuzestan province to solve
complex agricultural problems using data mining techniques (decision tree). The decision tree has been found
useful in classification and prediction modeling due to the fact that it can capability to accurately discover hidden
relationships between variables, it is capable of removing insignificant attributes within a dataset.

Keywords: Agriculture, Amir-Kabir Agro-Industry, Data mining, Evaluation
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Table 1- Consumption of inputs during the first year of saffron cultivation
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* The annual water consumption for saffron cultivation was considered equal to 3000 m*® (Mahdavi, 1999).
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Fig.3. The effects of harvesting time and machine type on the percentage of cracked shells in the outlet
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