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Introduction

On the field and in the paddy milling factory dryer losses have always been challenging issues in the rice
industry. Different forms of losses in brown rice may occur depending on the field and factory conditions. To
reduce the losses, proper management during pre-harvest, harvesting, and post-harvest operations is essential. In
this study, different on-field drying and tempering methods were investigated to detect different forms of brown
rice losses.

Materials and Methods

The present study was conducted on the most common Hashemi paddy variety during the 2019-2020 season
in Talesh, Rezvanshahr, and Masal cities in the Guilan province, Iran with 0.2 hectares and 5 paddy milling
factory dryers. On the fields, the method and date of tillage, irrigation, and transplanting used in all experimental
units were the same. Moreover, the same amount of fertilizer and similar spraying methods were used across all
experiments. For the pre-drying process on the fields, the following three pre-drying methods were applied on
the harvest day: Al) The paddies were spread on the cut stems for insolating, A2) The paddies were stacked and
stored after being placed on the cut stems for 5h, and A3) The paddies were covered with plastic wrap and stored
after 5h of insolating. The first method (A1) is the most common in the area and was chosen as the control
treatment. For the second step of the process, the time interval between the on-field pre-drying and threshing was
considered: B1) 14 to 19h post-harvest; B2) 20 to 24h post-harvest, and B3) 25 to 29h post-harvest. Afterward,
methods Al to A3 were combined with methods B1 to B3 and feed into an axial flow-thresher at 10 kg min,
550 rpm PTO, and two levels of moisture content at 19 and 26 percent (% w.b). The third process was two-stage
or three-stage tempering for 10 or 15 hours resulting in four levels (C1 to C4) and was done in the conventional
batch type dryer under temperatures of 40 and 50 °C and airspeeds of 0.5 and 0.8 m s in paddy milling factories.
At the end of each process, a 100g sample was oven-dried for 48h and a microscope achromatic objective 40x
was used to detect incomplete horizontal or vertical cracks, tortoise pattern cracks, and immature and chalky
grains. The equilibrium moisture content was determined to be 7.3 percent. Losses properties were analyzed
using a completely randomized factorial design with a randomized block followed by Tukey's HSD test at the
5% probability and comparisons among the three replications were made.

Results and Discussion

Results demonstrated that the stack and plastic drying methods significantly increased the percentage of
losses. In the plastic drying method, the percentage of chalky grains and tortoise pattern cracks was higher than
other forms of loss. In the first process, irrespective of the pre-drying method, the losses were reduced at a lower
level of moisture content. At the end of the first stage, losses in the spreading method were significantly lower at
19% moisture content. Threshing the plastic-wrapped paddies after 14 to 19 hours at 19% moisture content

©2021 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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resulted in the maximum threshing loss of 8.446% and over half of the grains were chalky or had tortoise pattern
cracks. The threshing loss was halved (4.443%) for paddies threshed 25 to 29h after spreading at a moisture
content of 26%. The mean of losses in the second step of the process were 7.229, 5.585, and 5.156% for the time
interval between the on-field pre-drying and threshing of 14 to 19h, 20 to 24h, and 25 to 29h, respectively. In the
last step of the process in paddy milling factory dryers, there was no significant difference in the minimum
percent of losses between 10 and 15 hours of three-stage tempering at 40 °C and with 0.5 m s airspeed.
Furthermore, maximum total losses with the most incomplete horizontal and vertical cracks occurred in the two-
stage 10h tempering at 50 °C and with 0.5 and 0.8 m s airspeed.

Conclusion

Food security has always been a critical matter in developing countries. Furthermore, identifying the source
of losses in the fields and the factories is one way to reduce losses and achieve food security. Stacking or
wrapping the paddies in plastic after pre-drying on the fields for 5h is not recommended in terms of its effect on
increasing the percentage of brown rice losses. Additionally, due to the importance of factory dryer scheduling in
the management of the losses, it is recommended to use a three-stage 10h tempering at 40 °C and with 0.5 m s*
airspeed.

Keywords: Brown rice, Crack, Drying, Losses, Paddy milling factory
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1- Equilibrium Moisture Content (EMC)
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Table 1- Analysis of variance of pre-drying method, moisture content, and interaction effects on the losses
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Fig.3. Brown rice losses percent under different combinations of processing methods (P: Spread+Plastic, St:
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Table 3- Analysis of variance of tempering method, air velocity and temperature, and interaction effects on the losses
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Introduction

Apple is one of the most frequently consumed fruits in the world. It is a source of minerals, fiber, various
biological compounds such as vitamin C, and phenolic compounds (natural antioxidants). The amount of
nutrients plays a significant role in the growth, reproduction, and performance of agricultural products and
plants. Chemical inputs can be accurately managed by predicting these elements. Thus, timely and accurate
monitoring and managing the status of crop nutrition is crucial for adjusting fertilization, increasing the yield,
and improving the quality. This approach minimizes the application of chemical fertilizers and reduces the risk
of environmental degradation. In crop plants, leaf samples are typically analyzed to diagnose nutrient
deficiencies and imbalances, as well as to evaluate the effectiveness of the current nutrient management system.
Therefore, the main aim of this study is to estimate the level of Nitrogen (N), Phosphorus (P), and Potassium (K)
elements in the leaves of the apple tree using the non-destructive method of Visible/Near-infrared (Vis/NIR)
spectroscopy at the wavelength range of 500 to 1000 nm coupled with chemometrics analysis.

Materials and Methods

This research investigated the potential of the Vis/NIR spectroscopy coupled with chemometrics analysis for
predicting NPK nutrient levels of apple trees. In this study, 80 leaf samples of apple trees were randomly picked
and transferred to the laboratory for spectral measurement. The Green-Wave spectrometer (StellarNet Inc,
Florida, USA) was utilized to collect the spectral data. In the next step, the spectral data were transferred to the
laptop using the Spectra Wiz software (StellarNet Inc, Florida, USA). For this purpose, spectroscopy of the leaf
samples was done in interactance mode. Ten random points were selected on each leaf to capture reflectance
spectra and the averaged spectrum was used to determine the reflectance (R). The data was then transformed into
absorbance (log 1/R) for chemometrics analysis. Following the spectroscopy measurements, the NPK contents
were measured using reference methods. Afterward, Partial Least Square (PLS) multivariate calibration models
were developed based on the reference measurements and spectral information using different pre-processing
techniques. To remove the unwanted effects, various pre-processing methods were utilized to obtain an accurate
calibration model. To evaluate the proposed models, the Root Mean Square Error of calibration and prediction
sets (RMSEC and RMSEP), as well as the correlation coefficient of calibration and prediction sets (rc and rp),
and Residual Predictive Deviation (RPD) were calculated.

©2022 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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Results and Discussion

The statistical metrics were calculated for the evaluation of PLS models and the results indicated that the PLS
models could efficiently predict the NPK contents with satisfactory accuracy. The model with the best
performance for nitrogen prediction was based on the standard normal variate pre-processing method in
combination with the second derivative (SNV+D2) and resulted in r.= 0.988, RMSEC=0.028%, r,=0.978,
RMSEP=0.034%, and RPD of 7.47. The best model for P content prediction resulted in r.= 0.967,
RMSEC=0.0051%, r,=0.958, RMSEP=0.0057%, and RPD of 5.96. Additionally, the PLS model based on
MSC+D2 pre-processing method resulted in rc= 0.984, RMSEC=0.017%, rp,=0.976, RMSEP=0.021%, and RPD
of 7.10, indicating the high potential of PLSR model in predicting K content. Moreover, the weakest performing
model was related to the estimation of P content without pre-processing with rc = 0.774, RMSEC = 0.013%, rp =
0.685, RMSEP = 0.018%, and RPD value of 1.87. Based on the obtained results, the proposed PLS models
coupled with suitable pre-processing methods were able to predict the nutrient content with high precision.

Conclusion

Field spectroscopy has recently gained popularity due to its portability, ease of use, and low cost.
Consequently, the use of a portable system for estimating nutrient levels in the field can significantly save time
and lower laboratory expenses. Therefore, due to the accuracy of the Vis/NIR spectroscopy technique and
according to the obtained results, this method can be used to actualize a portable system based on Vis/NIR
spectroscopy to estimate the nutrient elements needed by the apple trees in the orchards and to increase the
productivity of the orchards.

Keywords: Nutrients, Partial Least Squares, Pre-processing, Spectroscopy, Visible/Near-infrared
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LU5b lacab 535 canday jolaieds 153,5 odlazul Vis/NIR
alayly ol (gly i odlitul (glasie ygy0 i S 5l Sy
CARS-PCA- Jio 3l sdolcuwnda lacib g x> e (sloodld oy
oaid8l,] (sla Jae a5 3l i sdelcunda gl .05 edlatwl PLS
9 yad ¢ 5oy lime aday /AY g +/EV /A CE | cuilys
ssbaiedy liione S5 (laddlas )3 e S a1 peely
it Sl olawl Uy caw &3 (6350 polie 5o oy
2538 S oilul ]y Sy Jdg)lS g 39 (liwe S35 &gy
ks (e PLS e 5l 03955 Glise 2Ll sl pliee
odial)l g,y 45 ly s odelcawdds ol 53,8 edlitl Ve b
Olise 2losd (cbodles 1 ooldim] guors Cupde jslaieds Cuilys
Tamburini, Ferrari, ) xS obj,l «/AA YL cds b1y 5g508

5- Chemometrics Analysis

6- Support Vector Machine

7- Soft Independent Modeling of Class Analogy
8- Partial Least Square-Discriminant Analysis
9- Hierarchical Cluster Analysis

10- Fourier Transform
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(Butz, Hofmann, & Tauscher, 2005) .5 o
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.Guyer, 2015)
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adllas cpl p3 oyl ol 51,3 bl 3590 1y s &S (ol el )b
i dawgi (sl (2310t Jgeme slagyy 9 Sage il
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Se sladlae ) Gl 2)b ) oo g 355 (s Sew S
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Loyl .l 26, VISINIR seuwcibs 5l odliwl b 1y ol i gesd
citise (sla gy (bl PLS Jus S g—dos ol
Loy omizpt SO Ay @ pe slaodly g (D] ke
D9y oobly pngVlale g o> anyd o ad il (oandil
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1- Near-infrared Spectroscopy

2- Partial Least Squares

3- Wavelet Transform

4- Principal Component Analysis-Discriminant Analysis
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5- Inductive Coupled Plasma-Optical Emission
Spectrometry

6- Multiplicative Scatter Correction

7- Standard Normal variate

8- Moving Average

9- Savitziky-Golay
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1- Red Chief

2- Fuji

3- Granny Smith
4- Interactance
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Fig.1. Workflow of measuring NPK nutrients in apple tree leaves using Vis/NIR spectroscopy
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Table 1- Statistical data related to NPK value of leaf samples

e )lis] g aiged oy sdiges
Validation samples Calibration samples
slre Bl y2dl oSNl Sl Sblas shro Bl il oSSl PSlas BEIRES
Standard deviation Mean Max Min Standard deviation Mean Max Min
. 03974 0.254 1.03 1.43 0.66 0.212 0.89 15 0.54
Nitrogen (%)
S 0.034 0.086 0.133 0.022 0.027 0.08 0.14 0.026
Phosphorus (%)
el 0.147 0.45 0.73 0.22 0.12 0.53 0.79 0.203

Potassium (%)
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Fig.2. Detection of outlier data using PCA method
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1- Root Mean Square Error of Calibration
2- Root Mean Square Error of Prediction
3- Correlation Coefficient of Calibration
4- Correlation Coefficient of Prediction
5- Residual Predictive Deviation



VPt Lol ¥ ojlodds OF alor (559l somiilo 4 pis VY

(Chen, Zhang, ceuwl Lacsl,amg S g ol s 5l o0 i
Miao, & Asakura, 2010; Kawano, Watanabe, &
G L33 sla Sy o Oy opl 243 lwamoto, 1992)

Absorbance(log(1/R))
-1

400 500 600 700 800 900 1000 1100

Wavelength (nm)
b (<)

(Fernandez-Novales, Lopez, Sanchez, Garcia, 15l asl
Lol .& Morales, 2008; Osborne, Fearn, & Hindle, 1993)
5 A plegill A% zge Job SLbI )3 Su035 ¢ pwg b 4l
iy wilgs o Ylein] yal cpl a8 515 3939 (20,05 isl58l S
S o2l &Blg > 8L N-H 5 O-H g p9d lagygipgl 292

AR — Ll g 1 3 padidis slgi

Absorbance (log(1/R))

200 400 600 800 1000 1200
Wavelength (nm)

a (@)

lacab sl g ol Bls i am (0 g i closl g ol Gls 5 LS (Wl coumw 130 Sy cladiges jl adgl pls b - JSWS
Fig.3. The initial raw spectra of apple tree leaf samples a) before and b) after removing the beginning and end of the
spectra
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Fig.4. The NIR absorption spectra of apple tree leaves using different pre-processing methods: a) SNV, b) MSC, c) D1,
d) D2, e) SNV+D1, f) SNV+D2, g) MSC+D1, and h) MSC+D2
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Table 2- The results of calibration and prediction of PLS models based on the combination of different pre-processing
methods for nitrogen estimation

il p e SBAle Olue (b ddy;  ((Sed copo Oluje (be ddy;  (Sapd copo Blyoul Comd
Pre- cshe! sily U sly iy b PR PR
processing LVs RMSEC (%) re RMSEP (%) o RPD
With no pre- 14 0.106 0.808 0.128 0.710 1.98
processing
SNV 11 0.082 0.878 0.101 0.795 251
MSC 12 0.060 0.933 0.076 0.890 3.34
D1 10 0.045 0.962 0.064 0.926 3.01
D2 11 0.028 0.986 0.037 0.974 6.86
SNV+D1 9 0.030 0.983 0.041 0.972 6.2
SNV+D2 6 0.028 0.988 0.034 0.978 7.47
MSC+D1 10 0.032 0.983 0.044 0.970 3.4
MSC+D2 8 0.035 0.976 0.046 0.967 5.7
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Table 3- The results of calibration and prediction of PLS models based on the combination of different pre-processing
methods for phosphorus estimation
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09313 3 s | e ol Sl S s L i i
Preprocessing 0 oy Oluge : b ot ot
oly
LVs RMSEC (%) RMSEP (%) o RPD
I'c
With no pre- 15 0.013 0.774 0.018 0.685 1.87
processing
SNV 13 0.012 0.821 0.015 0.712 2.24
MSC 11 0.010 0.862 0.013 0.783 2.83
D1 10 0.0074 0.919 0.0081 0.886 4.23
D2 12 0.0057 0.959 0.0064 0.948 5.36
SNV+D1 9 0.0055 0.962 0.0072 0.937 4.77
SNV+D2 10 0.0061 0.972 0.0069 0.961 4.93
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Introduction

About 30% of the annual losses of agricultural products are caused by pests, diseases, and weeds. Spraying is
currently the most common method of their control. At present, various manual and tractor-mounted sprayers are
used for spraying. Manual spraying has very low work efficiency and is damaging as the spray might be applied
irregularly and consumed by the labor or the product at poisonous levels. Tractor-mounted sprayers are more
efficient than manual sprayers and require less labor. However, their use is associated with issues such as
compacting the soil or crushing the product. In recent years, Unmanned Aerial Vehicle (UAV) sprayers have
been used to spray farms and orchards. UAV spraying can increase the spraying efficiency by more than 60%
and reduce the volume of spray used by 20-30%. Based on the capabilities of the UAV sprayer and the
limitations of other current spraying methods, the purpose of this research is to evaluate the performance of the
UAV sprayer in controlling Brevicoryne brassicae (L.) and compare the results with a turbo liner sprayer.

Materials and Methods

In the present research, the UAV sprayer is studied as a new method of spraying to fight Brevicoryne
brassicae (L.). The results were technically and economically evaluated and compared with the control group
and that of the turbo liner sprayer (the conventional method of spraying canola in Iran). The experiment was
triplicated with a completely randomized design and three treatments of UAV sprayer, turbo liner sprayer, and
control (no spraying). Field tests were conducted on the canola crop at the stemming stage where at least 20% of
the plants were infected. The measured parameters included drift, spraying quality, field capacity, field
efficiency, energy consumption, and spraying efficiency.

Results and Discussion

Based on the results, the spray volume consumed by UAV and turbo liner sprayers was equal to 11.1 and
187.6 liters per hectare, respectively. The particle drift in spraying with UAV sprayer and turbo liner sprayer
were 53.3% and 80%, respectively. Moreover, the quality coefficient of UAV and turbo liner sprayers were 1.15
and 1.21, respectively. Therefore, the farm efficiency of the UAV sprayer and turbo liner sprayer was equal to
51.4% and 32.3%, respectively. Based on the results of the analysis of variance, immediately after spraying,
there was no statistically significant difference between the average density of pests of the three treatments.
However, three, seven, and 14 days after spraying, there was a significant difference between the control

©2022 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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treatment and the spraying treatments. The density of pests in the plots sprayed with UAV and turbo liner
sprayers was lowered to less than 100 pests per stem, whereas in the control treatment, the density varied
between 250-700 pests per stem. A comparison of the average efficiency of the UAV sprayer and turbo liner
sprayer with the t-test showed that both sprayers had managed to control the population of pests and 14 days
after the spraying, the efficiency of the UAV sprayer was higher than that of the turbo liner sprayer.

Conclusion

- The spray volume consumed by the turbo liner sprayer was 17 times the UAV sprayer.

- The spray drift was about 34% more in spraying with the turbo liner sprayer than the UAV sprayer.

- The field efficiency of the UAV sprayer was 59.1% more than the turbo liner sprayer.

- The energy consumption per hectare of the turbo liner sprayer was 7 times the energy consumption of the
UAV sprayer.

- UAV sprayer’s efficiency reached 92.7 % 14 days after spraying.

- UAV sprayer is recommended for controlling Brevicoryne brassicae (L.) due to its high efficiency, low
drift, low spray volume and energy consumption, and superior spraying quality.

- To improve the performance of the UAV sprayer for controlling Brevicoryne brassicae (L.), a flight height
of 1-1.5 meters from the top of the crop, a flight speed of less than 7 m s, and a maximum spraying speed of 4
m st are recommended. Additionally, it is possible to prevent the spread of the pest in the stemming stage by
spraying the field in an earlier stage.

Keywords: Canola, Efficiency evaluation, Intelligent agriculture, Unmanned aerial sprayer
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Fig.2. Sprayers while spraying the canola field (a: Turbo liner sprayer, b: UAV spray)
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Fig.3. Installation of the water-sensitive card on the canola plant
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Table 1- Technical specification of the experimental sprayers
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Table 2- The average spraying quality coefficient of the UAV sprayer and turbo liner sprayer
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Table 3- Field efficiency of the UAV sprayer and turbo liner sprayer
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Table 4- The average number of pests before and after spraying

Days before and after spraying
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Table 5- Comparison of spraying efficacy percentage for controlling the population of Brevicoryne brassicae (L.)

slss Treatment

Days after spraying (%)

+3

+7 +14

el
UAV sprayer
Y55 lew
Turbo Liner Sprayer
3l ey
Degree of Freedom
t
Pr

29

2.8
0.008

69.1+4.0 70.9+3.8 92.7£1.3

87.3+2.3 88.4+1.0 85237

29 29
2.9 2.5
0.007 0.02
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Introduction

Due to the increasing need for agricultural products, protection of products against pathogens and preventing
them from being wasted is important. Studies on droplet charging systems result in the reduction of chemical
usage and an increase in the deposition of droplets on the target. Conventional sprayers used in Iran have
numerous disadvantages such as drift, environmental pollution, lack of complete and homogeneous coverage of
the spraying surface, phytotoxicity, and crop losses. Therefore, evaluation of new spraying methods and using a
variety of electrical sprayers as alternatives to conventional spraying is essential. This study aims to design,
construct, and optimize the performance of the electrodynamic head of an atomizer motorized knapsack sprayer,
and study the effects of the angle of the target position, spraying distance, and wind speed on the performance of
the electrodynamic sprayer.

Materials and Methods

Experiments were performed in an agricultural machinery workshop at The Department of Biosystems
Engineering, the University of Kurdistan, Iran, with an atomizer motorized knapsack sprayer equipped with an
electrodynamic head. The effect of some factors including wind speed, spraying angle, and spraying distance on
deposition, coverage percentage, and uniformity of spraying were investigated. These effects were investigated
to determine the uniformity coefficient of total spraying. Design Expert 8.0.6 Trial software was used to design
the experiments based on central composite design and to analyze the data. The investigated factors and levels
were: the distance of nozzles from the target (at three levels of 2, 4, and 6 m), the angle of the target position (at
three levels of 0, 45, and 90 degrees), and wind speed (at three levels of 2.5, 3, and 3.5 m s). Water-sensitive
paper cards were used to evaluate the quality of the spraying. The cards were scanned and magnified with an
Olympus SZX12 Stereo Microscope equipped with an objective lens of X1 and a total magnification of 7X. The
characteristics of droplet size were determined using Mountains Map Trial and Deposit Scan software.

Results and Discussion

The maximum value of the total spraying uniformity coefficient was equal to 1.95 for the spraying angle of 0
degrees, the distance of 6 meters, and the speed of 3.5 meters per second. Meanwhile, the lowest value of the
spray uniformity coefficient of 1.18 was obtained for the test conditions of 90 degrees, distance of 2 m, and
speed of 2.5 m s, respectively. Based on analysis of variance for the two-factor interactions model (P-value less
than 0.0001, explanation coefficient 0.9383, absolute explanation coefficient 0.910, standard deviation 0.0590,
and coefficient of variation 3.790%). It can be stated that this model is highly accurate in predicting the
uniformity of the total spraying, and the linear components of spraying angle and spraying distance, as well as
the interaction of spraying angle x spraying distance and spraying distance x wind speed, significantly affect the
uniformity of the total spraying (p<0.05). Nevertheless, the linear component of wind speed and the interaction

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
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between wind speed and spraying angle had no significant effect on the changes in the uniformity coefficient of
the total spray. According to the variance analysis table (F-values), spraying distance has a far greater effect on
the spraying uniformity coefficient than the spraying angle.

It has been observed that the spraying uniformity coefficient will increase by increasing the spraying distance
and decreasing the spraying angle. It can also be stated that the linear components of spraying angle and spraying
distance, the interaction component of spraying angle x spraying distance, and the square power of the
components of spraying distance and wind speed have a significant effect on surface coverage. The values of R?,
Adj-R?, CV, and PRESS for the model adapted to the test data of leaf surface coverage percentage were obtained
as 0.9929, 0.9865, 4.87%, and 188.61, respectively.

Among the three input variables, the spraying distance has the greatest effect on the coverage of water-
sensitive papers. At larger spraying angles, especially 90 degrees, the coverage decreased with the increasing
distance. At spray angle of 90 degrees, by increasing the distance from 2 to 4 m, the spray uniformity coefficient
increased from 1.18 at a wind speed of 2.5 m s to 1.84 at a wind speed of 3.5 m s. However, at smaller
spraying angles (for example zero-degree angle), at first, the spraying coverage increases with the increase of the
spraying distance from 2 to 3 m and then sharply decreases afterward. According to the contours of spray
coverage, in the spray distance range of 4 to 6 m and regardless of wind speed, the spray coverage does not vary
with the increase of the spraying angle (p< 0.05). Meanwhile, in the spray distance range of 2 to 4 m, with the
increase of the spraying angle, the spraying coverage increases significantly (p<0.05). Overall, increasing the
distance between the sprayer and the target decreased the surface coverage on the target, and in electrodynamic
spraying, the uniformity of particle deposition on the underside of the target was relatively the same as on the
upper side.

Conclusion

To improve the performance of the atomizer motorized knapsack sprayer, an electrodynamic spraying head
was designed and built, and its performance was optimized using the response surface method (RSM) with a
central composite design. During the research process, the influence of the independent parameters such as the
distance between the nozzle and the target, the angle of the target position, and the wind speed on the variables
including spraying uniformity, the percentage of the spraying coverage, and the percentage of changes in the
total spraying coefficient were discussed and investigated. The results of the research led to the determination of
the 3.5 m s wind speed, 2.5 m sprayer distance, and 90 degrees spraying angle with 0.792 desirability, which
were considered as the optimal performance conditions of the electrodynamic spraying head. The results of
laboratory validation for optimal conditions show that the uniformity of total spraying indicated by the total
relative span factor (RSFT) and the percentage of spraying coverage (Cov) are equal to 1.65 and 28.27%,
respectively.

Keywords: Electrodynamic head, Response surface method, Spraying angle, Sprayer, Uniformity
coefficient, Wind speed
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Table 3- The results of mathematical model fitting on derived data from experiments for uniformity coefficient of total
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Fig.5. Response surface graph for uniformity coefficient variations of total spraying based on independent parameters at
3 m st wind speed
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Table 4- The results of quadratic mathematical model fitting on derived data from water sensitive paper coverage
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at 3ms™ wind speed
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* The spray uniformity of the electrodynamic sprayer was slightly higher than the electrostatic sprayer.
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Introduction

The growing consumer demand for high-quality products has led to the development of new technologies for
assessing the quality of agricultural products. Iran is the 9th largest orange producer in the world. Every year,
large quantities of agricultural products lose their optimal quality due to mechanical and physical damage during
various operations such as harvesting, packaging, transportation, sorting, processing, and storage. This study is
performed to identify the natural frequencies and vibration modes of the Thomson orange fruit using finite
element modal analysis by ANSY'S software. In addition, physical properties including mass, volume, density,
and principal dimensions were measured, and mechanical properties were determined using Instron Texture
Profile Analysis. The dynamic behavior of the orange fruit was simulated using the pendulum impact test.
Afterward, the obtained impact was applied to the orange fruit by force gauge and three-axis accelerometer
sensors in both polar and equatorial directions. The three-dimensional geometric model of the orange fruit was
drawn in the ANSYS software. After meshing and applying the boundary conditions, the first 20 modes and
corresponding natural frequencies were obtained. Since the objective of this study was to identify the natural
frequencies of the orange fruit, it was considered to have free movement and rotation in space. The results
showed that the natural frequencies of orange fruit are in the range of 0 to 248.41 Hz. Knowledge of the texture
characteristics and dynamic behavior of horticultural products is essential for the design and development of
agricultural machinery. Furthermore, the design and development of agricultural machinery are directly related
to the biological properties of agricultural products.

Materials and Methods

The Thomson orange variety was used in the present study. The oranges used for the experiments were
harvested from the Citrus and Subtropical Fruits Research Institute in Ramsar, Iran, located at coordinates 50°
40" E and 36° 52' N. The oranges were subsequently divided into two groups: large (average diameter 82 mm)
and small (average diameter 66 mm). Conducting the finite element analysis requires knowledge of the physical
and mechanical properties of the flesh and skin of the orange fruit. The physical and mechanical properties of the
tested samples include geometric dimensions, modulus of elasticity, Poisson’s ratio, and density. In the present
study, the dynamic behavior of the orange fruit under dynamic loads was investigated by performing an impact
test using a pendulum. The orange fruit was hung from the ceiling using a thin thread to perform experimental
tests and extract the modal parameters. The orange samples were subjected to impact at three angles: 7° (below
the yield point), 10° (at the dynamic yield point), and 20° (above the dynamic yield point).

Results and Discussion

The comparison of the experimental (laboratory) natural frequencies and simulation validates the simulation
results. The experimental natural frequencies of the first, second, and third modes in the large-group oranges are

©2023 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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125.4, 146.9, and 180.4 Hz, respectively. Additionally, the simulation (modal) frequencies are 133.80, 146.16,
and 196.66 Hz for the first three modes, respectively. The lowest and the highest differences were observed in
the second (0.5%) and third (9.01%) modes, respectively. In the small-group oranges, the first, second, and third
modes have experimental natural frequencies of 152.2, 188.8, and 242.2 Hz, respectively, and simulation
frequencies are 167.79, 187.50, and 248.30 Hz. The second and first modes exhibited the smallest and largest
disparities between experimental and simulated natural frequencies, respectively, at 0.68% and 10.24%.

Conclusion

While there are certain limitations, it is undeniable that Computer Aided Engineering (CAE) applications are
advantageous for predicting the natural frequencies and vibration modes of spherical fruits such as oranges.
Utilizing the obtained frequencies, especially the resonance frequency and the vibrational mode shape, enables
us to avoid the resonance frequency in the actual transportation of oranges. This is possible through the
implementation of suitable packaging and transportation methods, thereby mitigating the deterioration of fruit
quality and ensuring an accurate prediction of its shelf life.

Keywords: Dynamic Behavior Modeling, Modal Analysis, Vibration modes
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3- Frequency response function
4- Pulse response
5- Complex conjugate
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1- Computer aided design
2- Resonance
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4- Texture Profile Analysis
5- Puncture
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1- Damped natural frequency
2- Damping ratio
3- Undamped natural frequency
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4- Window Type

5- Hanning

6- Matlab

7- Fast Fourier Transform
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1- Constant-Height Multiple-Impact technique
2- Convolution
3- Peak picking
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Fig.1. Pendulum test of orange samples: (a) Polar direction, (b) Equatorial direction, and (c) Pendulum impact test
setup, force sensor, and three-axis accelerometer sensor
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2- Target Bodies
3- Contact Bodies

CudsS slp S)j 09,8 ) Jy 0900 53 laplell g oo S slass

ogmo gy (slp layledl g Lao,S slasi 5 VOMR o YYAFY (s sy
Opomads (Y Jgaon) doel Cwday FEAD § WYNOY i g J5
CbeS sl So68 09,5 4 iy om0 ;0 bayladl g bao )5 sluss
050 Cwgy sy Llall g o yS sluss 9 VAYY § WEVA (s ey
N3l 53 Jgaz) doel nsnas ¥YOD 5 ADYA s Jlisyy
Sl JLB 2 0900 Cogy 9 CudsS (o (ol ol Caa ]
3 o sLauilS 3 (3 yglcamoa gt bagl (a5 4L
2l 48 4 ool )y lite & ygods odumrprds £ poled
CsgS o oled iyl ple Sygo jd D sdalie iSucols,
03393 ¢ puamnil 5l38lp 5 53 (gilwand pKn j> JE y o900 Cuwgy g
93 51 pluS pm ST Sy 1 B ol &S Wigd o sho gl 296
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Table 1- Number of the conducted tests
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Table 2- Parameters characterizing the properties of the FEM mesh of each geometry applied in the model for large
group oranges (group A)
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Table 3- Parameters characterizing the properties of the FEM mesh of each geometry applied in the model for small
group oranges (group B)
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Fig.2. 3D tetrahedral mesh; (a) Whole orange fruit, (b) Orange fruit section cut showing the flesh and the skin
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1- Sample stiffness
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Fig.4. The experimental values of the first three modes converted from time to frequency domain for the two groups of
oranges; (a) Large and (b) Small
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Table 4- Natural frequencies (Hz) obtained from
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oranges using ANSY'S software
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Introduction

With increasing the world's population, the demand for supply water resources is also increasing.
Nevertheless, climate change has severely impacted the accessibility of fresh water resources. Consequently,
researchers have been focusing on producing drinkable water from seas and oceans. Iran, with its significant
levels of solar radiation and access to open water from the north and south, is an ideal country for fresh water
production. Using solar water desalination systems is a reliable and cost-effective solution for producing
drinking water from salt water sources. The purpose of this research is to enhance the performance of the solar
water desalination system by using the latent heat storage system and a solar tracking system. In this
experimental setup for fresh water production, water was used as the working fluid, while a parabolic collector
functioned as the source of thermal energy.

Materials and Methods

The solar water desalination system was designed and built on a laboratory scale at the University of
Kurdistan, and then the necessary experiments were carried out. The flowing fluid (water) inside the spiral tube
in the tank is pumped into the absorber tube of the parabolic collector. Inside the receiver tube, there is a spiral
copper tube with a 7 cm pitch, which contains paraffin. The parabolic mirror reflects the sunlight onto the
receiver tube, causing the working fluid, water, to heat up. The cooling process is achieved using a specific
source located in the upper section of the distillation tank. In this case, the steam droplets in the tank hit the
bottom surface of this cooling tank, which has the shape of an inverted funnel, leading to condensation. The
study was conducted over four consecutive days, from 10:00 to 14:00, under identical conditions from August
24th to August 27th, 2022. It took place at the Renewable Energy Laboratory, University of Kurdistan in
Sanandaj, Iran, and was conducted for three different volume flow rates of fluid: 1.9, 3.1, and 4.2 1.min* with
phase change materials (PCM) and 4.2 I.min"! without phase change materials (WOPCM); the pump’s maximum
flow rate was 4.2 L.min. Variations of outlet temperature, thermal efficiency, desalination efficiency, and
produced water were investigated under different conditions.

Results and Discussion

The results reveal that by decreasing the pitch of the spiral tube, there is an increase in the amount of heat
captured, due to the increase in the Nusselt number. At the beginning of data collection, a significant amount of
the energy that enters the receiver tube is absorbed by both the phase change material and the spiral tube inside
the receiver and as a result, the initial air temperature is lowered. The highest temperature of salt water occurs

©2023 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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when the fluid is flowing at a rate of 4.2 l.min", while the lowest temperature is observed at a flow rate of 1.9
I.mint. With a flow rate of 4.2 I.min, the absorbent tube rapidly transfers the absorbed heat to the salt water
chamber through the fluid. The input energy to the tank has increased from 1.53 to 2.83, 1.14 to0 2.18, and 0.73 to
1.48 MJ for fluid flow rates of 4.2, 3.1, and 1.9 L.min?, respectively. At a flow rate of 4.2 L.min%, the thermal
efficiency of the system without phase change materials (3.51%) is lower compared to the case with phase
change materials (5.02%). Moreover, using a solar tracking mechanism increased the thermal efficiency of the
collector by 9.86% compared to the system using a photocell sensor. Based on the water quality values, it can be
stated that the level of dissolved solids in the water sample has been significantly decreased. This indicates that
the water can be used for drinking.

Conclusion

In this research, the process of thermal changes in a solar water desalination system using PCM was
investigated. The obtained results demonstrate that the use of PCM improved the thermal efficiency of the
collector and the water obtained from the current system is safe for consumption. Furthermore, by implementing
a solar panel tracking system, the efficiency of the solar collector is improved.

Keywords: Drinking water, Solar collector, Solar tracker, Thermal efficiency, Water quality
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Fig.1. The main components of the solar water desalination system are: 1- Chassis, 2- Linear parabolic reflector, 3-

Steel frame, 4- DC pump, 5- Solar tracker, 6- Absorber tube, 7- Fluid transfer tubes, 8- Sensors, 9- Copper tube
containing PCM, 10- Cooling unit, 11- Fluid tank, and 12- Spiral pipe inside the tank
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Table 1- Components details of the solar collector and desalination system

sbo] s I3 2l ol
Primary Parts Part details
system

Parabolic trough

Reflector: Stainless steel (Area: 1500 X 900 mm?, thickness: 1 mm) with the reflection
coefficient of 0.91, absorption coefficient of 0.1, and concentration factor of 25. The

Solar collector collector inclination angle was 45° north-south.
Receiving A 30 mm copper tube, Imm thickness
element
Tank An Aluminum tank, with diameter of 300 mm and height of 500 mm, covered by glass wool

Spiral PCM tube

with thickness of 40 mm (for insulation)
A copper tube with 1 mm thickness, 6 turns, and 10 mm pitch, placed in the middle of the

Desalination tank and 100mm from the bottom.
system Working fluid Nanofluid (Water + Al203, 3.75%)
Fluid pump DC 12-volt, Max. 10 Ampere, 5.9 I/min, Model (NM, 32-60-180)
DISS;/I;:::;I]OH 0.5 mm thick steel, with a conical water collector, and capacity of 10 liters.
Electromotor A DC electromotor, 12 V, 40 rpm, Model: JSX69-370, China.
Gearbox A 1:80 Gearbox, Model: 2363-75-China
Tracking Detectors Two 10 Watt PV, Monocrystal, RT010-M, Restar solar Co, China
mechanism Co;trrcoulillng An Arduino, UNO R3 (connected to a laptop)
PV Panel 10W, YL 10C-18b, Module efficiency: 17.4%, Current at Pmax: 0.56A
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Fig.9. The amount of fresh water produced by solar desalination
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Introduction
Drying is one of the oldest methods of food preservation. To increase the efficiency of heat and mass transfer
while maintaining product quality, the study of the drying process is crucial scientifically and meticulously. It is
possible to conduct experimental tests, trial and error, in the drying process. However, this approach consumes
time and cost, with a significant amount of energy resources. By harnessing available software and leveraging
technological advancement to develop a general model for drying food under varying initial conditions, the
drying process can be significantly optimized.

Materials and Methods

This study was conducted with the aim of simulating heat and mass transfer during Refractance window
drying for aloe vera gel. Comsol Multiphysics version 5.6 is a three-dimensional model used to solve heat and
mass transfer equations. For this purpose, the differential equations of heat and mass transfer were solved
simultaneously and interdependently. The above model considered various initial conditions: water temperature
of 60, 70, 80, and 90°C, and aloe vera gel thickness of 5 and 10 mm. The initial humidity and temperature of the
aloe vera is uniform. The initial temperature is 4°C and the initial humidity of the fresh aloe vera sample is 110
Qwater/Jary matter. Heat is supplied only by hot water from the bottom surface of the product.

Results and Discussion

The drying time was needed to reduce the moisture content of aloe vera gel from 110 to 0.1 Qwater/Qdry matter
during Refractance window drying. Aloe vera gel with a thickness of 5 mm dried in 120, 100, 70, and 50
minutes at water temperatures of 60, 70, 80, and 90°C, respectively. For a 10 mm thick layer of aloe vera gel, the
drying time was 240, 190, 150, and 120 minutes, for water temperatures of 60 to 90°C, respectively. These
results demonstrate the importance of both the water temperature and thickness on the drying time. Furthermore,
the drying rate of aloe vera gel increased as the water temperature increased from 60 to 90°C, the drying rates
were 0.915, 1.099, 1.57, and 2.198 gwaer/min for 5 mm thickness and 0.457, 0.578, 0.732, and 0.915 gwater/Min
for 10 mm thick layer of aloe vera gel, respectively.

Conclusion

Based on the simulation results, the optimal model is with a water temperature of 90°C and an aloe vera gel
thickness of 5 mm. Overall, the modeling results are consistent with the results of experimental data.

Keywords: Aloe vera gel, Heat transfer, Mass transfer, Refractance window dryer, Simulation
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3- Finite Element Method (FEM)
4- Partial Differential Equation (PDE)
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Fig.1. A) The Refractance Window dryer (1- Controlled water bath, 2- Water flume, 3- Water pump, 4- Vapor
extractors, 5- Mylar film, 6- Product entry point, 7-Dried product exit point, and 8- Fan) Located in the Khorasan

Razavi Agriculture and Natural Resources Research Center, B) Schematic of Refractance Window dryer and its
different parts
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Fig.2. Geometrical model drawn in Comsol software with two thicknesses of aloe vera gel: A) 5 mm and B) 10 mm
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Table 1- The dimensions of the different parts of the Refractance window dryer
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Table 2- Initial values and Thermophysical properties
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Initial temperature of Aloe vera gel
1ys55)] 5 adsl o
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| = " o R
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Aloe vera gel : ") Cp,solid =2946
Solid phase (dry matter)
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Thermal conductivity (K oole) el W.mtK
i Ksolid =0.34
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Fig.3. Schematic diagram of transfer phenomena in Refractance window dryer
(1- Air, 2- Aloe vera gel, 3- Mylar film, and 4-Water)
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Fig.5. Boundary conditions for radiation heat transfer
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Fig.4. Boundary conditions for conductive heat transfer
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Table 3- Convective heat transfer coefficient at different temperatures and its determining parameters

ol glos

. 60 80 90
Water temperature ('C)
P air (kg.m?) 1.092 1.082 1.072 1.062
Cpair(j-kg . K1) 1006.04 1006.57 1007.10 1007.62
Kair(W.m™.K*) 0.027 0.028 0.028 0.028
U airx10°(Pa. s) 1.96 1.97 1.99 2
Re 972.04 957.45 943.20 929.28
Pr 0.71 0.71 0.70 0.70
h(W.m2.K) 5mm 101.06 101 100.93 100.87
10mm 50.53 50.50 50.46 50.43
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Table 4- The value of the Diffusivity coefficient

Wigod Crolbuss Dertx 1079(m2s1)
Sample thickness . . . .
(mm) 60°C 70°C 80C 90°C
5 0.7 0.9 1.3 1.9
10 1.3 1.7 2.4 2.7
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Fig.7. Boundary conditions for conductive mass transfer
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Table 5- Convective mass transfer coefficient at different temperatures and its determining parameters

ﬁr” dlcb 4.’90.’ Cwolus Sc hm X10_4(m2.3_l)
Water temperature (°C)  Sample thickness (mm)
60 5 2571.93 1.9
10 1384.88 14
70 5 2030.87 2.3
10 1075.16 1.7
80 5 1427.23 2.9
10 773.08 2.2
90 5 991.16 3.8
10 697.48 2.4
p- o

e pr JBl g5y baylyd A S
Fig.8. Boundary conditions of convective mass transfer
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Table 6- The number of mesh elements and vertices in the simulation of heat and mass transfer of Refractance window

Thickness of sample (mm)

5
10

oled! e ey
Elements Mesh vertices
814090 1740295
816212 1759206
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Fig.9. Modeled sample meshing in Comsol software
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Fig.10. Algorithm for simulation of heat and mass transfer of Refractance window dryer in Comsol software
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Fig.11. Aloe vera gel drying diagram in hot water temperatures of 60, 70, 80, and 90 degrees Celsius with a thickness of

5mm
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Fig.12. Aloe vera gel drying diagram in hot water temperatures of 60, 70, 80, and 90 degrees Celsius with a thickness of

Jols ol 1 jelaie ol (glys Wgd (wo)lael twl (0g
Ayala-Aponte) ;l)Ken g e T cdlis o505 la iolol

10 mm

Jyans Had Sid Gl Cise i liicd
slozel b8 jslaiats JgualS ljdle 5 lawgs oasplon (gluas



AL NI P PR AL SRV PSS SIFX PP PRV S B I

cﬁ'dl_n.) 2 4_6.».93 VFO 9 Ve Y- cYV‘dd_ ).w‘SL.c Vo Coolsus
ooy e Lol 2l 5ib .l jU wgeulwds 3 A+ g As Y-
Gilwan bl Job mls b o sl | Janme o0 Sis

Casloddosls Lis VY S 50 sllas ol a8 W54y 1005 5

(2)

4 ey glp adlyd G cpl .05 solazwl (et al., 2021

L hasgl J5 loxiio 53 atole 57 5 ol 5 ) (o5 b,
2 a@Bd 00 gAY AV D Lo Cus ay o des B Cuolus

{am

120 T=70:C sim, d=3mm 120 T=60:C e simd=Smm
—— exp.d=3mm —— exp.d=3mm
2 100 sim,d=10mm =1 sim,d¢=—10mm
z =
£ 80 *—expd=10mm Z = —— exp,d=10mm
B £
o 60 o 6o
H 5
3: 40 2 a0
g g
=
Z 2 20
o ]
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Time(min) Time(min)
(2} =]
T=900:C sim,d=3mm T=80-C sim, d=3mm
120 —*— exp.d=3mm 120 —+—exp,d=Imm
sim d=10mm sim,d=10mm
o ——apd=llmm | 2 100 ——exp,6=10mm
; 0 é‘ 80
::_D 60 =60
B E
g a 5 40
oD ;“\E
S s 0
=
] 0
0 50 100 150 200 250 300 350 o 50 100 150 200 250 300
Time(mir) Time(min)

Ve () compmmbs 420 5+ () slod b 5 Ol 5 oo Ve 90 Cunlies (sl Jpammo (s S8 loj Sote ot Lzsl VY JSS
g @23 A (3) 5 gk 42 Ar (g) pogmmd 423

Fig.13. Validation of product drying time for thickness of 5 and 10 mm in hot water with temperature (A) 60 degrees
Celsius, (B) 70 degrees Celsius, (C) 80 degrees Celsius, and (D) 90 degrees Celsius
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Fig.14. Temperature diagram of aloe vera gel in hot water temperatures of 60, 70, 80, and 90 degrees Celsius with a
thickness of 5 mm
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Fig.15. Temperature diagram of aloe vera gel in hot water temperatures of 60, 70, 80, and 90 degrees Celsius with a
thickness of 10 mm
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Fig.16. Moisture distribution of aloe vera gel with a thickness of 5 mm at 100 minutes when the water temperature is
(A)90°C, (B)80°C, (C) 70 °C, and (D) 60 °C
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Fig.17. Moisture distribution of aloe vera gel with a thickness of 10 mm at 100 minutes when the water temperature is
(A)90°C, (B)80°C, (C) 70 °C, and (D) 60 °C
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Introduction

Agricultural production involves a series of tasks including tillage, planting, and harvesting, which must be
done at the right time for each region and type of product. Failing to complete these tasks on time can lead to a
decrease in yield. Farmers may wrongly attribute this to factors such as infertile land, pests, diseases, and uneven
rainfall distribution. However, this decrease in yield may not always be evident or tangible. To avoid such losses
and unforeseen expenses, it is crucial to plan agricultural mechanization projects using the principles of project
control. Agricultural projects, like industrial projects, must be carried out in the correct order and at the right
time to achieve optimal results. Given the limited availability of resources for mechanization projects, it is
imperative to meticulously plan activities to ensure that they are carried out on time and with maximum
utilization of resources. To address these challenges, researchers have used meta-heuristic methods in project
control, such as the colonial competition algorithm, which has been proven effective in solving the issue of
scheduling projects with limited resources. The algorithm has been tested across various industrial activities and
projects, and its performance in scheduling the Resource-Constrained Project Scheduling Problem (RCPSP) has
been validated by researchers globally.

Materials and Methods

There is a scheduling issue regarding limited resources in agriculture, and this study presents a novel
approach using the imperialist competitive algorithm (ICA). The algorithm not only explores a wider solution
space but also strives to minimize deviation from the optimal solution, thereby improving the success rate of the
proposed method. This research focuses on two dominant products, wheat and rapeseed, produced in Moghan
Agriculture and Industry located in Northwest Iran. To evaluate the effectiveness of ICA, we compared it with
other well-known meta-heuristic algorithms. We successfully resolved the problem of project scheduling
problem with limited resources by implementing the imperialist competitive algorithm. Our findings have shown
that this approach not only significantly increased efficiency but also outperformed other algorithms.

Results and Discussion

In this study, we assessed the efficiency of meta-heuristic methods in solving the RCPSP, which can be
useful in optimizing the timeliness of project execution, especially for large-scale projects. Some meta-heuristic
methods are only useful for smaller problems, while others can provide near-optimal solutions for larger
problems, making them suitable for RCPSP. The algorithm explores a wide range of solutions and avoids
premature convergence and getting stuck in local optima, unlike other algorithms such as the genetic algorithm.

©2023 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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Optimization reduced the required budget and shortened the duration by 42 days for wheat and 25 days for
rapeseed.

Conclusion

We utilized the colonial competition algorithm to address the RCPSP problem in agricultural mechanization
projects for two agricultural products in Moghan. Our results show that the proposed algorithm converged and
reached the optimal solution. The proposed algorithm was compared with other algorithms and it outperformed
them.

Keywords: Imperialist Competitive Algorithm, Meta-heuristic algorithm, Project scheduling, Resource
allocation, Timeliness
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Table 1- Land and regional classification based on the Moghan Agriculture and Industry plan
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Fig.2. PBS diagram of the work breakdown structure of wheat and rapeseed produced by Moghan Agriculture and Industry
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Table 3- Duration, prerequisites and required resources for each activity for the rapeseed crop
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Rapeseed mechanization project activities

[E3 BN VS ~ . H * . b .
o cabiss PO oVl g SR Osple) o guio
Collad - ONPE i Sl (J,
Activity Activity Activity ti Act|V|_ty_ Sour(_:e of o Ei ol
code ctivity time prerequisite machinery uman inancial source
(days) resource (million Rials)
& RO1 0 2 0 0 0
Start None
085 (s RO2 16 RO1 47 47 532
Plowing field
) Bland (2355
Phosphate R0O4 2 R05&06 25 50 358
fertilization
V o) (F5Samd
R05 4 R0O2 48 48 255
field disking 1
Y omej (P Samd
R06 4 R0O2 48 48 222
field disking 2
V0 (i RO7 4 R04 48 48 222
field disking 3
ot R09 5 RO7 64 64 251
field leveling
b el R12 7 R09 34 68 172
Rapeseed planting
il o5 R13 4 R12 12 12 78
Drainage of land
\ J/w 58 R14 3 R23 17 34 1303
fertilizer 1
VB S 258 R15 3 R24 17 34 2528
fertilizer 2
! “’Q}')”w R16 3 R23 23 46 3298
Spraying 1
) “’j}*”w R17 4 R24 17 34 657
Spraying 2
<! Jl’_ R22 5 R13 0 90 981
water soil
) d)L:-!]
L R23 5 R22 0 90 885
Irrigation 1
Y LS)L\.J.T
L R24 5 R14&16 0 90 750
Irrigation 2
Y LS)L\.J.T
L= R25 5 R15&17 0 90 750
Irrigation 3
IS Joo g il
Picking and R29 9 R25 34 68 5310
transporting rapeseed
115" 55,5 adlw
Choppmg rapeseed R30 3 R29 16 16 123
stalks
okl
R33 0 R30 0 0 0
End
392 gl Sl 64 88 2800

Maximum resources per day
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Table 4- Duration, prerequisites, and required resources for each activity for the rapeseed crop
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Wheat mechanization project activities
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collad Collad 45 e Colled jlighy OYlomdle gt ! (Jly orsea) o @io
Ac'Eivi Activity SR Activity Source of < Financial source
ty code Activity time prerequisite machinery Human (million Rials)
(days) resource
& wo1 0 2l 0 0 0
Start None
PS5 Ont) (i W02 27 Wo1 62 62 1210
Plowing field
s o2 W04 8 W05 & W06 14 42 6172
Phosphate fertilization
| o) (S W05 1 W02 57 57 560
field disking 1
¥ o) (i Ss2 W06 10 Wo2 42 42 495
field disking 2
¥ o) (S wo7 10 W04 42 p) 452
field disking 3
RN Wos 14 w12 30 30 450
field disking 4
o ) W9 16 wo7 44 44 550
field leveling
pA5 s w12 20 W09 26 52 383
Wheat planting
05 55 %0 W13 8 W08 12 12 158
Drainage of land
Ntaies W14 4 W23 28 56 2845
Fertilizer 1
s W15 5 W24 22 44 5537
Fertilizer 2
) ‘;‘JLM W16 7 W23 22 44 7221
Spraying 1
Y ‘;‘JLM W17 10 W24 15 30 1417
Spraying 2
P8 ol SE w22 12 w13 0 84 2065
Water soil
Yk w23 8 W22 0 84 1867
Irrigation 1
Yk w24 8 W14 & W16 0 84 1578
Irrigation 2
Yok W25 8 W15 & W17 0 84 1578
Irrigation 3
¥ d)l:-ti
L W26 8 W25 0 84 1578
Irrigation 4
rw.\}f J@ 9 A:«a:')‘.))_!
Harvesting and W29 16 W26 42 84 9000
transporting wheat
puS S5 ol (otretany
Packing straw and wheat W3l 10 W29 5 10 370
stubble
puiS LS 4 olS Jos
Carrying wheat straw and W32 5 W31 6 18 238
stubble
okl w33 0 W32 0 0 0
End
392 ke S 61 84 5800

Maximum resources per day
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Fig.5. Network model of rapeseed mechanization project

DL

PAS (gl 5180 0595 (sl Jaa =T JSW0
Fig.6. Network model of wheat mechanization project
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Table 5- Optimum arrangement of rapeseed mechanization project activities
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Table 6- Optimum arrangement of wheat mechanization project activities
F?(J)\J/t/ 13 1 2 3 4 5 6 7 8 |10 11|12 |13 (14| 15|16 | 17| 18| 19| 20| 21 |22 | 23
O”;(;gr 13 1 2 4 5 3 6 8 9110 15|16 | 13| 11|17 |14 |12 |18 | 19| 20| 21| 22| 23
meazllaéWlGWWWWWWWWWWWWWWWWWWWWWW
Activities 01 02| 05| 06 |04|07|09|12|13|22| 23| 16| 14| 24|17 |15 | 25| 26| 29| 31| 32|33
6000
— BBO
5000
— |CA
<= 4000
=
g
= 3000
1]
(@}
© 2000
1000
0
0 20 40 60 80 100 120 140 160 180
Iteration

ICA §BBO vi)s3 g5 ol Kot s yuo o A JS&
Fig.8. Comparison of the speed of convergence of BBO and ICA algorithms
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Table 7- The parameters setting used in the algorithms
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Parameters of ICA
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Genetic algorithm
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Parameters of
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Particle swarm
optimization parameters

'FitnesFunc'ProblemParams.NPar = 30

N = 30 Number of

ProblemParams.VarMin = 0.01 Initial population =300 Portfolios
ProblemParams.VarMax = 1 il VarMin =0.01 VarMin =0.01
ProblemParams.landa = 0.02 Probabllltiloog crossover VarMax =1 VarMax =1
AlgorithmParams.NumOfCountries = 200 - Landa=0.02 NumOflteration=160
AlgorithmParams.NumOflnitialImperialists = Probability of Algorithmic Parameter nPop=50;
10 AlgorithmParams.NumOfDecades = 50 mutation =0.2 Setting Number of Habitats (Population
AlgorithmParams.RevolutionRate = 0.7 NumOfilteration=160 particles P =50 Size) KeepRate=0,2;
AlgorithmParams.AssimilationCoefficient = 0.3 VarMin =0.01 NumOflteration=160
AlgorithmParams.AssimilationAngleCoefficient VarMax =1 Alfa=0.06
=.5 AlgorithmParams.Zeta = 0.02 K=10
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Table 8- The value of the evaluation function for 160 iterations of the algorithms

PSO BBO
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5500 7400 6000
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